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I R 71-16 
Asbe stos and Spra y Insulation 

EXPLANATION OF PROPOSED REGULI\TIONS 

Science is pointing its medical f inger a t asL~stos and 
describing the "miracle fiber" as a minera l whose commercial 
blessings can exact a rather costly toll. Asbestos insula-
tion and factory workers exposed to heavy concentrations c f 
asbestos fiber over prolonged periods have s uffered devastating 
consequences . They are visited with an alarmingly high in­
cidence of asbestosis, which produces a diffuse fibrosis 
of the lower lung, of lung cancer and of an extremely rare 
~ancer of the lining of the lung and abdomen, mesothelioma. 
The rates of lung cancer are extraordinarly high especially 
among asbestos workers who are smokers, indicating the syner­
gistic potential of the mineral fiber. 

The medical evidence is indefinite as to why asbestos is 
carcinogenic, with three theories in vogue: (1) The fibers once 
ingested or inhaled act as a continous physical irritant, inducing 
a tumor after 20 to 30 years; (Q) The fibers contain carcinogens 
such as benzJ (a)pyrene; (3) Fibers accumulate in the lung and 
remain immobilized as "asbestos bodies" which cause cancer upon 
disintegration. 

Simi l arly, while the adverse effect of prolonged exposure 
to heavy concentrations of asbestos is cleaey documented, the 
medical data is disturbingly vague as to the results of long­
term exposure to low a~d moderate concentrations . Nor is there 
a clear dose-time relationship for exposure to heavy concentra~ 
tions. In short, as with many other environmental contaminant5, 
the public has di s covered too late that asbestos is pot~ntially 
dan~erous and too little of , the extent of that threat. 

But two depressing facts are agreed upon: That millions of 
Americans are likely to contain "asbestos bodies" in their lungs 
and that asbestos fiber once released is relatively indestruct­
ible. That is, the qualities of durability and of resistance to 
normal chemical and physical stress, which make asbestos such a 
commercial success , re~der it potentially dangerous to present 
and future generations because of the tendency of the fibers 
to accumulate in the atmosphere and in the lungs . 

In light of these facts , the PCB has proposed the nation ' s 
most comprehensive set of asbestos controls . To ban all uses of 
asbestos would be "alarmism" at its most clamorous . But ignoring 
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the need to explore and, perhaps, to a dopt controls for the 
significant conttibutors to a swelling volume of asbestos fiber 
in our air W9Uld const i tute a foolish complacency. 

To this end, the suggested regulations would identify 
these "11ignificant contributors" as the commercial use of 
asbestos in construction work; the demolition of asbestos­
containing structures ; the manufacturing and processing of 
asbestos-containing products ; the transportation of certain 
asbestos-containing products; the disposal of asbestos-containing 
waste: and the use of asbe&tos in the brakes of millions of 
vehicles. 

Part II wu uld impose several geneiral requirements upon all 
commercial construction, repair, alteration , demolition, 
manufacturing or processing activity from which asbestos fiber 
is discharged into the environment . The persons responsible for 
such activity must obtain a permit frc,m the EPA. The permit 
syst,m will serve to produce the advanceds assurrance of compliance 
with the applicable control regulations and will thus reduce the 
cost and burden of in-the-field enforc:ement . 

In addition these commercial activities would have to 
provide facilities to prevent the removal of asbestos fibers 
from the site of such activity on the clothing of employees . 
Indeed, this poses a rather new concept of air pollution control. 
Tho~e ~ho have died from lung ailments induced by long, close 
association to an asbestos worker may be powerful proof of the 
need for novelty. 

Finally, Part II would provide fc>r carepul waste disposal 
procedures , as wind-blown refuse heaps and scrap piles contribute 
to the volume of asbestos fiber in our air. The simple steps 
for control eliminate any excuse for ~1uch dangerously sloppy 
housework. 

Part III would prohibit the spraying of asbestos-containing 
insulation and fireproofing. Experience has indicated that 
procedural safeguards are inadequate and their enforcement is 
an overta:<ing burden. Chicago has banned spray asbestos, and 
New York city and Philadelphia are considering doing so . 

Procedural safeguards design£ i.. to redu::e fiber emissions 
would be required to spray non-asbestos insulation. The biological 
effects of these fibers is unknown. Prudence would seem to 
dictate r easonable efferts to soften 1:he potential future blow f:oom 
spray fiber aspiring to asbestos' status . 

Part IV suggests than various asbestos-related activities 
at construction sites be done within an enclosure. It 9uuld also 
require that asbestos construction products be so installed ai; 
to preclude the emission of fiber into the circulating air . 
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Part V expresses, ironically, what may be a key reason for 
banning spray asbeato~ . It would require that procedural safe­
guards be parsued in order to demolish a structure whose destruction 
would otherwise expose members of the public to asbestos fiber. 
Clouds of dust are often raised by demolition work. The facts 
that great numbers of persons ma\, be expo2ed to this dust in 
urban areas and that the pos~-war generation of high-rises 
were the first buildings to use asbestos insulation extensively 
speak in favor of some such regulation. 

Part VI suggests an emission standard for manufacturers 
of asbestos products. The standard is believed tobe within 
the capture efficiency of baghouse filtration. The proposed 
boundary standard is thought to be a method for preventing 
dilution of exhaust gases. • 

The standard would measure only fibers longer than five microns. 
The justification for this seems to be the administrative con­
venience of avoiding difficulties in measuring fibers from 
,5 to five microns inllength. Medical evidence has indicated 
that the very small fibers may be the most dangerous. And 
the B:>ard will seek extensive evidence on this point. 

Part VII would prohibit the use of brake lining in vehicles 
manufactured after January 1, 1975 and sold f~r use in Illinois . 

If brake lining decomposition emits asbestos fiber, then the 
tremendous number of vehicles using asbestos, and the impract­
icaiityt9f controlling these numerous small emission sources 
would appear to speak to t;he need for a product ban. The pro­
hibition is carefully wo~ded to avoid the necessity of fitting 
vehicles produced prior to 1975 with non-asbestos brakes. It 
is contemplated that the ban will necessitate design changes, 
probably to disc brakes, and it is thought that requiring the 
invidual vehicle ""1mer to undergo this expense is unreasonable. 
The time lag of over three years is thought to be sufficient for 
vehicle manufacturers to accpmplish any necessary design changes. 
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PART I: l'l' IDUCTION 

101. Authority 

Pursuant to the authority in Sections 9, 10 and 13 of the 
Environmental Protection Act whic~ empower the Board to adopt 
regulations forbidding the "sale, offer, or use for reasons of 
air pollution control" of any article, and to set "standards 
specifying the maximum a"IOunts or concentrations of various 
contaminants that 111.ay be discharged into the atmosphere"; and 
to set standards for the issuance of permits for the operation 
of any equipment or facility capable of causing or contributing 
to air pollution; and to promulgate 'conditions regarding the . .. 
use of any . . .. article determined by the Board to constitute an 
air pollution hazard" ; and to adopt effluent standards limiting 
the amounts of contaminants that may be dis~harged into the water 
of Illinois, the Board adopts the following rules and regulations: 

102. Poliey 

It is the pU%pOse of the General Assembly in adopting the 
Environmental Protection Act to maintain and enhance the purity 
of the air and water of Illinois in ordar to protect health , 
welfare and the quality of life . Accordingly , it is hereby 
determined that the uhcontrolled discha rge of asbestos fiber 
into the enviroamentttends to severely endanger the public health 
and welfare and that the uncontrolled spraying of fiber-containing 
materials unreasonably interferes with the enjoyment of life and 
property. 

It is the purpose of these regulations to control the amount 
of asbestos fiber released into the environment from the major 
sources of emission . Such control is necessary not only to 
protect those members of the public who are in ~roximity to heavy 
concentrations 6f asbestos fiber but also to safeguard the health 
of future generations endartgered by the cohninoous discha t ge of 
asbestos fiber which can be toxic and which tends to be comulative 
both in the atmosphere and in the human body. 

Where health can be protected by the adoption of an emission 
standard or of procedural safeguards, such a course has been 
pursued . In those instances where restriction is unfeasible 
because of the tremendous number of smal l , uncontrollabl e emission 
sources (automotive)or because of the unusual nature of the 
emission source (spray asbestos at construction sites) a product 
ban has been resorted to. These prohibitions have been made with 
full consideration given to the available alternative materials. 

It is also the purpose of these regulations to reduce the 
emission of non-asbestos particulate from spray-firepro6dng and 
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in■ulation. To protect against these emiss ions, the biological 
effects of which are unknown, procedural safeguards have been 
enacted. 

103. Definition■ 

Agency 

Asbestos 

Board 

Commercial 
Activity 

Debris 

Spraying 

waste 

- The Illinois Environmental Protec tion Agency 

- Any fiber or any mixture containing f:ber of 
hydrated silicate minera l, which, on the basis 
of its crystalline structure , falls into one of 
two categor ies: 

(1) 
( 2) 

pyroxenes 
amphiboles 
tremolite, 
fiber. 

- chryso,tile fiber; 
- crocid.olite, amosite, 
actinolyte or anthophylite 

The Pollution Control Board of Illinois. 

Any activity done f~r hire or having financial 
profit as a primary aim. 

Asbestos-contaihing waste produced by the 
demolition of a structure. 

The pneumatic applic~tion of material used 
for fireprooffng or insulation. 

Any asbestos-containing matter which has been 
or is intended to be discarded. 

PART II: General Requirements 

• No commercial activity, not otherwise hereinafter prohibited, 
involving the discharge of Asbestos fiber into the envi ronment 
from the construction, alteration, repair or demolition of a struc­
ture or from the processing or manufacturing of asbestos -containing 
products , shall be conducted unless the person or entity in charge 
of such activity complies with the following regulations: 

201. A permit shall be obtained from the Agency to engage in such 
activity. Before obtaining such permit , the applicantt s hall 
demonstrate compliance with the following safeguards: 

(a) The designation of persoftne l to exercise full­
time supervisory authority over all aspects of the activity 
from which the release of asbestos fiber into the environ­
ment could result, in such a manner as to insure compliance 
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with the pertinent asbestos control regulations. 

(b) That each employee e ngaged in such activity has 
coapleted or will complete a satisfactory course of instruc­
tion on the potential hazards of exposure to asbestos fiber 
including the precautions hhat must be observed to prevent 
or restrict the dispersion of asbestos fiber into the environ­
ment. 

(c) That such additional safeguards as are he reinafter 
specifically required and such precautions cons i stent with 
the purpose of these regulations as the Agencv deems neces­
sary under the circumstances shall be complied with. 

202. Facilities shall be provided and procedures instituted and 
supervised that prevent the removal of asbestos-containing material 
from the site on the clothing of employees. 

203. Asbestos-containing wastes shall be immediate ly vacuumed or 
otherwise collected where vacuming is impossible, and shall be 
placed in a container resistant to tearing or breaking under normal 
handling conditions, which shall be tightly aaaled and clearly 
marked as containing asbestos waste. Such containers whall be 
placed directly upon a vehicle for disposal by burial at an ap­
proved site. 

Section 203 shall not apply to the demolition of a structure , 
except as provided in Section S0l(a),, (d) and {e) or to the 
disposal of sludge waste except as provided in Section 603. 

PART III: SPRAY FIREPROOFING AND INSULATION 

301. The spraying of asbestos-containing material is prohibited. 

302 . Non-asbestos pacticulate matter used for insulation or fire­
proofing shall not be sprayed unless the following procedures are 
taken: 

{a) B~fore the start of spraying operations, all floor 
areas shall be swept clean and cleared of all objects, 
material and equipment other than that employed in the appli­
cation of the fiber-containing material, or, in the alterna­
tive, all such objects, material and equipment shall be 
covered with plastic or plastic-coated tarpaulins . 

{bl The entire floor or area to be sprayed shall be 
enclosed with plastic or plastic-coated tarpaulins in a 
manner which shall preclude the escape of fiber- containing 
material from the enclosure. All interior open areas such 
as elevator shafts and stairwells shall be enclosed in a man-

n ner which shall prevenee the escape of fiber- containing 
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material from the work6ng area. ~3tack effect" of the shafts, 
stairwells and comparable spaces s1hall be conside red in 
providing proper enclosures. 

(c) Regardless of adherence to the stated control 
practices, any wisible emission of' fiber-containing materials 

tlryonbeyond the building perimeter will be considered a violation. 

(d) In case of visible emiss1ion of fibrous material 
from the constrmction site, immediate steps shall be 
taken to cause the cessation of such emmssions by either 
effective control measures C>r work: stoppage at the source 
of the emissions. There shall them be immediate and com­
plete cleanup of all material that: has escaped the constrmc­
tion r..ite, and measures shall b e t:aken that will insure 
that no further dis persal 6f any fibrous material into the 
atmoaphcre can occur. 

(e ) The entire sprayed area, all ledges and surfaces 
including tarpaulins within the enclosure shall be thoroughly 
vacuumed upon completion of the s praying operation and 
immediately before the enclosure is dismantled. The vacuum 
cleaner shall contain a strong, single-service, disposable 
inner bag of durable material whic:h shall be removed from 
the vacuum cleaner a nd tightly sec1led. The bag shall then be 
placed in a container and disposed of at an approved site 
ir: accordance with Section 203. 

(fl All areas used for opeiiig bags containing 
fibrous material or the changing c>f hoppers shall be 
enclosed so /is to prevent the esca1pe of such material from 
the immediate area in which such a1ctivi ty occurs. 

(gl Any plenum or other structure coated with or 
containing fibrous insulation and used in the circulation of 

• air in a building shall be thor1Ju9hly cleaned of all debris 
and waste insulation. 'All applied fiber-containing insulation 
wt thin a plenum or duct shall be c:oated with a sealant 
which precludes exposure of the fiber-containing material 
to the circulating air. 

PART IV: CONSTRUCTION, ALTERJ,TION AND REPAIR OF 
STRUCTURE 

COL (a) The cutting, trimming, fitting or stripping of asbestos-
containing material in the construction, alteration or repair 
of a structure which i s done at the site of such structur"' shall 
be conducted within a special enclosure designed to precl~de the 
escape of asbestos fiber from the immediate area of such enclosure. 

(b) The mechanical exhaustion of dust from such enclosure 
to the ambient air is prohibited unless such exhaust system 
is equipped with a fabric filter for dust collection . 
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402. Asbestos-containing material applied in the construction, 
alteration or repair of a structure shall be coated with a sealant, 
provided with a cover or installed in some other manner so as to 
preclude exposure of the asbestos fiber to the circulating air. 

PART V: DEMOLITION 

501. Where the risk of public exposure to asbestos fiber from 
the disl~dging of asbestos-contain±ng materials is present, no 
demolition of a structure shall be initiated unless all safe­
guards necessary and practicable to reduce the emission of dust 
are taken. 

Such procedures shall include, but are not necessarily 
limited to: 

, (a) Boilers and pipes insulated with asbestos-containing 
material shall be wetted and stripped before toppling of 

walls is begun. This procedure shall be followed, where 
practicable, as to all other asbestos-lined surfaces . Such 
asbestos was , .e shall be immediately bagged and disposeu of 
in accordance with Section 203. 

(b) Demolition by toppling of walls is prohibited 
except within an enclosure approved by the Agency as part of 
the permit granted for demolition of that structure . 

(c) Before the demolition of any section of the structure, 
adequate wetting to suppress the dust shall be employed. 

(d) Asbestos-containing debris shall not be dropped 
or thrown from any floor but shall be transported by dust­
tight chutes or buckets. Asbestos-containing debris in 
chutes or buckets shall be sufficiently wetted to preclude 

·dust dispersion at the ~int of discharge . 

(e) All asbestos-containing debris shall be thoroughly 
wetted before loading into trucks, other vehicles or con­
tainers. Daring transport such waste whallbe enclosed or 
covered so as to prevent dust dispersion . Asbestos-containing 
debris shall be disposed by burial at an approved site. 

502. In thee• ~nt asbestos- containing matter becomes air-borne 
beyond the property boundaries or in the eRent freezing temper­
atures preclude the use of water for dust spppeession, demoliton 
work shall cease ,mtil 2dequate alternate measures can be taken. 

PART VI: MANUFACTURING 

601. (a) No factory, plant or enterprise which engages in 
the processing or manufacturing of any asbestos-containing 
product shall emit asbestos fiber into the ambient air in 
excess of .5 fiber per cubic centimeter of air. The ambient 
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air quality at the boundary of such facto=)' , plant or 
enterprise shall not exceed .05 fiber per cubic centimeter 
of air. 

(b) Only fibers of 5 microns or greater in length 
with a length to breadth ratio of 3 to 1 shall be counted. 

(c) Sampling shall be determined by the membrane 
filter method with phase contrast microscopy at 430 X 
magnification. 

602. No water used in processing or manufacturing which contains 
concentrations of asbestos fiber shall be discharged into sewage 
systems or to the waters of Illinois. 

603. Waste sludge containing asbestos collected from settling ponds 
shall be enclosed during transport and shall be disposed by 
burial at an approved site.' 

PART VII: ASBESTOS-CONTAINING PRODUCTS 

No product which may emit asbestos-fiber during its trans­
portation shall be transported unless such product is enclosed in 
such a manner as to preclude the emission of asbestos fiber 
into the ambient air. 

The use of asbestos in the brake lining of vehicles manu­
factured after January 1, 1975, and sold for use in Illinois is 
prohibited. 
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CITY OF ClltlCAGO 

department of environmental control f 7 J.,,. / <­
October 14, 1971 

MCHA-.0 J , DAutV --
Mr. David Currie 
Chairman 
llllnola Pollution Control Board 
189 Weat Madleon Street 
Chicago, llllnol1 

Deor Mr. Currie: 

H . W . l"OSTON 
CO' IIQUI 

f.c..~ I 

I regret that I wlll not be oble to give my statement in person at your hearing 
on the Important topic of asbestos to be held on October 15th. However, 
please flnd attached a copy of my statement for entry into your record. 

Ai you know, the City held extensive hearings on this topic la5t Spring and, 
should you wish, we will be. pleased to 1T111ke available material from that 
record. I believe that one of your associates has a I ready perused the record 
and extR1cted certain portions of the testimony. We certainly are pleased 
to coopeRlte In this way with your efforts to enhance the quo lity of our 
environment. 

Very truly yours, 

H.W-P~. 
Commissioner • • 

Enc. 

OCAOO,. ~ eoe,o PHOPC AltEA CC:XX: 3ta 7"•'-072: 



If . . 
STATEMENT ON ASBESTOS BY COMM. H. W. POSTON BEFORE THE 

ILLINOIS POLLUTION CONTROL BOARD-OCTOBER 15, 1971 

Asbestos Is of crltic:a I Importance not only because of Its demonstrated re lot ionship to 

Industrial health probloms but bec:auso of Its larger role in the ovemll problem of particulate 

eml11ions to the ambient air. 

We, In the City of Chloogo, or,e concerned with finding ways and means uf effedively 

controlling particulate emissions within the city. A recent effort toward this objective was 

the panogo of on ordinance prohibiting use of osbeslos-oanloined spmy coolings in the City 

of Chicog, ofter January 1, 1972. 

Special public hearings were held in the spring of 1971 by the City Council Committee on 

Environmental Control. These hearings demonslmted the need for toking action to e liminate this 

source of hazard to the citizens of Chicago. Emminent scientish such as Dr. Irving Selikoff, 

Dr. George Wright and Dr. Louis Crolley presented documented evidence of the largest source 

of asbestos. 

Perhaps the largest source of osbesto~ emissions to ambient air resu lts from the activities of the 

construction industry. Seventy percent of the asbestos used in this country is used in the 

construct/on Industry, and within that industry the most prevalent means by which asbestos fibers 

are introduced into the ambient air ore the activities a ssocia ted with the spray cooling applications. 

Therefore, after establishing the health impli cat ions of asbestos and determining that one of 

the major sources of asbestos in the ambient o ir resulted from spraying operot ions during building 

construction, the problem become one of control. 

The most obvious melhud of control is containment, coupled with adequate clconup of the 

woric area; however, substantial evidence was presented to confi,m that containment as o method 

of control was unsuccessful. Since no practical means ore available for containment, the 

olt«native was to consider eliminating the source of the prob lem. 
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Evidence wa, presmted demonstrating that asbestos-free spray coatings are available 

and that these eoatlngs are as eHect ive and as ecanami ca I <?S any an the market. This pasitian 

was supported by business and labor. Based upon this evidence, the City Council passed an 

ordinance an Wrly 21, 1971 banning the application of spray coatings containing asbestos fiber. 

The ordinance becomes effective January 1, l 97~. 

In conclusion let me simply 50y that we in Chicago are working diligently to reduce particulate 

emissions. The ordinance banning the use of asbestos-containing spray fibers was one part ion of 

our overall program toward this objective. 



REXENE POLYMERS COMPANY 
0"101'M■N.Y A■><AU. CH■MICAU 

L.OCATION 
INTDSTA~ ■■ AT JOUST ""■-AL flOAD 
JOUST, IL&.JNOI■ , ... , ......... . 

Illinois Pollution Control 
Board 

189 West Madison 
Chicago, Illinois 60602 

Dear Sirs: 

MA.JUNO ADDIIU■ 
" · o . ■ox ■ao 
.JOUrT. IL..UNOI■ ■O.S. i(r 1---1' 

October 25, 1971~~tiQW~@ 
OCT 2 7 1971 • 

POLLl118N CONTl8t IIAIO 

p,c.,,~ .2-

It has come to our attention that you are considering a 
proposal to limit treatment plant effluents to 750ppm dissolved 
solids irrespective of the solids level of the ground water 
being taken into the plant. Rexene Polymers Co., would like 
to voice its objection to this proposal , as being unrealistic. 

As is true of most chemical plants, our cooling tower, 
which is our sole source of process cooling water, concentrates 
ground water solids by a factor of three to four. This means 
a substantial addition of completely innocuous, mineral solids 
(calcium and magnesium mainly ) to our effluent stream. These 
are the same solids that are in our drinking water and it seems 
unrealistic to consider them pollutants . The concentration of 
these solids brings the cooling tower blowdown dissolved solids 
to twice your proposed level and the magnitude of the blowdown 
is sufficient to raise our total effluent well above your limit. 

Our plant was designed to operate on well water exclusively 
and we have no facilities to use water from any other source . 
We initially operated a once through cooling water system, but 
in order to conserve water and help maintain the underground 
water table, we added a cooling tower. 

Our polymerization process is very dependent upon high 
quality water, devoid of trace contaminants. We do not have 
the facilities nor the technology to clean up the water of the 
Des Plaines River sufficiently for use in our process . Your 
proposed regulations would force us to use river water and, as 
stated, this is not feasible. 

The subject proposal is not consistant ·.,iith your pre­
viously professed policy of demanding only that which is tech­
njcally and economically attainable. In our view, your new 

A DIVl810N 0 ... DART INDUSTRIES INC .• CHEMICAL GROUP 
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propoaal is not meritorious and we respectfully request that 
you carefully consider our objection to it. 

ffe will be happy to supply any additional information that 
you require relative to this objection. 

MGK/cg 

Very truly yours, 

REXENE POLYMERS COMPANY 

~Technical 
Manager 



AlRMAI.L 

Pollution Control Board 
State of Illinoio 
l.89 w. Madison Street 
Suite 900 
Chicnso, IL 6o60'~ 

Gentlemen: 

Re: Asbestos He~ing - October 15, 1971 f\11//(... 
Fielding Museum - Chicnso, Illinois 

... , . c-. t A,a:-.., 

1f 1 JtJ,41111 

November 3, 1971 

A£ it was my opportunity to attend the llbove referenced hearing, I woul.d like 
to make a few cODJDents to clarify the position of Armstrong Cork Company, It 
is not our intent to weigh the serious economi,. impact of the suggested regulatinns 
with the health and welfare of the multitude of employees directly and indirectly 
involved within t he asbestos industry, but rather "We woul.d like to rcnect upon 
the importance of a tempered attitude in the implementntion of any rules and 
regulations which may be promulgated, 

Armstrong Cork Company is undertaking continuous and concentrated efforts to 
eliminate exposure of our pers onnel to any potential hazard from asbestos, 
Various collection techniques coupled with high grade housekeeping exemplify 
the double-barreled policy beinB pursued but the bulk of the regulations as 
applied to Armstrong Cork Company require ti.me to en~urc adequate implementation, 

'fu be specific I refer to Part II, Section 20l(a) "desi@lation of personnel to 
exercise full-time supervisory authority over all aspects of the activity from 
which the release of asbestos f':i.ber into the environment could resuJ.t, in such 
manner as to ensure compliance vi th the pertinent asbestos regulations." 
Implementation of such a program demands schooling and extensive fsmiliarit 
wit h regulations which have not as yet been put into complete effect , Ar 
the economic impact upon the final product is self-evident, but the rer 
and training of supervisory personnel is not that which can be done r 
or even in a few short months, rather many months of ti.me would be 
to create a eta.ff a.a envisioned. 



Pollution Control Boa.rd - 2 - November 3, 1971 

Subparagraph (b} mandates a "o.tisractory cource of instruction on the potential 
hazards of exposure to aabeatoa fiber" and aaain ve are up aaa-inSt thot llhich is 
at preaent unknovn u even being a hazard vhen concerned with the small. quantities 
ot aabeatoa fiber vbich 1• curre11tly utilized in our industry, Might ve aaaume 
that the State ia v1lllng to bear the burden of compiling information which would 
better 1:.luatrate auch haza.rdat 

Section 202 mandatea a dramatic expanaion in pllult facilities; the acquisition of 
land and construction ot new facilities is not such which can be done 1Jllmed.1ately 
but a lAe: tiJJI~ or two to three year• can be fore,seen, 

Section 203 retera to the disposition of "asbestos containing va.ste" at "an approved 
oite," Solid vute land.till.a ror the disposal of potential. deleterious materials is 
becoming one of the moat dramatic and insUl'lllOuntable problem.a in va.ste control nov 
within the United States, yet this regul.ation ha.a blithel,y subsunied such ditticulties, 
We have experienced that the acquisition and state approva.l for preparation of a. 
solid vaste land.ti.ll has taken two to tour yea.rs in the tvo east coast states 
in which ve have recently caDpleted such action, The ru.les and regul.atiollll a.Uoving 
for auch landfill.a are being increaaingly restrictive . Al.though the above problem.a 
mo.y seem rather procedural in nature ve submit that they are realistic, time­
consuming and expen.aive and not capable or solution in less than three to four 
years, 

Certa.1n witneaaes at the subject bearing alluded to the practicality of avoiding 
a scientific sampling teclmique to determine the presence or absence of asbestos 
fibers within an indu.atria.l atmosphere, We would suggest that the mere visual 
determination or duat existing within work areas represents a patently unfair 
and inaccurate determination of the actual presence of deleterious po.rticulate . 
Manufacturing operations have heavy concentration:i of nonhazardous dust which 
would distort the validity of macroscopic determinationo , The Pollution Control 
Board must weigh the alleged potential. hazards of asbestos with the hazard of 
depri"Ying individ11£1.la and families of their livelihood, To suggest that the 
mere presence of dust, regard.leas •of its composition, should be the substantive 
evidence to resolve the aforementioned dilemma represents a vacation frail lucidity, 
Periodic grab samples scientifica.lly analyzed for concentrations of deleterious 
fibrous material rem&in the fairest testing procedure for use within the vinyl 
asbestos tile industry, 

We are moat appreciative of the time and opport~nity to present our position on 
a matter of such vi1;al importance to our continu,ed presence within the vinyl 
asbestos tile in:lustry. 

Re&pectfully submitted, 

~~~·~MPANY 

~~~,v 
Attorney 



llu1No1s [BEGIONAL llNsuur10N ©oNTRACTORS 

sum HU • 221 N. LA SAUi mm • CHICAGO, 111. 60601 • CODE 312-332-7946 

Illinois Pollution Control Board 
Suite 900, 189 West Madison St., 
Chicago Illinois 60602. 

Attention: Mr. Samuel Lawton 

Gentlemen: 

November 18, 1971 

• Re: PROPOSED REGULATION 
CHAPTER V, DATED 6/9/71 

In ,._.ponse to your invitation for ~nts relating to the proposed 
regulati.ona for anviromaent control, this letter is presented on 
behalf of the Iliinoi• Regional Insulation Contractors . This organi­
■ation is comprised of the heat and frost insulation contractors, 
operating in this territory (Chicago , Peoria , etc.) . We install insul­
ation materials on pipes, duct& , equipment, etc. , in all types of 
industrial, commercial and institutional buildings and approximately 
751 of all such work in the State of Illinois is performed by our 
members. Our employees constitute one of the recognized basic trades 
in the construction industry. 

We share your concern with the potential health hazard of fibre con­
taining insulation materials as covered in Part III, Paragraph 302 g, 
of the subject regulation, designed to "preclude" emission of fibre 
containing material into the circulating air of duct and plenums . 
However, the method designated (i.e. coat ing with a sealant) does not 
provide the pro~~uural safeguard intended by this proposed regulation. 
It will not preclude the emission of such particulate into the circula­
ting air-.-

It is only logical that use of any materials introduced on a smooth 
metal' surface will create an airborne particle flight situation. Since 
metal surfaces create a clearl, clear, and smooth flow condition , the 
use of fibrous materials does change the flow condition and must cause 
some entrainment of particulate material. 

In support of this position we offer the following : 

1) The cormnon application of coated duct lining wil l not preclude 
entrainment of fibrous particles into the air. This is also 
true of ductwork fabricated from fibrous materials. 

2) The integrity of coating is further diminished by mechanical 
factors not under the control or surveillance of the architect, 
engineer, or contractor. These factors include handling in the 
shop, in transit , in storage, and during installation. 

-1-
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3) 'nle emiaaions are greatest at raw edges which occur at 
butt jointa, elbowa, access doors, etc. When installation 
proceduru and conditions are less than optional the 
incidence of entrainment is accelerated. 

4) It must be reJlelllbered that any purification of the air 
(i.e. filtering) ia done at the AH Unit prior to the 
introduction of the fibrous particles. Therefore, when 

duct •Y•tema have internal fibrous linings (or are made 
of fibroua 11at.eriala), the moat .effective means of 
protection would be to insert an inner liner of metal 
mesh 1or soma aimilar materials). This liner should not 
be subject to eroaion from the constant air stream or 
from mechanical damage and should mechanically prevent 
entrainment. 

It could be argued that ideally the most effective solution to eliminate 
this potential buard would be to prohibit the use of fibrous materials 
on the interior of air ducts and plenwns. While it is not our position 
to invoke such a solution in our judgement the current extent of the 
use of these material■ is excessive and unnecessary. 

Preaently entire duct distribution systems are now lined from start to 
finish, where all of the accouatic advantages could be accomplished with 
only a small amount of duct lining placed in the most judicious locations. 
The balance of the system is lined to provide thermal protection and 
advantage•, which advantages could just as well be accomplished by 
external insulation. However, many architects find it si~pler and more 
convenient to line the ducts throughout, although they have no way to 
effectively control the quality of the installation. Current practices 
admittedly are more economical, but the savings are not substantial. 
HOilever, how significant are marginal economic considerations where the 
quality of the environment is under consideration? 

We would strongly suggest that your committee take the precautionary 
meuuies we have outlined where lining for accoustic purposes is 
necessary, and that you also tecommend that duct lining (and/or fibrous 
ducts) not be uaed beyond the point where the accoustic requirements are 
fulfilled. 

We hope your attention in this matter ~ill be of great benefit for this 
and future generations. 

Sincerely, 
, 

C r 

t rd and Research 
Committee. 



UNIT■D STATES MINERAIL PRODUCTS COMPANY 
o.n.,-, Off'U -'14 Pt•nt 

l"TANHO"• HlW Jr:RStY 0711• 

lll1no1a Pollut1an Centrol Board 
11, w. llladiaon st. 
CMoqo, lllirw1e 

Tel JO, UOO NM COO. 101 
C.b ... CMCOlfttSUl~ N._ Yorti 

{f r-- r ---..,..-.-;~ 

If JI.cl \.;tw,1 \I [~ :,.,,' J 

GEC ~ 19il 'i 

Pauu11c:1 CCl:TROl OGA~D 

Subtpct1 P!!R!ffd Ae,•to• and SflJJ Io,yl■tictn Requl■tion■ fR71-16 

Dur Rr. Curr1■1 p ~ 1/' ~ 
Attar r■w1"1ng Ill■ propoNd regul■tion■, ■nd buin11 our ~t■ on 
t.. ■nd a half YNr■ wrk in oonjunct1on with or. S.likorr or llt. Sinai 
Efflir-.ital Sc1enca■ Laboratory and with public ■g■nciH throuQhout th■ 
Un1ted Stue■ and c.r.-, • r .. 1 that in -• ■■otlon• the regulation le 
to■ looH, ■nd oan be ...Uy cirouaventlld, encl in oth■r ■r■a■ 1■ too 
raetr1oted ror product■ that hav■ bean tho~it,ly r■surched Ndic■lly. 

In the r1rat paragraph or 102 - Policy and in paragraph■ 302 (■h (b) twlc:■ J 
(ch (d)J tMca, (r) and (g) thrn t.iaH tha 11Drd■ •r1t1■r-c:ont■1ning• or 
•rtbera• occur. 1119 ■uggnt the ■ub1UtuUon <•r .. l■tion or •rd• H ro11ow■1 

102 - d■l■t• •r1berec:onta1.n1ng• 

31112- (■) (b) (c) (d) (f) and (g) delete and eubetitut■ 
•apray rlnprootlng and 1nt1ulet1on" H uHd in paragraph 
rour of 102 - Policy. 

In thle wy, you include ■11 Mt■rlal■ on the Mrket l'IOtf end thoH in the 
ru~1'9. Ae the ~lat.lone no11 nae!■, two co11pl■t• product group■ ■1'9 .!!!!1 
cov■red. Al■o, in paragra,ti 103 - Sprayifl11, •• ■uggHt the deletion or th■ wrtll 
•,,.,._tic•. Again, 1' • product 1e ■prayed 11ther than pn--tic■llJ, you 
era not cev■r■d. 

1119 fell that in paragraph• 302 (r) end (g) th11 regulation i■ too netrioUve 
!!., and thl■ 1a a big 1' 1 th■ product hH bHn r■H■rched thoroughly, and 
cl■H1'1ed. In th■ ca•• or our CAFCO euzr-SHIELD Tl'PE D C/F uted■l, w■ 
■ugge■t ■ither deletion er theu two p■r■gn11h• or ■DIN quelirication para­
graph. 

• 
...... ,_ - .... JUl1,C .....cTI rN ND.,_ lCM fiW(IAJUl( 
............ fflJ'la. ....... lUlllhl■. lnl'UY ._CC1111M.111UlL 

U/CO S.U.rtl ,sa,;1 M:mUCll fQa ,..,..._ -..r1011 
Of IUIUlaCI UID tGIIV'Wllr . .. ACCIWSUtAi. flUtlmn. 



o.o.ber 6, 1971 

In ,JuatteioeU.. ot thle .,....u.n, w heve encloeld • booklet COflring 
Ute aN!Nl -let, er thll ,reduct. The lndultrlel H11lth roundltlon 
olua1'1N Yy,a O C/F •• •flUlunoa duet•, Ind blol119lcelly inert ae 
cenonte duat, ~teneen ... t, Ind uauatioal Ula duat etc •• 1111 th1Ni 
it 1• ...,_rt.ant Md allft1'1oent '.• ,alnt -,t that Dr. Gro11 or IMF' ha■ 
,-lllllN •n bNlce, ,a,an and wrk, 11ft thie IUbJect Ulan any other 
NOtH ln tile 181'llle Teu •111 note thlt our product haa bNn -lyzed 
by oleotren aloneoa,, at M. Slftlll.,,. 11 100J' •ebo■to■-rrn. 

In addlthn, • hlwe onolNN • dlletlng and tlaklng t■et report run on 
Ty,o D Cit •lthart .,,, Nalor. The t11t 11 ln accardlnco 111th c-ro1 
S.rvlon Ad!P.A11tr.tlllft 1paoltloeUllftl and roqulra■nto ror all redonl 
lulldlnga ~ air hMdUng ,1 ... ch•bn■• AlN, • hen oncloHd 
• Uot or Jd)o .,_re Typo D ~/r ... been u■ed. Thie 11■t repn■■ntl over 
•0,000 ... n rNt and -n ouch oritlcal or.■ 11 Now Torte, PhlladolphJ.a 
and dtloa... The nen-ory■telllno ntl'IICltory tlbon hewo boon •nutacturoct 
at our ,tent tar H yNn ld.tllllut any Ndlcal pnibl-. 

In ._ry, w llaw an ucallont prMUOt that 1o Nto tor tha s-t>llc and 
tha wrkon end 11 IIUl11'1ed rar f'lnprooting and ln■ulatlon. It 1o 
tlltN and 11otN by Undenirlten• Labo tar tl~reai■tanca and ha■ tha 
.,.,rovel or all agonoln .,_re lt Ilea boon aubaltted. 

TheNI y1111, and the llllnolo Pollution eontrol Board tor your 1'9Vlow and 
oenaldentlon It our roqunta. 

Ence. llodlcal Book on D C/r 
C-270 
c-636 

OCI IOI 
r111 

Very tnaly youn, 

~ -j ~ "J~f 
Herry s. Cropp 

Sal11 l'lanagar 

Archlt■c~l Proc!ucta 



UNlTtO STAT[S MINERAL PRODUCTS COMPANY 

STAtlHDPE, NEW JERSEY 07074 

PHONE 201 - 347-1200 

CArco OLAZE-SHIELn TYPED c/r JOB LIST 

JOB NAl'IC 

Dieney111orld 

Ganeesee County Co11111Unity College 

Steto orrico Building 

Niagara Community Collogo 

Girard Trust Company 

St. lgnotiua Home 

Philadelphia tlactric 

Weat Cheater College 

230 Weat Monroe Building 

Wast Side J~nior College 

Anscond11 Copper 

Soara 

State Univoraity College 

Ardsley Shopping Canter 

Ho11111rd County Corrvnunity Hoopitel 

Wright Elemontary School 

Worceoter Center 

New Hampahiro fire Inourance Bldg. 

~aahington Plaza 

Stamford orrices 

Twin Lekos Shopping Cantor 

Eastern Hilla l'lall 

Cornall Univsroity 

Yellow Pagos Oiroctory Bldg. 

Hanover Jr. High School 

ldorld Trade Center 

Ona Penn Pleze 

rord Building 

20 Cortland st. 
New York Telephono 

LOCATION 

Tort, florida 

Oatavia, Now York 

li!atertown, llew York 

Niagara rollo, 11.Y. 

Philadelphia, Pa. 

Philadalphio, Po. 

Philadolphio, Pa. 

Wost Chostor, Pe. 

Chicogo, Illinoio 

Chicago, lllinoio 

Anaconda, Montono 

Columbu11, Ohio 

Purchoso, No1:1 Y0 rk 

Ardalny, tlo\:J York 

Kokomo, Indiana 

Altoona, Pa. 

Worce:;tor, Macs. 

Manchootor, ti .H. 

Sto111rord, Conn. 

Stamford, Conn. 

Wichita, Kansas 

Claronco, Neu York 

Ithaca, New York 

Lynn, Maso. 

Hanover, Macs. 

Now York City 

New York City 

tJaw York City 

New York City 

Nold York City 

CArco COlffRACTOR 

American Bridge 

Arch. Mot. or Rochootor,Inc. 

" 
" 

Wm. Armstrong & Sons 

" 
n 

• 
Aabostoo & Magnosia Mat. Co. 

" 
E.J. Bortollo Co. 

Buol Gattordom Co., Inc. 

Collotti & Loguidara , Inc. 
n 

Commercia l Innulotion ~ 
Acoustics, Inc, 

A.J. Confor Co., Inc, 

rroncio P. Connor, In~. 
II 

Engineorod Syst~ma, Inc. 

" 
Haloey- Tovis, Inc. 

Hudoon PJcotering Co~pJ 

~oncini & Kli~ch~ck 

Mengan,,ro Br.is ,, Inc. 
II 

Mario & DiBono Ploatoring ro 
n 

II 

II 

II 

C-636 



1 ' 

JOB NME 

Squibb Building 

Playboy Cl ub 

Kn1Q• lnternatiol\lll 

5 Story orrice Building 

Burrough• Corp. 

C1nton High School 

Dovn River Saving• 

Starling Heights High School 

rord Aaaftmbly Plant 

North Hoapibl 

Arehdiocaa• orrice Building 

J.C. Panny C0111pany 

Hollywood Mall 

Eeatam Airlinoa 

Lehigh University 

P1nnaylveni11 Univaraity 

New Yori< Thru1o111y Heedquarteu 

John Hancock 

l'lutual or Nev York 

Poat orrica facility 

I H y J end Stete Court & Orrico Cantor 

Lewio Gala Hoapitol 

E.T.s. Pi;oJoct 

Phyaical Education Bldg. 
Pladi■on Colloga 

KYIII - TV Station 

Oatopholic Hospital 

St. Joaoph'a Hospital 

Orengo & Rockland Utilities, Inc. 

Orange Plaze 

LOCATION 

Lavroncovillo, N.J. 

Varnon, N.J. 

cnrco CONTRACTOR 

T.J. McGlono & Co., Inc. 

Service Art Plastering Co. Troy, l'lichlgan 

Southfield, Michigan 

Dotrolt, l'lichigon 

Plymouth, Michigan 

Taylor, Michigan 

Starling Hoights, Mich. 

n 

n 

ti 

" 

Dearborn, Michigan 

Baltimore, Maryland 

Philodolphio, Pa. 

l'ladison, Wisconsin 

Hollywood, Florido 

Pliami, Florida 

Bothlchom, Pa. 

Univoraity Pork, Po. 

Albany, tl81,J York 

Booton, l'laao. 

Syracuso, N. V. 

l'larrirield, Va. 

falls Church, Va. 

Salam, Va. 

Princoton, N.J. 

Harrisaonburg, Va. 

Philadelphia, Po. 

Philadelphia, Pa. 

" 
Stabbing Company 

Whitman Broa., Inc. 

Wisconsin Acoustics & 
fireproofing Co. 

Lotopaich Company 

" 
Duggan & Marcon, Inc. 

" 
Davia Acouatical Company 

Jamoo H. Boyle & Son, Inc. 

Colletti & Loguidaro, Inc. 

Krafft-11urphy Company 

c.J. Coakley Company 

Shielda, Inc. 

Wm. Armstrong & Son3, Inc. 

O'Ferroll, Inc. 

Wm. Armstrong & Sons, Inc. 

" 
Reading, Pa. Whitman . Bros., Inc. 

Waat Haverotra~, N.Y. Giamboi Fireproofing Corp. 

Middletown, N.Y. Right Finishing Co., Inc. 

Rao. 8-24-71 
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l<OO/\r:/\S ACOUSTICAL LABORJ\TORIES 
PIVIII0/1 Of /oUCHlll J. lOOA.U.1. IIIC. 

75-02 Shi AVENUE/ELMHURST, NEW voaK 11373 / ltl[PIIONE 212.,1-11-1:so , - . ,_ 

. · 1 ~ ~ ~'4 V [~ i 1\ 
REPO::C~T U .. C ? 1911 • ~ 

PRODUCT: 7/8" THICK CAFCO BLAZE-SHI:C:Lu CF TYPED 
'POLLUIIUil CDIHROL BOARD 

TESTED FOR: United States Mineral Products Corr.p.iny 

TEST NO. KAL--855-1-69-R DATE: December 17, 1969 

1\ES'.i.' NfilHOD: The test me.thod used in obtainj ni5 the data is in strict 
conformance with General Serv:.c es ,\dL1ini s tra tion Public Buildings 
Service In-ceri.n Gui.::.e Spcc;. .. ·i c.a-;;io~ ,fo . 2c11-3;,, Kov. l9ci, entitled 
"Sprayed Fire Protection", Section (6) Dustine;. 

The test apparatus consistinG of ~lower , system filter, test specimen 
dust c~llectinG c: oth and connecting clue t:-,ork ·,;as operated in a 
sealed test chamber until the air in the chamber was reasona·oly f:::-ee 
of dust particles 5 lilicrons and larger. The test specimen :-;as thr:n 
inserted in the test duct (dov:nstrea:a of the s:rst .:□ filter-) so t hat 
the face of the specimen and ins ide face of the duct were ~ the sa~c 
plane with . air velocity paralle l to the face of the test ·p, ~imen. 

The specimen was purged· for 6 ho·.irs at an im:;:,in~ins air velocity of 
800 feet per minute and at an issuinG velocity of 600 ~eet per minute . 
The dust collecting cloth was weighed and installed across t"' . duct 
downstr~a~ of the speciaen. After 24 hours at the 800 fee- ~er 
minute im:;iine;in(!; air flow, dus;; collec:ti:15 cloth \-/us ;-/(: _i.;hed ac;ain . 
The difference in weight was no-;;ed and this represents -;;otal ero:a;ion 
fro~ the te~t specimen. 

DESC~:::?TIO!': OF S.?3Cii"'.E~: The spec ir,1en consis ted of 7/8" tnick C).FCO 
ID,Az~-~~I~LD CF Type D fire:;:,roofinG fiber, spray-~ppliec to a sheet 
o! lo" x 46" i:;YPSUr., lath and l e!'-c unta:n_;:,ed. The exposed air flow 
sur'"ace ~::-ea was 13" x 45" or ~. 07 square f eet . The density of the 
sprayc.! fireproo . .:'ing was 1:;.2 1·::, s./cu . ft. 

RESULTS O? '.i.'3S'::: 

Total :C::-osion 
Total Elosion per square foot of speci~en 

.008 g:::-. 

.0020 c;r. 

KODAR.\S :..ccus·rrc:~L L;,."o?..~ .. ·i'ORIES 
?ITCHAEL J. KODARAS, I ~C . 

. ~ -~ ?/_ ;b / 
• -~~--~.-./~/ k.>, c-< 4 · . 

.t"ri.chael H. 3.1.:..-,ck ' 
Laboratory Di:::-ecto:::-
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TYPED C/F 

7.14/UNI 

Dlll■CT•TO • &TEEL SPRAY F IREPROOFING 

CONt'AINS &} ASBESTOS, NO FREE CRYSTALLINE SILICA 

• ,; 

I ••"'"1 ... 

~~ ~ : ~► 
~r•., ~ 

►--~~ 
I 1 

• p1rm,n1nt pm1cUon of 1tructur11 
• prot1clI1pln1t corro1lon 
• rw1l1t1 air IroIlon 
• can b1 1ppl11d In 1dvar11 wuthar cond1toon1 

FOR USE ON 
C.lllnp • ,..,. • "°'" bllffll • Ilrdar1 • 1p1ndr1l1 •column,· WIIII 

OTHUI CAFCO N0N·AHCST0S PRODUCTS 
Power.Shl1ld C/ F 
Deck0Shl11d C/F 
Sound-Shield "85" ltlJIEJ~ 
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aeTAalol•MIUteaa 
INDUSTRIA.L HYGIENE f:(?UlllDATION oi=: i..t,IERICA. rNc. 

' 5231 CENTRE AVENUE PITTSEIU~lGH, PA. 15232 ..• 

C:ommillce·, I am Robert T. P. dc:Trcvillc, M. D., Sc. D., 

Eoarcl Certi!ied In Preventive Medicine (Oc~~paliom~l Medicine) I 9_S7; Fellow. 

ol the American Colleao o! Physicians, American Academy oC 0ccupationnl . . . . . . . . . 
Mcdlclno, Industrial Mcdicai Asaocinlion and. American· College o! Prc.venlivc 

M,dlclno; r:nembcr o! the American Medical Auocialion and American Indus-
. . 

_blal Hy~lcno ~uoclatio~; and since 1963, President of lmluslrial Hygiene 

F.oundation o! America, Inc. (IHF). ~ nonpr~fil. r~scarch ii"ssoci.-.tion o! Indus-.. ... . . . . . . .. . 
Irle• for advancement 'or health proleclion and conservnlio11 and human relations 

In Industry, 1. c, ~n rclallo~ lo industry's opcralio11,. products nnd wastes. 

· . : ~Orl11lnalln11 In Mellon l111litule in 1935 io help solve aillcosls , th<? . . . 
Foundallon now occupies it•. o,,:n h ct.dquartc r:1 in Pitts Lu ri;h. Its mcmbc rs 

number !lboul -lOO lnpustrlal companies and associl' tions . Its research l:1 

conducted In tl1c !leld, ln the Res~a1·ch 
0

Laborntory (localed within the Univcr-

ally' or f'.lltl buq:h, Gr~dua~c Schoo~ of l-'ublic Heall h, Dcpil rt ment of _0ccu;>a-... 
0

tlonal Health~ .. aa an I_ndu~trial Hygie~c Research Unit) and the Mellon Institute 

o! Carnegie-Mellon Univereity, where out hi&h_ly 
0

lcchnical anal)'tical studies 

a'r~ conducted. Our work i~ supportl'd b}' mem!lcr dues and by project support 

fi:om governme nt a~ well as lndustr
0

y, 
... 

. () 
Robert T. P. dc:Tl'cvitlc, M. ·o., Sc. D. 

~/21/70 .. 
I • • 
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(./112) 607-2100 ,. 

UTMUeHIDtet• 
INOUSTRI/-\L H,YGIENE FOUNDATION OF AM~RICA, INC. 

15231 Cl:'.NTUI:: AVENUE 

Mr, R, L. Park■ 

Auoclate Mann;in:: Enaloecr 
Fire Protcctlon Department 
Underwriters' IAboratorleo, Inc, 
333 Pllngoten Road 

. Northbrook, Illlnola 60062 

Dear Mr, Park■: 

• • PITTSOURGH, PA. 15232 

June 5, 1970 

Jn reopo1:1oe to II request o! one of our mcmbcro (United Slate a Mi!leral 
Product■ Compnn}'), we have reviewed in lull the rn:.terlr.111 uocd In compo:;ltion 
of CAFCO C/F producta, with rc3ud to their ability to produce Mlverce health 
elCeet■ ; none o! ~ho materlalo used are con::.lclcrcd b)· u 11 to have p:,.thoi;enlc or 
toxlcolo:;:lcr.l bloc!!ccto ln mt."l when used !or their intended purµooc-1, e., sprayed 
fiber !h'~proofing-proviJed that the degree o! dl!Dlin.:-:i s docs not exceed the rec­
ommended ao.!c threohold !or biologically "in<: rt," 11ulsnnce du:;to in the Llt;l o! 
Thruhold Limit Vt.luea publi11hed nnnually br the American Conference o! Govcrn­
ment'd ~ndustrlcl Hygieni_sla (cn~looures 1 and Z), 

A mQrc dctnilcd • report o:i this subject prepared by Inciu strlal Hygiene 
• Fc;undallon and aubmltlcd to Mr, Verhalcn, President o! United S~atea Miner.ii 
Products Comp::-.uy, earlier this we~k sh:rnld 'be c.v~ili\blc to you upon request; it 
dlocussca the 'l-:uls !or consic!ering mir.e r;,.l wool derived from ~laol furnace alt.g­
t. vitreous !ib::r-:11; bcln!: r:imikr lo other r.oncryctalline maleri::1& (e, E• f1bro1.:o 
1la111 e.nd ceramic &lum\num ::ilicotc) which h.:.ve been e:-:amincd by us ~r.tl Joun-:! 
to be blc,lo:;icnllr "inert," 

Industrial Hy:;lene Fo\!nc!alion, which hos b(:cn &tutlyin~ the effects ·or 
aucb duata o:i t:fr lung !o1· 35 yeari. (enclos urc:s 3 ar,d .;) will conti · ue it!l studies, 
and ahould cny evidence o! po3sible h::rm to cmp,oj"et or public health Crom these 
products be encountered we will notify you-,as well o!l the comriny and the pub­
lic-al once in order that timely controls m.'.l.'y' be instituted. To the beot o! our 

I 
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~ .- . "' .. 
, INOUflftlAL HYGIENE FOUNOATlp,,I OF IJ,IERICA. INC. 

• Mr. R. L. Parka 
J'one 5, 1970 
Pa1• Z 

"• r., , ; 

knowledge, however, controb other than for avoidance of nuisance duotines 11, in 
or out of·plant, are not required for CAFCO C/F products at thlo time, 

.: • Should quo~tions arile, you may !eel !rec to cah Dr, Paul Gross, 
0

Dlrector 
o! Industrial Hygiene Foundntion's Research Laboratorle• (412-621-3500, Extension 
6111) or me (412-687-2100), 

. deT:n! 
Enclo•ures 
cc: Mr, J, P, Verhalezi / 

. o. 

Robert T. P, dcTrcv!lle, M. D, 
Pres.ldcnt 

. . · . 
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DEPARTMENT or AIR RESOURCES ,. 

51 Aator Placo, New Yo:k, N. Y. 10003 

ROBERT N, RICKLES, Ph.D., P,E., COMMISSIONER 

Kr. Jame• P. Verhalen, President 
u. s. Mineral Products Co. 
PUrnace Street 
Stanhope, N.J. 07874 

Dear Mr. Verhalen, 

Mays, 1971 

Pl•••~ be advi~•d that your sample of 

CAl'CO BLAZE-SHIELD TYPED C/F, 

a fire protection material, has been analyzed by 
!the Mount Sinai Environmental Science Laboratory 
and ha■ been found to be free of asbestos. 

HR/Hb 

Yours truly, 

Harold Romer, P. E, 
Assistant Commissioner 

, 
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CeYADU•ucD ••a• 

. : . (412) G07•2100 

INDUSHU/\L HYGIENE FOUNDATION OF AMERICA. INC. 
I' . 

5231 CENTRE AVENUE 
~- ~ 

PITTSDUrlG!i, PA. 15232 , 
Mr. Chalrmnn, Honorable Members o! the 

Committee, I 11m Paul° Gross, M. D., Founding Fellow o! 

the College of American Pathologists; Fellow o! the American Colleee of Chest 

Phyalclan1, American College of Physicia~s. and Am~ rican Association for the 

.Advancement of Science; m~mbcr oC the Am«irl~an Association or Pathologists 

. . 
and Bacleriologiate_, American Industrial Hygiene Association, American Medi-

cal Auocialion, Amcri~nn S~ciety or Clinic21l Palh~lo~isls, American Society 

of Experimental Pathologists, Amerlca11 Thc,racic Society, Industrial Medical 

·Auocl'ltion, International Acn~c'my o! f'.atholog)·, Society o! Experimental 

Biology and Medicine, American Chemical Society, and Amcri~an Conference 

of Ciovc:rnmental lndu1trlal Hycic-nisu (member, Thresho~d Limits_ Committee, 

and Chairman, Diazno1tic Criteria ancl Disability Assessment for the Pneumo-. . . . . • 

conlosc1 Committee); and 11I nee 19-lS, Di rector of the lndu~tria I Hyi;ier,e 

Foundalion ol American, lnc. Research Labc,ratory. Cor ' renlly, I nm 

Reacarch Pro!e11or, Pntholocy, of Ir.uust ri al Disea ses, University of Pitts­

burgh, Graduate School o! Public Health, Department of Occupatio:ial Her.1th, 

. alnce 1968, and have authored ov~r .160 p.)Jbli~alions in the field of pu holocical 

ro1earch. 

)HF is a nonprofit, res~arch associalio:i of industries !or advancement 

. .. ~ 

o! health prote,~tio:i and consen·ation and human relations ' in industry, I.e., 

,In relation t~ induslrY.'S operations, pr.oducts and waste_~.· Orig,inating i_n 

. . :. 
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•. • • • . '.Mcll'!n Jn~tllule in •93!i l~ hc~p solve silic~si::, . " lhc F oundalion now occupies . . . 

2. 

. ' . . .,. . 
•It• own headq~;uteu in Pittsbur&h, Its members n1,1mbcr-ab~t '100 industrial 

,: : .. . . • . . : 

.. 

Cfmpanlu and auoclalions .. Its rescarc;h is conduclcd In the _Held, i.n the 
. . ' . . . . 

RA11e'arch Laborator~ (located wiihin .thc Univcraily o! Pitts.burg}~,' Graduate 
... 

... .. . . · . ~- . . 
;Sch~ol o! Publlc Health, I?eputmen! o! Occupational Health as an Industrial 

: ~: · .. · . . • ·. .. . 
Hyelcnc ~cacarch Unit), •~~-the .Meilon ~nstitute o! Carncgie:Mcll:011 Univer-

: .. 
• •. _1lty, whei:c our hl&hly tcc~~ical anal)·tical ~tudic~ arc co~ducted. . . . . . . Our work 

. . 
, h 1upportcd by member due• and by proje'ct support Crom govc rnment as wel! .. . . . . . . . . . :. . . . . . . 

•.H l,idu1try. . ... 
· .. 
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.- . ·. 
··.Paul_ Gros I!, M. D. 
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Introduction 

Thia report deals sp_eciC\cally with the health effects oC the type of 

neral wool used by United Stales Mineral Products Company in -;prayed fibe r 

ppllcations !or flrepr~o{ing , insulating and acoustical purposes, derived 

entirely from blast furnace st.ii;. Plant~ manufacturing this l)·pc of mineral 

wool are constructed on or near a slag site {or economic reasons, i.e., to 

mlnlml~e costs of moving raw materials. The composi:ion of the blast fu rnace 

al•&• produced in the United States arc relativcl)· similar, as will be descri bed 

later, and there is no likelihood o{ introduction of a major source of contami-

nation such aa h~ 11 been reported in regard to high m11ncanese or vanadium 

containing 11lag Crom German 1lcel
0

Curnac<: s . It would not be econon :cally 

lcaslble either to import German s lag or to introduce into use in t!1e United 

States a stcclmaklng process having h i&h content o( m11ni;nncsc or va:iadi-.im, 

both conaidered ct'ilically short 1nllerial1 in thi s country; Curthermort' , qua lity 

control procedures u1ed in the _industry would revea l r,romptly prel<'nce of l\ny . 
such conta mlno.tion C:f raw matcri:\ls used. For these rc:uc,ns, con,iclcra llon 

need not he given herein either to high ma nganc,c or high v.i nadium conl11i11ing 

blast furnace slag. 

In addition, wl-.'.lc glass wool Clnds in : rc,uing use in ml\ny building 

material applications today, its relatively low mcltln& ch,nac-leri s tic s m.:.ke 

it lcsa suitable for Cirep:-oofi ng purpo~cs, and there arc to<l11y no commr rci i\lly 

available spr'ayed fiber products composf.'d of gla !' s fibers. 

Rock wool°has been found less c·conomical to use bccau/\f.' of hi&h weli;ht 

s (Crom CO1 libcratic,n from the li rnes to nl') c.l uri n& proces:-.ini;, so that for 

and purposes, we may confine our attention herein to United St~lf.'s 
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. bla1t lur11acc slag, th,C? olhe1 componeTit s o( the CAFCO C/F mixtures having ... . . .... . ,, 
been revicwe~ and found in our opinion lo prcsen: no hazard to he.~lth of worker■ 

o~ .. lhc p~bllc Individually or collectively under t:onditions of use. 

What 11 the Comc,osltion of Blast Furnace Stas? 

The lo!}owina an•l)·•e• of cupola mate rials contained In an article by 

; I . 
•. Carpenlor and Spolyar which appeared In 1945 arc consld r ed typical: 

Bla1t Furn11ce Bla.t Furnace 
Slag No, I Slag No. Z 

Slllca s101 51. 5,. 35. 0% 

1.lumlna AlaO, 16. 0 12. 0 

Ferric Oxide Fe1o, · 6. 5 I. 0 

Calc,um Oxide CaO 21. 5 43. 0 

Masnula MgO . 4. S 8. S 
- - -

Tho alllca reported la lho totl\l combined slll ca. Crystalline-free silica and 

chryao"utc asboatos were looked for bul not found In an X · ray dlf(rocllon 

analysh performed &t lhc Mellon Jn1tlt,1tc of Cl\ rnllgle -Mc lion Un Ive rally 

(Annex No. I). 

How la CAT"CC, CIF Used and 
Whal Types cf ,\tmr>,!IJ'he ~ic Cont11 lmnalion 

Aro Likely \ o b e Found? 

----·--

W. R. nradlcy Associates peTCormed 11n industrial hn;iene survey on 

July ZC., 1967 while &11 operator was ■ praying CAFCO BJ.AZl:-SHl!:L!), an asbestos • 

ccmtaining product at a ratio of 10 pounds o( fiber to 10 pounds o( water, on 

walls and celling In o ·partially enclosed one :story building, representing a 

large open apace. A lZ-hole spray noule w;as used . Air s:1r1~ples were 

1: Corpentcr, J. L. and Spolr:ir, L. W.: "Negative Chest Fi11dings iri a Mineral 
Wool lnduslry. " Chest Studies In ~lineral \':oe l lulu. try, Octobe r, 19·15, 
pp. 389- 390. 



collccled al.;.,ult.ineoua¼y at l'ead-levet"'("bre.ithing zone"! and in a )ine per-,. 

pcndiculo.r to the ourfoce being sprayed at distances o! 10, 20 and .40 !~ct 

behlnd the opcr11tor. Prior to umpling, the operator had been spraying for 

'ZO mlnutea to aimu'latc actual &pray application conditions. 

3. 

•• 

0

Thc purpose o( the survey was to determine whether the American Con-

lerence _PC Government:,"} Industrial Hygic'ni~ts (ACGIH) threshold limit va.lue 

• for a11besto11-containing dust ~ixtures was being exceeded. ·Results _were 4. 4, 

• 3.·3, 2. 7 and 2. I mppc~, respectively, which were within then-existing limits 

(5 mppcf). 

Brad_ley recommended that spray operators wl.'ar respiratory protection 

re·gardless, as conditions of spraying in confined quarters might cause the 

threshold limit value to be exceeded at times ; however, he tell respiratorr pro­

· tectlon t~ be unnecessary for '!'Orkmen located 10 or more feel away from such 

spraying operations using asbP.stos fibers when cond~cted in semi-open areas. 

'fhe fibrous particles other than asbestos in the c ·AFCO BLAZE-SHIELD 

product are composed of mineral wool from blast furnace sl'ag and fiber s less 

than 3. 5µ if! diameter ari: estimi)-ted to tompose a small fraction of a percent 

by weight (0-:06-0. 3%). 

Studies of enviro.nmental contamination we"rc made by Bradley in July 

1969 in three buildini;s in whi~h asb~stos-co:1t~ining sprayed .fir~proofing had 

been used: The Newark, New Jersey Federal Building, the Newark Post Office 

Building and thf John F. i.(cnnedy Trans World Airlin~s Terminal. Impinger 

and membrane filter t~chniques o! sampling we~c used conrurrently. Outdoor 

air samples also were obtained in New:i.rk and at the John F, i<_ennedy Airport 
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• 
for UIC a1 controls. In none o! the 'sn.mples or conlrols were fibers found which 

"' . ,. .. 
could be clasai!ied as asbcsto:i; nnd in every cnsc the !ibcr and/or parliculalc ,,. 
count■ "."'ere higher out of doors than indoors . It i s noted thnt the natures o! 

Identifiable fibers were: cotton lint, synthetic fibers: !ibera o! dead grass or 

planl'li!e, and !lbcrs from insect wings. A few fibers of mineral wool Crom 

acoustical tile, found in the· .Newark Federal Building, had diamctc rs in execs s - . : • . 
ol 50µ. Results o! the survey were considered negative; however, in order to 

document the absence o! asbestos fiber contamination, it would be necessnry 

to use more (and higher volume) samples than those reported by Bradley. 

What Jc Known of the Health Effects of 
Mineral Wool :\la de From Blasl Furnace Sing? 

While studies of fibrou s and non!ibrous mineral dusts of a wide vnriety 

o! types have been conducted ~nd reported by the Industrial Hygiene Foundation 

. ' 
(IHF) since 1935, it must be stated at the outset thnt no studies have been pe r-

lormccl _s pecifi~ally on mincral ·,v·ool of b'l;,st furnace slag· or.igin, alone or as 

markc
0

tcd in the 
0

.form of CAFC9 T:Jt.. 

One renson for not performing such studies hn s been that the fiber 

diameters arc quite laq:,e, as with glass wool_ insulation fib.::rs. JHF ' !irst 

studied and reported on the lack of bioeffecls of non_fib1·ous glass pa rticlcs 

·of reopirablc size. When it became· possible to obtain an adeq~ate supply of 

glass fibers having a mean dinmcter c>f about Iµ, additional studies were per­

formed which have confirmed that the fibrous shape of the gla·ss dust did not 

,. 
alter its biological eficct in the lungs, which w;,.s essentially inert or negntive 

in n.iturc. Based on this experimenlnl evidence n nd the results of an epidemio-

logical invcstii;.ition on employees of the oldest, lnrgest, !ibrQus gl.iss 
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: -manufacturing pl;:i.nt, ~,hich dcmonotratcd no .:,.d~cr!;C hcallh cff;cl of dust " 

exposure in comparison with controls, in 1969 the ACGlH Thrcsh~ld Limits 

Committee a nnounced it!'I intention to list fibrous gbss as an inert or nuisance 

duet (i.e. , to be controlled to 15 mg/m'). 

Discussion 

5 . . 

Mineral wool from blasl furna ce slag, as a vitreous mat<-rial in fibr!JUS 

form, 111 compara.blc not only to fibrous g'ass but also to certain other non­

crystalline dusts which ha.Ye been investigated by us and found free of patho­

genicil)'. (i. e,, "inert" biologically). Among these, ceramic aluminum silicate 

·(Fibcrfrax I'.!)), !11 fibrous in form. 

From these studies we have become convinced and have publi s hed o.ir 

conclusions that the shape of the !iber is not the cau!.e of pathogenicity or 

adverse effect on the lungs in tl1e case of asbestos. This view is now rather 

widely accepted and few still adhere lo the "mecnanical theory" of ha rm. 

When it is considered that fibc:rs ·are, by definili~n, particies in which the 

lenglh exceeds the cliameter by three or more times, it can be app:-cciated 

that the visipn of mcchaflical"pricking"of the tissues b y needle-like filaments 

could certainly not appl_y in any event in t_he case ·of·vilreous fibers such as 

mineral wool. Cont:i.inment; good housekeepi~g practice a nd the wet spray 

technique itsclC charncleristic o! good spraying pnictices today will minimize 

nuisance contribution to air pollution b>• CAFCO C/F fibers. 
~ 

While it wa.s reported lhat an occasio:ial_ fiber of asbestos may be found 

in C:AFCO C/F by electron microsco;>y of individual fibers, there is no asbestos 

In the raw material& us ed ancl the only source of such fibers w oulcl appear to be 
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• rrom conlamination ofman~ac~ul"inc equipmr,nl·used in maldng 01e CAFC0 

BLAZE-SHIELD product, . which doei; cont:iin chrysotilc asbesto.s".'" X-ray 

dlljracti?n fails to show presence of chrysotile aobe:;t_os, however, so it is 

appar~nt that the degree oC hP.zard Crom asbestos fiber contamination o! 

CAFCO C/F should be negligible. 

The £act lhat !lbrous gl:>.ss ha b~en studied epidemiologically by IHF 

6, 

baa _been mentioned above ; it should be added, however_, that_ l~e Unitc~ __ St_atg_s_ 

~bllc Health Service (USPHS) is performing studies oC Social Security statistics 

in a cohort oC workers. It will probably_ be a yeP.r or more before_ these studies 

~re reported as considerable detailed work is involved. It is a time-consuming 

a·nd costly procedure and there is queslion whether the USPHS would agree to 

perform a study oC this type on workers in mineral wool production which P.ppears 

t(! duplicate lhe glass fiber stu?Y• unless there is some evidence of possible 

public hea lth hazard. (No good evidence has been presented to date to suggest 

such a hazard to health.) It would be difficult to justify expenditure of public 

~ fund~ simply to help a comp~ny o~ industry document abs.cn~c of such a possl­

~i!ity £or its own benefit in sccnring process and materials approval Crom 

governmental agencies. 

Conclus ions 

Because of the lack of any evidence of pathogenesis (especia lly onco-

genesis) in our studies with fiberglas s and ceramic aluminum-silicate dusls, 

it would appca:- to us very unlikely that such pathogenic chan:;cs would be 

detected in the case of another vitreous fibrous material (i. c . , the mineral 

wool used in CAFCO C/F fibers). 
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A• a aafcguar.cl and.Ls part o!1ts ongc;>i;,,i Central Dala Repository .,ro-
. ,, ~ 

Ject (roportins industrial ~xpcricncc to help set and validate_ envi_t.onr:icntal 

and occupational health standards on materials produced or used in its mcm­

·berablp), IHF ls prepared to collect nnd evaluate dala on the industry's cm-

ployccs ln luture years in two important categories: 

.(1 ) Biostatistical studies of employees and retired workers; and 

(2) Pathological studi_cs of lung tissues of employees and former 

employees of the industry, as these become available. 

Aaide Crom helping to validate our opinion regarding the inertness o! 

miner.al wool from blast furnace slag, it will be useful lo IHF to inclu?e such 

data in its lndustry-wi'de pulmonary pathological investigations as a control. 

Cost'! incui::rcd by IHF in th_is project will be borne by the industry as they 

occur. Findings of these studies will be reported by IHF periodically both 

to. the ACGIH_ Threshold Limits Committee and in the· scientific literature. 

Recommendations 

We see no objection to the utili?.alion of CAFCO C/F as a substitute for 

asbest~s-containing CAFCO 'BLAZE-SHIELD in fireproofing operations at 

this time. Sh~uld our further studies ever sugge~l presence of a health hazard, 

this information will be communicated al once to the company and the public in 

order tC? effect timely controls . 
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•• . - ::. ~perne91a•Mellon Umvars1ty . ~ ..... 

Dr. Robert DcTreville 
Industrial Hygiene Foundation 

of America, Inc. • 
5231 Centre Avenue 
Pittsburg~, P~nnsylvania 

• Deer Dr. DeTrevi lie: 

Mellon ln:aitut<> 
4§_oo Fifth A\"cnuo . 

• Pinsburoh, rcnn~\•lv:nia 16213 
• (412) G21 •1 IOO ,,. 

. Hay 27; 1970 

A sample of CAFCO Type D-C/F has been analyzed by- means -of • - - ------ , 
the Debye-Scherrer x-ray diffraction technique an~ no· chrysotile 
as~estos or crystalline forns o! free silica w~rc detected. 1\,o 
patterns of the sa~ple were prepared using nickel filfercd copper 

______ x-:-i'adiation. One was made in a camera with a diameter of 11,46 centi-
1111itcrs and the other in a. srna_i.lcr ca:ncra having a diam~ter of 5. 73 
centimeters. 

SSP:vab 

·sincerely, 

Sidney S. Pollack 
Fellow 
X-Ray Diffraction Lab~ratory 
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• ABSTRACT 

Reproducll,te methods arc dcecribe<l for quantitating inhal~d fibrous 

du1t particles and f'crruginous bodies found in lungs. For isolating the ln-
. . 

.. 

haled f'lber1 1 t~e total dust i11 first recovered by digesting d
0

rlcd and dcfatted . . 
!ung tl11uc with formamide. The carbonaceous !naterial is then removed by 

a 1hort treatment wlth pcrchloric acid. Fcrr1uglnous bodies a~e isolated by 

dlgutlng lung tluue- with sodium hypoc hlorite and remo,·ing the interfering 

carbonaceous dust by gradient centrifugation with sue.rose. 

The siz.e o! the fibers , their volume, and weight arc ·estimated by 

first photogra phing an aliquot of the fib~rs and then tabulating their dimcn-

1lons ~s obtained frori1 scaled enlargements. _ These dimensions serve a_s 

the bali!I for esti_mating the volume and weights of.all-thc- fibrouS-du·st-isolated 

f'rom a _given pail; of lungs. 

The lungs of seven city dwellers, two long-lime employees of a fiber 

glas~ fact~ry, and one of an asbestos-products factory were studied . These 

fongs were found to contain I 5,600 to 66,000 fibrous particles and 300 to 

3: 900 ferruginous bodi<!S per gram of ,lry lung. The mean dimensions of 

the fibers in all lungs were within a surpri s ingly narrow r;i.nge . 
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The recent demonstration of ferruginou& bodies in 97"/o of the lungs 

ol one ·hundred city dweller& by the digestion of lung tis11uc with sodium hy­

pochlorite wae:auociatcd with the finding of numerous naked fibers which .. . 
• were present In the ultimitc. sediment. 1 S~me (?f these fibers could be 

identified aa man-made by their curved ends, particularly when shaped like 

a shepherd's crook. Other fibers exhibited long itudinal splitting c.nd were 

"thereby .::lasslficd as probably asbestos. 

Because !ibrouli dust particles composed of materials other than as-

b_esto~, when introduced into lungs of animals , ~ave been shown to : c::dt in 

• the development of structur_es indi~tini;uishablc Crom asbestos bodies, the 

generic tc;rm, fcrruginous ~odies, had been pro~osed for
0 

them. 2 Neverthe­

less, c"l_cctron diffraction analysis of the central cores of 28 randomly selec~ed 

ferrug.inous bodies from citr dweUc rs indicated a crystallin'c structure in 

all•of them. This fact eliminated gla s s and ccra~1ic fibers as being respon-

1ible for the form.ition of these particula r bod_ies. 3 By exclusion, and in the 

absence of other known _Possibilities, this left asbestos as the proba~le con-

1tituent of the central core o! the !crruginous (asbestos) bo~ies. However. be­

cause clirrsotile had beep decisively excluded as being involved in the Corina­

lion of the i!.bove 28 fcrruginous bod ies , and since more than 90o/o of the as-
c, 

be11to11 used in this country is chrysotile, an enigmatic· situation obtains. 
' . . 
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Allhough the occurrence o! Ccrruginous bodies and of nil)ccd fibers 

In the i~c• of city d~cllers has not been as.soclil tc~.with disease ascribilble 

to the inhala tion of Cibrou!I dust particles , the suopicion has been publicized 

t~t pulmonary fibrosis and cancer may develop in the lungs o! city dwellers . . . . . 

from t'he inhaiation of thi~ fibrous du st'. pn;&umcd to be asbes tos. 4 • 5 
. . . 

While studying the sediment derived_ Crom the diccstion o! lung tissue, 

we were Impressed with the large numher of naked transparent fibc~s,most 
. . . 

of whleh were less tha!), threc microns in diameter and less than 50 microns 

_long. These had. no distinguishing fcaturef1 that cnilblcd us to dif!crentiate 

asbestos from non-asbestos fibers at the m;lgni!ications employed (X 450). 

Subsequent))', however, we have been able to do this readily with the electron 

micros cope. 6 Having shown that at leas t some_ of the fi~ers inhaled by Ul'ban 
. . 

dwellers are prob.i.bly asbestos, we sought to determine how much fibrous . ' 

dust ~as inhaled by these people during 1heir life time and what was the si,:e 

distributi(!n o! the fibers. We also wished 1:0 study the relationship of the fi­

brous dust (1) lo thr. ,total dui;t i:ihalccl, (211 to the number of fcrruginous bodies 

found, and· (3) to any .po!lsible pulmo n:i ry dis.case ~resent. 

To answer these que s tions, we: first had to dc\·elop a method for quan­

titatively separating the transparent fibers from the carboirnceo·us mater_ial. 

We then needed to clevise a procedure for c,Junling the fib~rs so as to obtain 

reproducible results. We also found it nec,cssary to modify our previously p~b-
<· 

l 
liohcd method for iuolating !crruginous bodies 'from the lun::;c in order to obtain 
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quantitntlvo yielda. In thh paper, we arc reporting the dctal111 of·theso 

,nethod•, aa well as the results ·obtained on the lunge of a omall number 

(aevcn) of urb:ln dwellers (selected only in respect to i;ex), o( a long-time 

employee of an a1bc:otoa-product {l\ctory, and oC two men .who had been ex­

poacd f~r a wo~king liCcti":'C' lC? duet lo a ' Jactory producing Cibrouo glaoi; 

(from a factory which pioneered the production o( Cibrouo glaoa, we have 

on hand for detailed otudy the lungs oC 18 long-tlme cmploycco who had died 

or natural causes. The above t-.-10 workers arc the fir11t and occon:l on which 

data have become available,) 

IdcntlCication 0£ both the naked fibers, as well as the cores of !erru­

glnoue bodlco derived {.rom lungs of these urban dv,ellerc, will be ctudicd 

(a: and repor~cd in a future pa~er . 
.. 

' . MATERIALS AND MET.110D5 

Prepar.ation of Dry Lung Tiovue 

Formaldehyde-preserved lungs ,were washed with running l.:.p wz.ter 
. .. ···--

!o"t- 24 houro and then cut _ir.to t_hin olices by means of a meat olicer. The 

aliccs were extracted with three portions of acetone and three portlono of 

dry ether !or cb: to eight dare, vacuum dried at so• C for '18 houro, and 

. then weighed. 

0 
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bolation of Dulll Crom Lungs ,. 
The deCaued, dried lung tir.suc was dige6lcd by heating with forrna­

mlcle according lo the method o{ Thom as ~nd Stege~ann. 6 However, in or­

der to remove. m~rc ol the as s ociatt'd impuritie• and lo render the dust more 

readily di s persible, it was subjected to more vigorous was hing. In addition 

lo the solvents used br Thomas and Stegt'mann, methanol-chloroform mix­

ture· was used by us to wash the d<1 s t. Thi s additional manipulation resulted 

in the removal o{ some unidenli!ied brown colored impuriti'.!& and made the 

du s t more easily dispersible. 

The procer.lure was carried out as follows: about 30 gm o{ dry tieeue 

was placed into a Z: 000 ml (l,1sk containing I, 000 ml of dry formamide 

(Fishe!·• reagent grade) and the mixture was kept under continuou~ stirring 

at 130 ➔ s• C for 7Z hours . The resulting liquid digest was centrifuged in 

ZOO ml llasks at Z, 000 G for one hour. The sediment, consi s ting of crud e 

Impure dust, was collected into a sini;le Clask and wa1<hed three to four times 

wilh 150 ml poilions of warm Corma'nude. The sedim t'n l was submitted lo . ' 

further. digestion with ZbO m l of forma m1dc- for Z·l hours, .. nd it was then 

washed with I 50 ml porti'ons o( follo wi ni; .w,1rm solvents: Cormamidc; forma­

mlde-watcr (I :I); ,,:atcr : methanol; 111ethanol-c-!!loroform (3:Z); chlo:-ofor_m­

hcxane (Z:3); and he>-ane. The :.c-di;nent w,1s kepi in conta ct with ea ch of the 

. solvents succer;sively under continuou::; stirring a t least for two hours and 
C . • . . 

was rcp!=atedly wai;h~d with oeveral po rtions of each solvent until the wa s hings 

wer'c clear nnd colorles fl . It ~;i.s (in.lily disperocd In a &mall vo lume of hexan~. 

vacuum dried al so• C for Z1 hours, anci wcii;:hed. 
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Separl\llon of Naked Fibers from Dust 

5. ,. 

Ten milligrams of the isolated dust were suspende~ in 5 ml of 70o/o 

porc~loric acid and heated in a sand bath at .160• -1 SO• C until the carbona­

ceous _materi~l disappeared (about thirty minutes). The residue, c~n;ii;ting 
. . 

of mln"eral pa_rticlc s and _tilJcr~. was ;epeatcdl1 washed with water a;,d fi-

nally dispersed, by vigorous shaking , in 2 ml of waler containing 0. 01'70 

Tween 60. A portion of this suspension was used for. the preparation of 

a_lides for counting and photo~raphinc the fibers. 

Separation of Ferruginous Dodies Crom Lung Tissue 

Two grams of dry lune tis sue ·were dig~sted with three portions of 

So/o sodium hypochlorile for two to three days until the tissue dissolved. Dur­

lng th~ last 24 hours, the mixture was kept at so• C and occasionilly stirred. 

The undisso!".ed residue was washed four times w ith 15(1 ml portiono of warm 

water. for at least four hours. Then il was quickly washed.with 1% acetic 

acid and again with water and dispe:s~cl in 50 ml of water containing O. Olo/, 

• ~f Tween 60 by stirring, or agitating. The ~uspension w?.s gently poured over 

an equal vo.lume of 65% sucrose in a 200 ml centrifugation !lask so that it 

overlay the sucro s e. This '."as ce~trifuged at .;oo G for 15 minutes. under 

these conditions carbonaceous material and remaining microocopic tissue resi-

dues collected on th1: top of the sucrose larer but miner:d particles, na~ed 

~ . 
{lb~ro, and !crrui;inous bodies in particular penetrated the sucrooe layer. The 

top byel' wa:, then dlscardocl and the eucro 1s·e diluted with the i;ame volume of 
:· I 
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water and ccntrifoged at l, 000 G for 15 minutes. After washing. the s~cli-

menl with Willer, r e, uspending ii in 50 ml or Willer conl.3ininc o. 0lo/o or 

Tween, and again gently pouring it ovt· r the s•Jr Cac e oC 65 % Gue rose, the 

•eparallon pro~edurc- was r<·pe.ltei.l. The secl,mcnl wa·s "Sain was hed with 

water and s u11 pend c d i,n 2 fnl water c?nt~dni:, g 0 . 01 ¾ c.J Tween 60. Slides 

were prepared Cor cuuntin& from thi s suspension. 

Preparation or Slid,•,: for Counting 

Clea n coverslips (22 :< 22 mm ) we re thinly coated on one surface with 

a glyccrine-albul't1i11 mixlU re s uc h as is usted for fixing paraffin sections lo 

11lldes. The se cover s li ps (coated s ide up, and !WO for eac h :;uspension) were 

I 

then placed upo n the head of small nails pn,truding ;il.Jout 3 cm from a suit-
4--- ------- ~ -. --- - - ---~----- · 

able board. The he-ads should be about -I mm in diamc-ter. A sma ll'drop of 

balsam i:uch as is u se-cl be- twee n a ti ss ue sc•ction and its coversl ip, had pre o 

viou s ly been place,l upon the head of tht· nails as an adh" sive. The orientil-

tion of the nails wi\s such th;i.t th" co,crsl ips tar leve l in a ll directions . 

After thorou{:h m ixing , 0. I m l of lht· dust-, or fer 1·uginous bc,dy-s·..:s-

pension was removr•cl br me« ns or an ultra micro srrin1:e and gently delivered 

upon the hor i2.ontilllr pos:t ionecl t ov,· rs_l,;,s. S10_rf,~c c ten sio!l kept the fluid 

from C'!:Ca pi r. g the limit s of th e toversl,p. ·1 i,(• fl uid wi\s allowed to drr i; the 

air. The bc,ard wit h it ~ co,·(.rsl1ps fas t,·n,•d to th te n:lil heitd:; was then placed 
( 

in an oven al 60° C for two hour:; . This co.11:ul~ted the albumin and !:>..ed the 

~ oriclnally suopencled particleo to the gla~s. The concc11tratio11 of the suspc-nsion 
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u1cd for such a prep.nation W.'.11 adjusted ~o that the number ol • objecl6 Lo ,. 
be counted wao neither excr.s s ively larce nor small. For countinc naked 

fibers, we have found a satiofactory concentration o( the sue pension to be 

1ueh th.1.L ml contained U1e equivalent. of I mg of d1.st; for countinr,. lcrru­

glnouo bodiell, 1 ml of t~·e :Suopension contained the equivalent of O. 2 cm of 

dr~ed lune, With the se dilutions, we cenerally counted in the neic·hborhood 

o! 500 fibers and 30 to 50 !crruc:,nous budies per coverslip. 

The coverslip 1ncthod for countin[: fibers and fcrruginous bodice was 

selected primarily because it circumscribes and minimizes the area v1hich 

needs lo be examined micro!lcopically Attempting lo count Cibers or lcrru-

_ginoue l,odie B ii~ a suspension under i\ coversfip proved di!Cicull because 

during the time ret1uired for counting, th e su~pcnsio:is tended lo dry out .1.nd 

this rendered ide"nti(ication of the particles difficult. On the other hanri, the 

addition of fluid d11r ing the counting caused oxlensive i\1,d explo11ive disp!ace-

mcnt of suspended particles, thereby m.iking continu.ilion of the count useless . 

.Fixation of the particles lo the covers!ip seemed to solve lhii; problc'TI . 

. ACL_er _removing.the tacky balsam with X)dol, the covcrslip for countini; 

naked fibers was placed, coated side- down, upon a clc.in glass slide anrl dis­

t illed water was inLroduced · ;dong one eel;:,· of the covcrslip. When too manr 

bubblco rc:.ulted, the coverslip was rai sed at one edge to alh,w then~ to e s cape, 

and it was then cc-ntly lowered . The reason for the use of wa ter i c be tter 

vioibility. With l,;llnm, the fibcrr. ar.: nearly invioible. The (i.'(ation by 

mcanr. of the albumin ,·,.10 &ueh that th e wa ter beyond the edce of the cover:.lip 
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did not contain Cibcrs that had become clclache d Crom the 
.,. 

cover-

s. ,, 

allp. During the counting il became necessary lo add )l,latet lo prevent dry­

ing. In doing r;o, care was lakcn not lo louch the covcrslip and thereby 

change its poi:ilion, no~ was the waler so excessive lh.1i lhc covcrolip floalcd. 

The covers lip for counling_ fer rui;inous bodies w.1s mounlcd by mcan6 of b.11-

•am, coated oide down, upon a glass slide. D.1lsam is u sed because it ren-

ders naked fibers and mineral particlc6 less visible, lhereby allowin.; lhe 

ferruginous bodies to stand out more prominently. 

W'e used an OrlhC'mat microscope cam,!ra (Lei tz ) for counting, employ-

lng X JO occulars nod a X ll. 5 objecli \'e . O ne of the eye pieces conlained 

the outline of a rcclanglc, rcprcsen tini:: thl' fr a me of a 35 mm film. This 

was positioned so lhat its long axis was parallel lo lhe viewers line of Gight. 

Alter counting lhc. contents of this rect;,ngle clurini; a vertical traverse (me­

c hanical stage), the slide was moved exact ly lhl' widlh of th e reclan6 1c, for 

each successive vertical traverse . Sornl' of Ilic fiber s we1·c fouml lo be vo::ry 

l!mnll and indi s tinc t bt'cause the'ir index of refraction was n,:ar that of gl;,ss . 

Frequenl use ·or the high dry (X 4 5) obJective ht:lpcd to dispel! uncc-1·tainti,:s. 

Met hod of Studri:H? Naked Fibers 

It is asi:umcd tha t the naked fil,,, rs arc r,1nclomly disli·ibutcd upon the 

cover:ilip and tha l a random selection o f thc·se fiber& wi ll resull in a I epr< -

eenlativc s ample Crom which valid conclu~ion s c~n be drawn in rcg,\J'd lo th e 

(. Cibrou_s particle:i in llie lunc::i as a whole. De(;innin:; .::. l at1)' convenient :,lace 
'( .... 
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on the cover11lip and using the X 12. 5 objective, a fiber was locat ed and 

then photoi;raphed will-\ the X 45 objective. Delween 150 ancl 200 libero 

were generally photeicraphed but care was taker, GO that all fibers that 

9. 

came succes11iyely inlu view were photocraphed in orcler to preoerve their 

randomne11s. We generally u&ed three rolls of Koclak Panatomic X (36 ex­

posure) film per susj>ension. At times, it was possible to photograph two 

or more fibers in the same field. 

I' 

The next step was to project the negatives by me.1ns of an enlarger 

upon a sheet of while paper at an apprc,xirnate magnification oC X I 0 , givinu 

a to'tal magnification of XI 500 (45 x 10. x I /3 x I OJ . Ou t line drawini;s were 

made of the" projected fibers (Fi&, I) . All measurement s were made from 

the outline dr~wing s so made. Each fiuer .was given _~ numbe; _ _and .tab:.ibted 

• • v. ith its dimenG iQns . From this ta bu la t ion, :he mean diame ter and mean 

. i 
length c,! the fibers were calcul.1ted. Other data were also derivecl, i;uch 

as the· percenlil(:C of fibers whose di.1meter is equal to or les s than?. and 3 µ, 

.re-spectively; a11d the percentage of f,L .:: rs whose length ii; within lhc rangl' of 

5 lo 25 µ and° lhOSl' longe r than 50 µ (T.1ble I) . Tlte assumption waG made 

that all fibers arc q ·linclrical in shape and tl:at they have a n approximate den-· 

eity of 2. 5 gm per cubic.: centimeter . By mc?.ns of these assumptions, th e, ap-

proxim:i.te totnl \'olun,c of all Cibers photographccl w;;1s c a lculated i15 well ?.S their 

approY.imalc weighl. 
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RESUL15 

'l'he re11ulls obtained by the mc·thod!, described ilbove .lre t.ibul.lted 

In Table J. The amount of dust per gra,n uf dried lung v.i.ried considerably, 

the greatest _difference being four fold. The nu111ber of naked fibers per mi:: 

o! duat varied Crc,m abo_ut 500 to 9,000; per· gram of dry lung, they ranged 

from 15, JOO to 66, 40(1. This was also re!lected in the percentage of the 

total weight of the naked fibe rs in terms of the total weight of the dunt. Thie 

percentage ranr,ed Cr.:,rn 0. 01 % lo 0. -l 7% . 

. The mean diameter of the naked fibers was rem.lrkably constant, 

ranging between I. 9· and l. l µ, with only one dcviatio11 to l. B ,, . Veq• few 

fibers (r,encrnlly 3 to 9~~) were more th,,n 3 µ· in di,i.metcr. ln one 

lung, 30% of the fibl!rS were th icker than :ll µ. Jn mo:;t of the lun?s , about 

two-thirds of the fibers were between 5 :,nd 25 µ long and ohly 3 to 9% were 

longer than 50 µ. Rare i;ii:antic Cihcri;, such as the :Ince pictured in Fig. I, 

were 6een in two lungs. The Cormat,on of a clcised loop, and the pre:;ence of 

.c:011choidal fra ctures marked these; as probilbl)' vitreous and m.ln-madc. Their 

6i7.e precl_udcd sojN1rn within the i\ir sp,,ces and sui;gcstcd lodi:cmcnt in the 

6mallcr bronchi. These fibers were, \lic:rcfore, not includcrl in the t.lbulati,n. 

The fcrruginous bodies, whilt' mut.h n,01·e numerous than could be 

6uspected Crom an examination of citl,cr t h e lunr, juice or lune sections, val"ied 

quantitativel)' ac much as the naked fibc-rs. The number of &uch boclics perm:, 

oi du:;t varied Crom It· tu ·1-10 . The number of nuked fibero per ferru~ inuus boc!y 

va:ricd from 5 to 211 . Convcn;ely, the pc rc~nl.:ge of fib e r o repreoentcd as 

fcrruginous bodic& varied Crom 0. 7 to 16%. • 
I 
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Some of the !crrui;:inouu bodie:i were very irregular in appear_ance 

and deviated markedly from those usui\lly found in llections of aobestotic 

lung~ (Fig. 2). Some of the bodies had apparentlr been formed by encrusta­

tion& developing upon the ende of frnctured crystalline plateo (Fig. 3). Su-::h 

crystailine plates werc s.~1i;:gelltive of, and conslst~;it with, talc crystal&. 

Differences in duplicate counts ranged from I¾ to 15¾, with a mean 

difference of 9"!,. 

Accuracy Chl.'ck 

· An aqueous suspension of respirnble fibrous gloss du~t (appro,:imatcly 

60'1', !iberu with a mean diameter of I ·. 9 µm ancJ '10% non-fibrous p:i.rlicul.:.tes) 

was prepared so that I ml.contained 0. 33 µg gl;.ss. The number of fi!Jt'r& 

per ml was detcr,rined as· outlined nbove. ln ndditic:l"n, .an- aliquot o(·l61 !iberc-- - -

. . 

was photographed, rncasurcd, and their estimated weight calculated from their 
I 

dimension!l. The totnl number of fit,ers per ml wa·s found .to be 9'180 a~cl their 

estimated weir,ht m/ml wa:, calculalccl tn be 0. 21 µg. When the weight of the 

non-fibrous_ particulates (•10~~ of 0. 33 µg or 0. 13 µg) w;,.s aclclecl, the &um, or 

0. 3'1 µg pr·oved to be a very close approximation of the actual weight. However, 

inasmuch as the pcrcentn1:e .of fibers in the g lass is onlr a rough e:;timate, 

the closeness of the check must be considered as clue lo chance. On the bnoic 

of this ectimate, I µg _of this glass <lust cont;dns- 2G, 000 fibcr,:; of various si,:e. 

As a f~rther check of the accuracy of lhe metho:l , a kno,·m amount of 

fibrous gl .. r.u duct .:ml of carbon were acldccl lo lwo-gram portiona of r,,t liver 
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,and thoroughly mixed (Table 2). These were then <.licestcd with formamlde 

and further processed :i.a outlined in the text. Based on the ?.bove ce
0

llmatc 
' . • 

that 1 µg glaoa conli\ined 28,000 fiber s, the error In eotimatinc the weight 

o! the added g~ass was as high as!. 27~, (T able 2). 

COMMENTS 

The method used for quantitating naked fibers in lungs hao defic-icn­

clea, m~s t of which op.crate to yield results that arc lc os than the probable 

actual value 6. Chrysotilc fibers, for example, • are known to be more soluble 

than other Corms of asbestos. It is not known lo what extent s uch fibers may 

tend to disa ppear during the prolonged process of digesting the lune with for-. . 
• mamide. Also, there is little doubt but that some o! the thinnest fibers (less 

than 1 ·.,_rri in diameter) may be overlooked at the scanning magni!(cation cm-

•· 

ployed and there. is certainty that fibe i·s substantially thinner than one micron 
• ·' 

are not counted. Inasmuch as a fibcr is defined a s a particle whos e length i s 

at least three limes it s diamder, s.orr.e of the shorter fi bc-rs may be over­

looked beca_use during the scanning, careful measurements are not d o ne. 

Inaccuracies may al so develop bec ause- the sample Crom which cou~t s arc 

made is such a small aliquot of the whplc (l / 300 to 1/2500 in the present 

aeries) and possibilities of error exi s t due t o loss of mat e rial during ce,'it ri­

!ugation and w as hing of t he sediment containing the fibe rs·. 

Attempts to sc pa 1·atc fibrous minc ral pa rticle!! Crom carbonaceous 

mat,::rial ba c e d on gradient centrifuga ti on wi th ouc ro!l e soluti on gave 
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lnconelutcnt ~nd variaLlc r esult& and this method was, therefore, al,nndoncd. 

Although we recognized the solubility of chrysotilc 
0

in stron& acids, we Celt 

that the dcutruction of car~onaceous material with pcrchloric acid for thirty 

mlnutee wou.ld probably have little dc,ino nstral,lc effect on the fibcl'B present. 

This question was i1w~s
0

tigatcd by pholographing a field of chrysotilc fibers 

Immediately after contact with perchloric acid and again (the same field) af­

ter thirty minutes o( heatinc the preparation to 160• C. No dctcctnblc change 

in the number or siz.c of the fibers in the photographs were observed. 

Some o( the fibers photogrnfJhcd (F1i:, I) hnvc cndi. with sharp, an:;u-

lations and some hilvc the step- like inden\a tions sur.gcstivc of a!lbc&to s Ci-

bers. An occasi,,nal fiber shows pc-culiar !,ranching. more like that of a 

plant thiln the longitudinal splitling of asbesto s fibers . • Yet, fibers of vccctablc 

or ' other organic composition c.in be rul e-cl nu t since these coclc.l not hav e sur­

v,vcd the dige stion with pc-rchloric ac:icl . 

When we a ttempted lo use tr.c sc-dim c nt obtained br the forma rnidc me­

thod of digesting the' lun gs lo clct c rn1i1ll' the number of fcrrugi nou s bodies , we 

found that none could be found . lt appc.irs that during the proces s of dii:cs-

lion, formic acid is libera ted and liiis ac id destroys the fcrrucinou!l cncrusta-

lion&, In rcturn inc lo the m c-thod of i!-cd:iting fcrruainm, ~ bndil's by mci'.ns of 

sodium hypochloritc , 2 we found that i n scpara tin.; the c a rbonaceous mate rial 

from the bo'dics with chlur~form, manr of the fcrrui;inou s boclic!l remain suo­

pcnded and cmbc dcl c cl in tlac ·c a rbonac..:!ous material and qu.-.ntitativc recovery 
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of thcDc 1tructure11 i11 di!Cicult to ob:ain wilh lhio melhod. For l!).iS rcacon, 

w_~ turned le. gradient centrifugalion wilh sucrose &c,!ution and were able 

to obtain reproducible rcaulte. 

The often bizarre shape of th~ fer1·uginou11 bodi~11 encountered in 

many oC the control lungs. examined su,cest11 exposure lo Cibrou& dust difrer­

ent from the usual t)·pe o( asbestos. In lhis regard, lhe dcvelopmenl of ferru­

glnoue bodleo Crom fractured crystalline plales (Fig. 3) ia particularly inte_r­

eetlng and it auccests thal some o( the cily dwellers mi\y have had expo~ureo 

lo talc dual. As a mailer of !act, such Cr.-.clured crystalline plates were 

·1ecn not Infrequently.while counting naked fibers. 

The early investigations inlo lhe p1·cva)ence of lungs in which one or 

more Cerrucinous budiei; were to be found employed smears of lung f!uid or 

thick sections . • From lhcse studic-s it was- lea.rn~dth~;;:;;o&tci·lic &· in- ~•hlch ____ _ 

these' ,nvestigaliono wer~ made, only 20 lo -io oc!d percent of the lungs examined 

con~ained what were 1hen called "asl,cslo s " bodies; and in more 1han 70 % of 

these lungs, only one or two, ferruginour. l,c,dies were found. The laq;e num- ·1 

bcr of these structures and a ctill larger number or naked fiber s (up 10 200 

tln,e·s larger) discovered in the p1 esc nt s e r ic ~ of lungs comes as a surprise 

because, even though in a previous ~tudy we found Cc-rrucinous bodie~ in 97% 

- of the . lun:; s examine-J, 1 in 75% of the la itcr, only five or few er ferruginous 

bodice could be counted. The present finning~ s eem lo confirm the conclusions 
<· . 

o! Crallcy, cl al, 7 rccar<lina the ubiquil)" of re~pl r,; blc fi br ous du st p;,rticlcr.. 
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lt b un{ortunalc tha.t we db not know how much of the lunco h:i<l 1,ccn " ,. 
removed by the proscctor1, 10 that we cannot determine exactly how much 

total duet aml how many !lbers were present In each pa.Ir of lungo. It ap-

. · pear•, however, tha! aome lungs contalnccl (estimated) at le.1st three to four 

mllllon fibers·. • 

Aa polnted out previously, the method employed in th\:; \nvestigatlbn 

auClcrs Crom the fact tha.t it Ignores fibers which may be prcocnt but which 

arc substantially less than one micron in diameter . However, It is likely 

that a (cw of such Ciber s may be represented as the central cores of some of 

I 
t~e !crruglnous bodies. · 

I 
I 

I 

I 
I 
I . . J - ·- --.. --- - -- ----·-·-----
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LEGENDS OF IL LUSTRATIONS 

Flg, Outlines ciC Cibers as traced on a 11heet of white p.1per Crom 

Flg. 2 

Fig. 3 

' lma1ce projected Crom three roll11 o! 35 mm negative Cilm by meano 

o! an enlarger .. . Most of the• fibers have diameters In the neish­

b~rhood of 2 µ and lengths less than 25 µ. A rare fiber Is gigan-

tic (up to_ I mm in length) and too large to be accommodated in 

alveolar ti ssue. These were probably lodged within the smaller 

airways and, therefore, were not included in the quanlitati ono . 

This i& a c'Olleclion of individually photographed fcrruginou& 

bodies i s ol;atcd from lh~ lungs or a 7'1 year-old Pilloburgh wo­

man (A69-80) who died or E . coli sept icemia . She had no pul-
. . -·- - ---- ----- ----·------

monary disease other tha n edema. The trerr:~Jldous vz.ri.1lion of 

these bodies in size and sh;,.pe make., mcckt>ry of the classica l 

descripti:>n, "a symmetrical, s egmented, bipola r -clubbed &true-

lure ahout 50 µ long," etc . . 

This is a small collecli:>n of "atn~ic al" fcrruginous bodies which 

developed fro;11 transp;arent thin crystalline plates rather than 

from fiber s . Although ::evcral have smooth ed ge o, others ehow 

sharply aneulaterl s te ps ancl recesses sug1;ci;tivc of fracture&. 

T·hcoe rt'sc.:mble talc crptals with clubs of fcrrui:inou s matcri:d 
( • 

forming on narrow projections o f the µ1.ite s. 
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TABLE 1 

Data Involved in Dctcrm!.ning Accu:-acy o! Methodology 

~\ctulll Composition 
o:-ior to Form:imidc DiC?c!l~ion Thco:-et. (r.) Findings 

R:.t Fibrcu:: Wt. o! Gl::i.so 
!Liver C::i.:-bon CI::i.s s in Sus;:,ension No. Fibers Wt. o! Gl:ua Error 

~ !TIC! mr~ u.~ /ml oer ml L' "/ml ut!/ml ~ 

2 I 00. 5 0.20 0.63 2120 o. 76 • +0.13 21 
. . 

2 50,1) 0.20 o. 79 1630 o. 58 -0. 21 27 

2 so. b· o. 20 . o. 79 2800 1.00 +o. 21 27 

(a) Obt::i.incd !ol:owing dii;estion with formamice, further digcs!ion of ::i.n aliquot with perchloric 
:icid, w:1shin~. :ind suspending sediment in cistilled w::i.tcr 

' 

. . 

) 

.. 
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No. o! Fibers 
I 

f.
cr 1:m. 
ry 
cii:ht 

£ Luni:s 
,C lo' 

27.? 

23. CJ 

1!4. H 

15. 1 

6? . .; • . 

1 5. l 

20.8 

21.:; 

28.8 

63.3 

per mg. 
Dust 

I, 8-JO 

l, 850 

26. 400 

561 

2,845 

783 • 

l, 150 

l. 560 

4,700 

9 ,070 

-~~ --,; ,- cc. 

~ 
TABLE Z 

Ouantlt:i.Hon o! Fibrous Oust Particlee and 
• Ferruginous_ Bodies in"Human Lungs 

• Mean 
Vol. 
o{ 
Fibers 

µ' 

I 53 

IH 

•H 

1<4 

88 

143 

54 

88 

I :! I 

211, 

Percent 
Fiber Wt. 
Duot Wt. 

0.09 

0,06 

O. lll 

o. 01 

0. 06 

0.02 

0.02 

0.04 

o. 1,: 

0.47 

Mean 
O1.am­
etc.r- of 
Fibers 

µ 

l. 2 

• 2. 3 

!. 4 

2.0 

2.0 

1.9 

2.0 

2.2 

2. 2 

2.8 

Pe:-cent 
of Fibers 
with 
Diameters 

~ 2µ -~3µ 

91 

87 

98 

97 

95 

93 

97 

97 

Mean 
Length 
of 
Fihers 

µ 

21! 

25 

J 7 

.!'i 

2S -

20-

18 

22 

69 

58 

95 

74 

70 

61 

76 

71 

57 

33 

92 I 21 

10 . I 211 

T 

Percent 
o! Fibe:-1'1 
with 
Lengths 
5-25 1>50 

11 

64 

68 

90 

6:, 

68 

75 

80 

70 

63 

58 

µ 

8 

5 

2 

8 

8 

4 

3 

5 

8 

9 

(J: tissue w:is di~estcd"wlth <ormamirlc, which destroyed the !errui;inous bodies 
r.lass factory 

rrotluct11 p!:i.nt 

.- r-• 
Ferr\!ginoua Bodie:, 

~6.­

pcr 
mg. 
Dust 

; o . o. 
per Fi-
gm. bcrs 
Dry '; per 
Lung Boey 

• I o I • 

12 I 160 I H9 

Z, 280 I 7'5. 000 i! 12 

11 I 300 I 51 

108 I 2.1so.•I 26 

• I • I • 

1s3 I 2,100 I 7.5 

292 

440 

43 

3,'-127 

2',. 700 

300 

, 

5 

11 

Zll 

Per­
cent 
Fl.­
be:-:: 
~:I 

Botlie : 

,. 

0.7 

8 

2 

4 

13 

1S 

9 

♦ 

0. 5 

~ 

I 
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ASBESTOS RI:GUl, /,TlONS: 

C:ONTROJ, or- SI'RIIY r:ISvLA'l' IO,I 

l"RCJ\MBLE 

It is hereby deterrninecl that the uncontrolled dis charge of 

asoestos fiber into the environmen t tends to seve r e l y en1angc r the 

public health and welfare and that the uncontrolled spraying of 

other fiber-containing material unreasonably interferes with the 

enjoyment of life and property. 

Agency 

Asbestos 

Commercial 
Activity 

Debris 

Spraying 

Waste 

1. Definitions 

The Illinois Environmental Protection ,;9ency . 

Any fiber or any mixture containing fiber of 
hydrated silicate mineral, which , on the 
basis of its crystalline struclure, falls 
into one of two c ,1ter;ories: 

(1) pyro>:enes - chrysatile fiber; 
(2) amphiboles - crocidolite, ambsite, 

tremolite, actinolyte or antho?hylite 
fiber. 

Any activity done for hire or having financial 
profit as a primary aim. 

Asbes t'os-containing waste produced by the 
demolition of a s tructure. 

The pneumatic application of material used 
for fireproofing or insulation . 

Any asbestos-containing matter which has been 
or is i ntended to be discarded . 
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2. General Reouire~cnls 

No commercial activity , 9ot othe rwise hereinafter pro­

hibited, involving the discharge of asbestos fiber into the 

environment from the constructio~, alteration, repair or 

demolition of a structure or from the p rocessing or manu­

facturi ng of asbestos-containing products, shall be co~ducted 

unless the person or entity in charge o f sue~ activity com­

plies with the following regulations: 

A. A permit shall be obtained from the Environmental 

Protection Agency to engage in such activity. Defore 

obta ining s uch permit, the applicant s hall de:nonstrate c.:ui.,:-,l.i..dm ,t: 

with the following safeguards : 

(1) The designation of personnel to exer-

cise full-time supervisory authority over a ll 

aspects of the activity from wh ich the release of 

asbestos fiber into the envi ronmen t could result , in 

such a manner as to insure compliance with the per­

tinent asbestos control regulations. 
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(2) That each employee engaged in such activity 

has completed or will co~pl ete a satisfac t ory course 

of instruction on lhe potential hazards of exposure to 

asbestos fiber including the p~ecautio ns tha t mus t be 

observed to pre ve~t or restrict the dispars ioq of as~es­

tos fiber into the environment. 

(3) That such additional safeguards aj are herein­

after specifically required and such precautions consistent 

with the purpose of these regulations as t he ~nviro~aental 

Protection Agency deems necess3ry und~r l he circu~stanc es 

shall be complied with. 

D. Facilities shall be provided and procedures i nstituted 

and supervised that prevent the removal of asbestos -containing 

material from the site on the clothing of employees. 

C. Asbestos-containing wastes shall be immec. i.1 tely vacu·.1:nej 

or otherwise collected where vacuuming is imposs ible , and shall b~ 

placed in a container resistent to tearing or breaking under norma l 

handling conditions , which shall be tightly s ea l ed and clear ly ~arked 

as containing asbestos waste. Such containers s hall be pl aced di~ectly 

upon a vehicle for disposal by burial at an approved site. 

This subsection (C) shall not ap? l Y to the ce::iolition of a 

structure, except as provided in Section 4(i,) (1) and (6) or to the 

disposal of sludge waste except as provided in Section S(C) . 
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J.. ~PHA Y rrnr:Pnoorr:.~ 
Al.O WSULATI0:-1 

A. The apraying of osbeatos- co~tai~ing naterial is pro­

hibited . 

D. Non-asbestos pa r ticu l qte maLter usetl for insulation 

or fireproo f ing s ha ll not be sprayed unless the followi ng proce­

dure s are take n: 

(1) Defore the start of spraying operations, a ll 

floor areas shall be swept clean and cleared of al l objects , mater­

ial and equipment other than t hat employed in the application of 

the fiber-containing material, or, in the alternative , al l such 

objects, material a nd equipment shall be covered with plastic 

or plastic- coated t arpaulins. 

(2) The ent ire floor or area to ~e sprayect s hall be 

enclosed with plastic or plastic-coated t arpaulins i~ a manner which 

shall preclude the escape of r iber-containing materi al fro~ the 

enclosure . All interior open a reas such as elevator s ha ft s and 

st:airwells shal l be enclosed in a manner wh ich shal l prevent the 

escape of fibe r-conta ining material from the working area . "Stack 

effect" of the shafts , stairwe lls and comparable spaces s:1ull be 

considered in providing proper enclosures. 

(3) R~yardless of adherence to the stated control pr ac­

tices, any visible emission of fiber-containing materials beyond 

the building perimeter will be considered a viola t ion. 



(4) I n asr of yiciblc eniss ion of fi brous ~a~crial fro~ 

the constr1..1~ tion site, i mmediate sters shall ::.c ta'·:en to ca.ise t:1e 

cessation of such emi ssi ons by ~ither cf!cc ti :c control r~as~res or 

work stoppage at the source of the cmisGions .Tilere s .,all t 11en be 

immediate and complete cleanu? of all materia l th.:it :~a s cscape:3 

the construction site , and meilsures shall be t .:i%en t ~at ··: i ll insure 

that no further disFersal of any fi bro~s mater ial into the atnos ­

phere can occur. 

(5) The entire sprayed area, all ledges and surfaces in­

cluding tarpaulins within the enclosure shall be thoroughl y 

vacuumed upon completion of the spraying operation a n1 im.~ediately 

be fore the enclosurP is dismantlP.d ThP. vacuum cleanrr shall con-

tilin a strong , single-service , disposable inner bag cf <lu rab le 

material which shall be r cmove<l from t he vacuur.i clea:-i.cr anc tigh tl:,· 

sealed. The bag shall then be placed in a conta iner and disposed 

of at an approved site in accordance wi th Section l(C) . 

(6 ) All areas used for opening bags containing fibrous 

material or the changing of hoppers sha~l be enclose j so as to 

prevent the escape of such material f ··o;n the i r.u~ediate area in 1:hic;1 

such activity occurs. 

(7) Any plent1m or other structure coated uith or co:1tain inq 

fibrous insulation and used in the circulation of air in a building 
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s hall be thoroughly cleaned of a ll debris dn, · ·1s te insulation . 

All applied fiber-containing insu l a tion ~ithin a plenJn or duct 

ahall be coated Hith a sea l ar.t which ;,r ec lu~es cx:;iosurc of the 

fiber-containing material to the circulating air . 

4. CO!JSTRUCTIO:; , l-,L':"J:il~.':IC: : 
AND ~~PAIR or S7RUCT~~L 

A. (1) The cutting , trir:unin1 , fitting or stri ~~ing of 

asbestos-containing mdterial in the construction , altera tion or 

repair of a structure which is done at the site of such structure 

shal l be conducted within a special enclosure a~s i gned to ~r e ­

clude the escape of asbestos fibe r from the i ll'i:1c:i iate area of suc!1 

enclosure. 

(2) The mec!1anj .al e:c:.austion of dus t from s uc h e:1-

closure to the ambient air is prohibi ted unless s,1ch e>:h :iu:;t sys'::e:-:i 

is equipped with a fabric filter for dust collec tion. 

B. Asbestos-containing material applied in the construct!o~, 

alteration or repair of a structure shall be coated with a sealant, 

provided with a cover or installed in so:-:ie oth~r manner so as t o 

preclude exposure of the asbestos fiber to the circulati~g a ir. 

5. DE:-!OLI'i' I ::J:~ 

l\, Where the risk of public e;:;:,csure to asbestos fiber 

from the dislodging of asbestos-conta ini:1g matcri3 ls is pr esent , 

no demolition of a structure shal l be initiated unless a ll safe­

guards necessary and practicable to reduce the emission of dus t are 

- 6. 
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Such procedures shall include , but arc not necessarily 

limited to : 

(1) Boilers and pioes ins ulated ~ i th asbcstos-c~ntai:-ii~g 

material shall b e wetted and :.trippc:l before topi)l ing of 1•:alls 

is begun. This proceC:urc sha 11 be fol lo,,ed , 1:J.ere practica::,le , 

as to all other asbestos- l ir.ed s urfaces . Such asbestos was te shall 

be immediately bagged and dis);osed of in accordance with Se c . I {C). 

(2) Demolition by to?pling of walls is pro:1ibited except 

within an enclosure approved by the F:nvirom::ental Pr otection 

Agency as part of the permit granted for demoli tion of th:it 

structure. 

(3) Before the demolition of any sectio:1 of the struc ture , 

adequate wetting to sup~ress the dust shall be e~~!cyed . 

(4) Asbestos-containing debris shall not be drop~ed or 

thrown from any floor but sha ll be transr,-orted b y dust-tig!1 t chutes 

or buckets . Asbestos-containing debris in chutes or buc~cts 

shail be sufficiently wetted to preclude Just dis?ersion at the 

point of discharge. 

(5) All asbcstos-co:-itaining debris shall be thoroughly 

wetted bef ore load ing into trucks, other vehicles or co:1tai:1e r s , 

During transport such waste shall be enclosed or cove r ej so as to 

prevent dust dispersion. Asbestos-containing debris shall be 

disposed by burial at an approved site. 
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B, In the ev~nl ~sbestos- co:, t ai , 1:,g matte r ~ecornes ~i r­

borne be yond tho property bou:idJri e s or i:, t he eve:, t freezin~ te~­

peratures preclude the use o f wale r for ti~st suppr ession , d~no lition 

work shall cease until adeauate a~ternate neasures c a:, be ta:cn . 

A. (1) No factory, plant or ente rpr i se whi-h engag~s in 

the processing or manufacturing of any asbestos -conta ining ? r educt 

shall emit asbestos fiber into the ambient air i!'l e xcess o f .5 fiber 

per cubic centimeter of air . The ambi1cint air quality at the boundary 

of such factory, plant or enterprise shall not exceed .05 fi ber per 

cubic centimeter of air . 

{2) Only fihnr~ of 5 microns or greate r i n lcn:th ~ith 

a length to breadth ratio of 3 to l s ha ll !:>e cou:ited .. 

(3) Sampling shall be determi:,ed by t he menbrane filter 

method with phase contrast microscopy at 430 X magai f ication. 

B. No water used ir, processin9 or manufacturing whi ch con­

tains concentrations of a~bestos fiber s hull be c isc~3rged i nto 

sewage systems or to the waters of Illinois. 

C. Waste sludge containing asbestos collec t e j from 5ettling 

ponds shal~ be enclosed during transpor t and shall be disrosed oy 

burial at an approved site. 

7. /\SBCSTOS-CO:~'l'J\INI:~G 
PRODt.;C'rS 

It is hereby determined that t he continuous emission of 

asbestos fiber from asbestos- containin,g products co:itri~utes sig-
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nificantly to the increasing volume or asbestos - fiber in the 

ambient ai r and endangers t he hea llh of future generations . 

A. No product which ~ay emit asbestos-fiber duri ng its 

transportation shall be transported unl~ss such product is 

enclosed in such a manner as to preclude the emission of 

asbestos fiber into the ambient ai r. 

B. The use of asbestos in the brake lining of vehicles 

manufactured after January 1, 1975 , and sold for use in 

Illinois is prohibited . 
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STATE rY IU.INOIS 

POLLUTION CONTROL IIOAAD 

DAT11 

MIMO TO: 

October 21, 19~L 

Clerk' a Office 

Mr. Lawton 
PIOM, 

SUIJICI': 
Asbestos Exhibits9 fR71-16 

I hand you herewith Exhibits 1 through 26 inclusive, 
i n accordance with the attached 1 s t. 

STL:sh 
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R7l-16 Exhibitfl 

1. Newsletter 124 

2, (a) Granite City Star Newspaper notice 
(bl Certificate of Publication from Keystone Printing Service, Inc. 
~ I (J - .J, 

3. Litton Asbestos Report 

4, "Asbestos•, I. J. Selikoff; 
Environment, 11(2): 3-7, March, 1969 . 

5. "Asbestos as an Urban Air Contaminant", Thomson; 
Archives of Pathology 81(5) 458-464, May, 1966. 

6. "The Interrelationship of Selected Asbestos Exposure Indices", 
Lynch, Ayer & Johnson; 
American Industrial Hygiene Association Journal; Sept-Oct. , 1970; 
pp. 598-604. 

7. "Asbestos Air Pollution in New York City", Nicholson; 
Presented at the 2nd International ;~ir Pollution Conference, 
Washington, o. C.1 Dec. 1970. 

8, "Brake Lining Decomposition Products", Lynch; 
Journal of the Air Pollution Control Association, 
Vol. 1 8 , No. J2, December, 1968. 

9. 0 Identification & Control of Asbestos Exposures", Cral l ey; 
American Industrial Hygiene Association Journal; February , 1971, 
pp. 82-85. 

10. Report of the Philadelphia Department of Public Health, Ad Hoc 
Committee on Environmental and Occupational Hazards of Spray 
Asbestos Fibers"; 
Committee; August 31, 1970 . 

11. (a) ~esti~ony before Chicago City Council Environmental Control 
Committee of Irving J. Selikoff, March 3 , 1971; 
(b) Testimony before Chicago City Council Environmental Control 
Committee of Lewi~ Cralley, March 3 , 1971; 
(c) Testimony before Chicago City Council Environmental Control 
Committee of George Wright, March 23, 1971; 
(d) Testimony before Chicago City Council Environmental Control 
Committee of J, Munroe McNulty, May 11, 1971. 
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12. Chapter 17 of Chicago Municipal Code amended Defining 
Asbestos Matter and Banning Usage Thereof; 

13, Recommended Health Safety Practices, Nima (National 
Insulation Manufacturers Association, Inc. 

14. "Fibrous and Mineral Content of Cosmetic Talcum Products:, 
Cralley, Key, Groth , Lainhart and Ligo ; American Industrial 
Hygeine Association Journal, pp. 350- 354. 

15. "Cigarette Smoking , Asbestos, and Pulmonary Fibrosis" , 
Weiss; American Review of Respiratory Disease, Vol . 104, 1971. 

16. "Asbestos Fibres in Beverages and Dri11king Water," Nature , 
Vol . 232, July 30, 1971, pp. 332-333. 

17. "Talc-Treated Rice and Japanese Stomach Cancer", Science, 
Vol . 173, pp. 1141-42 . 

18. "Recommendations for Handling Asbestos," Engineering 
Equipment Users Association, E. E.U.A. Handbook No. 33:1969, 
pp. iii-45. 

19. "Airborne Asbestos", Report Prepared by the Corrmittee on 
Biologic Effects of Atmospheric Pollutants of the Divisi on 
of Medical Sciences, National Research Council; National 
~cademy of Sciences, National Academy of Engineering; 1971 . 

20. No. IITRI- C8216 Supplement A,"Asbestos in Brake Linings " 
. Harwood. ~) 

21. Report by Dr. William J. Nicholson . 

22. "Sprayed Fireproofing" ; Mr. Harold Romer . 

23. Statement by F. L. Pundsack . 

24. Statement by Glifford L. Sheckler , Chairman, National Insulation 
Manufacturers Association Health and Safety Committee. 

25. Report of Caterpillar Tractor C~mpany. 

26. Air and Water News . ,o-,<-/ 

Z7; l;.~ ..,1--/~ •Lr~ / '1~7Z?'«o-V~~4"r/'~ 
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• STATE OF' ILLINOIS 

POLLl7ft0lf 00NTROL BOARD 

189 Wr.ST MADISON 5TRtET Su1TC 900 

CHICAGO, ILLINOI S eoeo2 

NEWSLETTER #21l 
June 14, 1971 

f 

Tc1.c~wt."'1 
:,1•• .,•> · >•10 

DUPAOE COUNTY REOIONALIZATION PLAN HEARINGS AUTHORIZED 

At its Danville meeting on June 9, the Board authorized hearings 
on a proposal which would require the development of a regional waste­
water treatment system in DuPage County. The proposal, if adopted, 
would be a county-wide system of nine sewage treatment plants in accordance 
with the Regional Wastewater Plan approved by the Northeast~rn Illinois 
Planning Commission . Presently, over 90 sewage treatment plants are 
operating in the county. The county and local governmental units 
involved would have until January 1, 1972, to submit a plan for 
accomplishing the regionalization scheme and final compliance would 
be required by January 1, 1975, 

In his explanation of the proposal, Chairman Currie stated that 
the proliferation of small sewage plants in densely populated and 
rapi.dly developing DuPage County makes impossible the correction of 
existing pollution and constitutes a threat of further pollution 
in the future . Furthermore, 'small plants have higher per capita 
construction and operating costs. County taxpayers, therefore, have 
to pay a higher price for scattered small treatment plants than they 
would for larger and more efficient treatment facilities . 

Hearings are scheduled for July, August, and September. 
The hearings will provide an opportunity for the people of DuPage 
County and Illinois to provide factual information and to express their 
views on the concept e r regionalization. A copy of the proposal is 
appended to this Newsletter. 

ASBESTOS HEARINGS SCHEDULED 

Finding that the uncontrolled spraying of asbestos fiber and other 
fiber-containing material unreasonably interferes with the enjoyment of 
life and property and presents a severe threat to the public health 
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and welfare, the Board authorized in Danv,lle that hearings ~n held 
on detailed proposed regulations which would r estrict the commercial 
use or products containing asbestos. The set of regulations , if 
adopted, would be the most comprehensive set of controls for the toxic 
substance ever enacted. 

The proposed regulations would , among other things , require a 
permit :or the manufactu.•ing or asbestos products , for the commercial 

i • 
I 

use or asbestos i n construction work and for the demol ition of asbestos­
containing buildings. Demolition of buildings containing asbestos 
would have to be conducted in accord with strict contr~l s to r ed uce 
dus t emission. Plants manufacturing asbestos pr oducts would be 
required to meet an emission standard. The spraying of asbestos 
fiber, done in high-rise construction, would be unlawful. And the 
use of asbestos in the brake lining of vehic l es manufactured 
after January 1, 1975 and sold for use in Illinois would be pro-
hibited. A copy of the proposed regulat i on ls appended to this 
Newsletter . 

Asbestos- containing products have , in r ecent years , been widely 
used, especially in the fireproofing of buildings and in the lining 
of automobile brakes . These uses and others contribute annually to 
the discharge of asbestos fiber into the atmosphere . The fiber , 
once r eleased, is thought t o be virtually indestructlble, resultin£ 
in a gradual, irreversible increase in the amount of asbestos 
fiber present in the ambient .,ir. Medical evidence has shown 
that heavy, prolonged exposure to asbestos fiber can cause a lung 
disease known as asbestosis and a very r are cancer or the lining 
of the lungs, mesothelioma. 

tlSSD PHOSPHORUS VARIANCE DENIED 

At the Danville meeting , the, Board voted to deny a variance re­
quest in North Shore Sanitary District v . EPA , PCB 71-36 . The 
District requested that six of its seven lakeside plants (North 
Chicago, Lake Bluff, Lake Forest , Park Avenue, Rav ine Drive, and 
Carey Avenue) be exempted from the phosphorus effluent standards 
until December 31 , 1972. The one year variance was not requested 
for its Waukegan plant . 

The Board's opinion , written by Mr . Dumelle, points out that 
the District's cost estimates for compliance were not r eali stic. The 
dis trict maintained that temporary phosphorus treatment facilities would 
cost $654,000 the first year and $292,000 annually , there.,fter . 
This sum includes costs for tanks , hardware, chemicals, add i tional 
sludge handling, additional labor, and a minimal salvage value . But , 
at a subsequent hearing relating to the Districts compliance to the 
Board's order in Lea ue of Women Voters et al v. North Shore Sanitar 
District, PCB 70-7, 12,13, l , the District made a statement which is 
in effect an amendment to t his variance request, thus substantially 
lowering the estimated cost. It withdrew its request for a variance 
as to the North Chicago plant . This removes almost half of the 
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hydraulic capi..c ity from the reque.1t. The Board stated that other 
factors also reduce the estimated cost: The District could easily 
use a cheaper method of removal than the alum precipitation method 
it had chosen, such as the free waste pickle liquor method it uses 
at its Waukegan plant; as phosphorus removal becomes a more widespread 
requirement in Illinois, nearby Dlstricts will be willing buyers of 
usea equipment, the salvage value will be more than minimal. The 
Act admonishes the Board to grant variances only where cases of arbitrary 
or unreasonable hardship are shown. But the Board ruled that "[m]ere 
imposition or a money cost standing alone cannot be considered an 
unreasonable hardship." 

The Board stated that since many of the District ' s recent acti vi ties 
are stymied by litigation lt can have no real confidence that if 
this variance is 3ranted, an extention of the variance will not be 
asked for a year from now . 

LAKE MICHIGAN THERMAL STANDARD ADOPTED 

The Board adopted the proposed uraft of Thermal Standards for 
Lake Michigan, R70-2. These standards permit the continued existence 
of heat sources now in operation ~hich have not been shown to cause 
harm , so long as they conform to the modified water quality standard 
wnich consists or a 3° F. rise limitation and a series of monthly 
tempe:-atures 1i:1ich are never to be exceeded . The maximum permissible 
temoerature is 80° F . Sources under construction as of January 1, 
1971 must meet the new standard, and there are a number of additional 
conditions de3igned to minimize any adverse effect and to require 
modification if s i gnificant harm re3ults. Finally, the potential 
damage inherent in the proliferation of large heat sources is pre\·ented 
by prohibiting significant new heat sources not under construction as 
of January 1, 1971 . A copy of the proposal is continued in the addenda 
section of Newsletter #21. 

OTHER ACTIONS 

At its June 9 meeting in Danville the Board announced the 
following actions: 

In League or Women Voters et . al . v . North Shore Sanitary District, 
PCB 70-7, 12, 13, & 14, the Board ordered several control programs to 
be started immediately, These interim measures will help abate poll ution 
violations until District completes its expansion program ordered 
previously by the Board (March 31, 1971) , This order in no way affe cts 
the Board ' s order for the District ' s phosphorus variance request (PCB 71-36) . 

In Allied Mills, Inc . v . EPA, PCB 71- 16, the Board granted a water 
pollution variance until July 1, 1972, at which time its Taylor vi lle 
waste treatment facilities must be in compliance wit h SWB-1 4. The 
company must post a performance bond to insure compl ete treatment of 
its storm and process waste waters. 
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In EPA v. C.E. Koons, PCB 71-30, the Doard i ssued a cease­
and-des1st order restraining Respondent from depos iting r e fus e 
on his Flora property. He is also to r emove or cover the r e fu s e 
and to pay a $100 penalty . Due to financial difficulty, he claimed 
he couldn't operate a landfill in accord with the law. The Board 
finds that "[p)overty 1s no excuse; people who haven't money to 
do business as the law requires shouldn't do buainess ." 

In EPA v. Southern Illinois Asphalt Co. Inc., PCB 71-31, 
the Board issued a cease-and-desist order until Respondent ob t ain t he r e ­
quired permit and also issued a $5,000 penalty for its fa ilure to do so . 
The Board also recommended the Agency consider the effect the 
plant has on the surrounding residential area in lkLeansboro 
!le.fore ;;ranting the pending permit application . Mr. Lawton's 
conc urring opinion points out that " ... compliance with the 
regulations, which are designed for general application, does not 
justify the causing or a nuisance." 

In Northern Petrochem1cal Co. v . EPA, PCB 71-47, the Doard 
granted an air pollution variance so that the company ma:, conduct, 
a fire-fighting training course on its :r.orris property . This 
case is similar to Deere & Co. v. EPA, PCB 70-20 , whe r e tnr Boa r d 
noted that "[t]he importance of instructing emp loyees ln f ire­
fighting techniques is clear .. . and that ... there is no s ubs titute , 
in learning how to fight fires, for actua lly fi ghting fires ." 

In EPA v. Truax-Traer Coal Co . and Consolidation Coal Co ., 
PCB 71-54, the Board dismissed a purporte!d variance pet1 t 1on becausl• t ne 
petitioner failed to comply with statutory and regula t o r y pr ovL; 1ons 
for the filing of a variance petition. I n effec t \,he µe LiL: oner 
sought a declaratory Judgement that the Act does not appl y t o 
its Jackson County operations . The Board als o directed the ~-enc; 
to file within twenty days a detailed report for abate:nent 
proposals for the petitioner•~ operations. 

In Electric Wheel Co . v. EPA, PCB 7ll- 55 , the Board gra11~.:d 
a variance until December 31, 1971, so that the pe t1 tloner ma:, 
complete its ACERP with minor modifications a t its Quincy found r:; . 
The Board felt that the Agency's delay in filing recommenda t ions 
and the company's good faith in pursuing tne program 
were sufficient reasons to grant the var:lance. 

In City of Lincoln v. EPA, PCB 71-56, the Board deni ed a 
variance request to burn allegedly disea:;ed elm trees . Upon 
the City's own admission, the trees weren't infectious but only 
dead and rotten. The qoard stressed that the dis eased exr. ept i on t s 
not to be abused by atcempting, under cover or the exception, to 
burn vegetation blown down by a storm. 
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In Citizens Utilities Company of Illinois v. EPA, PCl:3 71- 1<'·, , 
the Board granted the Duli'a,i:e County company's pet1t1on t.o Pxped ltr• 
proceedinq;s. The variance r equest l s for temr,orar1l y hvoass l11 ..i 
stabilization lagoon so it nay be cleaned as ho t weather ha! ~ade 
it substantially non-functional . In this exceptional s!tuatiun , Lhe 
Board has ;,iai•1ed the 21-day notice rule. But s ufficient notice 
is given by this news letter to inform Interes ted parties . The 
hearing will be held in the early part of the week or June 21s t.. 

MISSISSIPPI RIVER THERMAL STANDARDS 

The record in Mississippi River Thermal Standard, R 70-16, 
a citizen initiated proposal to change the ~issi ss1ppi River thermal 
discharge regulations, will renain open until June 21. In addition 
to the testimony and exhibits received in the public hearln~s a t 
Rock Island and Alton the record has been open t o r eceive 
communications from interested persons and the test i mony re~a rd in~ 
thermal discharges in the hearing on the Quad- CHtes nuclea1• e l ec tric 
generating plant permit applicatirri, PCB 71- 20. 

CORRECTIONS 

Newsletter #22 contained two typographical errors as follows : 

I. Explanation or Proposed Water Quality Standards Revisions 
IR 71-14; Part IX : Permits ~age 15, second full paragraph -
The dace in the first line sho uld be Decenber 31, 1973 
not December 31, 1971 . --

II. Proposed Water Quality Standards Revisions - # R 71-14; 
Part II: Water Quality Criteria 
Section 203 (b) - The range of pH ~~ould be 6 .0 to 2..:...Q. 

not £.:....2. to !LJ!. -

NEW CASES FILED AND HEARIN'..S AUTHORIZED 

PCB 71- 127 Illinois State Fair Agency. 
Spr ingfield petitioner seeks a variance from open burning 

regulations to conduct interim fire-fighting training and 
to dispose of s ingle s tory building . No hearing w~~ authorized 
pending Agency recommendation. 

PCB 71- 128 City or Zion . 
Petitioner requests an open burning varianc e to burn 

diseased trees in Lake County . No hearing was a uthori zed pendins 
Agency recommendation. 

PCB 71-129 Commonwealth Edison Company. 
Petitioner seeks a variance from air pollution regulations at 

three stations in Winnebago, Will and Tazewell counties . A hearing 
was authorized. 
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PCB 71-130 Chicago-Dubuque Foundry Corporation. 
East Dubuque petitioner seeks a variance from air pollution 

regulations. The company wants to wait until the United States 
EP.\ adopts National Ambient Air Quality Standards before installing 
co~trol equipment. No hearing was authorized pending Agency 
recommendation. 

PCB 71-131 Willow Creek Drainage District. 
Morgan County petitioner seeks a variance from open burning 

regulations so it may burn refuse from clelin-up operations . No 
hearing was authorized pending Agency recommendation. 

PCB 71-132 American National Bank & Trust Co . 
Petitioner seeks a variance from the prohibition of new 

se~er connections to the North Shore Sanitary District in order 
to c · nnect a new sixty-five unit complex . A hearing was authorized. 

PCB 71-133 Thomas and Sandra Keading. 
Lake County petitioners seek variance to connect a one 

family residence to the NSSD. A hearing was authorized. 

PCB 71-134 ~ 011 Co . of California. . 
Chicago Refinery of Union 76 Division seeks open burning 

variance to conduct fire-fighting training classes. No hearing was 
authorized pending Agency recommendation . 

PCB 71-135 Ravinia Festival. 
Petitioner seeks open burning variance so it may burn diseased 

elm trees at its Highland Park location. No hearing was authorized 
pending Agency recommendation. 

PCB 71-136 A.H. Zamost. 
Petitioner requests a variahce to connect a new 

single family residence to the NSSD. A hearing was authorized. 
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ILLINOIS POLLUTION CONTROL BOARD 

Notice is hereby given that the Illinois Pollution Control 
Board has scheduled the following hearihgs in addition to those 
previously announced along with the changes of scheduled meetings 
as described. Public comments are invited . 

June 21 1:00 p . m. 
June 22&23 10:00 a.m. 

June 23 10:00 a . m. 

June 26 10:00 a.m. 

June 29 10:00 a . m. 

June 24 10:30 a . m. 

Jun~ 30 10:30 a.m. 

June 30 & 10:00 a.m. 
July 7 

July 1 10:00 a.m. 

EPA v. City of Champaign v. The Board 
of Trustees of the University of 
Illinois and Alpha Material and Fuel 
Company, PCB 71- 51C , Champaign City 
Council Chambers , Champaign, Illinois. 
Hearing continued from June 8 , 1971. 

Elgin Jaycees v . Tri- County Landfill 
Co. et . al. , PCB 71-59, Pre- hearing 
conference, City Council Chambers, 
Elgin ~unicipal Bldg., 150 Dexter Ct. , 
Elgin, Illinois. 

Citizens Utilities Co. o~ Ill. v. EPA 
PCB 71-125, DuPage County Sheriff's 
Office, Courtroom #7 , 205 Reber, 
Wheaton, Illinois. (Accelerated Date). 

Proposed Water Quality Standards 
Revisions, R 71-lQ, Central Junior High 
School , Auditorium, 21st & Delmore , 
Granite City, Illinois. 

Employees of Holmes Brothers v . 
Merlan, Inc. and L. Mervis, PCB 71-39, 
City Council Chambers, City Hall, 
Danville, Illinois . 

Propooed Water Quality Standards 
Revisions , R 71-lQ, Southern Illinois 
University , Neckers Hall, B- 440 , 
Carbondale, Illinois . 

EPA v. Incinerator, Inc. PCB 71- 69, 
Cicero Public Library, 5221 w. Cermak 
Rd., Cicero, Illinois 

National Gypsum Co. v. EPA, PCB 71- 99, 
Council Chambers , City Hall, 106 N. 
Utica St., Waukegan, Illinois . 
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June 17 
us 

June l? 

June 18 

June 18 

June 19 

June 21 

June 21 
22 & 23 

June 23 

June 23 

June 211 

June 211 

June 24 

ILLINOIS POLLUTION CONTROL BOARD 
COMING FORMAL MEETINGS AND HEARINGS 

10:00 a.m. 

9:30 a . m. 

10:00 a.m . 

1:00 p.m. 

10:00 a.m. 

10:00 a . m. 

1:00 p.m. 
10:00 a.m. 

10:00 a . m. 

10:00 a.l'l. 

10:00 a.m. 

10 :00 11.m. 

10:30 a.m. 

Lake Michige:1 Waste Water Discharge 
ProhiLition R 71-5, and Proposed Water 
Water Quality Standards Revisions , 
R 71-14, Auditoriu~, Technological 
Institute, Northwestern University , 
Evanston, Illinois. 

EPA v. J .C. Dill , PCB 71- 42, Danville City 
Hall, Danville, Illlnols. 

Robert H. ::onyek v. EP/, , PCB 71- 80 , 
Waukegan City Hall, 106 tt . Utica, 
Waukegan, Illinois . 

National Starch & Chemical Corp . v. EPA, 
PCB 71-83, Village Hall, Meridosia, Ill . 

EPA v. Claremont Hills Water & Sewer 
Co., Inc. PCB 71- 87, McHenry County 
Court House Annex , 121 W. Calhoun, 
Woodstock, Illinois. 

Robert c. Wagnon v. EPA , PCB 71- 85 , 
10th Floor , Lake County Court House, 
Waukegan, Illinois . 

EPA v. City of Champai5n v. The Board 
of Trustees of the University or 
Illinois and Alpha Material and Fuel 
Company , PCB 71- 51C , Champaign City 
Council Chambers, Cha~paign, Illinois . 
Hearing continued from June 6 , 1971. 

Elgin Jaycees v. Tri-County Landfill 
Co. et. al., PCB 71- 59, Pre-hearin, 
conference, Cl ty Counci 1 Chambe1·s , 
Elgin :•unicip11l Bldg . , 150 Dexter Ct. , 
Elgin, Illinois. 

Board Meeting, Chicago Circle Campus, 
750 S . Halsted SL., Chicago , Illinois. 

Chambers, Bering, Quinlan Co . v . EPA, 
PCB 71-102, Supervisors Room , Macon 
County Building, Decatur, Illinois. 

Proposed Water Quality Standard s Revisions, 
R 71-14, State of Illinois Regional . 
Office Building , 4302 N. Main St . , 
Rockford, Illinois . 

Employees of Holmes Brothers v. 
Merlan, Inc, ana L. Mervis, PCB 71-39, 
City Council Chambers , City Hall, 
Danville, Illinois . 
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June 25 

June 25 

June 25 

June 25 

June 26 

June 28 

June 29 

June 29 

June 29 
& 30 

June ·29 -
July 2 

June 30 

JUI' "' 30 

10:00 a.m. 

10:30 a.m. 

1:30 p . m. 

10:30 a .m. 

10:00 a.m. 

10:00 a.m. 

10:00 a .m. 

10:00 a . m. 

10:00 a.m . 

10:00 a.m. 

10:00 a . m. 

9:30 a . m. 

-10- June 14, 1971 

Proposed Water Quality Standards 
qevisions, R 71-14, Galena City Hall, 
Galena, Illinois . 

John Ciancio v. EPA, PCB 71-100, 
Waukegan Public Library, 128 N. 
County, Waukegan, Ill . 

Mr. and ~)rs . Wallace W. Piroyan v. 
EPA, PCB 71-103, Waukegan Public 
Library, Waukegan , Ill. 

EPA v. Charles Rhodes, PCB 71-53, 
Room 502, Macon County Courthouse, 
253 E. Wood Street, Decatur, Illinois. 

Citizens Utilities Co. of Ill . v. EPA, 
PCB 71-125, Durage County Sheriff's 
Office, Courtroom #7, 205 Reber, 
Wheaton, Illinois . (Accelerated Date) . 

Quad City Area Regiona l Air Pollution 
Control Board v . Vil l age of Cordova, 
PCB 71-97, County Buildtng, 1504 
Third Ave ., Rock Island, Illinois. 

Proposed Water Quality Standards Revisions, 
R 71-14, Centr al Jr . High School , 
Auditorium , Granite City, Illinois . 

EPA v. Williamson County Housing 
Authority, PCB 71- 109, City Hall 
Herrin, Illinois . 

EPA v . City of Urbana v. Urbana & 
Champaign Sanitary District, Saline 
Branch Drainage District, and the Board 
of Trustees or the University of Ill., 
PCB 71-51U, Urbana City Council Chambers, 
Urbana, Illinois. 

U. S. Industrial Chemical Co . v . EPA, 
PCB 71-44, Forty-Martyrs School Hall, 
Tuscola, Illinois . 

Proposed Water Quality Standards Revisions, 
R 71-14, Southern Illinois University, 
Neckers Hall , B-440, Carbondale, Illinois. 

Flintkote v. EPA , PCB 71-68, Wabash 
County Courthouse, 4th & Market, Mount 
Carmel, Illinois. 
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June 30 l 10:00 a.m. 
July 7 

June 30 10 :00 a.m . 

July l 10:00 a.m. 

July 1 10:00 a.m. 

July 7, 8, 10:00 a.m. 
& 9 

July 8 10:00 a.m. 

July 8 10:00 a,m. 

July 8 10:00 a . m. 

July 12 

July 13 

July 111 

9:30 a.m. 

9:15 a.m. 
10:30 a.m. 
11:115 a.m. 

2:00 p.m. 
3:15 p.m. 

10:00 a.m. 

-11- June 111, 1971 

EPA v. Incinerator, Inc . ,PCB 71-69, 
Cicero Public Library, 5221 W. Cermak 
Rd., Cicero, Illinois. 

EPA v.,City of Marion, PCB 71-25, 2nd 
Floor Courtroom,cTiy Hall, Marion, 
Illinois. 

Standard Brande v. EPA, PCB 71-98, City 
Hall, Pekin, Illir,oie 

National Gypsum Co. v. EPA, PCB 71-99, 
Council Chambers, City Hall, 106 N. 
Utica St., Waukegan, Illinois. 

EPA v. Modern Foundry & Manufacturing 
Co., PCB 11-108, City Council Chambers, 
Belleville, Illinois. 

Freeman Coal Mining Corp. v. EPA, 
PCB 71-76, City Council Cahmbers, 
1100 Main St ., Mt Vernon, Illinois. 

Scott Volkswagon, Inc. v. EPA, PCB 71-112; 
Waukegan Public Library, 126 North 
County, Waukegan, Illinois. 

Board Meeting, Belleville Court House, 
Belleville, Illinois. 

EPA v. Bath, Inc. and John C. Walker , 
PCB 71-52, Room 502, Macon County Court­
house, 253 Eastwood, Decatur, Illinois . 

Ray Wickstrom, PCB 71-105 
Howard & Barbara Weinstein, PCB 71- 107 
Davids. McAdams, PCB 71- 113 
Robert J , Charles, PCB 71-122 
Dole : onstruction Co., PCB 71-126; 
Waukegan Public Library, 128 North 
County, Waukegan, Illinois . 

City of Monmouth, Ill. v. EPA, PCB 71-121 
City Hall Council Chambers , 112 N. 
Main St., Monmouth, Illinois . (Corrected 
Date) . 
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July 14 
& 15 

July 21 
& 22 

July 29 

July 23 

10 :00 a.m. 

10:00 a.m. 

10:00 a.m. 

10 :00 a.m. 

LATE NOTICES 

June 17 1 9:30 a .m. 
18, 211, 25, 
& 28 thru July 2. 

June 17 10:00 a . m. 
& 18 

July 23 10:00 a.m. 
& 30 

July 26 10:00 a.m. 

-12- June 14, 1971 

Sherwin-Williams Co., PCB 71-111; 
Graham Paint & Varnish Co., Inc., PCB 71-114; 
General Paint & Chemical Co., PCB 71-115; 
Enterprise Paint Mfg. Co., PCB 71-116; 
Armstronf £hemcon 1 Inc . PCB 71-117; 
Jewel Pant & Varnish Co., PCB 71-118; 
The Valspar Corp . , PCB 71-119; 
N.L. Industries, Inc., PCB 71-120; 
Illinois Li~uor Control Comm!ssion Hearing 
Room, Room 419, 188 W. ~andolph St., 
Chicago, Illinois. 

Ralston Purina v. EPA, PCB 71-88, 
bniversity Union, 3rd floor lounge on 
July 21, Ballroom on July 22, Illinois 
State University, Normal, Illinois. 

EPA v. Eli Amigoni, PCB 71-89, Supervisors 
Office, Court House, Eureka, Illinois. 
(Corrected Date). 

Henry Hannah v . :11nnesota Paints I Inc., 
PCB 71-123, City Hall Council Chambers, 
915-16th Ave., East :ioline, Illinois. 

EPA v. Granite City Steel Co., PCB 70-34 
Curcuit Court Courtroom, City Hall, 
Granite City, Illinois. 

Lloyd A. Fry Roofing Co . v . EPA, PCB 71-4, 
71-33, One North LaSalle St ., Suite 3700, 
Chicago, Illinois (Corrected Date) . 

DuPage County Reglonali=ation, R 70- 17 
location to be announced. 

Monsanto Co. v. EPA, PCB 71-110, Sauget 
City Hall, 2897 Monsanto Avenue, Suaget , 
Illinois. 
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DuPage County Reglonal Sewage Treatment 

EXPLANATION OF PROPOSED REGULATIOUS 
(by Mr . Currie) 

DuPage County, bedroom to Chicago, is experiencing the 
faniliar growing pains of a rapidly ~evel oping s uburban area . 
Beset by a typical mul tipl1ci ty of 1,ca l govern:nents and with 
its county government hampered by a l eg;a l lncapacity to suppla nt 
l ocal sewage treatment facilities without local consent, DuPage 
has sprouted an inordinate number or separate treatment plants 
(83 in 1970 (R. 319)), man of them qu1te small indeed, and in 
many cases quite close to , ne another . Sraall plants are 3 

necessity in remote areas sparsely populated, but not in DuPage 
County , which has a high population dens ity a nd a considerable 
total population. In DuPage County the costs or transportlng 
sewage t o central locations for treatment are l ow . 

Inquiry hear ings held 1n February 1971 ha·,e established 
the disadvantages of unnecessarily small plants , including 
the ir threat of pollution , as set f orth 1n the proposed Rule 
1001. The tes ti mony o r Dr . John Pfeff'e r of the Institute for 
Envit'onmental Quality (R . 176-9'1) 1s a conclse summary of thi s 
proof. Operatlon costs for a plant treatlng one million gallons 
per day, he testified , are three times those of a plant treating 
100 million ga llons , on a per-gallon bas i s; co nstruction costs 
a r e considerably hi ghe r as well. As a n example of the savings 
o f reglonal sewage treatment, Dr . Pfeffer cited cos ts o f alternative 
treatment syst ems to serve Albany County, fl ew York: For each 
of the eight affected municipalities t o trea t its own sewage 
~ould have cost $78 , 500 ,000, required 110 operating personnel, 
~nd cost $29.00 per capita for the first year . A r egional two-
plant system cost $53,100 ,UOO and requ ired only 35 ~perators, 
at half the ~er capita cos t. 

On the question of the unsatisfactory e ffluent f rom small 
plants Dr. Pfeffer referred to the use of l ess e ffective 
trickling filters for secondary trea t ment in such pla nt s , 
because of the neces s ity for e xpert operators , beyond the 
means of small plants, to run the more acceptable activated 
sludge facilities . Thi s fact we have recognlzed in prescribing 
more lenient effluent s tandards for small plants (e . g . , SWB- 12, 
SWB-13, as amended by /I R 70- 3, Jan. , 197ll ; it is an 
additional reas on why we cannot allow unnecessarlly small plants 
in areas that can support large ones. Dr . Pfeffer pointed 
also to the probability that sophistlcated advanc ed treat-
ment methods required now or in the future will likewise be 
beyond the effective competence of small plants . ~oreover, 
he testified, larger plants are more reliable, both because 

l, For excruciating details see Northeastern Illinois Planning 
,commission, Preliminary Wastewater Pl an for the Inner Area 
(1Q6Q). no. ~-4 - 5-10. 
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or better ma intenance and because o f the 1r backup capa clty to 
avoid pollution during ma lfunc tions . I n a l ar6cr pl a nt, he 
said, 

You have genera lly multlpJe unit s , whlch , I f o~e 
of the particular uni t s becomes i nac t ivat ed for s ome 
reason, you can i ncrease the load s light l y t o t he 
remaining unit without marked l y a f fec ti ng t he 
efficiency. 

If you are sitting here with a smal l plant 
that has one primary c larifier and you have to 
shut that clarifier down t o r epl ace the mec ha nis n 
then all the water is bypassed , and in t he pas t it has 
Jeen letting raw sewage into the s tream ... . 

So far as ou.r hearings have di s closed, everybody agr ees , 
and has agreed for ye a.rs , t hat the present pr olifera tion o f small 
plants is intolerable and that they s ho uld be promptly r ep l a ced 
by e ight to a dozen relatively large plant s each s e r ving a 
relatively large area. The County has been pr ess ing f -, r r e­
gionalization since 1956 (R. 27) , The DuPage County As sociation 
of Sanitary Districts ~ndor sed a plan f or r egi onal t r eatment 
in 1968 (R. 20) . The DuPage Coun t y Mayors a nd Mana~ers Confere nce 
in February of this year adopted a plan for regi onal treat-
ment (R . 9) . 

Thus the various governments respons ible for sewa ge 
t r eatment in DuPage County-- the munici pal i t i es t hrough t he i r 
Mayors and Managers, the Sanitary Dis tric t s , and the County 
itself--all agree as to what should be done . But they a r c 
unable to decide who l s to do it or how 1t l s to be pai d for·. 
A 1970 bond issue to establish a county- operated r egional sys t em 
was roundly defeated, apparently chie fly because i t was t ho ught 
to impose an excessive proportion of the f inancia l burden on 
areas of the county that already had pr ovided f or thei r own 
sewage treatment (R. 9, 22, 23) . Even today t her e remains 
disagreement. The County a pparently e xpec t s to run the r egi onal 
plants (R . 27-31); the munici pali t i es want to cont r ol a county­
wide waste wate~ board oper ating several subre~lo nal p l a nts 
(R. 16-17); the sanitary dis tricts wa nt the coun t y d ivided into 
several independent sanitary dis tri c t s (R . 202 , 235- 36) . 

In the meantime it l s a lleged t ha t cities s ometimes r e fuse 
to accept sewage from out s i de thel~ bounda r ies , necess ita ting 
the construction of inefficient small p l a nt s or t he undes irable 
use of septic tanks in de nsely popula t ed areas (R. 251, 263) and 
that the county has blocked the expans i on of ex i s ting sanita r y 
districts (R . 229-30). At the same time the cities and sanitary 
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districts do not seem eager to ask the county to take over their 
functions. Federal construction grants are unavailable for 
DuPage County until a regional plan is established {R . 121, 125) , 
Bills have been introduced 1n the General Assembly to set up 
various regional treatment authorities with the requisite financial 
powers {R. 16, 23 4-35). They languish for want of consensus 
over who is to be abolished and who expanded . We have even 
been asked by a respectable quasi- public agency to allow in­
adequate facilitiPs to continue violating the pollution standards 
while the debate goes on {R. 61) . The situation 1s exquisitely 
Byzant.ine. 

Legislation to clarify the administrative resronsibility 
a nd financial authority for carrying out the agreea program 
1~ obviously desirable . The General Assembly should create, 
~ lthout referendum, a county-wide sanitary d1atrict with 
e /4clus1ve authority to construct and operate sewage treat­
ment facil1tie~ throughout the county, and wlth adequate 
oulhorlty t o roi se money by taxes, general obligation 
and reve nue bonds, special assessments , user and connection 
charses , and other means , The County, or the General Assembly, 
should also enact a subdlvl s lon ordinance , if one is not now 
in effect, requiring any new land deve loper to pay the cost 
or additional facilities r equir~d to collect and treat its 
anticipated sewage beforP permission is given to begin deve•~p­
ment. We trus t some s u~n legislation will be enacted this 
autumn.2 

We cannot, however, count on it, nor afford to wring our 
hands while we wait . It has taken fifteen years already, and 
nothing has been done. We have no assurance that legislation 
will be forthcoming. The existing government s in DuPage 
County have authority to do what is necessary even under the 
present patchwork laws; and what they have power to do we can 
and shbuld order them to do in order to remove the present 
threat of pollution. See Environmental Protection Act, 
section 13 and 13 (c), authorizing the Board to adopt regulations 
to prevent water pollution, specifically including standards 
relating to the construction and operation of facilities designed 
to prevent pollution . • 

2. The bill proposed by DuPage and Lake Counties to allow 
for county- run subregions each bearing its own costs would 
be satisfactory if it did not leave the creation of subregions 
up to a referendum and allow deannexation by local option, 
and if se~tion 46 of the Environmental Protection Act were 
simultaneously amended to include counties, as discussed 
below . 



The County and all municipalities a nd Sanitary dis tricts 
have authority to construct, acquire, and operate sewage treat­
ment facilities (Ill. Rev. Stat. , ch. 24 , 6 11-141-2 
(Municipalities); ch. 34, 8 3111 {counties); ch . 42, ~§ 306, 
306.l {sanitary districts) . All have the power of condemnation 
without regard for municipal or sanitary district boundaries 
{ch. 24, Ii 11-1111-2; ch. 34, II 3110; ch. 42, I 307). 
Municipalities and sanitary districts may accept and treat 
sewage from outside their boundaries (ch. 24, e 11-146-1; ch. 42, 
8 316); may contract with one another, if adjacent , ror the 
common construction or use of facilities {ch. 24, ij 11-147- 1); 
and may contract for the county to provide s ewai,e t1·catment , the 
local government paying its share of costs {ch. 24 , g 11-147-4; 
ch. 34, 8 3131). All these governments have authority to 
raise funds by revenue and general obligction bonds, by user 
and connection charges, by general taxation, and by special 
assessment under the new Constitution effective Jul y 1 (R . 168). 

The Northeastern Illinois Planning Co~n 1ss ion, after e xt cn~ivc 
study, has adopted a Regional Wastewater Plan for the Chlca,•o 
metropolitan area . This plan, endorsed by the hnvlron~rntal 
Protection Agency at our hearings {R . 149), contemplate a 
nine-plant system consi~ting of the exlstlng plants operaLt'd 
by Glen Ellyn and West ChicaE;O and by the Whea ton and l!lnsda ! P 
Sanitary Districts; a consolidation of Lhe existing Elmhurs t 
and Salt Ct'eek Sanita y District plants ; and new plant s al 
Naperville, Woodridge, and {two) ln the Addison- Woodridge 
area (See NIPC, Regional Wastewater Plan, adopted March , 
1971; R. 59- 61, 63- 64). This plan appears , on the basis of 
the evidence so far before us, to be an entirely reasonable 
means of e liminating the present problem . In the abse nce of 
contrary evidence, we think it should be carried out a t once . 

We could draft regulations prescribing exactly which 
government is to build which plant . It would appear sensible , 
if nothing better can be worked out in a reasonable time, that 
the Wheaton and Hinsdale Sanitary Distr•icts and Elmhurst, Glen 
Ellyn, and West Chicago each t ake respcmsibi 11 ty for treatment 
in its regi~n, since they are operators of existing plants 
that are to be expanded to become parts of the new plan , and 
that the County build the new plants . Or we could order every­
one else to contract for the County to supply service every­
where. We shall not hesitate to order j~~t this if the parties 
and the legislature cannot agree on~ better institutional frame­
work such as a single county-wide district as suggested abcve. 
But we propose to allow six months for such a framework to be 
created before doing so. Consequently the present proposal is 
to require the implementation of the NIPC plan by January , 1975, 
allowing six months for a resolution of the administrative 
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questions, which will be settled in an adjudicative Board 
hearing that will approve a final detailed program, and 
three years for the construction of facilities. The proposal 
makes clear that future plants must conform to the regional 
principle; that no new development will be permitted after 1975 
until regionalization is accomplished; and that regionalization 
will not be permitted to postpone compli ance with existing or 
future water quality standards or requirements for advanced 
waste treatment. 

Mayor Nottke of Itasca put the matter clearly and succinctly: 

There has been much talk, much dialog , much discussion 
going on, and nothing has been done .... I think 
we are going to lean on the Pollution Control Board .. 
We need you here to say , "This must be done." We can ' t slt 
back and wait on the county or the mayors and managers to come 
up with a solution, because in my opinion ... it will 
never happen. We art not going to get an agreement 
because we have constant bickering between the sanitary 
districts and the communities. ThP.y are all looking for 
perpetuation of their system, for autonomy, for control. 
I think it has got to be taken away and I say the 
Pollution Control Board has to be the controlling 
agency and you have to come up with a definite situation 
a nd say, "This is going to be it." .... You have 
a mandate from the people of DuPage County, and that 
is to form a nine-plant district .... (R. 275 , 280, 289) . 

We agree that it is for us to unravel the present Jam by 
prescribing what shall be done . We cannot create sanitary 
districts, but we can order plants built and intend to do s o. 
The streams cannot wait for consens us among those who will 
not come to terms. We adtl that it is not only the people of 
DuPage County who suffer from the inability of the ir governments 
to get together on this issue; those down s tream of DuPage ' s 
inadequate plants are forced t o accept wha tever DuPage puts 
into its revolting streams. It is therefore i mperative that the 
people of the County not be permitted a veto power over the 
construction of ne cessary treatment works, and it will become 
even. more essential, if the Legi slatur e chooses t o entrust 
the Job of carrying out NIPC' s plan to the County itself, that 
section 46 of the Environmental Protection Act be amended , as 
the Board has already requested , to permi t non-referendum 
bonds by counties as well as by other local governments when 
ordered by this Board. The omission of counties from section 
46 was an oversight that has no jus tification in policy; we 
urge once again that it be quickly rectified. 

Public comment on the proposed regualtions is invited 
for the hearings to be held in July , August , and September . 
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PROPOSED REGULATIONS 
(Authorized for hearing onll•, June 9, 1971. 

Not yet adopted by the Board.) 

CHAPTER IV: WATER POLLUTION 
PART 11: Regional Sewage Treatment 

Preamble . The proliferation of numerous small sewage 
treatment plants in deneely populated and rapidly 
developing Du Page County conetitutes a severe and in­
tolerable impediment to the corre,ction,, of present water 
pollution and a continuing threat or additional pollution 
in the future. Not only do the higher unit costs of 
constructing and operating small plants waste finite 
dollars and therefore contribute to pollution; small 
plante cannot produce as satisfactory an ef1'luent as can 
larger plants, because they cannc,t provide certain types 
of sophisticated treatment, because they cannot practicably 
be adequately supervieed or maintained, and becau~e they 
cannot provide adequate standby treatment capacity 
to prevent pollution in the event of a melfunction . 
The establishment or continued operation of sewage treat­
ment plants so small as to exhibit theee deficiencies, 
in areas 11uoh as DuPage County where the population 
density le high enough to make larger plants economically 
feasible and indeed economically far more desirable, 
ie contrary to the anti-pollution policy of the 
Environmental Protection Act . 

R gi9nal Plants to Be Constructed. On or before January 
, 75, all eewage treatment plants now or then exis ting 

in DuPage County ehall be replaced by nine plants designed 
and const,..ucted in eubetantial ac:cordance with the Regional 
Wastewater Plan approvad by the Northeastern Illinois 
Planning Commiesion March 3, 1971 . Governmental agencies 
operating theee nine plants shall thereafter accept and 
treat all sewage from tributary areas as designated by 
that Plan, and all other sewage treatment plants in DuPage 
County ehall cease operation, 1,1Cc:ept as provided in Rule 
1005 or th1e Chapter . 

Programe to Be Submitted. On or before January l, 1972 , 
the County of DuPage and every municipality or sanitary 
district with current responeibi l ity for the treatment of 
sewage in DuPage County shall file with th!s Board and 
with the Environmental Protection Agency a detailed and 
firm program for compliance with the requirements of Rule 
1102 of thie Chapter. Such prog1~ams, preferably submitted 
on a joint basie, shall include among other things the 
following: 
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a. A description of the location, capacity, treat­
ment facilities, cost, and service area for the 
proposed plant that ls to accept and treat the sewage 
from the area under the applicant's Jurisdiction; 

b. A firm commitment by one or more responsible 
governmental agencies to construct and operate the 
proposed plant, together with a firm schedule for 
design, award of contracts, eornmencement of construction, 
full operation, and abandonment of obsolete plants: 

c. A firm commitment by the affected governmental 
agencies for the financing of the necessary facilities, 
through taxation, user charges ., revenue and general 
obligation bonds, special asses sments , connection 
charges, loans, Krants, contracts, or otherwise ; 

d. An attorney's opinion affirming and explaining 
the authorjty of the responsiule governmental agencies 
to carry out their undertaking as des cribed; 

e . Aosurance that the program conforms with Rule 
1002 of thi s Chapter and with Dll applicable r egulations 
r espectin~ a1r and wate r pollution and the disposal 
of solid was t e ; 

f . As surances a s to what interim measures will 
be provided to secure compliance with applicable 
r egulations r egarding se\1isge treatment, including 
water quality s tandards , be fore January 1, 1975. 

11011 Compliance Hearln5. (a) Ur an r•ecelpt of the programs 
. equired by Rule 1103 of this Chapter, or in default 
of the ir timel y receipt; the Board shall schedule a 
hearing or hearings in accordance with Chapter I of 
Lhese Rul es and Regulations, in which to determine whether 
the programs submitted will achieve compliance with this 
Part . The governments specified in Rule 1103 of this 
Chapter shall be parties petitioner in such hearings, 
and the Environmental Protection Agency shall be r e spondent. 
The Agency may file a countercomplaint against any person 
allegedly responsible for any fa: l ure to conform with the 
requirements in this Part. 

b . After hearings as specified in paragraph (ai of 
this Rule, the Board shall determine whether the 
programs submitted are adequate to achieve compliance 
with this Part. The Board may modify the submitted 
programs in any manner conducive to the achievement 
of the policies or requirements of this Part, and shall 
order the parties to do whatever is necessary or 
proper to achieve those ends . 
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Future Construction. Ho permit shall be granted for the 
construction or operation of any additional sewage treatment 
plant in DuPage County, except for interim facilities in 
the event or a demonstrated emergency, that does not conform 
with the principles of the Regional Wastewater Plan described 
in Rule 1102 of this Chapter, or that ie of capacity 30 
small ae to produce significant diseconomie~ of scale or 
to create a significant risk of inadequate trP.atment, 
according to the policies expressed in Rule 1101 or this 
Chapter. 

Limitation on New Connections. After January 1, 1975 , 
no source or wastes may be connected, and no existing 3ource 
may be increased in the strength or volume or discharge, 
to any sewer in DuPage County r.ot tributary to a sewage 
treatment plant that meets the requirements o f this Part . 

Other Regulations Preserved. Nothing in this Part shall 
relieve any person from the obligation to comply ln a ll 
respects with any existing or future regulations, including 
but not limited to the water quality standards and 
implementation plan for streams in DuPage County . 
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Asbestos and Spray Insulation 

EXPLAN~TION OF P )POSED REGULATIONS 

Science is pointing its medical finger at asbestos and 
describing the "miracle fiber" as a mineral whose commercial 
blessings can exact a rather costly toll. Asbestos insula-
tion and factory workers exposed to heavy concentrations of 
asbestos fiber over prolonged periods have suffered devastating 
consequences. They are visited with an alarmingly high in­
cidence of asbcBtosis, which produces a diffuse fibrosis 
of the lower lung, of lung cancer a ,d of an extremely rare 
cancer of the lining of the lung and abdom,en, mesothelioma. 
The rates of lung cancer are extraordinarly high especially 
among asbestos workers who are smokers, indicating the syner­
gistic potential of the mineral fiber. 

The medical evidence is indefinite as to why asbestos is 
carcinogenic, with three theories in vogue: (l) The fibers once 
ingested or inhaled act as a continous physical irritant, inducing 
a tumor after 20 to 30 years; (2) The fibers contain carcinogens 
such as benzo(a)pyrene; (3) Fibers· accumulate in the lung and 
remain immobilized as "asbostos bodies" which cause cancer upon 
disintegration. 

Similarly, while the adverse effect of prolonged exposure 
to heav/ concentrations of asbestos is clea~ documented, the 
medical data is disturbingly vague as to the results of long­
term exposure to low ar~ moderate concentrations. Nor is there 
a clear dose-time relationship for exposure to heavy concentra~ 
tione. In short, as with many other environmental contaminants, 
the public has discovered too, late that asbestos is potentially 
dangerous and too little of the extent of that threat . 

But two depressing facts are agreed upon: That millions of 
Americans are likely to contain "asbestos bodies" in their lungs 
and that asbestos fiber once rel~ased is relatively indestruct­
ible. That is, the qualities of durability and of resistance to 
normal chemical and physical stress, which make asbestos such a 
commercial success, render it potentially dangerous to present 
and future generations because of the tendency of the fiber s 
to accumulate in the atmosphere and in the lungs. 

In light of these facts, the PCB has proposed the nation ' s 
most comprehensive set of asbestos controls. To ban all uses of 
asbestos would be •alarmism" at its most clamorous. But ignoring 
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the need to e xplore and, perhaps , t o adopt contro l s fo r the 
significant contributors to a s we lling vo lume o f asbestos f ibe r 
in our a i r -uld constitute a fooli s h compl acency . 

To this end, the sugge sted re gulations would ident i f y 
these "s ignificant contributors " as the commercia l use of 
asbestos in cons truction work ; the demol it i on of asbes t os­
contain ing structures; the manufac turing a nd process ing o f 
asbestos-containing products; the tra ns portat i on o f cer t a in 
a■bestos-containing product s; the disposa l of asbestos - contai ninq 
waate; and the use of asbe stos in the br akes of mi lli ons of 
vehicles. 

Part II wo uld impose s eve ral genera l requi r ements uoon a l l 
commercial cons truc tion, repair , a lte r a tion, demolition, 
manufacturing or processing activity fro m which asbestos fi ber 
is discharged into the environme nt. The pe r sons respons ible fo r 
such activity must obtain a pe rmit f r om t he EPA. The per mit 
s ystem will serve to produce the adva nced assu r rance of comoliance 
with the applicable contro l r e gulat i o ns and wi ll t hus r educe t ho 
cost and burden of in-the-fie ld enfor cement. 

In addition these comme rcial ac tivi t i es woul d have to 
provide faciliti es to prevent the remova l o f asbesto s fibers 
from the site of such activity on the clothing of employees. 
Indeed , this poses a rather new conce pt o f air pollut i on control . 
These who have died from lung ailments i nduced by l o nq , close 
association to an asbestos worker may be powe r f ul proof o f t ho 
need for novelty. 

Finally, Part II would provide for care tul waste di s posa l 
procedures, as wind-blown refuse heaps a nd scra p piles contribute 
to the volume of asbestos fiber in our a ir. Tho s i mp l e stops 
for control eliminate any excuse for such danger ous ly s l oppy 
housework . 

Part III would prohibit the spraying of asbes t os-con taining 
insulation and fireproofing, Expe rience has indicated t ha t 
procedural safeguards are inadequate and their enforceme nt is 
an overtaxing burden. Chicago has banned spray asbestos,and 
New York city and Philadelphia are considering doing so . 

Procedural safeguards designed to reduce fiber emissions 
would be required to spray non-asbestos insulation. The bio logica l 
effects of these fibers is unlcnmm. Prudence would seem to 
dictate reasonable efforts to soften the potential future blow from 
spray fiber aspiring to asbestos' status. 

Part IV suggests that various asbestos-related activitiP.s 
at construction sites be done within an enclosure . It ~~uld also 
require that asbestos construction products be so installed as 
to preclude the emission of fiber into the circulating air. 
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Part V expresses, ironically, what may be a key reason for 
banning spray asbestos. It would require that procedural safe­
guard• be pursued in order to demolish a structure whose de~truction 
would otherwise expose members of the public to asbestos fiber. 
Clouds of dust are often raised by demolition work. The facts 
that great numbers of persons may be exposed t o this dust in 
urban area■ and that the post-war generation of high-rises 
were the first buildings to use asbestos insulation extensively 
speak in favor of some such regulatfon. 

Part VI suggests an emission standard for manufacturers 
of asbestos products. The standard is believed tobe within 
the capture efficiency of baghouse filtration. The proposed 
boundary standard is thought to bP a method for preventing 
dilution of exhaust gases. 

The standard would measure only fibers longer than five microns. 
The justification for this seems to be the administrative con­
venience of avoiding difficulties in measuring fibers from 
.5 to five microns in length. Medical evidence has indicated 
that the very small fibers may be the most dangerous. And 
the B:>ard will seek extensive evidence on this point . 

Part VII would prohibit the use of brake lining in vehicles 
manufactured after January 1, 1975 and sold for use in Illinois. 

If brake lining decomposition emits asbestos fiber, then the 
tremendous number of vehicles using asbestos , and the impract­
ical.ity~of cot.trolling these numerous small emission sources 
would appear to speak to the need for a product ban. The pro­
hibition is carefully worded to avoid the necessity of fitting 
vehicles produced prior to 1975 with non-asbestos brakes. It 
is contemplated that the ban will necessitate design changes, 
probably to disc brakes , and it is thought that requiring the 
invidual vehicle owner to undergo this expense is unreasonable. 
The time lag of over three years is thought to be sufficient for 
vehicle manufacturers to acc9mplish any necessary design changes. 
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PART I: INTRODUCTION 

101. Authority 

Pursuant to the authority in Sections 9, 10 and 13 of the 
Environmental Pro'tection Act which empower the Board to adopt 
regulation■ forbidding the "sale, offer, or use for reasons of 
air pollution control" of any article, and to set "standards 
■pectfying the maximum amounts or concentrations of various 
contulinant:a that lllay be discharged into the atmosphere"; and 
to ■et standards for the issuance of permits for the operation 
of any equipment or facility capable of causing or contributing 
to air pollution; and to promulgate "condition~ regarding the ... 
u■e of any •... article determined by the Board to constitute an 
air pollution hazard"; and to adopt effluent standards limiting 
the amounts of contaminants that may be discharged into the water 
of Illinois, the Board adopts the following rules and regulations: 

102. Policy 

It is the puxpose of the General Assembly in adopting the 
Environmental Protection Act to maintain and enhance the purity 
of the air and water of Illinois in order to protect health, 
welfare and the quality of life . . Accordingly, it is hereby 
determined that the uhcontrolled discharge of asbestos fiber 
into the environment.ends to severely endanger the public health 
and welfare and that the uncontrolled spraying of fiber-containing 
materials unreasonably interferes with the enjoyment of life and 
property. 

It is the purpose of these regulations to control the amount 
of a~bestos fiber released into the environment from the major 
sources of emission. Such control is necessary not only to 
protect those members of the public who are in proximity to heavy 
concentrations of asbestos fiber but also to safeguard the health 
of future generations endangered by the conninuous discharge of 
asbestos fiber which can be toxic and which tends to be ctll!lulative· 
both in the atmosphere and in the human body. 

Where health can be protected by the adoption of an emission 
standard or of procedural safeguards, such a course has been 
pursued. In those instances where restriction is unfeasible 
because of the tremendous number of small , uncontrollable emission 
sources (automotive)or because of the unusual nature of the 
emission source (spray asbestos at construction sites) a product 
ban has been resorted to. These prohibitions have been made with 
full consideration given to the available alternative materials. 

It is also the purpose of these regulations to reduce the 
emission of non-asbestos particulate from spray-firepro6[ng and 



insulation. To protect again1t these emissions, the biological 
effects of which are unknown, procedural 1afeguards have been 
enacted. 

103. Definitions 

Agency 

Asbestos 

Board 

Commercial 
Activity 

Debris 

Spraying 

Waste 

- The Illinois Environmental Protection Agency 

- Any fiber or any mixtw;e containing fiber of 
hydrated silicate mineral, which, on the basis 
of ita ory1talline structure, falls into one of 
two categories: 

(l) 
(2) 

pyroxenes 
amphiboles 
tremolite, 
fiber. 

- chrysotile fiber; 
- crocidolite, amosite, 
actinolyte or anthophylite 

The Pollution Control Board of Illinois. 

Any activity done f~r hire or having financial 
profit as a primary aim. 

Asbestos-containing waste p~oduced by the 
demolition of a structure. 

The pneumatic application of material used 
fol' fireproofing or insulation. 

Any asbestos-containing matter which has been 
or is intended to be discarded. 

PART II: General Requirements 

~o commercial activity, not otherwise hereinafter prohibited, 
involving the discharge of asb~stos fiber into the environment 
from the construction, alteration, repair or demolition of a struc­
ture or from the processing or manufacturing of asbestos-containing 
products, shall be conducted unless the person or entity in charge 
of such activity complies with the foll~wing regulations: 

201. A permit shall be obtained from the Agency to engage in such 
activity. Before obtaining such permit , the applicant shall 
demonstrate compliance with the following safeguards: 

(a) The designation of personnel to exercise full­
time supervisory authority over all aspects of the activity 
from which the release of asbestos fiber into the environ­
ment could result, in such a manner as to insure compliance 
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with the pertinent asbestos control regulations. 

(bl That each employee engaged in such activity has 
completed or will complete a satisfactory course of instruc­
tion on the potential hazards of exposure to asbestos fiber 
including the precautions that must be observed to prevent 
or restrict the dispersion of asbestos fiber into the environ­
ment. 

(c) That such additional safeguards as are hereinafter 
specifically required and such precautions consistent with 
the purpose of these regulations as the Agency deems neces­
sary under the circumstances shall be complied with . 

202. Facilities shall be provided and procedures instituted and 
3upervised that prevent the removal of asbestos-containing material 
from the site on the clothing of employees. 

203. Asbestos-containing wastes shall be immediately vacuumed or 
otherwise collected where vacuming is impossible, and shall be 
placed in a container resistant to tearing or breaking under normal 
handling conditions, which shall be tightly sealed and clearly 
marked as containing asbestos waste. Such containers shall be 
placed directly upon a vehicle for disposal by burial at an ap­
proved site. 

Section 203 shall not apply to the demolition of a structure, 
except as provided in Section S0l(a),. (d) and (el or to the 
disposal of sludge waste except as provided in Section 603. 

PART III: SPRAY FIREPROOFING AND INSULATION 

301 . The spraying of asbastos-containing material is prohibited. 

302 . Non-asbestos particulate matter used for insulation or fire­
proofing shall not be sprayed unless the following procedures are 
taken: 

(a ) Before the start of spraying operations, all floor 
areas shall be swept clean and c l eared of all objects, 
material and equipment other than that employed in the appli­
cation of the fiber-containing material, or, in the alterna­
tive, all such objects, material and equipment shall be 
covered with plastic or plastic-coated tarpaulins. 

(b) The entire floor or area to be sprayed shall be 
enclosed with plastic or plastic- coated tarpaulins in a 
manner which shall precl ude the escape of fiber-containing 
material from the enclosure. All interior open areas such 
as elevator shafts and stairwells shall be enclosed in a man­
ner which shall prevent the escape of fiber- contai ning 
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material from the working area. "Stack effect" of the shafts, 
stairwells and comparable spaces shall be considered in 
providing proper enclosures. 

(c) Regardless of adherence to the stated control 
practices, any ♦isible emission of fiber-containing materials 
beyond the building peri~ter will be considered a violation . 

(d) In case of visible emission of fibrous material 
from the construction site , immediate steps shall be 
taken to cause the cessation of such emissions by either 
effective control measures or work stoppage at the source 
of the emissions. There shall then be immediate and com­
plete cleanup of all material that has escaped the construc­
tion site, and measures shall be taken that will insure 
that no further dispersal of any fibrous material into the 
atmosphere can occur . 

(e) The entire sprayed area, all ledges and surfaces 
including tarpaulins within the enclosure shall be thoroughly 
vacuumed upon completion of the spraying operation and 
immediately before the enclosure is dismantled . The vacuum 
cleaner shall contain a strong, single- service , disposable 
inner bag of durable material which shall be removed from 
the vacuum cleaner and tightly sealed. The bag shall then be 
placed in a container and dispose~ of at an approved site 
in accordance with Section 203 . 

(f) All areas used for opening bags containing 
fibrous material or the changing of hoppers shall be 
enclosed so as to prevent the escape of such material from 
the immediate area in which such activity occurs. 

(g) Any plenum or other structure coated with or 
containing fibrous insulation and used in the circulation of 
air in a building shall be thoroughly cleaned of all debris 
and waste insulation. All applied fiber-containing insulation 
within a plenum or duct shall be coated with a sealant 
which precludes exposure of the fiber-containing material 
to the circulating air. 

PART IV: CONSTRUCTION, ALTERATION AND REPAIR OF 
STRUCTURE 

401. (a) The cutting, tri!Mling , fitting or stripping of asbestos-
containing material in the construction, alteration or repair 
of a structure which is done at the site of such structure shall 
be conducted within a special enclosure designed to preclude the 
escape of asbestos fiber from the immediate area of such enclosure. 

(bl The mechanical exhaustion of dust from such enclosure 
to the ambient air is prohibited unless such exhaust system 
is equipped with a fabric filter for dust collection. 
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402. Asbestos-containing material applied in the construction, 
alteration or repair of a structure shall be coated with a sealant, 
provided with a cover or installed in some other manner so as to 
preclude exposure of the asbestos fiber to the circulatinJ air. 

PART V: DEMOLITION 

501. Where the ri s k o f public exposure to asbestos fiber from 
the dislodging f asbestos-containing materials is present, no 
demolition of a structure shall be initiated unless all safe­
guards necessary and practicable to reduce the emission of dust 
are taken. 

Such 1,rocedures shall include, but are not necessarily 
limited to : 

, (a) Boilers and pipes insulated with asbestos- containing 
material shall be wetted and stri pped before toppling of 

walls is begun. This procedure shall be followed , where 
practicable, as to all other asbestos-lined surfaces. Such 
asbestos waste shall be immediately bagged and disposed of 
in accordance with Section 203 . 

(b) Demolition by toppling of walls i s prohibited 
~xcept within an enclosure approved by the Agency as part of 
the permit granted for demolition of that structure . 

(c) Before the demolition of any s ection of the structure, 
adequate wetting to suppress the dust shall be employed . 

(d) Asbestos-containing debris s hall not be dropped 
or thrown from any floor but shall be transported by dust­
tight chutes or buckets. Asbestos- containing debris in 
dlutes or buckets shall be sufficiently wetted to preclude 
dust dispersion at ttte point of discharge . 

(e) All asbestos- containing debris shall be thoroughly 
wetted before loading into trucks , othr r vehicles or con­
tainers. Ddring transport such waste shallbe enclosed or 
covered so as to prevent dust dispersion. Asbestos-containing 
debris shall be disposed by burial at an approved site. 

502. In the event asbestos-containing matter becomes air- borne 
beyond the property boundaries or in the event freezing tempEr ­
atures preclude the use of water for dust s uppression, demoliton 
work shall cease until adequate alternate measures can be taken. 

PART VI: MANUFACTURING 

601. (a) No factory, plant or enterprise which engages in 
the processing or manufacturing of any asbestos-containing 
product shall emit asbestos fiber into the ambient air in 
excess of .5 fiber per cubic centimeter of air. The ambient 
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air quality at the bounda ry o f such factory, plant or 
enterprise shall not exceed .OS fiber per cubic centimeter 
of air. 

(bl Only fibers of 5 microns or greater in length 
with a l e ngth to breadth ratio of 3 to 1 s hall be counted. 

(cl Sampling shall be determined by the membrane 
filter me thod with phase contrast microscopy at 430 X 
magnifica tion. 

602 . No water used in processing or mancfacturing which contains 
concentrations of asbestos fiber shall be discharged into sewage 
systems or to the waters of Illinois . 

603. Waste sludge containing asbestos collected from settling ponds 
shall be enclosed during transport and shall be disposed by 
burial at an approved site.' 

PART VII: ASBESTOS-CONTAINING PRODUCTS 

701. No product which may emit asbestos-fiber during its trans-
portation shall be transported unless such product is enclosed in 
such a manner as to preclude the emission of asbestos fiber 
into the ambient air. 

702 . The use of asbestos in the brake lining of vehicles manu-
factured after J anuary 1, 1975, and sold for use in Illinois is 
prohibited. 
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ln • Hri•• of report■ de■crtbtng their ■-,urcea. dht.rlbutlon, 

■tt■ct■ , a:-;1 caitrol technology for th■ J:- abato•nt. 

A :ct.a l of 27 report.I have been prepared cove.ring the 

JO pollutar.ta . The■o report■ were dovolOpod under conLract 

Coe th■ tiat10r1ol Air Pollution Control Adal.nht.ratlon (NA.PCA) by 

Litton Syst._.., lnc . The coaplot■ ll■tlng la •• followa1 

Aeroall■rgen■ (pollen■) 
Aldehyde■ ( include■ acrolaln 

and !arm.aldehyde) 
,.,._,nla 
Araenlc a,,d It.a Collpound■ 
Aabe■:.c• 
Bar lwc and lta ~und• 
a.ryllhm and lt■ Colpounda 
Blologlcol Mroaol■ 

(elcroorga.nt ... ) 
Boron an~ It.a C'Capound■ 
C.dDl\::l end lt■ Compound■ 
Chlorine C.■ 
O\roclu.::, and It■ Ccapound■ 

( incl~•• chrc:aic •cidl 

Et.hylene 
H)'drochlor le Acld 
ttyarogen Slltlde 
1ron •nd Ite Ccapow,de 
Mangan••• and Iu ec-pounde 
Mercury anc It• C~d• 
Hickel and It■ Ccapounda 
Odorou• ec.pounda 
Or9anlc C.rclnog■n• 
Pe1ticlda1 
Phoaphon.aa end It• Cotlpound1 
Jlla;dioectlYe S:ubat.anc:e1 
S.lenhm and It■ Compound■ 
Va.nediu.a and Ita Ccapounda 
Zinc and Iu Ccapounda 

n:aa■ r-eporta repr~annt current atate-o!-the-art 

litera:.u-e :■Yl1hn eupplcnanted by dhcuae1one with ■elected 

ltnovledqeatle indivlduale both withLn and outaide the FC!'derol 

Coverr1.nu1-... They do not howvor pre1wse to be • aynthoa u or 

ava1lat:le :.:- !orcat10n but rather a eu:i-..ry wnhout en ottor.irt 

to lnte::-;:i:t':. er r econcile ccnClictlng d,,ta . Thr rcports~nrr 

nec.••••rtly 11.alted in t.helr diKU11elan of M.alth errect.a toe 

■c:.e pol lut.anu to de■c:rlpt.lon■ of OC"'C'~t.lon.l hc.alth eapo­

■ure■ and anlaal laboratory atucHe■ ■ 1nce only • ,.,, epJ.de■lo­

loglc ■tudiea '11119re available. 

lnitla lly t.haeo npc.-t_e ware 99nera l ly int.anded •• 

lntern.l d~nt■ "'J.t..hin J1APCA t.o provide • b4■ 1■ tor aowld 

decl■lon1111.kln9 on proc,r .. quJ.danc• Cor Cutw-e reffarch 

activltiea and to ■ 110'11 ranllin9 of future activltlea relating 

to the dewlos-ient of criteria and cont.rot te~:--.noloqy docv,­

•nte. Howver, it la appa.re.nt that the•• report.• .. y aho 

be of •igniticant valtH t.o -ny other• in air pr;llution c:onLcol, 

■uch •• St.ate or local •lr pollution control ottic:l.ah, •e • 

library of infc:raat.lon on 'ffiich t.o bll•• lnfct"Nd decl■ ion• on 

pollutant■ t o be controll•d in their 9909-raphic •.r•••• Mdl­

tionaUy, ttw■e report■ -■)' atia.l.late ■clentific i.nYeeti9at.or■ 

t.o puraua r••••rch in need~ area■. They al■o provide far the 

Jntere■ted cit.hen raadily availebte info,....tJ.on about • 9lv.n 

polh.:Unt . Therefore. t.hey are beln9 ')iYen wide dht...r1butJ.on 

"'ith t.hei •••uaption that they will t,,. ueed with Cull ~novl■dqe 

of their value and 11.■ltationa. 

n,,1■ e■ru1■ oC report.a \Ila ■ c ODpilad ond prepar•J by ttwl 

Litton per■onn■l 1 Ut.ed ~low1 

Ralph .J. Su1l1v•n 
"t>u.ad■ M. Stahl. Ph. D. 
HorNn L. Ouroc-hor 
Vania C. A.th11nn■ahdu 
Sydney Hiner 
t~ro ld P'ln'li:ohte,n. Ph.D. 
Dou9ba A. Ol■rn. Jl'h. D. 
.Ja,-a L. lLJyne• 
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'nM., KAl1C/\ project ofticer Cor t.ho cont..ract •• RonahJ c . 

-:...-r=,-111 . oaaiaLr,I by Or. ~nuel Land:,u and Cerald Chaipa.,n . 

Appreciauon 1■ ••Pt"e■■ed to t.ho eany individual• both 

Ct;.":-1!"• and vhhln HA.PC.A~ provided inCoraotlon and rev1e"'9d 

~:a!": c opfn1 of the10 rep,ort.■. Appreclallon h aho expre1■ed 

-:.o ·. he NAPCA Ottice of Tochnlc:•1 Intorllli.'ltion end Publlcatlon■ 

!er :helr ■upport ln provJdln9 o ■ignltlcant portion of the 

-:.ec:~:.!c■ l 11 t•r•tu.re. 

AIISTMCT 

IMalauon of ••b••to■ aey c au1e aabe■t..o■ h. plwral or 

pe.rl -:.:,neal ••olheltoaa. or lung ~nc•r. Neaot.beltcae 11 • 

t"ar• !:,n■ of cancer ..-t,Jcti occur■ frequently In eeba■toa 

var,u1. All lhrN of tl\ue di .. •••• are fatal once they bec:c.e 

e■t. 1!)ll1hed. The doae nece, .. ry to produce ••ba■toal■ ha• been 

e■ -:.~ted to be 50 t.o 60 a.illton paruc:le• per cubic foot-y•r•. 

tilo 1:.t':,naat,on h evuleble on t.he doae nece1e.&.ry t.o ind\lc:e 

cen:•r. IILandc. autop1la1 o f lw,ga have 1htovn ·••be■toa bOdle■• 

in the lam91 ot one-fourth t.o one-half of aaaple■ feta Ut"ban 

popuhtion■• ':"hu■• the ■pp,tr.nr. air pollution by ••be•t..0• 

r ... =:he■ • large nl.mber of people. 

AniNl■ have been ■hovn t.o develc,p aebeet.o■11 and c ancer 

after expo■ure to a■be1to1. 

No infor..tton h.e■ bNn found o n the effect ■ of a■beet.01 

a,r ?:llutaon on pl■nt■ or .. tet"lal■. 

The lakely ■ourc■■ of ••beat.a• air polluuon •r• u•■• of 

tt';• a■b••to■ product■ 1n t.he con1t.ruct1on indu■u·y .nd a1be1to1 

•tnea a n'l f•ctor1e1. 0bearvat1on1 1n Plnland and au1a1a lndi-­

e •~• ,:.,.~at ••be•to■ doe, pollut.■ air near •ane• and factor1■a. 

K::..,. -.,.r. no ... •ur...,ta vere reported of U\e concent.rat.ion of 

••b••~~• near 11lt■ly 1ource1 1n the United Slate■. A c oncentra­

t.1::- .:, urban alr ot 600 to 6,000 pert1c le1 per cubic ■et.er l\.■ 1 

bee- ••~1-.1 ,,t,1 . 

S.'J 1, lt ora have be•n u,ed 1n fat"t o r1,a to c ontrol 
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••beato■ -i•■ ion■r the coat of thi■ type of control 1" • 

• 1U■h factory v■■ ■PProxJaately 27.5 percent of the tot&l capit.al 

coat and about 7 s,.rc:■nt of th• operating coat . No inton111tlon 

ha• been found on the C"O■ta or c1a .. 9• r■aulung !r0111 ■■beato■ 
air pollution. 

No ■ati■factory analytical aot.hod 1■ available to 

date.nlline ■■beat.a■ in the atao■phere. 
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l. IHl'lllDUCTION 

A.abe■to■ h • 9■1 w■l n._ given to a variety or 1a■tul 

tibrou.a •lneral■• The " &1-... of ■■N■to■ ■n1u■■ frca tll■ 

lnd■■truc:Ubl■ nature ot produc-t■ fabricated fn,a th■ varloua 

9T■d•• of aJ.nual fiber■• 'n\■ .. jor ••ba■to■ alnval■ ■I'■ 

c:hry■ot.U■• crocldolit■• aa:,■1t■• and a.nt.hophyllit■• ""ill■ 

treaolit■ and ■ct.lnollt..■ are con■ld■c-ably lu■ h1po.ct.ant.. 

OV.r 90 percent or t.h■ ■■ba■to■ l■ chryeotll■. 'ff't■ Q\ited 

Stat■■ ua■■ about on■•fourth or t.h■ 11Crld production of t.hi ■ 

■ubn.anc■• practically all lapoct.ed trca C&nada and Urtca. 

Inhalation or ••be■toa du■t ha• long bt•n recognltedl •• 
111.165 

an lnduu.rlal h.au.rd. Early in Ulla cent.my • .-pc>■Ul'e 

to hl9l\ concent.ru.lorui or th• rtbroua duat. ._.. c.au .. lly 

•••oct■led vith a■be■to■h. In 1,1,. evida,nce began t.o 

eccuaut■ te that. cancer or the lu.n9 l e allo •••oclated vlth 

1nh.alat.1on or a1be■toa. 55 
,-,re recently. cart.aln rare cancer■• 

plwral ••othallc..a■ •nd perltDnNl -■ M>t.helioaae. have bean 

•••oclatad v ith tnhalatlon or ••be•to• fiber■ by a■beeto■ 

'-Ork■ra. 176 H■&Nnn92 at.ate■ t.hat --rtle t&ndtnq ot ■everal 
■1.1:h rare t'--)r■ in any 91ven 9roup .. tea th.at. group ■uepect. 

ot hav1n9 ■pecial and dhUnct. ■nviror-..nt.al character11tlc■• 

1n Uu ■ ca••· ■q,o■ur■ t.o ••be■ toa duat .'" 

Nonocc upauonal anvlrona■nt-al ••po■ura t o ••be■to■ vaa 

found •• early •• 1921 when tladdov81 reported finding ■o-

cal led "'a■b■■c.o■ bod•••"' 1n the lunq■ ot • perao n lav ,n9 near 

~~-
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an U.:..41 ■ t.oa factory. Since then, aeveral inve■ tlga-

tol" t • : .. • 175,186,202 , 226 have reported finding neighborhood 

ca■e'I. 'n\e aubjoct or nonoccupatlonal envlro,.ental expoauro 

t.c u: .. 1toa aaauaed a new dl.aen■ ion beginning with the re­

po:---:..1 -:! 1'\ca,ion and hh coll••CJU••· 211 - 216 After axa•lnlng 

the . .a.'lga in conaecutivo aut.opalaa, they round that. approxi­

:M.t.•-~ :me-fourth of the population■ ln both Capetown, South 

Afr_;.L and Miami, Fla. , hove •aabeatoa bodioa• .. 1n their 

l\. .. ~•; J. Other lnveatlgatora have c onrlraed that one-fourth 

to --;.._,.,-halt ot th• population in Pit.t.aburgh ,42 San Yranchco,
43 

HJ :...i...: ti
7 Claagov, 188 l'iew Yo r)t, 195 Kent.real, 7 .Jaruaale:a, 184 

Vi.n: "-:.~. 167 and SWoden82 have 00a1bo■to■ bodia■• in t.halr lung■. 

Th•• .. !Jnding■ indlcato that either the■• a■baatoa JMrt.ic le■ 

o r :-~.e.r particlaa that ree-1:>l• o■beatoa in aany way■• in­

c l ut!._:i,? the way in whlch the body react■ to thma, are being 

1nt:ot . .. : a1t.har "'1th the ambient urb4n nlr o r througta dir oet 

ex;:c.1-:e t.o aabo■ t.o■. 

2. Effl!!Cl'S 

2 .1 UCtstt on ttueN>a 
A.abeat.oala (a dittu.■• pu...,.. ry flbro■i■ J , pleural 

c■lcitication, p l eural plaquea, lun') , ancer , and pleural •nd 

peritoneal -•ot..hol lcaa.. can r eaul t I rca o,q,o■u.ra to 

••b••toa. Mbe■toa bodi•• are ~r-ly Co und in t.h• lun9■ o f 

peraon■ eld\lb1t.ing th••• coaplicat.ion■ . Dlagnoau of any o f 

tho•• or tl r-.ding •o■boatoa boJiea• in the lung■ uqnltle■ th• 

naed to r•vlev the caao hhtory tor prev1ou■ aabe■toe expoaura . 

S\Jrvey■ ot P«)pl• l lv1ng or vorltl t\9 n•r a■beeto• alne• and 

hc:torla■ haw revealed t.hat Nny mnoccvpeUono l ca■•• of 

a■beatoaia and -■ot.halicaa have oc-rurred al t.ha r fn,a t.h• 

polluted air o r tn:a a■be■to■ carr i•d hcae on th■ wor~• r•• 
17S. 176,l18 

c loth! ng. Hovev•r. 1n Nny ea••• 1'10 ucpoaura t.o 

aabe■toa c&n ba •■tablhhed. 

'nl• ht• o f th■ a■ba■ t,oe f lbar onc:e lt 1 ■ lnhaled• and 

depo■ itad tr. t.he lung le ■till que■tionabla. Th• ahort tlh.ra , 

<O 5 LI in l ength, h.ave bean pat.hol09lcal ly 19nor..S , probably 

",ecaua • lhay ar• a>eh too narrov to be v1a1ble la'lder a l 19ht 

•icro■c:oP•• Th• longer flbara lllt\lc h are ancru■ted in an iron­

be•ring prot.eln (aabe■t.o• bodle■) becaw uaUy via1-bla. 

Wagner and 5Jll i dal)r a 228 and NDrrl■ .6 l.l.· 172 have ahown that 

rat• which hav a inhaled a■ba•toa loae th■ a■beatoa (probably 

t.h■ •har t tlber■ J froa their lunq■. Th• bio logical half-Ute 

• A dueuauon on re■plrabl• flt>.r■ la pr■••mt.ci &n 
Appandl,t 11 (page ')J). 



for ••IM>•to■ eppe&re t.o be 20 to lilO day■• dopendln9 on tl'le 

■tnual tn,,e. Soae ot U,e fiber■ ero ramved by ph•gocyto■i• 
to the lyaph nodu. 

2. 1. l Atbt•to■il 

AIIIDng ••beetoe worker• . evidence of pul.mary ••be•to•i• 

t a CO■IROn. ::tile condlt l o n re■ult.a 1n • dtttu■e flbroala, 

u■uelly i:, u,a lovu- l o....o• of the lung. Pulaonary •■bo1t.01i■ 

h■■ boen called • aono•Pl>toaatic di ■u■o. vith dy■pnea •• the 

aaln conplaint.
197 

The Brh.hh Oc:cupational Hygiene Soci ■ty116 
h•• reported that. bll■el ra l e■ a.re the tlr■t ayapt.oae of ••be•­

to■i ■ . 

A■beatoda u■u.elly develop■ •rt~r long oq,o■uro to h19h 

c:oncontratlon■ ot aebaat.oa duat . The n■k vari e■ cUractly viU, 

the l•n9t.h of aiq,oaure and t..he du■t. c:oncantraLJ.on. Pollovin9 

continued axpoauro t.o high concentrat.1ona of du■ t, a■boeto■ia 

,uy develop fully in 7 to 9 year■ and a.y cau■a dealh •• early 

•• ll Y••r• lroa on■et. of axpo■I.U'a. Ttia ca.w;,n •JCPO■ura period 

bofor-a recognition of e■be■to■h (a■ ob■arvetl "'aong a■be■to■ 

worker-a) 1 ■ 20 t.o ◄O ye-era, v1th death !01lo,,,1n9 about 2 to 10 

year■ let.or. Once o■tabltahad, a■be■to■ 1 ■ pro9re■■e■ .-ven c f:.ar 

the expo■ura to du■t cea■a■, 11 lno■• or daat.h con occur lon9 

after expoaura to conccntrauon■ not producing ilBedUta affact.a.1 97 

'nla prolonged latency p■rlod bat.vean •IJCPO■ura and t..ha 

f1rat. ■ 19n■ of •■beat.o■u make• 1t. dift1cult to cata.bh■h do■a-

time reht.1on1hipa. COOper
43 

1u99e1tad that. a tU~t>-we19hted 

•v•r-•9• C'Oncent.rat.J.on ot ••be.LO• flba;ra ot 5 IIPPCf• t■ too 

h19h. Ha cite• -.11 •• Jl
4 

td .. th.l -..luplyi"9 ·••atie cca.tnt.a 

by yea.re of upo■w-e pro¥1da■ • C"OU9b IJ'Uida t.o t.he total do■e 
allCNable. 

Aft.•r SO t.o '°1ppcf-y-■ra. wor'ter■ be,.p_n to •.how 

evidence of aabe■toela . At an aqra9e C"Oac:ent.raUon ot S 

■ippcf. tl'lla tntal &llOllfabte do■a VO\lld be r"ched in 10 to lJ 

r••r■• Unfortunately. duat concenuatlona ~Ye bean lnf'• 

quently reported and --■ur-enta t..v. been ~red by \. 

vad-.c, nat.u.re ot the •ourcaa . Narr15l and Selllr.oft U Al· • 

have reported t.hat ln■ulat.lon ~r-ler■ are cucpoaect to duat 

conc■ntraUona b■lov 5 ~f. Y•t have o.dublted • ht9h 

pravelenca of ••ba■to■ta. Thua. Cbopar• ■ ■r9'a4nt t■ 
■tr■ngtl'lanad. 

In 1946, t.hara "'9ra •bout 700 C'II••• o f ••be■toa1a 1n 

Oeraany IUIOn9 • t.ot..el ot app.roa.J_..taly 1.000 .-..,toyN■ tn the 

••be■ toa lnduatry.
108 .,_9el1u■'15 !Ou."'!~ 1.:5 ~•••• ot ••ba■to■u 

of th■ lung 1n X-ray eua.anat.ton■ ot ◄ 76 ••t>.■t.oa "'°""-•r• 1n 

on,. coapany in Ptnhnd . Of ll2 l.'l ■brat.oa "'0r,ara •aa.alnod by 

llolu>e, 
26 

29 J>ttcont •""-<I X•roy ov, donce o r .. bootoou. Th• 

=~.:urranc■ ot a■baatou ■ ln ~a ot U,11 wor\.er qr0up ro■e 
wnh the duration of the ~lovaenti S pe:rcent. ln "'0rkara 

•q,oa.-ct to .abaat.o■ tor la■• than l yaa ra : s~ P•n:-ant t o r t.hoaa 

eq:,l:yad tor S to 10 Y••ra. and lq perc ent. !:>r U\o■a vat.h O¥er 

10 yeara• -.q,oaur-o. A ■1•1l•r aorb1d1ty of 80 percent. -.ooti9 

•s •Ulion parucla■ per cubi c f oot b■■.-4 on t.ot•l du■t 
c::iiunt and 8-hour-d■y. ◄O•h::rur"""W9ak •wpo■uro. 

---
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tngliah ••be•to• wor'kar• vith ovar lO )"Mr■ ot 911plo,,..nt -..a 

reported by NarewiU,u and Pr1ce165 in 1930. »oro177 noted 

6 

that t>'t• t.ncfd■no■ of ••bato■1• -.a &5 s>9-rc■nt in 167 ••be•to• 
197 worker■ et.udied by X-ray. S.Ukoff -'. Al.· inveeti9at.ed 

1 ,522 ••be1to1 1n■u1at1on worker■ in th■ Nev Yorll:-s.-., .rer■ey 

.. t.ropolilan area. Aa>n9 392 individual■ cxa.ined a::ire then 

20 yMra fro. t.h■ on■■t of e.xpo.ura, X-ray evi~• nc• of a1be1t.0H ■ 

va■ found in 339. Jn hall' ot th•••• th■ a■be■to1h VII■ a>darat.a 

or ext.■n■iva. Jn 1ndiv1du.a: ■ vlt.h 1■•• t.han 20 yeer■ of expo■ur■, 

radiological ■vid■nc■ ot act:■■to■ l■ w■ l■■I fraqu■nt and wtl■n 

pre■ant, va■ auch lo■■ likel y to be ■rt■n■ lv■. 

2. l. 2 Pltur•l Ct.lei ticatf.on 9nd Plfgu1• 

Pleural calclhcation r■■ult.J.n9 fraa ■xpo■ur■ to ••be■t.o■ 
120 i■ usually bilateral and ■fleet■ t.h• parietal pleura. 

193 
S■Ukotl ■ tat.ad that bilateral pleural calcitication involving 

th• diaphraga la diaqnoat.ic ot a•be•toah. 'nlh pleur-1 calc1-

flc•tion can be readily ldentltted by x-ray. 117 

K1v1 luoto
120 

dhcovered 499 ca••• ot pleura 1 ca l c .t. t 1ca­

tion du.ring a coaaunlty X-ray aurvey ot 6,lll adult• 1n the 

Kuu•jari COD&l.na ln Plnhnd. In Hoaantal coanme he found no 

auch calc:1 t 1caUon among 7,101 adul ta. ti• ob•cr v1,ul that the 

Xuu•jeri co-.ine c ontained on aabeatoa •ln• amJ auqge•t.R that 

th■•• people had been 1ubject to a localli.ed anv,.u,..ntal 

aebe■t.o• e,q,oaure. Thia inveatiC}atOr121 aleo ob•urvad 77 ca■•• 

ot pleural plaque■ out ot lS,000 routine cheat x-r,,y■ . The 

caae hlatcriea of t.heaa 77 r ~voaled that. S2 hall rri•v•ou• 

eapoaJre to aabuc.oa eit.bec 1n t.b• hcae or 1n thair ~uoa1 • 

..,.., th.,. h&ndlad •--- ~u. ot o.. oU.u 25 ___., 

16,,- "9.ft queat..loned &Dd no prn'ioua e&but.r..a u:powre coal cl be 

aacertainad . aauntolN contlmaed Ole ■tudy and found 1,516 

alltult. cc••• ot pleural c:&1c:U1caUcn fn,■ Ill, 201 x-.-aye talleD 

In U rlnnlah --· and 10. .-a.1 -· LD TWanl-1 

CClllmDe. llltiue an aabe.at.oa quarry i■ located. pleural calctU­

cation •• found in 9 percent of the papulatlon• in u.rb&n 

population■ it va■ found tn O. 7 percent ot the people: and ln 

rural area■ c:alc1Ucat100 -.re found ta only 7 out ot 265. lll 

people exa.alned (0.002 pe.reent.). ttowi■vv. New"aanl67 foun d 

t .h• pleural plaque• var• ca■aon (]9.l pu·cent of ht ■ ca■••l 

1n a 11 Plnland. 

A.pprod-tely 2.1 percent ot ~ a9rtc:ultural vorker• 

1n Czacho•lova.► ial0 5 •nd aulg,artalll 1\ave al•o been ahown t.o 

haV9 •Pfi&•c:Ht>le pleur•l calc ttlc•uon. Jn aul~ru u ■01.1, 

-.ortr:ed by th• taraa-• C'Ont.alned ••.b~1■t..oa: eV9n none te1.-e■ 

were .. de of out.c rop• of ant.hophylllte aineral. ttcn,,.ver. an 

Czec:hoalovatr:l ■ no aabenoa o r known ..:pGll'W'a t o ••t>e•to• wa• 

found. Aher • .a&aln1n9 c hild.ran ltvu19 1n t.h• .:tty o f Aabe■t 

1n the Sovl•t Untan. Bobyleva ~ &1..24.25 c-oncludad that Oley 

were auttu-tn9 froa 1-.,a1red hNlth cauaed by ear p:>I luuon 

trca ••be•t.a. phnu. 

J . I. ) ~ 

2. 1. l. l Cfostr of t.ht Lyng 

The _,at coiamn coapllcatlon of aabaato■i ■ h c ancer of 

the luft9. Ko__.,.r, cancer o! the lun9 appe.ra1tly induced by 



.. , 

a 

••beatoa •Y app~Hr unaeccapwtled b) aabe■to■1 ■. 

fl\a aaaociation of lung cancar 'Wlth -,q,o■ure t.o a■be■t.o■ 

du■t ha■ bNn the ■ubject of' ..,ny invaatig■tlon■ in the ■..:ond 

quart.er of thla century . ln 1915. Lynch and Saith149 i n t.he 

Unlt■d St.at•• deacribed lung cancer fow.d during ■ut.op■y o! a 

p.tiant wt th ■-.belto■il. According t.o Hoab.lrqar • ■ dau, lOl 

ovar a 20-yN r period eight. ca••• of a■beJc.o■i■ wwre Cound ln 

4 , 1)7 autop■le■ at t.ha ■edical achool of Yale Univer■u.y. Of 

t.h■■• eight a■be■to■i■ ca■••• tour were ■■aoc:iat.ed vi t.h lung 

cancer (50 percent). In cont.ra■ t., lung cancer w■ found in 

only t.-.,o (12 pe rcent) ot 11 co■a■ of ■illcoah. 

Lynch and C.nnon147 in 1949 found lun9 r• ~ er "in only 

t.hreo ca110■ (7.5 porc ont) of 40 p.ti■nt■ v1t 1■be■to■i ■. 

Oloyne 71 in 1951 reported that according t.o ■utopay data t o r 

tho London Ho■pit■l of Ola■t Di■•••••• l ung conc■r v■■ ob1arved 

in 14 percent of the 121 patictnt• v ith o•be1to•u , but 1n only 

6 . 9 percent o f thoeo v it.h a1 1ico•i• . 

U•u.ally. tho lung cancer inc 1denco 1n oe:n u ! our to ■1• 

litao• h igher than In vocen , but among pellent■ valh ••~•tau• 

l.t h only tw1ce aa hig h ! >r men. Thu h.l• been conf:t""aed by 
,9 

Bohlig, .Jacob , and KAll.1.ib1.a. · T'h•y note that amonq \ioOf!len 

.• eking in t.h• a■beetoa i.ndu•try, lung canc er 1 ■ 0b1er",1ed al 

an e.arlier •9• than a m:ing the re1t o f the populal1on . I n hi ■ 

rev i...,, Behrrn1
19 

r .,ported 4~ cau• o! lung c an1.er ( 14 po r c•nt l 

in 309 a utopaiea of pat1enu w1th a ■ba■tou•. A!ter t1xaeun1n9 

9 

the d.et.a of varioua aut.hora , J ■Nlbaeher n 1.1,. 111 r-s-ort.ed 

that. of' 603 per■ol'\8 vit.h aab4tatoa1a, lung canc:u- va■ round l n 

Bl (lJ . e pucant.) at. autop■y. H\JepcrlOI &nd 00115' r ecord an 

av■n hig'her pa..rcent.a9e US percent.). Doll ...., •• , ca• t.hat. the 

..,jorit.y of' tho•• vt,o, d.ied had wrk•d under c:-andit.lon• of' hl'Jh 

duet. content. in t.11• air. 

llraun and TC'\,l,&n
31 

round lt.1n9 canc:•r ln ll (three caae■ 
vere not C'Onc: l ualve) at 181 .:>rker■ in Ula C.nadlan a■be■loe 

ir,d1.1at.ry lllho had died. 8oehael6 r eport.ad 74 ~lleata Vath 

a■ba■to■h: lung cancer va• found ln ■ 1• ot thM■- fl\e 

avara9■ a9■ of' t.ha s,.tl■nt• va■ Sl r th■ av-.ra9a pulod tna 

th■ be9innln9 ot work ta dul.h -.■ 18 y .. r■ . l'■al 1 U point■ 

out. th.al at lO p■ti■nt.■ v lth ■ab■■to■i ■• 14 (47 percent) d i-.1 

ot lung cancer and 10 tna carclnoN ot th■ par.itonau:a o r 

ovarle■. 

soae additional ■tatuuc■ on th• •••oc1auon ot lung 

cancer vith a■be■t.o■ 1110rkara are 11 •ted tn Table S 1n the 

Appendix. 

Cancer ot t.h■ lung produced by • • be•t..o• n .. d , tu.rt.her 

■tudy. 'n\e l atent. penod betveen eiq,o■ure and • •ode nce o! 

car c1n0 .. may be ■van longer lh■n tor aabe■t.o■ l ■, Noth1nq 1 ■ 

kn~ abou t th• d01■-ti .. r■llt10n■hlp. C•••• ot lun9 c a nee r 

have been ob■erv..S ""'•" only • very ahort expo■ur■ o r no 

e,cpo■u.r• to a1be1t0 1 wa■ kn:>vn . P'Urthera::ire . the low nl.E'.lt>er 

ot "aabe■toa bod1e■" obaerved i n one- tour th t o one ... h■ lt ot th■ 

urbln populouon may be 1uff1c1ent to cau■■ c a ncer . &eca u•e 

- ------------- - --
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the l ong ••ab•■toa bodle■• r..ein ln t h e lunga. a per.on who 

ha ■ inhaled •eb•rto• •Y carry t.ha pot.,tial ( Cor t.ha ceat. ot 

hla Ufa) t.o devel01,1 car ctncaa of t.ha lung. Ncreove.r . i t. ha■ 

not bean det.aralned Mhet.ha: 1:10ra than o ne fiber la necoaaary 

lo induce• aaUgnant. tumor. Cox42 ha ■ aur,geat.ed t-h.at t.ha 

probabil lty of c:oncer induction la p rcportlonal t.o tho nu.bar 

ot aabeatoa flbara. nud>ar o r auacopt.ibla call a. the coucen­

tratlon of carcinogm1 on t.he fiber■, and the tl
4

ae frca 

exposure. 

Why aabeeloa 1 ■ carclnogcnlc: la not clearly under■t.ood. 

At least. t.hceo hypc,t.he■o■ have bat'.n advanced, 

(l ) That t he ti.bore act••• phy■lcal irriUnt. ""11ch 

after 20 t.o JO )'Mr■ of conaunt 1rr it . .at1on induce■ a t\aOr. 

(:Z) That th■ fibor■ contain ... 11 ..:,w..ta of carclno9en■· 

auc.h •• bW1c.o(■ )pyrene, nickel. and chroah••·~ich era ■lut.K 

fro• tho Uher■ by tho ■ena in the lunge . Th■■• c:■rcinogar,a 

t.hen produce th• cancer. ttarln9ton and Roe88 have aho-.m that 

(o ) chry110t ilo c:ont.ai ln■ little or no benzo(a)pyrane. but a bout 

100 ug or chrcaiu:o per 9 o! tlber and 5,000 1J9 or n1c.kel pe.r 9 

ot fiber: (b ) crocldoUt■ c:ontaln■ 0.2 to 24 ~ of b■nzo(a)pyrmu 

per 100 9 of fl.her and negU9ible a1a0unt■ of n i.ck■l ■nd chronahm 

a.nd (c ) un■lt• C'Of'lt.alna O.l to l.4 1J9 or b.,,io(a)pyrene pe.r 100 

9 ot flbu · , 100 ~ o t nldtel par 9 ot tlber and 15 ,.i.g 01 

c:hnah• par 9 of Uber- <••• Appendix a. pego •Jl) . The 

author-■ have not onl y ahown t h.at. th••• agm t.a c.an be dhaolvcd 

ln t.he lung .. ru.c.. but. al ■o that air borne flbo.r■ CAn adaorb 

., ·, 

11 

carcinogan■ pre■ent 1n the •lr. ln ■t.ud&e• o t the adaorpuon 

ot benu,(a)pyrene by ••baetoa. ch.ryeou le ad■orb9d 100 ~nt 

ot benzohJpyrene t roa aoluUon atwr 41 houn at .. lJ0c. 

C011par ed wlt.h 40 percent tor c r ocld.ol lt• and 10 per cent. tor 

-.:J■&te. Kar1ngton •nd ao. ■u99e■ t U\at thue carcinogen■ 

can b4I ad■Ot'bed on airborne fiber■. 'fflue. t.he fiber■ ~ 

• t.ran■port,ing vffllcle to t:arry a concant.rated quantity ot 

care lnogan■ 1 nt.o U,e l unc,. 

(l) That t.he ftber■ aC'C\alllJlat• an t.h• lung and ■r• 
1.-:>billted a■ ·••be■to■ bodiea· \ih1c.h dl■intec,r■t• altar l O 

t.o 40 YMra . ?1\e ra■ult.Jng free particle■ cau■e ••tM■t.o■la 
or carctnoaa ot th• lung . 

ln addition. H■--,nc18l hai■ ■u99e1ted that ••b■■to■ •• 

a cocarcino9an, i.e •• it inc:r••••• the C• ncer-produc:ing pot•n ... 

ti.l ot ... 11 &aounta ot --. other •gent. In a ■tudy ot 

••beatoe wortter■ , he •nd ht ■ c:oll e•quea199 fount: Cal'IC'er of the 

lung only ln cigar ette a-,11::•r■• The n\Ner ot dNth■ att.r.buted 

t o cancer ot the lun9 wtta eight tJ-■ higher In ••ba•t.o• worttara 

'tfho aaoked c:i9aretto1 than ln ■IIIC)a.or■ who -.ra not ••po■ed to 

••be•to■ C••• secuo n 2. 1.J,4). 

2. 1.J .2 nt•ou.,&as-e O( t.h! Pltur, •nd PtUtODN!! 

PrUMry tiaora ot t he plwr• and pet1toneua are ao tare 

that for )'-■r■ t.hey wir■ c:one1der ed t.o be pathologic c uno11-

Ue■• Jn 1960 the hra t. lar9e ••r•e• of c■■•• ot d1ftu1e 

••othe11o.,. ""■ro r eported by Wa11nar ll &.L· ln South Africa . 
n , 

- · -- --- - --
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Jn t.rylft9 u, •JCPlaln thi ■ ll)'■terlou■ •Pid-ic, IQgn■r. 226 

not.Ing t..hat ••abe1t0■ bod!■■• ver■ foun d in t.h■ lung■ ct ., .. 

ot their ~ti•nt■• Obtained detailed lit■ hl■torio■ ot U,■■• 

patient■ • 8y 1960, hti we■ able to ■■t.a.blhh an ■11ocl1tion 

vlth 1xpo1ur1 to the Clp1 at Good Hope ■■be■t.01 fl■ld■ . or th■ 
lndu■t.rial u11 of a■be■to■• ln 12 of ll patient■ vith hl■tolog­
tc■ lly proved pleural ••ot.h■lic:aa. The •jorlty of th••• 

patl■nt■ had not actually "'Orked vit.h a■be■to■ but had hved 

in the vicinity of the •ine■ and a.ill■• and ■o .. had left tho■■ 

ar■■■ of 1xpo■ur1 •• young children . Tho 1vera91 period &,■t"9■n 

1.xpo1ur1 and d■v■lop.ent of th■ tw:10r "3■ :20 to 40 year■. By 

1962, Wa9n1r
226 

had dlagno■ed a total of 1)7 pleural and tvo 

peritoneal -■OthoUoa.aa. Jn only tvo ca■■• va1 1t. lapo1■ 1ble 
to 11tabli1h a hl■t..ory of ■xpo■u.ro to a■beeto• duat. Ot th••• 

8 7 c••••• 12 had been induatr1ally ex-pioeod and Lho relM1ndar 

had be•n env1rona.ntally eKpOaed froa liv1n9 in th• v1c 1n1ty 

ot tho mil lo and dunpa. nti • •••oc u tton botvaen aeaothel la.. 

ond ••ba•to■ i■ becllftle ovon -=,re 1ntrlguln9 ._,,on 1-, 1955, Bon■er 

~ 1.1.· JO deac:r1bed o aerie■ ot 7Z outopue• on pauant■ v1th 

aabeatoai■ in which tour c a•o• 0 C pornoneal moacthollo..,. vere 

found. Subaaquently, Hi,ncvao and Coulter 152 f ound hve 

pariton■al 1uaothelioraa■ in 1.495 a■bHto• worJtora, and 

HO\lrihana.
102 

upon rov.a.evin9 the nocropay Ca le• ot t.he London 

Ho■pit.al tro■ 1917 to 1962, found 34 c aaea or 1aaaotholioaa, 

halt of tha pleura and th• other half ot the pernoneum, All 

u 

:! Lh••• pati.nte had pulllOl'lu-y aabeato■u, eYOn t..ha~ ln • 

!...,, there vaa no h1atory of OJCPO■ur• t.o the aabe■t.oe du■t.. ln 

a ■ubaequa.nt. ■tudylOJ Hourihan• f-,und 74 c..■•• of -aothaliaae 

:.n • London ho■pi L•l over • 10-yMr partod. 

lorOlif ll I.!,, ll repon. that. ln t\lfO yMr■ t.hay obaarv.d 

- 1 caaaa of •■othelioaa durin9 aw-9ary tn IIO"f Juasy. Ttl .. • 

: a•••• added to •1• ct.hara previou■ly dlalJTIO-.d by ll'I-. totaled 

: .. caaa■ of .. ,ot.haliaae, eight of whic h ""9ra perltonaal and 

• 1ne Pl■'IU'al. Ttley eu,gg•■t that lhe high prevalence o f °'"• 
:are tu.,ra ln •av Jor■ey can be e,cplalnod by it ■ c loaa pro.i ... 

.:. ty to a .. jor 11b■ 1to■ a.ill, ""ere• l•rq:• percentage ot all 

•-"l• aabeato■ fiber ained in North Aaier l e a 1 a conwrt.ed t.o 

=:inne.rctal u.ae. 

In an attaipt to detenune wheUtar .. , o t.hel ice. of UI• 

••rc•al surtacaa vaa related an any ~)' to ••be■to■ •JCPO•ur• 

~~ °'e Unlt.ed St...tta■, S.11 .. o!! .I.S. .Ll.· 198 ■tudaeJ J Ol conaacuuv• 

'•at.he a a::»ng a ■be■toa inaulauon vorker■ 1n the Nbrth .. ■tarn 

::•-:1t.&-d SUte■• They t'ound 10 daat.h• c■u•~ by t our pleural 

L·d a,x periton■al .. ,othaluxM ■. ln adduaon. th , vorke.r■ 

"'1~ • h1gh d■ath rat■ attrabutacl t o C'a r"K"er of the a to .. ch, 

: "'::in. and re-cu• . Ot °'e l Ol dNt.ha, 40 .... P•r ~ent wwre 

•~tributed t o cancer, 5.5 r■rcent to ••b•■to■1 ■. a nd 54,l 

; e.:=-■nt t o at.her cau■••· In • 1ec-onJ atucty. the 11"1veat u1ator■ 

:-•, l~d 26 conaec:utave autop•••a cf P•ta ■n \. ■ 'Wlth ■■t:■lt :>■ 1■ , 

.S"'! t .>und !our -■ ■othel aoma■ ot th■ pleura a nJ three o f t.h■ 
...,:1 L;:!ft■\D. 

---- - --
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A ••ri•• of 83 patient■ froa th• London Hoapltal with 

• dlagnoli■ of ••■oth■lioma (contlnaed by neccopay or biop■y) 

vero ■tudied by N°""ou■■ and Tho-S,■\ln 176 
for po■aible e.-po■uro 

to ■■b■■t.o■. 11'1■ ■■rl•• con■ht.ed or 41 man and 42 ~n: 27 

ot t~ patient.■ had pc,rit.oneal and 56 pleural t.um:,r■. Although 

t.h■ ■■rlio■t. d■at.h r ecord-4 from t.hi ■ group wa■ ln 1917. only 

10 patienu died beforo 19SO. ~1lo 4tl (48 porcont) died 

b"twen 1960 and 1?64. ln 76 o( the 8l co■e■ • full occup■tionol 

and ro■1dentJal h1 ■t.orie• wore obt.alnod. Porty patientl (52.6 

percent) head o hhtory of cxcupet.l0N11l cxpoaura to ■■beno■ or 

o C dam■■t.ic e.xpo■ure ( l lving in tho hou■e with on 01be■to■ 

worker). Jn comparilon. only 11.8 percent. (9 of 76 ) of the 

pot.lent■ from the ■611■ ho■pitel ■utferin9 from ot.hor dhN■a■ 

had previou• cxpoeura to ••bc•to•. There "'"• oleo evidence 

that. ne19hborh0od expoaucea ruy be i.q)or tent. Ar.10n9 t.ho•• 1n 

thla etudy "'1th no hutory ot occupational or donoetic e.xpo­

aurea to a1bcato1. J0,6 percent of t.he maaot.helioma pat.lent• 

and 7,6 percent or tho inpatient• with other di•••••• l ived 

wit.hln halt a mile or 11n oabeatoa factory. Ot tho 31 pat.hnt.• 

w1U, occupational expoaurea to ••beat.a■ • only 10 held job• 

acheduled under lhe Or"lt.lah Aabeetoa Ra9ulouone oC 1931, The 

interval bet.'ften f irat expoaure and lhe developoent ot tJie 

tenainal illneu Crom "'°•ot.halloma ranged between 16 and 55 

yeara . The durat.aon ot expoaure varied widely, rangincJ trom 

t~ cont.ha t.o ove r 50 year,. In 41 pationtl ln t.hi• meaot.helicxu, 

•■riel, lung ti a eue o r aput'-- ... avaa '•bl• to, e.XUllnatton. 

ln lO (62.5 percent). elthar ■ab■atoua o r ~• preaence ot 

aabeet.o■ bodlaa vaa rmted. 

15 

Keaot.helioaa la nov c onaldered • fr.quent cauae of 

daat.h ..:,n9 a■beiatoa wot'ker■. llo att...,t ha■ baen .. de to 

euaaari&e the report.a ot ••othelioaa. a lnce they •PP•r 

■laoat vweltly in t.he current llt.erat\&l'e. a:, far. t'Owev-er, 

t.here app .. r to be f..., c:a■ea .-,nq the general population. 

Sellkott198 revleww-d ll,652 deal.ha aa::tn9 Ula -,.neral poipula­

taon of over 1,048.18) ln the United State■ and found only 

three ea■•• of -•othelioaa. Jit>reover, h•
1

'
5 

point• out that 

a■beato■ le not th• only cau•• of aaaot.helloati1 ,c. ha■ aho 

bNn produced by ■llica224 and polyure•h■ne. 107 

2 . l • l • l Otbl[ Ctoe1rt 

~t..rapulaona.ry cancer ha• al■o been not ed •• • c■uM 

ot death ..,"9 aabe■toa 1110rker■. Kogan .I!. u. 112 
in 1966 

reported 14 caae■ (ll,l pe.rcent), 11 ~n and l ..,,, P"Our of 

t.he woa■n died or uterine cancer. two of &nte■tuwil cancer-, t:1110 

of bc .. ■t canc•r. and one or liver cancer. ,-.,ng t.he •■11, one 

dled ot •tcaach cancer. another of cancer or t.h■ uunary bladder, 

and o third ot cancer o t th• pro■tate. Other ca••• ot ••tr a­

pulaon.ary c.■ncer have been cited in Section .Z.l.l,l. 

2 . l. l • 4 ~ 

While the euct c auH of tung c ancer or pleural peritoneal 

.. •othc 11aae. induced L.-V aabaeto■ ll not known, ale pol luuon t,y 
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otJ-ier pollutant■ .. y ■ccel ■rate t.he a,rbhhty. One fora of 

•ir pollution which 1 ■ •••Uy ■tudled in individual■ 1• ■.:>king. 
seu,orf u, t.1,.

199 
:ec:ently ■tudied th• aortality ot 370 

••beatoa in■ulation vorkara. In thia group :Z4 -n d.ed ot 

lung cancer and all had a hiatory of a.>king. (Sae T•b la 1 

belov.) Thh rata waa eight u ... groatar than t.h■ expected 

mortality rate. vilh age and aaoking hAbiu taken into account. 

TAAL& I 

::o~n~s°~N ~~~:X'."~:!~r99 
(By Sacking HobltoJ 

Ho. of Obaarved Eq>ectod amistna Utb&i, c:,,, .• Ps9tb• Plath• 
Never ■aoked r■9Ularly 48 0 0 . 05 

fti::rJn;t o~t~•• cigar• 
19 0 o. I] 

trt;~~e:~e r:~::~gb 
-1ll.. ~ J...2L 

Tot.al )70 24 ) . 16 

--
•Au Wllh nore t'lan 20 y oara Crom ona.. or exposure . 

blncludea cJgarett.o ■mokora who .i ■o ■t10ked pipe■ o r 
cigar■. 

Tho blue aabe■toa. c r ocJ.dolite, from Sout.h Afri ca h 

believed by ~nySJ,
79

,tJ&,J4o. 2o 9 t.o b e much «:1Drn c.s r c 1no9en1c 

t.h1n th• other 111ani:rol1 o f 11be1to1. Studt"• 1n l'anl1nd 161 

indic:ato t.hat anthophyl 11 t• al10 produc•a .:oncer . W-lgn•r, 2 26 

5ait.h J.l.. Al·• Z06 and recently Codwin and .Jagauc..71 reported 

that tl'ley had induced ••ot.helicaa, in alee u■in9 chry■olile. 

~reover. ani-l up■rl .. nt■76.78.98-100,lll.17l,l2S,221 ha.,. 

17 

deaonetrated Olat pula:>nary coaptlcat.lon■ occur v1U, croc:ldolit•. 

chry■ottle. aaoatt■, and anthophyl llt.e. SO.. lnv■■tl9■tor■ 

ball■v• t.het th■ fiber 1■ not the carcln09enlc ■9ent, but 

rat.her U1e vehicle on ~ich the carclnogenJi are carri ed to the 

target U11ue. U atetcd oar lier, chryaou'""' C"OnUJ.n■ the 

_,■ t. nlckel and chro■hm oC ■ J.1 11be:111to■ ■lneral■, wh•l• 

c .rocldolita cont.uni th■ ■oat benw(a)pyr■no. 87-89 , lS9 .-11 

thrN ot th••• UIIPW'tt.101 ln aaba■to■ are ■uspected ot baino 

carci"091nic. 'nil■ lll'IOWled9■, to91t.her v lt.h reault• ~ ich 

indicate c1rci"09■n■ can be adaorbed troa urban elr or t.obecco 

■1110ke, indicate t.hat th•r• -y ba no n■ca11lty to d J. •Unguuh 

urban ••be■to■ duet by •lneral type■. 

2.1.4 ·A1httto• Dod111· 

Al ■Lated ■arli ar, the recant. tind1n9 ot •••b•■t oa 

bodia■• in ona-Courth t o on■•halt' of the urban populstaon 

(■ee Table 6 tn the Appendix ) ha■ add■J n .-w • ~•tu■ to t.he 

e••••natlon of a1b■ 1to1 aa o 91ner1l air Pol l utant. 

An ••■b11t.01 body"' ha ■ bNn defined •• ... ,n elong~ ted 

9::,lden or r■ddiah•brovn 1tructure u1ual l y w1 th c lubb«1 end•· 

the •haft. wtucn o f ten ■hove • ••ga•nt.cl or beaJe.S appear61nce, 

i • u■ually atra ight , but ■aaellaea c urv1t1nMr wnh • tendency 

toward •~t.ry: uaual ly at u !ro,s J t.o S • an h.,...t•r • nJ 
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JO t. • 100 u In 1er,gth. flu 1.·011tln•J rouutna t n)n d~n•trabl• 

by P•rle' ■ ataln tPro■aian blue re,ctaon), •nd probably 

cor,po1ed ot ferrllin or ferrlun-11►• .. t•r&.•1 : 1t. My cov•r 

0-e ■U'UCtUJ'• c:aapl•tti ly, --■ltlnq u-.. entul t ~•r lro• direct 

vlev, or •Y be lneoapl ■t• an lh• central portion of the aha!t 

or ln the ,nter■tlca■ ol the t>ody , rev•■ lln9 •n •Kpan■• of 

na't-' f'!l.iar . 220 

Tl'l•r• U no doubt that Lh• "aabe■toa bod.lea• f o rtu-d lf'I 

lhe lung• of the ■■baato1 work•1• <.:Onl■tn ••b■1t.o■ , SuaphJua 

and t4,ey~r
210 

have lnv■nlgated th• co•qxalt. lcn of the "'kernel .. 

1n t.h■ •a■t.■tua bodle■" reaoved f:-ca dec••••d ■h lpyor<I 

'-'Orlte..r• (an occupatlon.11 group vtth ,nl) lndiract •JrPO•ure). 

They found by electron ■lcroacopy and X-, "V ■Jcroanaly••• t.hat 

the •••be>■toa bodiea• did indeed c:onuln ., •• aan■ula ot 

••be■to■• Out ol 21 t .. t>•t•, 11 wre cl•••• t 1ed •• ••rp■ntine 

lPo■■ ibly chry■ •tale) •nd 10 ■• .-phlbole (po■Uhly roc1dollle). 

But ._.,■ t ■D"'lut th, ■o-c■ l l1d *■■b■■lo■ bo,h■■"' ln th• lunqe ot 

tl"I• 9en■r■ l popul■! ion? ~lle the■■ •••b■■to■ ?Jodl• probably 

contain 10 .. ■•b•■tot, lh■r• 1 ■ no ■,i:p■r:a .. nt..al ev1d•nc■ to 

date wtuch ■how ..-h•t Cr act.1on1. conto1n •■b■ato■ c, w'heth■r 

they cont.a1n any ■lb■■tOI at al I 7?. lct◄ Thu IUb)■Cl 11 

currently b11n9 debiit.O by 11v1ral 1nv11t191tor ■. SJ• 1•· 2D9 ln 

fart, ■o:ae obj.ct to the u■■ of th■ t.r·• "'01b■1to■ ~"h•• .. a,,d 

prefer to call Jl .. •t■rrugl'lOU■ bOdl■•·• Mor eover, Oro■■ 
19 

.!.Si, t!.· h■ve 1hoW'l"l thol •t■rru91nou1 bOdl■••-wtu ·h ■rpu r 

ld■nUc■ l under ~• 1Uero1cope t o those tonHd froro. a■b11to1-

•• 

C'■n b• pr-iduced tra. C"IIJ:•11.11 ■h•-h•h• 11tleac.e, 91■•• tlber ■• 

and Ullcon cerbt«M flb.-r■. ~ .. ,.. ~>ii cl■i.- 1M, 

a ■k.lll■d paU.olo.,ut c.n L■ll Lt. ,utrerwce. 'Thi ■ ~tro-

ver■y ltlo-uld ■oon N r■II01"'941, ua..:e bot.h Cro.■■51 ....0 .. li\DU
1
"4 

■re lnn1tl9at.1n9 U.. caapo■1~ian of U.■ c•t r•l fib-er vtt.1' 

the 1\ect.ron a1croprobe. 

C■n■nHc.S contaa1nat.1on wltJ tU.-.U• .. t.uul u 

ev1denc4ld by t.h• U9uce• tn T-1>1• I in Ule A,p.■,n1Ua . 1'vo OU'IH' 

obvlou■ COl'K'ha■ lon• •r• that ·••b•at,l• llodlN ere fc.,un.1 r.,. 

trequently ln oldv peopl• LN!n In p;a~•r• end _,c• treq-,Hl'l;tly 

1n ••n ~an •~ W0ae'1, 

tn non■ of t.ft• ator..,.nuon-.d •tud:11• t\a• '"•r• t.en 

any quantl t.ative count. ot •aab■ •to• bodie■• an the 1.,,,.. ,3f 

the g■n■r•l public. In .,.t ■t\ldl••• ·a■b■■to• bod.le■ fc,l..h.1 Wl'ere 

■c■•n.y. •I t.hoU9h in •011• ln.■tar-...·•• , n.• :"""M.11 ,e wi■r■ m.aa.roue. 114 

In -,11t at th■ tnv■■ugauon■. th• -■ thoO 1f ,.,..,..on
214 

,.. 

J■ed (...,.r, taken hoa be■al lob■ 11 ot t.h• h,nQ w,ar• e.-..1,-.0 

end t.he ••b■•to• bodl•• CO\mt.eJ ). "n<• Ofl l)I' a.bout M•h411t­

.,11,onth ot • tunq ,, a.Main.cl. tll- tln41"9 ot only '"• ••bano• 

5Mrt l ei• .. y be •Jlltr•polat.cS t<- ... n that perMpa a h■l r-•1 l l l 0r'I 

hb■ ra •r• pr11■nt ln th■ lung. JU ln on■ r• •"It ■ tud-; 1n 

Pl.tt1bur9h, UUd]l■n Ii. al· 220 
•d• an att..-pt ''1 qua"ufy Lh•ir 

re1ult1. lu t.hh atudy t8 percent of u,1 100 lun9• ••aaaned 

O:Ol"ltelned ••be■to■ bOd.e■ 1·terru9anou1 uod,•■--). Th• r•■ult.■ 

are given an T.obl111 L For caap.U•on ".h•y ■U9Q■n-1 th•t tf 

t.ho•■ ca••• lititl"I onl/ n ne •■at.n 1• • body• wer• ,-,nor.CS t.l'\an 
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◄1 pe.rcant ot the lYng■ aaaained conla1ned two or acre bodlea. 

120.5 percent of th• ~n and 60.1 percent of the .. n) . 

fl'li■ 47 pe.r cent. 1• tn ■ubatantl■ l ,19re ... nt vh.h t.he e01111pu-

able 41 a,,•rc•nt rllPOrted by C.una40 <••• Table 6 in the A,ppendht) 

tor roatd■nu of Pitt■bur9h. 

Ill .... 
Tot.Al 

-n 

Total 

TAIILB J 

DIS'T1<1■lfl'ION OP "'-SILSTOS lrDRUOINOUS, ICl>lts" 
IN t.lr«JS IN P11'TSOl.1101t:220 

Ilk> . o f ....,n Pibera/Un1 t. 01■t:rJ.bution ~Ill 691 ot ldiQg t P1,£l!!S.J 
1 89 0 J JI 62 I J7 15 6 4 2-, 27 ..ll.. 

* 
., 

¾ S6 

J " 0 , 
lt SI I 66 8 68 1-, 18 ......1.. ..u... ., 

.....u.. 44 60 
10<1 

J.J 1/(eae en AntNl ■ 
J, J Eeec .. 11& 101 heeqr Anleth 

k1v1hauo
121 

report•J t1n,1.1n9--. •■breno■ bo<he• in 

JU~ • ·av ne.r *" ■■Neto■ •1ne. In ltlt. lhuuar r.portN 

flndln1 ••t.•nU¥e pvlaor\ary flbroua tn • 409 kept to.~ ratt.U\'J 

nan ••be•I.O■ hU.ory, "'• lun91 ot the do,,, ahet cont a.1,nad 

.... a■be•to• t1b■r■ but no ••ba1t 11 bodie■ ••r• , .,und, 

JI 

Peacock and! P .. coc.1' 
112 

have at-,1ed t.he etf.ct ot 

••b••toe o n "'9\ite lecJhorn tov1 . n,_., t.rled duaun9 tll• birch 

vith ••be■toa but found t>i■t tlle tU•-·• dtd rmt P9fl•trat.e tu 

tnw t.h• lung. ll'len U\e t&bera w.re l.nJacted lnto ·..h• •~ 

ot the air aac, an ,...,Lata 1nfl&-\.Ory rNcUoa occur·r~. 

MCrophagee appeared and •"9"Jlted Ut• flberr . ar.t 9hnt C•ll 

tor•tion wa obe•rvec.1. ~r at t.ha ll chack.-ia •---ln«S 

deYaloped tiaora, of t.t'la a .ta tnJcted 111101 c-r ociJoUt•. t.wo 

developed uaora: at t.ha 10 tnJectad vlt.h aac,att.e, only Wle 

davaloped • tla0r1 and one c h.Clr:en ln)ct.~ wlt.h an untdwiu­

f 1.-d variety at a■b■au-, :.ac. dawe 'Ped a t~r. 

1.2.J Qte1U-,nt.et MWh 

atudla■ "''t.h .-:p.rJ-.,ta.l an1 .. 1 ■ Mwa ah.:n.in that 

a■b■etoe ca.n lndut■ t&braua C••t>Mt..a ••,. ercar ot the hft9. alll! 

-■at.h■llaaa and can for a ■■b ... o■ bod&■•.• 

lfaqnarJJt d .. l""rlbed e.-p.r,-■nta 1111th r•~• ,n ~, OJ ".JD 

an•-•• ••r• ■cpoa■d to war1oua ainarale ot •--uoe. 1'1• 

ra■uh.a are 91ven 1n Tabla J. 

Cro■■ at1d De Tr••• 11 ■7• -1e U,,a fall 
~"'I i:b••r"'•tl:nJ• 

.n ■tudaee on rat■• h.ti-■ tar■. a.nd q1un .. r11■ • tn ra,;_■ t~l 

ha.-a ,nhal■4 h,9h ooncenuauon■ t•.ooo.,. ■•; ot C't\ry■iotll ■ 

••b■atoa t&ber■ t 1r on,..,• teiw •· "'t.11 ■• •in1-1 t1a.r.u1c 

l■■ lone ca,, be Obaan,.o an u,a h•"9• •- t all •"U..l• ~ •~••r. 
t!'tu Iara af aab,aatoua an c•t• u nc.,p-oqr••••"• '" ha-■t••• 
lJ'tat h•"'- •nh•l•t ct-,ryaotat ■ 44.iet. • ft■ro.-•a •• .. lo,. llill1Ch u 
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v.re •••"'9d •loot with ••be■to. flbe.ra. Alter 226 d■ J'■ th• 

1""9• of anlael1 du1t.ed for .,r• t.han l.000 "°"°r• over • 78-

... y p,,trlod 4e•el0fted I wld■--•r .. ..ed. progr111tve flbroah v H.h 

Of\ly I ,.., 11be1to1 libe1'1 and ·••bulO■ bodtH· pr■litnt. .in 

tl'le lun9 l.l11u1. 1'11 experl..,t■r• c:o~ludad t.ti.t 11b11to1 

fl ber■ too •• 11 to be l■■n und1.r th■ •lc:ro.cop■ vi 11 produce 

■ltbtl\.0111. 

In order to avalu.t■ the poaubl■ dht.rlbution ot 

19•.19S 11be1to1 vlt.hln llev 'fort Cl ty ... llltotf h nov e..u•lnlnq 

t.h1 lun91 of rat.a found ln th■ city for 11b11t.o1 fiber■. 

In ■ 1ta.J.J4r lnvt111t.lC)et.lon c u·rled out. •n Soul!\ Africa. 

vi ld ■nlMl ■ captured ne,u- an ••bt■t.01 aln■ var• u .. tned. 

Hc,..,.var. lh■ ... 11 nuab■r of •■1b11to1 bodt11• found tn th.e• 

precluded any conclueiona . 234 

1, l ,:,,st• OP Planu 

110 intonatton h11 bNn found .i.n th■ 1tt.■utur■ on U,■ 

■tt.-ct■ ot 11be1to1 air polluuon on pl■n\.■. 

2.4 c,ft.-ct.t on Ktttr•th 

"fv lnfoa..-uon ha• been f ound ln the ltterature on the 

.t!ec:u of ••be■to■ •tr pollut1on on .. terul ■. 

2.5 0l"1C0 0P!tOl•,;l Sttn.dttd! 

&:,th t.h• Jaartc:11n Conta.r1n.:-e o t Cov1rra■ nt■l lnduetr••l 

l~fghnht■218 and the -'--rtc:en tnduetra•l H)'q1en1 A.l•ocla• 

tton
110 

have re.:c-.nded an indu■tnal thre■hold la•1t. v•lue 

! 01 11•b11to1 du■ I. ot 5,000,000 p■ruc:i.e■ per c:ub1c: foot 

:. 

M 

U appcfJ, be1ed OIi tot.al tL;aat count ... N ■1' ......,_,. day. ~ 

hovr WWll'.k. Thia .. 111ie •• r ,_. t,y or ..... .IL al.· 16 

■tt■r • it.Udy of S-41 -.io,,eee l..11 tJLr .. t .. u l• •la.u _,,.. 

chryeoc.'11. Only uu-- doabt.tul oaa• or a.aa.ata.et■ ....-. 

found ln tho■• eicpo.ad to • •t c:onr:ant.r•t l0o1 ot l-■ tMn 5 

-.,pct. WluM■ n.ae.rou■ ca■ .. ¥e.H found ■'->ve S app,:t. 

a■c.ntly. t.he ar1u• C)cicupet1DfteJ ...,.,_ loclet.y 11, 

publ allled lt■ ■t.andard■ f ur Chry■ou le. -:,,.. lloc-1ety hae 

r c aaaend.ed • ••JU ..... •cetaul•~ e.-11c-e ot J.a -,.c:t-yeiu• 

(10
1 

partlcle-y .. r■ per al ;, P'or •ICMIP' "' ..-. .a• .. ot 

0 .056 -.,pc:t•ye•r• (J • 1u 6 pan.tc:le-y .. rela1 ) for SO ,..re, 

0 .112 appat-yw■r• (4 • 106 partlc l•-,, .. r,.._> , r.,r 2S yMr■. 

o r 0.1a -.,pct-y .. r■ 1101 perllcle-,...,.11•'• !'or 10 y,eer■ are 

r.ccaaended. fl\ey ha•e • ho r~ndad t.nat -~u■Un••• t. 

d1u9neted by c:at-.,r••· ■C'C~rdll\(I l.0 ,,. .. fDllCN"lno ~. 

PYlt. C.,t,pggry 

•eg119ible 

LOv 

lled11111 

Hlgt, 

Cbncent.ra ta-on A"•r■q.t 
Onr 1 Nontt,a 

lKllllen PtU,lf let e:!J 

J- 0. 4 

. ,., .. 
:-.0-1 

o ..,.,. i') 

Only hber■ lon91r than !>. 0 .. ,n •~•? 1,u ·11 • JI l 

len9th- to•brudlh rauo ■re C:OW\t.ed. 

W1th th••• ■t■ndarde tl'le r Ult. ot ••~1t :,au -■y ~ 

reduc ed to 1 percent : t.h•t le. 1 ,.r c e nt ot th• \JIOr~er1 e,q,oaed 

t:> • do•• ot 10
8 

perucl•-y•r• ·•' '-"OUld C'Ofl , 1a;'!. ••be•toeu. 
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).10\111C111 

J . 1 llt.U[ll OcswctPSI 

A.lbett.o• h • bro•d t.era ..tJr•cln9 ••v■ral fibrou■ 

flnarela . fll■ ••n•r• l • are dlvlded Into t-.o 9roup■r (l ) 

Pyro••n•■ ---chryaotile, (2l ~lbol■1 -crocidollto aac■He. 

u--,Hte, act.J.no lite . end anthophylllte. Proparth■ of th■•• 

•ln■n I• ere 1 lated tn Tablt 1 ot the APP•ndh. 

Aabe1to1 probably occur■ In nMrly •very <"Ount.ry in lh• 

vorld, but only • ,...,, of the depo■ ltl' are c~r clally 

valuabl e. Over 90 percent ot the \lf'Or l d ••be•t.01 product.ion h 

Cl,ry■otile, and Canada h the -1or 1ourca of t.hh aln■ul f o r 

l.ha Unit ed SUii t.e a. 
93 

Tabla 8 in Ula Appendix I ht.a t.ha .-orld 

production. Proa t.haaa flgu r ea an ••tla.,t a of Jeno"'" tr••­

vorld dapoai t a i■ po11lbla. 

ll ta noteworthy that u:aa ■0111 near a■beato■ ■Jna■ 

cont.aln conaidarabla quanllt.1■• ot ■■beatoa. In l'tnhnd, 

f1r,ier1 working ,h••• higtl•111ba■toa•c"'""•nc. •01 1 ■ have been 

o b1erved to ■utter froa a1be1toli1. UO 

l , I. l lllliu. 

T'he aln l ng ot 11be1to1 1n the United Gtatea h11 1n­

er-■ 11d 180 percent l n the le■t 10 y .. r, . (aee Teble 9 In th• 

Appendi111:.) fl11e ainln9 ..,., ron■Utute e ■ource ot ■lr 

pollution. A hlgh percentage of Ole lncr■a■e l n dca.1 .. l c 

pC'oduct lcn ha■ been credi ted to ca l it'crnu rr?ducer■. -..no 

•c:counted for 6S p■rc-ent ct the tout output an 1966 . Pour 

1' 

.,.nl ·e praduc.a ;fU'J'•Ule ...... lo• t .i ... r 1 4lla• ,u.,,...1 ■ 

O,,p. •"4 eo.a.,.. • .ubNt.oe Olt •• ,.__ a...,y , •acu1c 

Aabeet.01 a,,. • . Cal•W'IIC'a■ Cblmc.y, end ~•-- c.arttt•e Q)rp. , 

S.n &en1t.o a»unc.y. fl\e let.t•r ~ p,_._..,.. tl'te c rvde 

.. tert■ l tn • plant at. 1Un9 Ctty. NDftt■rey a.&aty • ..__..... 

• he other rroducer■ operat .. pl.nt• nt•r tN •ln. •H" . 111 

~•tmle ••be■u,a ... IUned .., ...,..,.tan Nlnl"'I c.. 

,..r ■urn1v1 l l■, Ya.nc..y Oow-ity. • . c. "'••1 Olltput t"":rM■.,. 

66 per· ■nt 0"1°ln,v , .. , . 111 

'n'lere are tour chry■oti.le •ln•• In Arlmn.■ an "'lw a.It 

IJ.v■r V■l l•y me■r Ole.be. a1nc:e t•••e a 1 ,... ■r• under-g.rawld. 

only the- •1t• n"d• to be con■lder~ tn C'WlnecUon wtt.h ■ lr 

polluuan (oU\er t.J'l.an Ut■ po■■1bl■ polluuon frca traMpo.rtt..n• 

lh■ ■Jnval t. 11.,_rly • U ~f the outp,,,t froa UM■• ■lne■ -a, 

u■■d ln t..h• c...,n, lndu1try to •nuf.cture ••be•to• c--,t aPld 

bulld1n9 product1, 11 percent..-• l■aa, f1.J .-, f1t,er tu, ... 

and l percent •• ep.lnni"'I' 9radet the r•• t con■tetlld of .. nd 

and w■te. tlo■t■ • or ol.h•r ■N>rt flt• Jacry,.,.ay■ Mini,_. C'oirp. 

op■rated the lbcJ•J and °'-rr•ot.•le Nln•• and ■tupp■d t..h• ore to 

• COlllp■l\y •• 11 .. at Clobe after "4nd .. aoru119 t.h■ chrv-ou ••· 

We■tern .Ubeet.01 Nenufactu.r1nt a,. operated t.he Phtl l 1p1 Ntne. 

171 ■nu tr,e Mat.al Mbe.-•.01 O:Wp. th■ LYC•y 1.-.en N.lne. 

ln \ter-,.nt. the Y■,..,.,t Aabe■lOI Ni n•• Dlvt ■ lon of UH 

Jlubero1d Co. quarrted and proc••• .. ctlry■f'ltile nur Lowell In 

Or le■n■ Oiunty . 1'tenty- four ,,r ■d■■ ..,.r• prOdur«t far 1plMln9. 

ce-nt ■tock, paper ■t°'-~· ■n1.. er u.■ e■• loae ••t• rocll 
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WI u•ed for ro.d■tone . 

,/' 

28 

Data "" tbMe aln .. are au .... rlz.ed ln Tabl•• 10 and 11 

In t.ho App-,1,x. 

other deipoalt■ of aaba■toa have bean fow,d ln Georg,■ 

and K,uyUncS. 

Althol.9' no .... u.r ... nu have bean •d• of th• ••bl■to■ 

air pollution tr.- atning ln the Vnlted Stat.••• ■ca(' avldanca 

of I.ha ut•nt. of pol lut.lon can be dravn froa .. ,aur-.nt• and 

obaacvat.lon■ ln foreign countri■■, Th• extant. of air pol luti on 

troa an a1be■t01 alna ln rlnland wa■ ■tudled by w ... nan . ::o r o , 

an• 'llunto.
133 

Thay found a1ba■t01 du■ t at •ht3ne■■ up o 

SO U froe tJ\a a.in■■, lnc: l ucllng du■t ... fall rate■ ranging frc. 

1.52 g/100 ■2/.ant.h at 4 ka t.o 14 . 6 9/l0t' •'/-,nth at 0 ,5 k■, 

11'\ey c oncluded that a1beat.01 duet la dlH.alnated froa ■1nln9 

and •llllng arN■ rather ■JCt■n■tvaty and that lha dagr■■ of 

pollution vane■ acc:ordln9 to Ula dutanca froa t.ha l'llina o r 

•111 and t.he preva1l ln9 v1nd•. 

Sc:hepere
234 

deec r ibed th• d1JU trca e1beet.01 ■lne■ end 

aJ l la ln South Africa •• d1J1t ""11c h • r olled t.hrough l 1ke • 

a:,rnln9 •ht,• produc i ng "' 1t.chln9 1kln1 ceu 1.J by eab411t.01 

adhering to our c lothe■. Even t.he t cod et. the l ocal ho t.el v11 

9-ritty vith duet. " 

Slui1-Cr1 .. r 202 report■ dual count■ 1n e1b1■to1 1une1 

and 11111■ of south Alr (""a•• 111ted ln Tabl e 4. He pointed out 

that Uv1n9 quart er■ near the •1n11 w1r1 pot luteJ with a1be1to• 

and that the -.tn aource ot pollution vo■ oirbOrne o•be■t.01 

b l-:" -,ft dtapl and ro.ada -d• troa tha a.&ne t,.alll,,... 

Loctl.1 90 

TA&&• 

Wff OXWPS IJI UUftDS N J'IID AIID 
NIU.- t• 90Un1 APIIJCA, l'H720J 

~--· ...... _, , __ ,, 
• N1 

n 

llort.hvw1t Qipe Pl'OVJnce 2.11-2• CIOChMDI 10-SS ( HO-lt>OI 

Tr1n1v11 l 2.1-•.s ceo-1211 • . ,-10 1 10-1101 

J. 2 Production 1RV£c11 

world production o f ••be•to■ dur-109 th• period a•s• to 

lfJ67 1ncrueed at t.h• •'"r-..9• rate ot approal-tel/ l) per 

per )'Mr. Plgure l ■how9 U\at t ha '-'Orld pt"Odl· uon nearly 

t r lpl..S during t.h• parlod 1.,.S to l.,.S, """lh unu.ed at■t•• 

::n■~t 100 o nly doubled dur•"'9 t.h• ,,_... r-r,o4. ....,..,,.r 

duun9 th• perlod 195• to t••' doiar.1tu.· apperent cot\lllilllllPtlD"I 

tluc tuated betV9en •65,000 and &ll ,000 •hare. t ,ne ,._r yNr al'\·1 

.. y b9 l•vehng ott •• ••1b1t1tu•• -■ terul a l•'-,;"' • • !1bftr ,1••• 

an~ phlt lCI) prov J• CQlllfJeUtlon . 

Tt,• r elatlve t-.,or t.anc• ot th• .,,,. ,, 11 Ln,h.•tr l •l Ill••• 

':l! ••b••to■ II 91,•n '" T•bl• 12 1n th• Appa- iJ1 •. t t U IN'\ 

t.h•t ~h• h19h11 t input of ••b• • t.0• oceur■ ,n the ••~•toe 

c .... e ~t . floor tl le. ••b••to• p.ep.r produ..ta •"ol ••~•· "• 

t•~t, 1• induatrl••· Th• prJport1on1 ot ••b•1t .11 .,,,.,, u, 

var , ,ua p roduct• ■r• •hown in Tab ' •• t 1 ,,, 1 • 1n th• Apperi.1 l •. 
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ca.p.r hon ot Trend• in wor1,1 rro1uct lcm end u .1 . 
ConaW1Pt i on or un .. nuf•ct 11•1 ~1be■to,11o. 1 11 

JO Jl 

! Ula JI.OM 1111,rt toa.11 of , .... ,. 
4-:. ;...:-:ent were produc"ed &n C.llf....,j• .,.. JI pen::Wlt• 'la 

VL-.ar~ • .a.it.lD9 t.o 91 pu'C"Nt: of th• unal .,,.....U,•. 

-:'".t •~ perc .. t W■ proai..ed ... .,... ..... Ut fl_.. CCUIU,tM.IJO 

-.C:• ~ SO pen:-"l of I.he IJ• ph■t.a ~l•t.111 ""- ..... t.M 

pr·-:,,c-!.■ induauy .....,. loc.t. .. Clo lMJJ la LIie •t..ue■ of 

·~~ - :,rfll• ... J.,.■ey. ll l lnol■ •• _ _,, .... , ..... 'I' ..... ,. 

1•.: •.._. ,_."9 onkr.41 

lot,ylava al.. u .34 • 2\ hava •hDwn t.Mt tM a&r c.rt lie 

p: .J:.ed by aabe■t.D■ tna pl■nita ...,._,ac,urt.,. a■llrie■ t.o■ pn.Ourt■• 

?'" ., aabe•tc• _,. be carried ln OM air fgr •ul.ane' .. ,:,If 11 t.o 

!o. L -•• · In • atuidy of a■beec.oe a ir .. llauoe frca thr .. 

p~t.· ._. ,n t.h■ u.a.a.a .. they found tllat at • •uw.nce of ) -.. 

t:-:a ~ ~ l ..nt. th ctu■t conc.nLr■tlan r■D9M traa O to 6,000 

..A; • at l.0-1 . 5 b t w■ J,OOO• ll,000 '4/a•r and at. O.j ILa 

... 6.000 tD lt,000 U111- .... 

In t-h• Un i t. .. St.et. .. e<ae •tU111pu~ h••• be.,. aade to 

-j•• 1:W.•n• t.he c:oncenua t ton of aabe• t.o• ,_.r •abeeuaa f.ct..or1•• 

:=-.· ~.,• • • lli .. to■ aa,nt.ent ot I.he •t.M■phcr• _.. . •U..-4 ,,., tM 

:· ..,. da■ t.■. Aab•■to■ t llM:r• ... r• d,etect.ed. but • QUilntlt•' a 

== r we■ not po•■ ible , 

rrocbfCS IRWSII 

Th• u••• o f' ••be■tM are ~- 111:ae prodacte ""-.lc:t­

. ... ••l:>e■ta• ar4 t.h■ f ol lov1n91 ••be• t.o• c...nt. ...,_lcb _,. be 

• cxt.rapol eted . 

,.. 



., 
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•PPlled •• •rur or pl••t•r. or aprayed "" 1111911■: in■ulaun9 

.eateri■l• for the c:o,,ertn9 of pip■■• d -eta, bcu!u■, cabl••• 

11nd conduit:■ , ■tdlng ■hlngl••• roofJng ■hi"9Ju, ttlu. tlat 

•,-:t carn19at.ed ■hNU, wllbo■rd, c t.pboard, and ■utoa:>bUe 

wtdarco.tlngr t.hrNd■, yarn■, vlclt. ■, cord■ , t.apea, clot.ha, 

'""t.a• and blanJteu: friction •te.rlal ■, brake 1tnan9■• c:lut, 

facing■, tJ••-•t■, and la99ln9 c: loL"I■ : and e■phalt tile■, 

plaat.tc■, and ■ l■Uar .. tarula. l 08 

Abraaion of brake Uning■ and clutch tacing■ ha■ bean 

■u9ga■tad •• • prUMry ■ourca of a■baat.o■ air pc! lot.to n . 

~er
11 

and Lync:h
145 

ttava ■X&II.Jned th■ •l■■ lon■ frca brake■ on 

aut..aa:,bt la■ and round that. th■ tib■r h Oe■troy.O by th■ h■at 

of fri c tion . Atb■■t.o1 cryatal 1 in■ ■truetur■■ u·■ ■ho d■atr ·yed 

and ■ra rec:ognh.abl■ only by th■ c:hMJcal eoapoattlon. 

11'.whou■■ and Th0111p10n
175 h■v• r eported one co■• of ••othel 1oae 

in • aedl•nlc. 

1'h• •xletence ot • v1de potent1el Crr d 1roct o r i n-

direc t occup,at1on.l e,cpo■ure h•• b ffn c1tedll , Jt,l08,ll0 •• • 

Po••lbl• axphnetlon tor the trequent occurrence ot •••b••to1 

bodie,• ln the g•n•r• t publ a. A1beet01 11 now u■•d 1n aore 

t.h•n l , 000 producte. Hc■t p.,plo work i ng .an the con■ trui.; tl:>fl 
•nd d..:,lluon of bulld1n91 1.·ca• ,nto contact with ••be■t01. 

Electrlc J.ana end hoaec>Yner• ■ I rtp ••b•■to■ lneulat1on o t! -..-.rear 

t.he car-pente,. ■•we a■be1to■ tn 1r la a n J often pouncu th• ••be1101-

ln■ulated turn.ce duct■ to .-. ,lo, the~ tit. A■ a re■u l t. t.h• air 

a r ound a con■t.rucUon 11te 1 ■ • ont. .. ~nated wtt.h •■be1to1 C.ber■, 

... 

JJ 

and t.b• t'or-.n, rarpent.ar. pe1r•.v. p ,.-..,.. or ...., ~t• 

•11 bre■ th• tsbl■ .,.t. ln m■t bcaee . "-• ~ vlll at -

' ... handle the■■ •&1'■.llal Product I &lrtot ....-..J .... - u­

t.enar--.■, A hr9■ l'Ullb•r of -,nu■ ln lJ'I._,. •--Lri■• «• 

•1Ail■r1y u:po■ed, -. of U.... ■re hat .. ln 'fable lS tn 

1./\o-ur. 

A::...t\oofJtl only ■ f.-- of t.h ... people IIOrt tn 1h• .... •tM 

lndu■try, ■ll •y h■N inheled ■u.lflcl •t. ■abe■toa to ,..,_ 

• ••be•t.o• bodt•■• upon ■ul..CJllllay. flle h&urd 1 ■ o..re, but bov 

9rNt. la U'I■ haurd1 J-.. vill be n■r■■aa.ry t.o obt■l• .,...,tlta­

th,e concenuauon data ~., dellnMt..- tu ■•rl0t.19ne•• · 

Proa t.he •biiov• d1 •eu••tan 1 1.. .. , be oos1ud■4 ll'wt 

■pproxt•tely 100,000 a■beato1 vor--a.ara ln the U.tt.e(t St.at.,. 

have• hltJh u:po■ur• to ••b■ •toa. 195 ._ ,.ddlt ton.■ l J.S •&lllc.w, 

C'On■Lruc tlon IIIOrk■r■-c-erpent.•r■, "'9ldtr•, ■lectrtct•.,•• •aone, 

plwabeu, at■aalltt■r•, tale ant.er■ . et.ic-. - •r• 1Mu..:t1y 

expoaed,eith■r by t.h ... eav■■ "'•ndU"'9 ••be■LOII ProdlJC't.a or by 

work1 n9 on the )ob vaUI people N"'11•~ ■&beatoa. 1•s 

>.• znvusm-nt1t Air coos:,otr1tl?n1 

Only on■ ••t1 .. te of Ula env1r01We,n.at • • t :-v, ,ce•u ra•. uw,e 

o~ ■■bc■tae 1,-. th• ,._,tted lti1tee w.■ found, •· ti &Nt :aoor20. t,ev• 

rOU'iJhly ••tJ~i...O that .a.rbiln •n '" t.h• YIClnu.y o! h .. Y~ly 

trevel"!'~ •c..reet.■ C'Onteln• 600 t.o •· IOO o.ru;-11a l'al . n-i•y 

l:",d1cate t.t-.-1 Ula Y"&l.ad1t)' !'It U..1e valwa u h1ft,t.t" ■.;.•p«t 

be•:•1·• • t.he .. t.hoda avu h b le tor the d a tu"L Nt ,en c t ••~•~o• 
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JIO lat'onau°" ha• bNn found an the a.t.t._.t. -thod• 

Uled ... tklit.ed It.at.•• •aba•to• •Ln•• and Jn •---to• allle 

... r tJ\e aunu. 

\ 

J7 

~- ~cs 

- 1a.ro,...t.._. .._. -... ~ ln t.M l&ter•u.re • U. 

...... m■tl'\ or e0Clllaalc: lee ... ._ te u. atr.:u ._, ..._.._ 

elc PG.1lvU.oa OD ........ &Al-I•, PU••• ur •t.wlale. -..... 

• 1..,..,. fr-uon at Ula -'• lo U.. a.,..,. a., • ._._ -

«-,ptHd to•---• lftth11l199 U.. followi .. , 

U J •J1P1·oa1 • .,.i,. 100,000 -----· ..... •---toe ta 
tMlr~a,u , 

,2, ~t..aJ.., >.soo.ooo -..tnacc.1an w-rllu-a e,­
Po•-4 ln.d.irecuy to U'ben.M •• u.y _._ .,.,~ 
•abut.oe Pl"Olur:u OC' ... r I.Mee.._ M.lll&le 
•-toe -u. 

I ll •-1-<el y S0,-.000 Marl.,_,,• - -•t•lr 
ti-4._ ••--sto• bc:,Ue■• ln U..tr liaf■• 

_, ■U,_-.pt he■ been _._ to ....... t.he 
I\ oL J\-lU,a 

lapet.....,t toe tl'I•• people. IIDrkaen• ■ ~taon ta-. tar 

duet dll .. •- are lo effect In ao■t at.at••: ll• 

ND .nto,...tton ha■ b•n t.,,OWttd oa Ute C'Nt ot U't■ Pl'•••"t 

and tutu.re •bet ... nt ot ■ lr pollut lon lby ••beuoe 1• thu C'Ol.rr.t.ry. 

fl'I.■ 4-t..e 1n Table 1, ln ~• "'941'11dia, ~ICh rater to Ole •U.■toa 
lndu■try Sn 8r'lt.■1n •• , •hov tJ\.et I.he duet •~tr■Ct.&Dn '91f\llpaient 

coat alone, tor • 9lv■n ■l &e and ttpe ot pl•"'''" ..,_,,,ta ta JJ.:. 

percent at U'le tot.el C"•PHal C"l ·It and approu•t•ly '? pu,.:~, 

ot the oi,.raur19 coat ot U'l.at plant. f11• type c,~ COrtUOl 

ec;u1i-ant \Lied u prt.•ruy deu9ned to ... , tovvra.•r -..c, ... 

!'lcauona relat1"9 to O<'C"'(lat10na1 hedt.h Uartd..t'da. 

Data on t.he produ~uon and C'o1■~uon ot ••butoe •r• 
Pr•••ntM tn Secuon J. 

I 

~ 
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&. Kffll)DS OP .UALYSJ& 

Ot th• Mtho4a pruent.ly helng u..aed1 • 2 ·:Z06 to CO\mt 

du■t aaaple■ in the ••be■to■ lndu■tcy. • DOne la •ppU cable to 

eta:,■pherac a.■be■toa air polluuon. n,._,.. are at. pre■ent .., 

proven ■■thtact.ory rut.hod■ tor the col hctlon. datec:Uon. 

and l•l■nlitiatlon o f ■■t>e■to■ f1btr■ ln the 0 . 1 to 5.0 .,, 

ran9■ in • ..., a.-,t, air. :;au.atactory ■uapl1n9 can pr o~bly be 

1cc~llahed by u■■ o t • ■llllbr■n. hlt.■r-P\alP ■yal... fll■ 

-jor ditttculty 11■■ 1n t.h■ probt .. of 1dantlty in9 • vary 

t■v ••b■■t.o■ tib■r■ in the pra■■nca of r■lall vely hr9■ m.-. 

bar■ ot • vld.■ variety of other ,norg■nlc p,art.1culat■ .. t.t■r 

found l n t'\a ••- ■Ir. At.U•pu to d■UraJna th■ ••baat.O1 

content. of urban ■lr have ravaal■J t.h■ na■d for dav■tor-nt. 

o f new ■at.hod■• Bat.tall■ Heaor1■ 1 In■Utut■ h currently 

d■va:.op1n9 on■ 1uch .. r.hod for th■ fla t.lorwl Air PoUuuo n 

C'ont.rol Adainhuauon. lOS 

• 1n all the ••beato• .:J11ltor1n9 •t.hoda u11J, ■1croacop1c 
counung ot th• fibJ .)U■ particle■ i • nec:••••ry to detuw1ne th• 
propo rtion of flbrou.a 11.1terht. and even then it l ■ not k.novn 
whet traction of the tlberl are 11be1t01 . count 1.n9 o f t :.ber• 
by •Y• under YI• l!Ucro1cope h t.dioue and d1 ffl c-u!t. lt t..he 
nwrt>1r ot fiber• 1■ h•• than 1 percan t (<5 ~) oC tota l duet. 
th■ Other du1t Ul1c:■ t.he fiber■ . •nd qu.111Ut1Uve re■ultl ClftJ'IOt 
be obtelned . 

In part■ of t..he a■beato■ lnduet.rv vh1r<, t.he 11b11to1- to-

~=\~:~!:o!' c:!r.n~>:n~~t!!J!6°f~:~ i-=~!~ !~ ~!•~!~e 
port.loo ot ••beat.a• tn th■ airborne duat .._, IU,ovn oy ■1 , ro1c op1 c 
count tor • 9 1.ven ■U11PUs9 l ocation, the c orc1ntr1t10 n (at l•••t 
tl".• order of 1119n1tudet could then be 1nrc:rred t'ro• • a:.,-ple 
mea1ur•1nt o f the COl"IC1W-rat1on o! the tot.al uu■t. 

Jt 

Nltde.n ... lf\1...&l -UO,■ UMi ilMt..naat'l■t,_ ... .la 

the 1abe1trc1 la.1U8try a.re l t. .-. .. balow, 

Nlcroeaaptc- pert.h.·l• counu.., of ..... , .. ........... 

,u .. 0 1 .J. u . IS. n.•1.11,,111 

flM-raal preclp.ic..tor,1 • J , 91 .11,, l■l 

1'11>l119•n'. J. u ,u. u&. IIT 

•reo part.lC'le 0Ult.erl.J,ll6,lll 

*•• concanuauon - tho( •• • U, u•.111 

Nlcroei1vin,g11• 

Ol9fftlon116 

c:at...-a c.hn:aac-,r.,hy o f or1arii• •-!•orbed °" t..'t• 

•urtac■ l16 

A-rey dltrrac tlori14 •••• • 7, l ll 

tow-t..,.ret.w-e e1hln9116 

Atcaic: edeorptlon -..,Ctro,;,,hote-i.LryU, 116 

Slecuon a.tcraprote11• 

lf.ut.ran 1c t.h,1Uonl 16 

Ovana J■t cow,ter l 

Kcnt .. ter1 • 2 

. 
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;__.,. ""D 0DHCIAlll0tll 

A.•bNtoa i■ an a ir Pollut.tnt --,.Jch c•t'rie■ v lth le. t.he 

"'-' .. •nt ••1 tor • nationa l o r vorldvlde .-p1d•ac ot lW19 cencv 

o r .-..10U1ehC11U ot t.he pleura or perlto!"leua. Aabeet.01 bodlu 

h••• bMn ob1erved tn r■ndc:ai •utop1ie1 ot one-four th t..o one­

half Of the pop.:Jauon of l'Httb\.lrqh, Hh.a.L end Ian Pr anc.- lKo 

•l'MI vil J p r obebly be found J.n the Peopl e ot ev.ry l■r9e city. 

AlthouQti ••be1to1 hlia bt1n •hovn to Pr»dure ••tkt•t.ou •, l ung 

cane«. u1d -•othettoae Jn ••be1to1 1110rtt.-r1. the rei.uonahlp 

bet.vain ••■btiH01 bodiaa• end cancer o r ••be■toat ■ ha■ not 
t,e,.,, ,late rained . 

The l aten t parloct requtred to davdop 11be1to■l1, lun9 

caftl•e.r , o r ••othaJ 1caa h io to 40 VNr■, and t.ha •JCPO•ura 

c • 1uir1d to c1u11 • • be1t.01u ha■ be• n ■■t.1 .. ted to be 50 to 

60 f"l)pcf-yaer■ • tfo ■uch ■a:po■ur• r1l1taon■hl p ha■ t>.en 11-

t■bl J. ■had bfttwHn 11b11to■ and tung cancer o r -•Olh■llttu, 
Mb■ato•t1, l ung c ancer , •nd -■ •Oth■l•~ are •11 d J•••••• 

\lh 1ch, onc e ••t•b l l •t'l•J . proor••• oven •Ct■r ••Po•ure to du1t 
c■••••. 

Crp■rt .. nt1 wi lt, an t..-.h h,,,. •ho'o.ln the, anuw1h ..,.V 

develop ■lbHtOU• or cancer e!'t■r 1.nhal 1n9 • •beato a. 

Ho intoraeuon haa been foun·l 11n the 11t t■ , t • of ,ub■•t01 
1 1r polluunn on ■ither Phnta o r l'lal•rl1'h, 

1'le lt.kel y aourr:■• ot 11r pollutaon •PP•H 10 b• 1.►,e 
VI i t n\r.b•r ot ••be ato • pr11'11.o t• '-Uf"J ,n iur.,. Jtrr. ■',, a ■ty, 
P•rtt c ularly 1n the bu1ld1n9 an1uu r y . l'hn,.., r ., t:r u•. a n1 

41 

1h1pp1n9 yard■ .. y •leo con■tHute JlOll1,t111tt --.re". 

ft\■ lllal'ld PC'oduct1<111 of ••ba•ta• .... .,...h.taately 

do\lbhd over tJ\■ ,..t 10 c.o IJ ,...,. • • t.tlar ... t"• "-euc 

C'OnllapUon \la •J'Pllrently r-1t1-, r•l•U•-.ty t'On.at.a.,t. 

fll••• ra■uh.a lndlct•t• that W'IJJ e u.t ••Neu, .. •ir peJl"tt-M 

probl• ot th• wor-td -, be 1,,~Nllnt, lbe elr "ll•tiOl"I 

Potet1thl t n Ola U1tt.• •ut.• hil• r1a11....s relall-..ty • · 

C'h■n9■d. ffrle lnc-r••• ln t'-• ffllllber of 111119 .,_,._...,. or -..ot~■ll• 
o .. C•••• r..portAd ,n thlt l'W'r.,u lttuetu.r• •r ta. .._ u 

Ine r .. • • • In ••be•to• u.•• t.h:•t OCC'urr .. JO to 40 ,..•r• • to• 

MJraov.r . '--"• aff■c' U ot the ••be•toa b■l•t I M • I .. tod.11 .. , 

tlO t be r'efl .. t.H l n th• 9ef'l■raa hNh.h of l)\.e "°""latio.n Ufttll 

the lffO•• ~ the "•t century 

The nu.bar ot P90ple e~.-4 l O ••N•to• "'•• bei■ ft e•u ­

•tad tot>. 100, 000 ••b•u.oa W?r\ere , J . $ ■Jll1ot1 p.,,,..Je ~"'"" 

I n •r••• tinier■ ••beuo• •• f\•n-'1~ In wiaya lllt\itt-
1t -.11 

bod laa• at • ul.Op•y . 

'1U1nut1ea ot duat , e nd 5c to 1;.10 ■1 1 11on rec"'IH• ~ "•--• 

brMUled or wu1 btMt.he •"01.tqt,. CU,era to •t»w •••Lt••• "••be•t• • 

No • ••ur ... nta h■v• R.en -. le of •..l'I• C-CWIC·-,:.rat10l'I at 

• •beno, '" u rban ••r. A unqle .,,_,~,. ct •OO 

Piaru • •• P•r ·ubJ. • •tar .,.. • r,--,, r■p,,rt 
•.000 

produ t a ha• ah:, bfftt u , ~ ·o .-.,p ~ti• 4 .. a t tr 

a.9 t1 1tara •r• u■e1 !.o c;ntrat ••b•Hci• 1n '"• •"1l•un 

9•••• ~r~1111 ••beato,a ta:r~rlea , Wao i!'YJ ·~ 1■ ltHU J • ,..r J~ • 

urborna. Th• coa t ot abet .. ant •1uap-.,..-_ In"' lrtt lat·, h!!Oty 
~C.- ,l'H1 

• 



..,un,ed t.o 27.S perc•nt. o t the tot.al fec:tory coat and 

a.pprod•te1y 7 parcent ot t.h• ope.rat1n9 coat. Statler dat.a 

on th• coata of •b•t••nt or aconoa.Jc 101,a■ due t.o ••b.1t.o1 

a l r poUutJon .tn the United State■ var■ not found. 

•2 

No aat.hr■ctory NthOd h available to detaratne the 

••b••to■ co,n.,jt •t the concantnt.ton found 1n lhe ._.,,.,t •Ir. 

One .. thod h pr■■■ntly under d■vetopaent. 

•••don the IMterial preaanta d in thl ■ l'"l)Ort. furlhar 

■t.udle■ •r• •u99■■ted 1n the Collovtng are■■, 

(1 J Id~tlfJcaUon ot U,e f1b.r■ In t.he lung■ of 

d■cu■.cJ .......,.. ot t.h■ gen.rat public ■hould t,,. c a-.,tet.ed. 

(Two ■ludle■ er■ in pirogrua.) 

U) The rel■tlonatup bittw.en t.h■■e ••■be■toa b:>d.1 ■■• 
and lung cancer or -■othellonY1 ■hould be d■t■ralned. 

(J) Th■ tJ-- concent.rat ton r■ latJon■hip b■tv.■n Jnh■l■• 
t.ion of a■baatoa C.tbe.ra and lung cancer an , •••ot.hel tc.. ahou ld 

ba detenalned. 

(4) Ket.hod■ •u■t be develop4'd to detenune t .h• ■■b■■ to■ 
concent.r■tlon in • •r. (nn■ ••thotl •• und■r J■velOJa■l'lt.) 

151 1'1■ concentzat1on■ ot ■■be■to■ fiber ■ ln uruan ■ lr, 
near •in■■ ■nd f■etcr •••• and 1n th■ vu: ,na ty ot bui Jd1n9 

conetructlon and d-,lltion ahould be --■■ured. 

(6 I 'nle ,..lhod■ and coat of control of albeatc a euuon 

!IC"CIII alne■, conatrucuon o r daalaaon ■ite■. and o ther ncrau 

u■■• lhould be deter ,.1ne<1 . 
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•a.t. l .. t.ed. 

:a,rel la.inary. 

c a.via4td 

T.uL&I 

-.0 l'll)W,."TIOII or UHSTOa
1
"' 

l lhOrt TOo•) 

19tJ 11♦'.I ,11,! 

1.215,114 1. 215, SJO 1.0~.lH 

n.uo ''·"' 
101.Dt2 

JU so 20] 
10 l !6 , ... or 1.uoo ,c , t • . ,oo" 

SOJ 631 
l, ]2JC l,Hlc 1,4J)C 

10,201 II ,Ill 10,Ht 
26 , ot•< 24. 21t< 21,0l4c ,. u• 
U,016 H,5ll 10.lt.0 

29 
710,000■ , C ,,s.ooo••c 110, 000a, C 

9,0l• 9,210 1 •• 0 1 

2,369 2 ,161 2, )15 
18 20 • 212 

JlO 
142.lS.tC' ISJ,00 10. usc 

2,,.,,2 221, )02 20s. 1u 
Jl,030 33 , JSO J 9 , 8'2 

606 191 ! , 119 

TIJILI B 

1101!1.D PIIOIJJC'T l<al or UIIU'T'OS (Ccntlnue(I) 
fShOrt 'n>r'I■} 

l96j 121} j 964 

100,000 110 , 000 I J0, 000 
22,J91 19,962 ll, H5 

1,865 l.OJBC J. 710c: 
IS,401 18, 210 1 l ,9 79 
l, J)J l, 12<, I ,402 
1.0)1 421 506 

525 60< 526 
109 •oe 1.291 

18,06 ll, ll• ll . s•s 
07 09 

2,655,D00c 2, 160,000C J,oso, oooc 

12,~ , 2tib. • 

1. Jll, SS5 ... '9.11, 

Ill, 215 IH,t21 

u ,c 1•0• 
] • 

I , 204 1,810 

I.Ole 1,4)0. 
ll,HO l l, JOl 

1, 506c 1 . 1 ~~: ,s• 
19, ,~;c 

CJ(), .. , .. 
10 

" :1~.000• 865, 000 
10. 505 8,UI 

10• 81 .. 
116 n 

1·:t..1 ◄ 9"' 1 1s, cw• 
>•D. H2 216,591 
•o.ee.c 1', l<l 
l. 225 2,0Sl 

<oontlr.\JeJ) 

1Q6S l2iib, ■ 

140,000 140,0 
17,622c 24,44q 
4,989 7. 6<, 

16 , 4Slc: ll , 06 
I. 710C 681 

aeJ 721 
I. Jl6 1. iso 

11.Ul ll,412 

J, u o . oonc J ,]50,0.X, 

dAabe•to• .:alDo 1• produced ln Cs.echo1lovakia. f!r1t.re1, M.l l•c;•>y. t.o :-t.h Ko rea. and 
-...nta. ifo uti•tu tor th••• count.rl•• &.re included in t.h• t.ot.11 bec1u11 prod\!et.1on 11 
tMUev-4 t.o be neqU9lble . 

•ca.pued froa du.a avalhbl• May 1967, 
'a.hi.a only. 
9Jnclud .. ••be•toa flour. 

-
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; 
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M'PM>IX 

XMt 

1967 
l '>66 
196' 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
1957 
1956 
1955 
1950 
1945 
1940 
193' 

x .. , 
1967 
1966 
1965 
1964 
1963 
1962 

, 1961 
1960 
19St 
1958 
1957 
1956 

TJ.Jl~I 9 

ff! I PIUJDUCT 1011 NIii »rMDtr OOIIIMIPT 1011 
fZ ASHSTOS IJI THI U!IITGI ffAT!IO • 170, 171 

Pwot,lt.l11 in iben....I:Aal. 

pr;pt1yct,J,9p I■PPrt■ Qspt)""t.l Cpof YIPS, I on 

123,190 645,1 10 47,710 720,580 
12,.,n 726,09 46,996 805 , 391 
118,175 719,559 4J,U6 7'4 , 708 
101,0U 7J9,J61 27,147 8 1J,J06 

66,]96 6417,0.0 10,044 7Z4,212 
SJ, 190 67!1.95) 2,949 126,194 
,2, 814 6 16,529 l, 799 (665,440) 
45 , 223 8'9,945 5,525 709, 19] 
45,459 HJ,047 4,461 754,045 
0,979 6H,JJI J,026 68!Y, 284 
4l,69J 682,732 2 . .,, 723,492 
41,312 689,910 2,950 782,272 
50,431 716,480 7,001 759, 910 

727, 002 
J78, OJO 
270,000 
170,000 

v11~11 IZ!i 1,2221 
CU!!i2t,1 

£t!i!52!.Gs.i2D 1cesu:1i1 61Jit1U.21 61UIIIL£I t[QS2WS.W 

Sll,100 S66, 000 $6,0JD 
11,056 73 ,100 ,. 763 s21.~ , 
10,162 7 0 .4-51 5 294 19,139 

8 , 143 72,97] J, 199 16,288 
5,108 61. 739 I. 304 1', 167 
4,617 64,112 ,.. u.21• 
4,347 (fiJ. 0001 759 
4,231 6], 345 85' 
4,391 65,006 19] 
5, 127 58, Jl4 424 1J,2JJ 
4,918 60,104 J50 15, 22] 
•• 742 61,939 )75 14 , 181 
4 ,534 59, ])9 1,497 12 ,464 
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MNlflllll 

TUI.all 

U&UT08 IUHS Ill flll OIITIID ffAT., HMl lO 

~!!Oft .-.- Al•-.. -· 
- - . I ... - . --- -- --- - · · -- -

C:.llfornla a..,_,u1o l All~• klnet:■l■ Corp. rre■rm O:::nlDty ... r'1.ne 

01,..,..,,11. l C:O•llncJ• A.nbe■tca Co. Pre■no eounq, •Mr 111ne 

O\ry■otlle ] Pac1Uc Aat>a■t.a• Q:lrp. ca1.a.-.ra1 WNr 111ne 
Cllunty 

Oi.ry90tlle • a.ton carbll.de a,cp. Ian -1to :i!;":I,~"•Y O>m>ty 

..., landlll',1 011.b 111,pa 

Venont O\ryaottl• l Verw,nt A.at•■toa "1.riea ori-,,o 01>unty 
Dl•.1. of auberold CD. CLowlll 

Ariaona C'hryeotll■ ! l ~ ... tlinl"'J Qlrp. IAlt aJ.vu 
Valley 

cairth of 
°''Jl"Otll• l Wo■t.em Aal:l•■t.o■ Nl9. 0:1. Globe) 

Oliryaot.11• ] ... '!.et• Mbe•to• Oo,i,. 

lr)tl• ---■toe lll11n of Arla!" 

IIIOrlh Carolina 

r.1'o\d"nu\J Aabl■to■ Cnrp. • 

CroGidalhe I ""-1\aun M.&nln9 Co. 
YanCrJ county 
tlt.lrn■vl l lei . 

~-:~•r; ~~~=t~~i=
1~r:!~~ ::r:~'•• 

! , : ~ J ~ n ~ f !J t 
• = Ii I ... I I :11 . 
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TA&S lJ 

Pr:? :f:t"-S or .UHffOI H VA.Ul)CM .uac.,n,1 ,.,llJCT.11° 

1,,,,..c-e• 

IM~•:: . ~eJrt.il•• 

l,..11oo, o:, r-ot 

l
r u c ·::: :-:. Mtul•te end v••tc•t• 

••~•::, ;N,per end produc t■ 

Plo::- : .. e 

fo•" •"" .. ~ .. t,1 product■ 

Pe.rc•,a• 
1.•k-••l'I~ 

80-100 

l5• 90b 

J 0 - 80 

80-90 

10•)0 

u.o. c; 

,. 

I ~.:y1:tt1le •• ~ .. ,u,. i ■ ueed wil••· Oth1n1111 •t•t.ed . 
~. ·, -:~ 90. c~,1otil1, -'Hh •=-- ,..t.,rhh cont1 1n1n9 •• 

•JC~ If ::ts aao• '"--- ana •--11 ,_,unta ot croc1dolit.1 and ant.ho­
phyl..:1. 

:..:-, . ... produc-c.a contain ur.detarained qu1r-t1uaa o! 
ch.rye:~.•• uea,lit.1 , actlrnlit.1, and ._,,Ulophyllita . 

TAB<.E 14 

:-:.,1,,!,~::y k~O VALUE or A.SI~$ lSPVT BY 1NIJ.:STJC'( 1963 170 

I
A1 t1,: I : 1x::. l a 1 
,,~ .. ~ I :a~a-t 2,19~ 
, : ~:--. . - ·.a:,,.. :.,11 

•·! 1u1: a lll 
1110c • ~ ;,r- : ,uct.1 2lt.i 
P!~: .. 1 ., (. ., 
Pa.•: I":. "":~ 

! .•. =• • as 
Plu:. I 2J. 
1=c.~.., 220 . , 

'"':a. l , 12C' . 7 

o.o, 
0.07 
0 . 09 

0.02 
0 .01 
0.0· 

I 00 

lt.L I 0,0] 
19 . 8 o.o, 
I l . 2 0 . 0) 

J. 0 , J I 
'· 2 

1"t. - J.o, 

42]. J 1. lJ 

APPDl~X 

TAIi.a 15 

l'OP\11.UIOW Gllll/PI Wl"TW 0CCUPAT1oa&. , 
EXl'Oaa&TOAAllffOS• 

_,,_AL 

l
ub .. toa rodt ■ln1r1 . 
l0o1d1r1. lnle.-U'■• cru.a..'-.r a • 
•lller1. ••be.toe 1plnt\at'•, 

~

•v•r• . •lect.rlc:el applt-
• • and vtra • nutectur•r•. 
eon,. c:arpert.er1. he.Un• 

equlpaent 11110 r._,,, . nabber 
'11110rkere. •hl"9le and u l• 
•nutacturere. bu.lldtnv 
•t•rlal •nufact.w-er• . 
til t.a r lnq -t.Vill •n\lfac­
tur1r1. a> Ld.ar1 or 1aba1toa 

lp roduc:t1 , ••t>e■to1-1~lt 
:ii,ell1r1 . putty aanut1c:.uru1. 
••be1to1 c_.nt •k1r1. 
••t>.•t.o■ paper. c:a.rdboerd 
and bl'U-l lnir19 produc er•. 
1abe; t o 1 telt 1,■ulatlon 
worll1r1, 11be1tt,1 eound tneu­
!•tlon worlt1r1. •abe1t 01 1n1u-1 
l•tor1 . pipe ~o varar1. ••be•­
lD■ tube vr1pp1r1 . 11be1to• 
cor\. in■ul1t1an worll1r1 . 001"1• 
■ t.ructlon worker■, autoa:>t>, 11 

l•":1r1, 91r191 attendant• 

... ,.et'lt&, la VlClnttr ot 
aabNlOI prot ... l,.. •"4 t-­
t! l e ■Ute lf1MJ1-, plaat 
1ftlv.et1 pollut4d wUJI 
llbellO. .. ,t. alld l..Stvi-
41Mh ll•l"'f .-, .n1ll"t el 
roe .. CHI -"'itc'tl a•be-et.oe I I 
t.r~ .. , 1'1114-ltl la thai 
• t cintt.y o r albeeto■ a1ni .. , 
r•tder,r■ t■ vtclnhy of 
bu.1 lcllncJ COftll1'11C'tl011 1..S 
.._,llt.l-. 1"1'1&b1c.1,tt1 o! 
hoae• en ottt c-ee v tt.h ••ke­
toe • C"OU1Uc11 u11 

,, 



APPart>tlC 

TULE 16 

AftDTOe C'alfTll>L lllUl-itlln'95 

Mbe■toe Tutt 1• l ndu.etry• 
OU1t ••tr•ctlon equ&paent 

Total capJu1 co■t (fix.d) 
Operat.ing coet per YNr 

e>p.r1t.1n9 co1t/l1bor coat 
Op1r1t1n9 co1t/ tot1l coat 
convu-■ton 

A■be■toa Kin■•b 
Du■t ••traci- lon 9q,ulr-■nt 

ToUl capital c:o■t (TCC) 
:~c nt p t.ant) • too 
Op1utin9 -:oat (par )'ear) 

Se-==&Cte1lion1 

Aab11to1 Tuttle lndu■try• 
Voluae ot dl.l■t-cont1lnln9 air 

llltracted Crea t1xt1l1 aaeh1n11 

Quantity "t 11b1■t..o■ duet t'ilt1r1d 
par Y••r (at above rat■) 

A1b11to1 Kln11 

Tot..l in1t11l1d hor11power 
Part u11d to 91n1r1t1 alr tor 

duet r..,val 
Total ur nMded (tor 11pir1tJon 

and du■ t raaoval) pv p-:,und ot 
tJbar pr~duc:ad 

- 51.500 , 000 
- S 250,000 

7, " 
2,"' 

- f J60,000 
- 27."' 
- f 195,000 

1.000,000 tt3/ aln or 
700 ttl/.in top1r1t1v■ 

700 ton■ o r 
l.8 ton1/ wartin9 day 

796 

230 u.,., 
1. l50 ftl 

--1
P!gur., apply to Ula T-urn.r Pro■. Aa~■ to■ co. plant at 1tccM.h, l:n91Jlnd. 

bP19\,lt'el lpply to the Cape Aab•1to1 0:, al Pen9e in th• 
Tren1v1el. The ao1t n:>dun aiu Un C•n•d•J. "'9'1J.ch u 10 ti••• 
l•r91r. need• cnly about. hail. the qu.antlty ot air •Uted ( u ain9 ~•:~!f. tn1te1d ot •1r-.tVept. ailh and horisontal tnn1por'tation 
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80 

o11t••m1t 

TAALI! 18 

l&Enl> ffATlfflC.. POI '1'111 .Ullllff08 IWIUPAC'n/11111 1•ru1m1Y41 
, .. 1.._, .... , 

tf\aer ot Value at 
..,....rot S\llbercf W\all)e.r ot Production Rll.-.i,t• 
!!!!21ox: ... • Qwpe-,1 •• ,1ant• Mor'\:ar1 ! 10001 

1•4' 39 39 309 1,264 

50-H ' 6 2ll •.827 

100- 2,4'9 10 17 2,40 89,lll 

over 2,500 18 62 12, 75' 407, DI• 

TO._I 7l 12• 15,731 509,236 

•Th• aiployM..nt ■is■ ch•• 1 ■ dat.anl.ined by the total 
COlll>&n)' oplop,ent ln all aanutacturlng acttvh:1■• in tll• 
U.S., including central ottlc•• and awcUhriu aarvi;,9 
.._nu.tacturl ng aat.altU■._.nta . All ••t.ablhhaant.■ of' • 
c~ny are tharat'or■ included in t.h■ ■&N -.,1oyaient• ■i s■ 
colu.1 ragudl•• • ot a■tablhhaent. uaa. 

II 

AUDDIX 

TMLS I• 

Hl.ai=TII) ffATIITIQ POI Tlllt AD_,. Pa!IIIICTI urmnrt'l 

1i!1!1Q!!ts.1&11 Uo lm!!i!l l!H I~ 

•ev plant. and -.uts-nt. 

lf.v ■t.ruct.ur .. ••••• 2.,u 
• ..., MChlne.ry end equl.-,mt. 10,411 ,.1 .. 

TO .. I u.an 12 , Jll 

U•ed plant and equts-.,t 01 1,2H 

Total 13,215 11.'7~ 



t.ffDfDJll 

Ia&WII.• 

TA&S lO 

MIIUIOI usa85 

u 

Varlet.I• ua_., O\.ryaoUle. c:roc&dollt.e. and tn part 
UIHlte 

t1r01 to4 AArd■ 1 

Proc•••••, w .. vlr,g c. .! yarn■ and cor -'1• 
aratdlft9 ( 1nt,1rlaclD9) 

Cle■■\tlcaUon of chr-yaou 1• fabr l e •, 

~ 
1 

°'M ll tY 9?41 
11AM Albtlt~;-¥:?~IPt. 

l 
) 

4 
5 

A>J4 
AA 
A 
Undar,trJtu• 
0-.rc lal 

~•al'"" .. ;pd p4;l;&;;g t'.ats=i;!;· 
Pac>Llno (woYen fabric■) 

1tuftlrq tor box■■ and ■la■v■■ 
•nhole rtn9■• boll ■r cover■ 

flit. hAAl09 1 

80-IM.9 
es-n., 
90-U.9 
95- 100 

Ga■'k■t■, flan9■■ (on pipe■) and eont.a1n■r• 

.w. 

l. Without -ul , h19h pr■■.aure 91e.k■t ah■■t■ (rubbu> 

2. With .. u11 .. t■rlll t o r ... un; cyllnd■r h■ad■ and 
•-,,■u■t■ ,., aot.or■ ■nJ c:ctlbu■tlon an91na■, 
and tar ■HU"9 co.pr■■■or ■ and t.urbln■I 

Ml>llt.91 191541 Ind e,e,,,, 
IRK4l 

rUtu1n9 and cluify1n9 
Covarln9■• co■tlng■, caung■. and J■ck~ tn9■ fee ■U 
kind■ of ■urfaca■ 

Manufac turing of V9ld■ra ' and .. 1ur■ ' ah1ald■ 
Slldev11Y9 in th• 91••• 1ndunry 
11&.t1•U•• and fir•~oor• 
Auto Pa.rt• .. , .. 
Pr otective "'91 h 
C\&.rt.11tn1. ett:. 

.. . . I •f'l • 1nu e:,t 

APl'Dllllll 

---
TAIi.a aD IC..t1-I _ __.\ 

■J 

1.awloaua- ,lj•l ... ot I .,..-:•.,.. .... LI.al ...... u . 
dry\ .. ~ . iaOlll:III...-. . ,.._'-,..• • CU.aa1.-
caatr01J .. •,-,r• . .t.c. 

tl&s.e. 
ln.auhtlaig bltU•i-,. ... laat •l-•U-.. «•111111~ 

••~uaa, 
IDl•r.flat. re.t • .ot.1-1 - rfac • ( l'fll o f ••la r • • -:.J 

IDfeltl MWS-Of ftPKI 
l'llt.v• 

MltMl9! Cfw::at. (10 to ,. ·---•t.oe ) I 
llo!No 
Q>r"1911ted Clhe•U 
Pip■• 
Q>N'llljJaled t.11•• for coot• u, &Nlq,euy • ..,-iaJh•• • . .. 

dwelU1>90 
Pla..nka tor plAt.tor-. ' " buUdin .. ...... COMl.rwC'UN 
.. lc:ony canop1e• 
.. ln 9Ut.t.•r• 
Interior wl le 
Vent.1l•tl.n9 •haft.a 
Air c:andlt lon.139 au.....,11 .. •~••wr• plplng ( to.r ~rp"OUl)4 dr1nt u"9 ._t ar 

41U.rlbut.ion •ywit. .... fv..el 96•• and •---.-, 
0Dollft9 t.oww"■ (el.CtrlC' ltY"'1..,._,.&u..D9 at.AtlOM) 

Dlml.LtnnltOlf Ind flre::rtpo(lpg . 
aprayed eeb.lltoa I~ in bat!, --•ttat •~ 

~~~=:·~.· ~,::!. m,4p=n9.! ~~· !:t':!'":-..., ~!., 1:\'4 
Mapula ••be•toa (I• -9Dffl■. t• ••be•t oa ) •• 
th.,._1 aneulant for covert ~ plpea 

f(♦ it.180 ftlSKftl 1 

_,,,en, er.a\.• Hn1e9 
--~n, Ch1t1,:h 11.n,,.. 

Tr .1n-aauuon l l n1"9 

t c-ontl nJed } 



APPaDtlt 

• 4 ~ • 

TULC l O ( 0onl lnued I 

ASUS"rOs uu.s• s 

11A 

Mbetso■ 'i:•t,ke, 
Pl.oor g t.Ue■ Ca•be■l-o■-•■pl,alt t .. lu end. lncru■tngly. 
.. be..atc.-polyae.r■ ot vinyl) 

Pr•••ad or mlded (thecaal ln■ul■Uon and ln •lec:trlcal 
•ehinuyl 

leeln■ t.ed aabeat.oa (alt C•nutac t.ur l ng of ving• and tlrln9 
of al1ail•• and ■,cp■n■lon cone■ for nossl•• o f booet 

==•i~.~~:1.~1~: !:1~!1p~:~l-~~d~1!!r~e~:~•~;~t1r■ . 
tu■■l■q•• for guided f'lia■l le■, fuel tanJca for tighter 
baaber■• cabln floor■, etc. 

Rodar (la.cg■ aolded rafl■ctor■ and ■canner■ J 

Mbf•~•:d":!:~ry·t~'"c;,:.v:ri~~t:u~ 

. . 

.\PPDIDU: 

TAl!ILE 11 

1~7 Liff OP MAIAll'ACTVUD AHfSTQ.S p~S 

JQduft.£Y 9pd prodyc:t O,ac[ipypn 95MDS::UY neeewt 
Klecell■neou■ ltanaet.elUc NJ.nu■l Prodoc:u 

A.abe•to• Product.• 

Mbeat.aa rricuon Katarl■ l• 
Brak■ Lining■ 

lloven , conutnlng ••be•ta• yarn . 
taptt, or c loth Lln-r fMt 
Molded, inclu41n9 all rmn,.,ven t yp•• CUblc r .. t 

Clutch t■ctn; 
woven, cont.alnt,9 a.:11•■t0■ yarn. 
u~. or cloth n.au■and pl■c•• 
* l ded, lncludl"9 all non.:>ven t.yp■e 'n,ouNnd pl.:: .. 

.uben.oa-C-■nt Shln9l" ■n4 ClapbO■r•d 
SldJn9 ahln9le■ and clapboerd, 

lnclu41nQ accea■orie■ 9quaru 
IIIDOL in9 ■hlnole■ 8qUriaru 

Aaphalt Ploor Tll■ 'n,ou1and -.u,are 
uphelt tloor u l • v•rd• 

Vinyl A•be•t.oa Ploor Tll• fl,ouaand ■quar• 

Vinyl ••b■•to• floor :.lle ya.rd• 

A•b■■lO• Tenl lea and Ot.her A.abeat.o•-
C.-.it Product • 
A•t.l•• to• ••••ll loa 

Y•rn, ('Or d, •nd lhrNd 1'0\a'ldl 
Cloth Pound• 
Ot.h•r ••be'ato• taxli l ••• lnclud1n9 

COVln(J, l a p. wlc k . rope. t.epa. 
c arded Ca bee■ , etc. rc:twid• 

Aab■•to■-cltMltn l product■ 
Plat lhCfll ■ und Y•l1boud. all 
Ulickn■••ua 1..o nverted to ... baeu 100 aqu■re f•• t 

Corru9uwJ wheot■ 100 aQ\J.■ r■ fee t 
Pi pe , t-un hut • · a nd duct.a, 1nc: l udln9 
pr■■ aurn 11 11.,, Sh:>rt ~ n• 

Ccontlnu.ai 

15 
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TAal E 21 (C..ntlnuedl 

1''1 Liff OP IWlllPACnlllD 1\111~5 P11>wcrs
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I1eduttCY to4 Pcoduct Ptrc:rietlon 
Aebeat.oa felt• 

IIIDofl.,9-..-pMlt or t.a.r Htu.reted 
Other 

OlhU •lbe■to■ ■nd. ■■l>eato■-c--nt. 
product■, lncludlng •llU11oa.rd and 
pr■f■brtcat■d houdng c011POn■nt■ 

Oa■lc■t.• an4 ln■ulet.lon 

C■lk■U , All Type■ 
Ca■l:et. ■ (fo r ■■alin9 nona0'Yln; part■) 
uba■to■, ■■be■ t.oa ... ■t.eil llc, aud 
a■b .. l0■-rubbe.r 

Parltln9 (■•c■pt 1Mthar, tlJ.bb■r, and 
qt.al) and A■b■ato■ ln1ulat.lon■ 
A8be■to■ coapro111ed ■h■■t 

Pac'&lng (!o r ... ~ lng .:,vln9 part■) 
A■M■t.o■, ■■1:Mato■-aet.ail lic, and 
a■be■to■-nl?>ber 

ln■ulation •t■rl■l • contai.nlng 
atbelt.o■ pip■ ln■ulatlon 
callulu ani! laainatad 
85 parc■nt u.gnttl■ 
Olatmuc■01H ulice. calciua, 
■iUcat■, expanded Ulic■, anl'l 
a■be■to■ r lber 
OUl■r pip■ ln■ul■tlon 

Block ln■ulot.ton, i ncluding ■halt 
and 1•991 "" 
IS pe.rc:ent. .. g-n•• ta 
Oiau-c.ou• 1tllc■ , c:a l ctu:a 
1Utcu.-i . u:pandad llllca . and 
a1beato• I iblr 

Ot.he.r block lnau\at.lon. inctudlng 
cellu11r rn•I l•■inat•d 

All :,t.her a■tw,1t.0■ lnwhtion 

.. • 

ou,nt.1 t.y HMpurt 

Short Ton■ 
Short. Tan• 

Pound• 

n,ouund pound• 

Llnear fHt. 
Llnur f11t. 

UnMr t11t. 
L1ne1r t11t. 

Thou■and 
boar d t11t. 

Thou■and 
board t 11t 

n,.oui..ant. 
boar 1 teat. 

l'J'PDIDIX 81 

TA&a U 

I\IIUlffOI Pll>lllCT ..-..c,o1.1• -• 1•J41 

. .. . ·- -· 
i.ocouon Trot.al I • - =- ICIC>- ~ ~ 1,.,..,.. -· "-•- •• •• ... --

CV H&.llp lh t r I 
Belknap I I 
HllhborO\l'JII l I 

Total 1 I I 

~111dlu.aet.t.1 ..... I I 
Pr&Mltn l I 
K.lddl•■-- 1 I l 
•utfolk 1 1 
Worc:Nt.er l l 

Total l 4 J 

onn1ctlcut 
Pai.rtleld J I l ; 
Kart.fora l I 
M.iddle■ex l l 

Total ' l I l I I 

~- Yori< 
Albany l l 
lltinq■ ) l I I 
Or1n91 l I 
9\lffolk l l 

TOtal 6 1 l 1 l I M.,,, .J1r11y 
Bergen ' I I IOIV ) 1 l 
Hud1on l I 
Mercer 1 1 I Horrl ■ l I 
Pa111tc ) 1 I I 
$o1Nr11l • 1 I I 

I Unlon I I 

Total 16 ' 2 l ' I 

(cont.inuedl 
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APPOIDIX llt 

TABLE 22 IContlnued) TAB!.& ll l 0>ntlnuad) 

AS8ES'l'OS PIIODUCT MAIIUPAC'l'URIIIG PLAl,'TS, 196341 ASDl!Sl'OS PIIODUCT IWIUPACTl/1.1110 PLA,rr¥, 196J4l 

or P nf'■ vif't, 0 
t "' •-. -· - -~ .. 

tocu.ior total l - 2D- 50- 100- 250- 500- 1 , 000 ,., .... '" •• 90 249 409 999 o r - • 
iii ~at.ion Tot.al ·~ !~ 50- 100• !!~ ?~ -~·~.I " ' ·- ·- ·~ .. ,. . 

Punayl'".._ .. ~i, 

au, l l 
ktacon■!n 

.Kih•uk•• l l 
IA.ncal!t: l l 
Hcrng~-y 2 2 Total l l 
tfor tl'la:::;:~;, l l 
Phi:a:!e:;:~:.• Cit~ J 2 l 
Po t t.C l l 

t,1.i ■aourl 
St. Lout■ 2 2 
St. Louie City l l 2 

T0t1: 9 J l ) l l 
Total 5 l 2 2 

Ohi o 
curllh: ;• l l 
Paul.!! :-: l l 
Pon.a;• l l 
Ren l l 

t<an••• 
Barton l I 

Total l l 

To:.a. 4 l ) ~lr9lnh 
• ••x l I 

::-,diana Predarlck. I 1 
llenry l l Hortollc. Clty I 1 
llunu:.:~·. l ' Kcac: J.1,. 1·~: l l 
Lag:-a:-~• l l 
~~~ ! l 
Ru■h l 1 

7:!l:. 6 1 l 2 2 

Total l 2 I I 
1-torth C.roUna I 

.Hecli: l enbur9 2 I l I 
Union I l 

; 
Tota l l I I I 

Ulln.,:.1 
Coo\t. 8 s l 2 
J<anli:U.H 1 l 
IA<& 4 2 I I 

~t.h Car ol1na I 
O\arl•■ton 1 I 
M.arlbcro 1 I I 

wn: l l 
Total 2 I I 

I 
T:!e.. 14 5 I ) • I 

H1ch1:t.· 
Way~.t I l 

I '!':. ~:. l l 

eor-91• I 
DoKalb I I I 

Talbot I I 

I "l'r-oup I I 

Total l 2 I 
(continued 

(con U T'l1Je j 
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TAl!ILE 22 (Continued) 

AIIIIU'I09 PROWCI' IWIIIPACIVRl NG P!Mll'S, 196 J41 

llo or Plant.a vlt.h I nt or: 
Locadon Tot•l 1- -~ ;;;- ,vv- .,v- ,uv- l ,uvv 

a'•••• ,. 49 240 490 ftOO I n. --

Plorlda 
DIido I I 

To tal I I 

A.labuw 
Hoblle l l . 

Tot.el l l 

~io.tulppl 
Hinde l I 
Union I l APPDIDIX ■ 

Tot.e l 2 I l 

Louialana 
Jatter■on 3 2 I 
Orleen■ 3 1 l I 

Total 6 I l 2 

traxa■ 
Dalla■ 2 2 
D:tor l I 
Cn,y■on \ l 
Harri ■ 3 2 l 
lllll I I 

Total B J 4 I 

el l !orni a 
AlL~ilda 2 l I 
C~nua Colt■ I I 
LOI A.."1g■la■ 9 l 2 I 4 l 
or-.ng■ l I 
S.ac: ra.n■-nto I l 
s ,-n Benito I !w,; San Joaquin I l 
San Mateo l I 
Sant.a Clara l l 

Total 18 5 3 J 6 l 

µNITED STATES 
'IOTAL 124 40 10 13 14 21 4 2 

' - -• . ' 
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,_w111A&1.a ua-• rruu 

A ~ ot q~H•t ien• er·•• r .. 1 -,un, re■p1ralll• 

•• 1u.a f loer-1. lllhtt leinqU, !1beJ i• r••;lrable1 lfh•• 

1,=.. .. r t..te1 ............. cei.1al iQG~ld ■1! t~J:Mr•• llltlateYP• 

t.helr lHt9U. Or' .hMte:r. bl t:'ounte: !! not. , .::a"' •ny 

lan"-t. be e .. 1i11'1.S to 1el..:t. tl'le rigt,t u1.e C11H.r~bu-t 1oa 

ln t.be •t.ao•Jlh•r•? 

1'1111,rell ) ll ha• r t.V'dhil U\e d4'P0■1U '\ft cf t.ibrou.1 

MUtlal 11:1 th• re1p1rat.ory • Y•'-•• Ptb•r• SO :,r even JOO ... 

long ere toun.• .t.r. t.h• l1An9■ beCIUII t.M tr••• l a!:in9 1p1ed 

dapend• largely on th• d.&Nter. flu.ii. par~locle• l••• then 

>. S 1,,1 ( a:,■ t. ~•toe part.icl•• ■r• leu ther, O. S .. l 1n 

dlu.eter cafl po■aibly penet.r■te d11;,ly lnto t.:,e lung. 'ft\• 

aora ~t.rlcal a tl'bar 11, tJ'l1 9r1at1r s: • :hanea ot pane• 

tra.Un9. ffl• l ar911t COl!fNICt parU.;l•• nor.ally !'Nn4 !.n t..he 

hm9 .,. a.bo\tt. 10 .. 1ft d1 ... ur. LL.aluta.:n Of\ l-'11 l1nqt.h1 

ot Ola tlbar■ which raa.:'h p1,,11-)nary a1r ■pa:er u upo&ed by 

t.he na1al haJ.r• ane t he eull dJaa• t•r• ~t '!.,"le reep1ratory 

brcnchlol••· fll••• ._i ... _•_e:.,on• are •~n~.., ! n 'fable ll. 

l eaparU>~• t , ber• t i•"• b•e:"I ~.: .. n•~ ~••• &r ,a!' 

Oc:c:upac..:.onal Hyg;.en• l>Cu:.1J:),4, •• !1oer1 =-••• :.t-:a· J')C .. 

lon9 l••• tl\an J.S .. In dl .i-•.er, 1r11 t,avu,; a lertqt.h- to-

braadtJ-- :1u0 ~! l ~,,1.,- ~~• flbeu ?c •.:;•~ th•- , _ ~r. 

len,U •r• Co-'11te: 

1tJ 

~-.. JJ 

Pa,r.a.\'1:::S 0, num ?DJUa - a1u
11• 

~•h ct FI.., 
~.iz:iu__ 

o.s I 100 llO \OC 
so •s Sl 41 

100 ,, J• u 
ISO I s: 10 I 
JOO ,. , l 
no JJ I 
HO 1 
no • I 

IOh .• ,,, . .... Ulft■t.1,at..ed tU - ·· . r ......... n.,., .. 
.a.n t.he 1e1H1~ 0• ,c-.uh 1_,_.euy (a" TMle J4\ ■• t.,._,. 

that r■1p1raltl• d\ltt. cont..11in1 approxlaetely ,0 t..-C.Wlt aebeuoa 

and tha•. 10 p1ruc1e1 of ••• pc .,.. ,Uhl ' • ,,,. ,._,.t.i~l •• 

,! llbeltOI "' -9• P'r- !J'l! a C'Oift.._.l \Of" f e \J\• U!ll'NJWl• 

.lalt. ••lue for 11b1at.oa .;a"\ be c:.lc,,lat. .. • IP9C""k1 .. t■lT 

H} -4 , ,.l IS -fl • 

TUU :H 

PA,n'l.:'1.1....U• ULATIClllan, er A.11....-0. ,._, 
.\ P\llt~IC. 0 -P rl■D LDUT'W 

....... CfQUIU:? 

"" 'ft • · ; u■ • ·-) it?t:iil 

----------
ee•. 1a..':•I 

, 
... 

u, 
soo 

Tt.• c~i•t-tr•t• ... 
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Pinally. t.hua r-ln■ th■ probl- of coun1.ln9 .. MJ)lr■ble 

filler• in .-s.ent. air. lt appMr■ that • fairly aophl■t.lceled 

lnet..caant Will be cequJ.red .tllch can (1) ••,.c•t.• t.ha ou.ar 

,.ru.c1e1 frca flbat'a, U) ld.nttCy t.h• ■1beatoa fiber• ln a 

hoat. of othec f'lbera. and (l) C"'OUnt only 1.tm1e tlb•r• lon,ga.r 

tun S u and ~rt.u than 200 u vit.h di ... t-•r• 1••• t.~■n 

I , 5 ~. 

• 
·" • ': I 

' 
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By I I Sehkoff 

i 00 NOT KNOW if it is cntirrly appropnate tn con­
aider our current prc.bll,:ns with 11sb<'l'l~ an "1111-
a11ticipat r.rl en\'ironmcntnl ha21ml." As I look hnck. 
it would seem that we aliould ha,·<' had some premo­
r, ition. 

For example, 70 yen~ aao H. Montague Murrar. 
then Seni,,r Phy,idan :it the Chnring Cross Hospi­
tal in London, examined n mnn of 33 suffonng with 
1>ulmonnry fibro:<is. lie had l1t•en \\'Mking in the 
cnrdinir room of a n Mbcstos textile factory. Of the 
ten men working in lhnt room thirteen ye.irs b,:,­
fore, he wns the ~ole ,un·,, or. I-le, too, died o renr 
h1tt'r; nt post mortem it was foe ,rl thnl he hnd 
severely scnrrcd lung!\ cont.'lining numerous asbell­
tos fihers. Dr. '.\lurrny rlescribeo th rs case 10 the 
Dcpnrtmcnllll Commlllce on Comp, nsation for 
lndus lrinl Disense wnich, after thnnl..mg Dr. '.\lur­
ray, noted that ". . . considernble trouhle is now 
!in 1907 ) taken lo pre\'ent th<' inhnlalion oi the 
dust , M that the dis.?ase is nut •o hkely lo 'lccur as 
heretofore." 

The disease which was r~folTed lo then hod nu 
name, nor did it when Aurihnuh described numer­
ous deaths nmong F re11ch worhrs in nn asbes to, 
tcxlil<' fnclol')' in l!JOG. nur did il when l'ancoast 
found abnormal X-rays ,,r the chest in 19l!J m n 
group of American ashn5tos workers. Surely, tnx­
onomy has a pnrticulur \'1rt.ic in science: individ­
uals dying of t his non-<lise:ise becnme much more 
evident when Cooke tle!a1bcd anoth~r case in I !J:! I 
and 1927 and ga, e tht:> illness its current 11nmc­
ube.stosis. We cnn now accurately record, for ex­
ample, that ten percent ui the deaths among asbes­
tos insulation workers in New York in the pnst 25 
years were due lo asbestosis. 

The ne~ ~tegory W&!I aoon replete with cues. 

However. comfo1 t was pro,·idcd, this t ime in the 
Home Offirc Report put before the English Pnrlin­
mcnt 111 l !J:ln. While 1mlmonnry di5en.•r nmonlf 
n~be~tos "orkcr~ 111 the pas t wns nckno" lf'(tgerl. 1t 
was s1mult :in!'o11~h· ,oncluncd thnt the outlooi.. was 
good. ''ln th" ,pa,·c or a det·ade, or thcrenhouts. the 
effoct or ener)!l•tic applier.lion of preventiH m~n­
surcs ~hould lK' apparent in a 1?rcnt reductiou in the 
incidence of flbru~,~ ... 

Such opll•111~m persisted for the n!'xl :\0 yen rs; 
nsl,estosis was acl..nowledged ns n rnther r:ire dis­
ease, orcn~iunnlh· occurnng am11ng n smnll grour of 
workmen cmpl,1) « l in nn isol!lterl. esoteric indu.;try. 

There were a few rumblings during this tame 
whose echoes ~hould perhaps embatTass us n.iw. 
Thus, Kennet h Lynch rt:>ported n denlh from lung 
cancer in a~sol'iation with :i~bestos,s in I !l35, nr.d 
se·,erul smulnr reports of this n.ssociat1on between 
two t hen uncommon llisenscs followed. • or the most 
part, howe\'er, these rcp<>rl.5 were categorized ns 
l.Jibliogrnphicnl curiosities. E\'cn the cnreful ~tuclics 
of Rich:ird lloll reportr·d in 1!155 fa1k'<i to disturb 
our ~nlm, p~rhnps bel'IIUSI! of the reticence wit h 
wluch the st:itist icinn r ummarizerl his f indings. 
Listinit eighteen 1ll!aths due lo lung cancer in 105 
cons~cul h·e po,t mortem cxnmination~ nt one nshes­
tos works in Eni:land, h~ concluded llwt ", .. iung 
cancer wns n sper1f1c indu~tri::l hnznrd of certain 
asbestos \\f'rkers . . . " E,·en those who nccepted 
Doll's conclu, iC1n,-nnd tla.•rr we:c •ome who did 
no~ould point to n problem with :i rather anrrow 
spectrum A ~,ngle neoplasm (lung cnncer) was 
(pa.st tense) n specific induslrinl h111.ar,1 (no hmt 
that it could be more than this) of ccrtnin asbl'stos 
worker:; (the henvilv n,:posed indi\'idunls in this 
factory' 



/ ' 
' In the put several yean, the 1J)e("lrum hns 

wldtned c:011.1idcrably. First, It hu been rl!C'ogniicd 
that the hu.ani uaoclated with direct oc:cupatonnnl 
UJ)OIUrc to ube1toa ii by no means a narrow or 
Infrequent one. The ex~r•ences or IMulat1on work­
en in this country "re matruct1ve. Thtse men. 
employed m the con1truct1on induKtrv and often 
working out-of-doors and with moterials cont.ainmst 
only limited amounts of n.ahestos, llrC' much less 
exposed than many factory worken had been. Yet 
their health experiences ha,·e hec:n t11~natrous. 

We have studied all m~mbers or the Insulation 
Workn5 Union in the New York metropolitan aren. 
On December 31, l!l42 there were 632 members of 
this Union. Calculllt1ons in stud1c~ hy E. Cuyler 
Hammond, J . Churr and myself inriicated that by 
December SI, 1962, acconim, to life e,cpt'Clancy in 
the eenernl JlOJIUlation or l'.S. while males, there 
ahould have been 203 deaths among these men. 
l11.1t!'ad, there were 2fi6-an excess of twenty per­
cent. Usinir aee. year and scx-speci!ic rntes. there 
should have been aix or seven deaths due to cancer 
of the lunir or pleura. Ins tead, there were •l 'i There 
should hnve been nine or ten drnths due to cancer 
of the s tomach or colon; the"' were 29. There 
should, of course. ha,·e heen no deaths due lo 115· 

betllosis; there were twelve. 
Similar calculations to mid-1967 gnve 8imilar ff'· 

11ulls. Whereas 47 denlhs were expected. there were 
94. Where eie ht or nine deaths due lo cnncrr were 
predicted, there were •19. Ago.in. there wns n sigmfi­
cant excess of specific types of cancer. While there 
should hn,•e been two or three deaths due to cancer 
of the lung or p!eurn, there were :?7, and there we•c 
eight deaths due to g35lrointestina.l cuncer against 
two expected. Once more. Mbestosis claimed fifteen 
lives against none expected. 

Studies an. now under w"y in our laborntory of 
insulation workers in other parts of the country. 
Mortality data indicate that the New York findings 
arc unfortunnlely true elsewhere, as well. It i5 not 
known exactly how mon) asbestos insulation work­
ers are employed in the United Stales; cstimntG 
range from 50,000 to 100,000 In the face of the 
mortality information, one hof)CS the lower figure is 
more a,curate. 

Information ;s incomplete concerning the number 
of workmen m other trades in the United States 

A pionttr in modem aabcslo• •pldrmiolon•, Dr. J,..,lnr 
J. SeUlu,rt 11 Prof~11or of En,·ironmrnLil ~t,,tirtnr- ti.t 

New York City Univcn1ly'1 Mount Sino, School or ~l<di­
cbit, Dlrttlor of Ill Envin,nmental Scienc .. Lahon.tcry, 
and IJ also Pff.■ident of the N•w York Acllllemy or Sci­
.,.._ He wu awanlrd lh• American Public Heolth ANO­
clatlon'a Albut Luker Award in llrdicone ror hi• ruearch 
on IJonluid, an antibiotic dnic widely ~ In the lrut­
nMnl of lubo.rculoala. 

with rhrrcl ocrup:1t1nnal n.•bestos exposure. Total 
of 100.000 to 125,000 arc often prof)OM'd. Apin, thr 
lowc-r f,gun: 1s hoped for. r5pe<'ially m new of the 
ab5encr of satisfactory mortality mformallon con­
~emmg •uch a50C'!llu3 fll(:tory workers, and since 
Manru•t>'~ rm,J,.1(!':. arc d1 .qu1ctin1t. 

Annlyft1s of the.•e mortnhty ex)l('rience.s is dis­
turh1nr from anothrr point of ,•iew, in addition to 
11.5 mftJrnttude. I refer to the occurrence of pleural 

TABU: I 

Obu"ad anJ l::xpac1ed Nwnber of Death• 
among 632 AabHlo• Workers Expoaed to 

,..i,.atos Dual Twenty Yeara or Longer, 1943-1962 

Total 
mJ. l~B- 19$3- 19SII- l~l-
t947 1952 1957 1962 1962 

Total c,mcer all 111•• 
Otuo"od I) 17 25 :;• 95 
bpec,od 57 81 130 97 36 5 

Can~er ol lung nnd pleura 
Obac"ed 6 B 13 18 45 
l:1pec1od 08 14 ~o 24 66 

Cancer ol 110~0""!\ colo:1. 
a.nd raC1ur., 

Obso"ed • • 7 14 29 
l:1p,o<1td 20 25 25 23 94 

Co:icer ol all olht'r 11t•1 

combined 
m, .. ,.,oc:1 J 5 6 7 71 
l:sp,oc1ed 29 42 84 51 205 

Ad,e1101.t.a 
Ob11rred 0 7 12 , ... 
r.pec1ec1 than I 

Tria l a!I cauHJ 
Oboo"'od 28 S4 ~ 88 2!>5 
l:1pe::1.d 39 7 SO 8 565 544 203 5 

ar.d peritoneal mesotheliomn (tumors of the lining 
of t he lung nnd abdominal cn\'il:~~) nmong these 
workmen will- direct occupnhonal exposure. During 
the 1950's, there were se,·eral reJ!Orls of death~ in 
l\Sbestos workers causer! b)· these diffuse tumors 
of the mesothclial surfaces. Such isolated cases 
would have received Jillie notice had it not been 
for the fact that lhe tumor has alway~ been con­
sidered extraordinarily rare. It is no longer rare 
nmong asbestos workers. Indeed, it 1s ~o common a 
cause of deaths among them now-while still rnre 
among individuals riot lmown to be exposed l o ns­
bestos--ns lo almost constitute a tumor specific lo 
asbestos exposure. Several reviews of autopsy files 
suggest that lh:s rapid increase, with hunrlredi. of 
cases now known in Great Britain. 5o•Jth Africa, 
the United States and CanndJ. is not due lo refine­
ment in diagnosis. Thus, review of all possible cnses 
in se,·eral major pathology departments in Scotland 
h:13 demonstrated nn incrense from one or two cnses 
n year in the l!l50's to some twenty cases a year or 
more al the present time. Fourteen of the last 120 
deaths in New York among nsbe5los insulation 

I 
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.-,ork•r• have been due to mcaolhelsoma The pr,,b,. i: 

Jem hu uaumed • utricicnt importance to l111ve 
warranted the eatabliahmerit or Mesotheliom11 Ref­
erence Panels in a numlll?r of countncs. by the 
lnternation11I l:naon Apmat Cnncer, one! the recent 
eatablishment of a ,1,~othehom11 Rclll~lry rn this 
country by the National ln1l1lute of Envlronmen111I 
Hcah.n Sc1enrts of the l ' S. Puhli, Hl'nllh S.-r1·1ct•. 
(rhese experiencn h111hhiiht one j)Ort1on of the 

current apectl'um of 01l;e~10~ d1~ta•e It i, now 
recoilll&ed that dirrrt orrupahnMI ~zpo• ur, to 
ubelto1, reJult.s in II hnard much mo:,. , 1gnrfic11,1 
than formerly ::pprl'C111h•tl. In tht last &e\'erol 
yeara, how"'er, a1ld1tion11I problenu hn1·e bttn r l'C• 
oinizcd which odd nnothcr d1mcn•ion: thc poMi­
bllily thnt the ut1li11\tio • • 10, i~ Tuocrntcd 
w II much "Ider r i,k perhn11- nnc 111 t t' Mm­
muntty Ht mrge. 1111. I~ lr•s "ell de! inea,iiiuclt 
leas well documented. but brc11usc of tis potenl1nl 
importance, or con"'dcrohle conceru7 

The r eco1rnilion oi tl11s potent ially wider ~pec­
lrum or nsuestos di~cnse has been bMed upon rhree 
1renninnl ob~er\'ntiom,. ,he first wns the puhlirn­
Uon in l !JGO b) \\'ugne• nnd his co1lc111111es of ,17 
cues of mesotheliomn in South Africa, :ill from the 
northwest Cnpe Pro,·ince. nn asbestos-rich nrea of 
the cou11 ry. An11.lr~is 'lf the cnses showed thnt few 
had worked directly with the nnncrnl 1,ut lhnl 15 
or the 4i mny hm e hod contact with 1t, often in­
fli recl. They hnd li<·cd in nn nrcn in whirh nshestos 
was mined, or had wo1 ked in an environment in 
which indirect. hnplucznrd exposure wn~ conceil'nblc. 
Jn s triking contrru,1. thcre wc1'\. no cases of meso­
thehomn in the rest of South Africa reported in the 

TABU: 2 

Ob .. rNd and Expoclod Number .:,f Dealha among 
370 A•boato1 Workera lrom January I, 1963 

to April 3C . .1967 

Ob1er•ed E,p,,clod 
Cauae ol O.ath Death> Dec,~ .. • 

Tolal cancer (all 11tHI 49 86 
Cancer ol lung r,leuro bronchu1 

and 1,acheo 27 23 
8ronchogen1c c0rc1r0:nn 24 
Pleural mM01hel10ma J 

Pcrntoneal me101hohona 1 
Cancer ol stoma~h J 06 
Cancer ol colon ":2"'-i ,f'.-~hJtr. s 12 
Cancer of all c:her ,te1 conb1n1td 7 4S 

A1be1t..:lill• IS 
Heml and c,rculatory d11ec:H 

inrlud1n9 11roie 22 28 S 
All olh•r cou■ff o~ dealh 8 10 4 

Total, oU cauH1 94 47.S 

•Baaed upc-n US no,10l11y dcto d1are;0rd1ng 1mok.1nQ ho b1t.s 
0 Un11.J S101n da10 n01 ova,loble. but t1oure ahould be only 
1ll9h1ly ln1 1han 2 J 
• .. Unlled S1ctN doto nol cncalobl• but theH are rare cau1PS 
of deolh In 9 1nerol populohon 

t 

JL1tLJj' 
..... 

r 

ln~ulniuin \\ Cl rkf'" rin11ln~, i t ,n th.: r ·m .. t rucl1on indu.alr')' 
h~,c- hntl 1ht.utn1u,- hr .:th •. ,5~ntnre• 1 ,· .. n thoucli t hr1 r 
\\ork 1s ,1Ctrn out1tr .. ,r, nn,I , ,I\ •hr• 1,nl ) l1m \lA'."d cont:1rl 
" 1th n•br11to•. t" 11 unt il I h(' p::i1t er, .-r.'.ll )'"nr , , 1l v- :u 
thou,:l\l thnit lune- rln ·er fr,1,n o.sb(-at o1 w:t.1 an rndu1tn:1J 
h:unnl lirn1tiJ tt, thf' h1·u1I) t"Xpou-11 1nJ1,1du&l1 in 
,1,b(o1 t n• fnrtor1tt 

same pe1 iod, nnd none in J0 ,0011 consecutil'c autop­
s ies of ind1\'1chmls "1th , ilirost<. This rcporl un­
cqui\'Ocally raisccl th,, 'llll''liun of whcthcr nsbeslos­
assoc1:1ted mc~othehum:i w:is limited to rlircct occu­
)lal ional ex110~11rc. or whether 111ud1 lc~s intinmlc 
contnct could proclun• th!' •am,· result. 

In thc snmc yr::ir. 1%11. Kh·iluoto raised :in :rn:ilo­
gous quc, tion. l'k 11r.1l rak1firntiun hnd been known 
to occur frequcntly ;., ,·harnl'lcn stic form among 
nsbestos workers. In our c:,.perience. indeed, the 
maiority of olrlcr ashe~los workcrs mny be expected 
to s how ' hcsc change5 whr n X-raycd. ll was, there­
fore, s t ri king to rinrl typ11·a l ":islJcstolic" pleur.11 
cnlcificntion in l!l!l of 1;,:11:! indil'idu:ils X-rayccl in 
one county in Finlan,I wlule t he neiP'hhoring county 
hod none in 7.10 1. Kil'iluoto astutc!y notcd t lmt th~ 
first C'ltinly contain,,,t an asheMus 1n111c and while 
none of the 11Hh \' irlual, with pl<•ural cnkifira •ion 
hnd worl-.crl III this n1111c. thcy ha,! li,·cd ne:irby. Ilis 
coun,rymen. l:t,un ,1ncn .,111I l11s cnllca1.ucs, lnte1 
dcmonst r:itcd t lw 1,11,scncc oi a , bcslc, f1bi-rs in the 
nir in the \'i1·111it~ of the mine and wl11 lc this mny 
not r eflect the t ~uc ,•xplnnn11on fo r m,·iluolo's find­
ings, the quest ion of ,0nd1 onmcnt:1l contaminnt1011 
was s1 rongly ~ugge!<tetl. 

The thi1 cl ohsel'm tion was equolly sobel'in1r. It 
hod long been known thnt asbestos fibers, when 



(~haled Into th• human lunr, may hN-om• roatrd 
with an lron-nch charuteri1t1r r oldrn hrown m11 
lvlal, fonm11r an "ubnto, body Tl•- ue rou111l. 
for 1,ramplo, in very h,r,:t. numbcra in the lunir• of 
ubuto1 worken. In 100.'I, Thonuon reported lh11t 
h• found bodies with the .. me appearanc«- in the 
lunn of JIN)ple who were not anbe•to• worker■ 
Smean or the lunr ba,.ea nllow,d him to demon­
atnte these bodiea in 26 perunt of 500 cons«'Ullve 
autopalea In Cape1own Iii~ conclu•ion wu that 
ubeeto. had Indeed bec-ome n mod«-rn urban hazard, 
and :,., predicted that .iabeatoa-mdurcd m~otheli­
oma mlrht become H frPQUOnt U c11111rett~UAO· 
elated lunr cancer 11 at th!' prcaent t ime. 

Thol!IMln'a obctrvat1on1 ha,·r ~t!n w1d•iy con­
firmed. and pa.rt1clca havmr th~ appearance of 
ubeatoa bodiea have, been roported m ~imil11r pcr­
centarc, In .Montreal, :'\!Jinn. London. Newcutlr. 
Glurow, Beirut, Drrl!flcn, Pitllburrh and ~llama. 
In New York City, using a !IOmewhat more 6em1• 
tlve technique. we find that approx11nntcly half of 
the lunp in 1,975 conncutive autops1e1 eumincd 
by ua ■how these particles. \\''.1en one considers l11nt 
we examine only onl' squ11re cenhmclcr of IJ11g tis• 
aue 0.0176 centimeter in thickness, it is ob,·1ous 
that these part1clea nre now very common among 
c)1lt.-dweller1 nl th1a lime. 
(_Qppoi.unity for nun vccupatlonnl contact wil h 

aabeat011 11t the 11re•~nt lime cnn c11S1ly be discov­
ered There are, for cxomplc, somo thN?c thou!lllnd 
products which culTl'nlly utilize thi.s valuable mnle­
nal. To the preunt . lack of recormt1on of the 
potential of non-oc•·upnllonal rxrosure has lee' to 
the absence or 11ppl'Oprinle s nfeguards rlunnir indus­
tnal use. Dcmohuon of builrlings, often rich in 
ubectos-contalmng m11terinls , is suspect, while 
sheer carelCSllne~s 11nd ignornnce may cxplnm its 

TABLE 3 

lube.toe BodiH in New York City 
Dwelle,. Without Cc -upauonal Expoeur-1.975 Ccuee 

Male remale 

Tolal Percent Tolal rercenl 
wUh with with with 

cab••· aabe.1• aabu• ClbN• 
To1al loo loo To1ol IGI 100 

Age C'OIN bochH bodtH A;• <CHI bod, •• bod, .. 

0-1 40 0 0-1 34 0 
2-9 2 I 2-9 2 0 

IQ.IQ 4 0 10,l!i 8 3 3~. 
:zo.29 :zz 4 18'. 20-29 12 4 33~. 
l0-39 !,() 14 28' JQ.39 18 7 39~,. 
40.0 171 83 41'. 40-49 se 18 3 1~~ 
S0.5e 1a:J 149 :,:i•. !iO·S9 85 38 wr. 
IIG"9 359 2m S7• • 60-69 147 57 39% 
70,79 321 I_, !16"'. 70,79 ISi 65 43':t. 
IIO-l9 ,~ 62 SQ~ 80-89 80 40 SO¼ 
IO+ 7 4 sr:-. 90+ 12 8 61,"f. 
Tet■I "" m Ho/, Tolol I07 240 !It')'. 

TAIL£ 4 

A.abfftoa BodiH in Shipyard 
and Conatruciion Worn..: Quantit.ali .. BHulla 

Tocci N1.nnt>-, 
ol W0tk•rw 

Work•rt H.,..1r.'l 
Att-.<100 lc.1,N 

WCHk•n Ha..-,r.o 
No A•be•tioe Bod1H 

Wo,kws HDY1no 
n,ear More 
A1bet1N Bod u 

Bluo Collar 
!no Slupymd 

0, 

Conatruc:Llon) 

248 

121 U9"Y0 I 

I~ 

2llll"'.> 

Sh<pymd 
and 

C4r11n,C11on 

129 

~170~., 

J9 

29 t2J•~1 

White 
Collar 
Malu 

205 

17142•., 

119 

10 ,s• ., 

recummemhllon and u•e !Ill pl~oom matenal in 
lunderirartens or m toy cosmrti£w 

Indirect occupnt1onal e,cposure 1s suggested by 
rccrnt obser,..at1on• in our laboratory We find, for 
e,c11mplc, that while nppro:,;imalely 30 percent or 
housewl\'cs cxrunmed at P"'5l mort~m hod asbestos 
I O<lies dcmonslrnted, comparable figures are -10 
JICl'('t'nt for white collar males 11nd 50 percent for 
hluc rollor mall'S. This ri~~ to over 70 percent for 
men with any history whatsoever of having wori.~ 
r ilher in the ronslruclion inrtuslry or in ~h1pyords 
The lrttcr, morco\'cr, nre much more likCI\' to hn\'e 
numerous ns~stos bodies th:in ar:y of the other 
gTOU(lS, 

A spccml hnz11rrl moy be pre~c111 a.~ the result or 
nn interaction r ecent!~· described \\'c have found 
that th.-re is n spccml risk of cigarette smoking 
among usbcstos worker,. Since ,lnnuary I. 1963 we 
hnve obscn•ed S7 expei,enced insulntinn workers 
who were not reRUlnr srr,ol;er, or who were pipe or 
c1gnr srnokcn; we have y~t lo ,ce u death from 
hronchogcnic cnrcinc>mn nmong these men. On the 
other hand, of 283 equally experienced workmen 
who smoked cigarettes and who "ere watched for 
the snmc period of time. we h:t\'C seen 2.1 such 
cancers. nllhough only three were e,cpectl!<I. ~c 
have calcul!ttecl lhnl the risk of dymg of lung cancer 
is approximnlely !)Z__timc5 greater for an n5hcstos 
worker who smokes c11tarettes than a man of tlie 
same ngc who neither wor l:s with asbestos nor 
smokes cignrcttcs~-:) l.d'- ._;.-.-..-,.,--?-

These obscrrnl1on, nnll, rnlly misc the question 
whclher the inlmlntion of asbestos fibers nmong 
indi\·idunls in lhe 1tener:.I populat ion might carry 
n special risk among the cigarette smokers in that 
population. 

\\'11gncr's observations ha,·e been extended by 
two recent studies. Muriel L. Newhouse investigated 
76 consecutive cases of mcsolhclioma examined at 
the London Hospital. lite majority within the last 
several yenrs. She found. lo no one's surprise, that 



t1 had been ubutoa workcn f'Much more unex­
pected, however, wu her d la<o~ y that nine h,.cl 
merely livid in the houachold or an .uh,o1to1 wor kr r . 
r f:!!ll11,_ the ■erfoua guu tlon of D AQtsilll h11urd Q! 

famll:;i expoaure} Then, of lhe 3G who neither 
work w1lh ubtatoa nor hart rcfatlv,1 who wor ked 
with ubato1, ehrven had lived wilhrn a ha lf mite 
or an ubeatoa p1-nt. Thl' latter " nit', nf r ours ~. 
1u1111ted a 1pcc1al r'llk auoc1ntcd " th neighbor • 
hood contact with u he1lo1 

Simila r ffnd ln111 wrre r eportl!d bv Jnn Lieben fnsl 
y1ar In P onnaylvanh _ or I:? cnaea of me•c,lhehnma 
revl1wld by the Pe1,n1yh•anln Sta ll' Dr 11nrtment of 
Health, twenty '1 11cl ldmu ftahle °' cupnuonal e ,: 
poaure. In ndrlltfr 'I, eight Individuals had li\·ed with• 
In the vicinity or nn llllbesloa rlnnl and t l1ree hnd 
had family contnct. 

We have con'lmied t hnt fomily contnct is II dis-

llfnct pou ibllity. Snmplin« of 1,oth nmbienl n1r and 
aotlfetl du1t In the homu of New York insulntion 
workc111 haa bhown cl111rnctcr11tic nsbcsto• 11nrticle~ 
to 1,c J)11!1Cnl, presumnbly brought home on the 
clolhoa of tho workmen. 

It la ob\·1ou~ lhnt th,. s pectnm1 of nsb<'stos dis­
use has consldernbtv widened in lhl' ln~l sc,·t-rnl 
ycan1. In ntld lt ion to tunir concer nnd nsbcs to.,•!I, 11 
number or olh;,r tumor• nrc now r('('ognii erl ns 
conatltulfnir II hnznrcl. Rnthcr limn II smoll number 
of heavily cxpo,erf workmen. n fnrge number nre 
in\'olvod in ten intense clirecl occupnlionnl exposure 
or oven in indirect occu1mtion11I Pxposure. The latter 
mny rcl)rc,sent n rcnl 1m •hlem : there ore, for ex­
ample, 3,500,000 men cm11loyl'rl in the conlltruction 
and shipbuilding inrlu~t ri,•s, or fi \'e 11ercent of the 
tot11I employed popula tion in the l 1nitcd Stales. 
Siirnif lc11nl expo~ur<.> may ,•vcn e:(lenrl to the fami­
lies of lheac men nnrl 1wrhnp~ lo residents in the 
Miihbor hoocls s urrounding their plncc1 of employ­
n,onl. Finnlly, this uhiqu1tous mnlcrinl mny well bl' 
tuund lo permea te the community nt l11r gc. Whol 
auch expos ures mny bring is not no" known. Dis­
e11ac MSoci11tecl with 11!1 ' 1tos is rarefy scr n sooner 
than 20 to SO yenrii from t he onset of ~xpo~ur~. 
111u1, 11mon1r our in~ulntion workers in · ,cw York , 
I have yet to sec a mesotheliomn in n mun who 
bell'nn work ofter l !l30 or n cnse of lung cancer in 
P n ubealos worker who hnd worked in t hat indus­
try leas t han twenty ye11rs. Our 1·oncr r, is with the 
future. 

At the oulllct of this r , e, entnl ion, I quest ioned 
whether asbe,tos might !Jropr rlr be included ns nn 
,.,uintie•pot,d cnviro1•.nent11f hnzard. Yet the less 
Iconoclastic 11mong •,s might hn ve countered w ith : 
It muat have been-we could nol hn,•e knowingly 
~ thla lo l"Dme to pllSII ! Surely the explnna­
tlon lies in the length of the period lhnl elapses 
between eXl)Ollurc and diaeue which kept •1• from 
ttally lmo-..i111 the probft m until now. 

l'l'rh"P" M . lndrrd, I do nol sna re th<' demono­
lni:,cal thtor) of induatrial hygiene history, in 
which indust rv i~ e~n , . 1 cnllousty exchnnirin11 
human (l a,ra• I' for prof ii .,. Rather , I would say 
mdu, try s horl."tl lht 1gnornnce and lclhariry of U3 nlf. 

The answer will comr in these next ecvernl years. 
\\'e hO\ e som,• reo.•on fo r opt imi•m. Fi rlit we have 
the In or overa 11r• on our eide--«ooner or later. 
Anm r importa nt ell\ 1ronmenlnl hauird is bound to 
be controlled . I ~uspl'Ct asbcstoe wilt be onl!. We 
hnve re111on to helirvc lhnl the dose-disease relntion­
, hip 1s on our eidc- lo the present, disea.se haa been 
11n,0111mon except with significant exposure. And 
our dnln su11gest further t hat such eignlficnnt ex­
po~urc can be pre\·enl1>d, lhllt we cnn learn lo live 
and work "·ith Mbesto~. All ii will tnke is the doing 
- but h"cin lies onolhcr talc. D 
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Asbestos as an 
Urban Air Contaminant 

C TJIOWION, WP r C PATH CArE TOV.N, IOUTII APIIICA, 
AND 'WAL.LAC& M CRAVU, Jfl. WO. MIAMI. Pl.A 

Tiu~ l"SE of 3th<'slc>1 ha• mcrcucd m 
nmuunl and ,·:ar1r1y III thr 1,au 30 \l:llr, to 
3 , lq,:rer unprecrdr111cd m Any olhrr common 
111111e~I. .', tbc,sto1-con1ainmi: product> arr 
IOUJY ul,iquuous in the homr, office or fac­
ltJr), 3nd 1hr 11rre1 Few 3re al\3rc of the 
r~1rn1 10 I\ hich 1hrrc hns bc,rn crt':lltd m 
r~t'nl H3r5 in I0\\ns and c11iu "'"'' co111tl 
ht' called an a, bes1os ennronmrnl. 

T he "orld's prud11c1ic,11 of a,1i<-,1os , , nnw 
o,,r J,000,0CKl Ions ~r )Cir, fi,r t1mr~ 1ha1 
nf 20 year< ai;o and eq113J ,n :ininunt 10 1hr 
101al world production c,f thr 1,11 )tars hom 
J'l20 10 1929. In 1%2, i26,()()() ton, o! 
a, ulos \I err consumrd in 1hr l 'niwJ Stales 
and mnre 1!0111 h11lf of 1111, was usrol m lb1 
or r<1rrui,1cd rooting n1a1rrial•. r•r..,,. and 
asphalt <>r \'in) I floor tiles. In wmrn<t. "h.11 
\las' the fi rst large-sole i111l11,1rial me of 
a<llt'slos, the pr01luc1ion oi a,IK·•1n,-con1ain­
i11g 1extilrs, u1iliud onh· 10,<n.1 1011s. \\ hilt 
it " rs1ima1rd that 20,000 Inn< "ere incor­
porated into hr.ikc and clutch lining, and 
packings. T hr ,:rroi bulk of a , l.cs1os used 
in the l'.ucrd S1a1es torla\' a< in the \\Orld 
gcneratl,·, o,·rr 90%. i, ·chr) ,ntilr, which 
d1ff,rs from other ,·3ri<1irs of acbc,s10s. 
among other lhmgs, in 1hr greater case with 
" hich ii spl11s into fih,r; of rxcessi\'e fi ne• 
ne". down 10 chose which am l,c 111,asured 
onh in Angstrom unils ( A ) . 

P ulmon3ry asbestosis was first nociccd in 
workers in asllt-s10s fac1orirs nL1inly con­
cerned in 1hr production of 1c,ailcs before 
lhe introduction of measures 10 control dust. 
Since then the condition has IX"cn noted in 
miners of asbestos. Conscqu<nt upon the 

Ac:aplcd for r,ubhc•tion Jan 31, 1966. 
From the CS.pen=,. of pa1holo11 of 1he Medial 

School, Un1Yt11JlY o f Car,c Town, Sou1h Africa, and 
lhc Unlwen11y of Mi&mi School of Mcdic:1nc, Miami, 
Fl, Dr Grawn • pro.tnUy wnh Profc-wonal MrdJ-

wulr,1'«:tJ u,c ,,f a ,bc'1os m " 13ri;r •• 
m c rc:i, 111,:: \.\TJtl) or n1J1nufacturtd ~'Ar' 

u l,c,tos is """ • potcnual nr acceptrd haur , 
in :111 rnormou, r~,J.:~ •>r OCCUl>Jll0n~ rr l~I• ! 
to lht" manufoc turr or u<~ of :ullf-_11,. 
cont:umng products ~uch a, \\0rkcr, , 
:isbr,1os cement factoncs. the msulatmc , ... 
du~trtes. p,1111 :,ml pl•,tic factorir . I,,, 

hu1ld111g and , hip lirral-111g, m the 1,u,lol,, , 
induSlr). CIC. • ........ 

Bc .. ·:111~, a,l,t,toc i .. , ,nu.all> inilr,1n11..1 il,L 
and~ 11\Jll\ O~ th, 35,~IOS•C'Onl:\,n ing '"'"I• 
tlCIS !I T(' u~<l in town~, 1hc; avcrncr nrla 
~h,rllr r ;., l )lt·cu,;pglh exposed co the tll! 

halnt1on ,,i ai.1 -10~ fiber~ on a rcsu'rnu I 
b.1s11. The fir ~t inH·~11g:11ion or the c'<trm 11 

,, TiirTi'" :rn onl111:1ry urh.10 ,h, cllcr is tXflO' , 
to ~~b..·,tu, 111.11..,3 ' '·' " rq ~:,.~ h, .• 111nm~, • 
rt al m l 'Jo.l ,, ho io11m.J that J() 't, ni b 
ma le .. :111t1 ~r;. of the it"m:alrs of 300 , .. ,, 
,ecutiH~· autopsies oH·r the a~f' uf I 3 rn la1• 

F u: I -T's.~111.Jt'lil~hc, 1,n l.w:>itlv oi lmur t,J)(' X, IC 
:J;;,)bl~cl,,. crntn. Uu.JI lune , mc~r I unuamnJ 

• 

n t Lahonl0tta, Fon Myrn, Al. .-·• . 
Rcpnt1 rrquau 10 Medial S.:.hool, Ol»cnatory, , . , 

Cap, Town, Repubhc of Scn,tb Alna (Dr. Thonuoo). : • , • 
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, , n , howrd asbestas bod,~ 
,~, I I 

\II duscs m nn,Jv divi,lc,u 
, 1hr luni:s are cumul111, , I 

r11tr:u1ons cx11t are: usu.a~ 
,.,.,,ic 1rnnsport and l)m1, 

\\ 1th c.arbon in th~ ordiru1 
• lun,: In oulmonary asbrl 
, h lr,s 1s transported by I 
"' oi lhe short J>3rticlr<; 
, , rrcogmuble hmol, 

;• ·111 h mph node, , unbl.. 
1. The longer a,bcsto1 

ntd 11110 a, beslos bodies I, 
,ell,)\\ globules or a con 
:rm and iron, p roducing , 

,td and quite clmr.icteri,1l 
•urc 1h1s happens many , 
I sharp asbc~tos fibers n; 
,ard• the lung b:lses O\\lr 

~t•. C3rdiac ac1ion, ant 
•rward mo\·em~nt is hi 
·ttm and more rnpid in j 
t'1t acti\'c oung. O nce a.

1 
asbc!ios body it is 1.1 

1htr. as it is usu3Jly 100 I 
111td or t ransported t,,i 

• llrp J)Ulltl,, .. re 111, :: 
,1rm and iron mcn151.i, 
.,,blr thJI the inhala1io11 1 
•-brstos lilicrs o,·r r 31 

1rrJ _a lifet ime, nuy re,\ 
rira11on al the lung oo• 
,onea pie seem 10 be th) 
-irh :,~1Jc,s1os fibers ai 
,tlh con,·crled into a,I 
1h~ r ,·'-lcnce is 1ha1 / 

.,stos bou •~ takes plac~ 
• • doubt there :ire ,·aria. 

1 tliicirnc,· of th is coil 
:•iul ex3,,,-ination of thl 
,.,, asbcs1os,s c:m shu11 
ul,liquc illumination f~ 
·r asbcslos fibe rs th.al 
n ,i lhc last known e:i 

• urred many years lie1 

~,r asbestos fibers ii 
••brstos bodies :,re ra1 
To e,·aluate exposure I 

• . f I •;:muon o asbcsto! 
1 

'S 31 post mortem i~ 
•lies should be both i 

I 



t 

in a luge ,, 
of manulacturtd 11,., 
tcn1ial or ■c:«Jlt'1.I 1 .. , ,, 

nee of occupations rr l,,, 
!Un or WC o( a1bc,1, 

, such :u worktr. 1, 

f1ctorie1, the in, 11la1i11~ ,, 
,and plutic factor,~, ,111• 

breaking, in the bu,l,111 ~ 

• iJ virtually indu tru,111., 
ubeslos-romainong l''••I• 

tO\\'nl, the .i,·cr:ige "''"' 
·ca11y cxpoocd to ti" ,,,. 
OS fibers on n re<idr<1IL t 
wu1ig111ion ol 1he esien1 

urt.n d\\cller 1s c~p11 
wu rcpor1td b) Thnm, 

found that 30', oi ,, 
of the lmu!c, of 500 <"' 

• 
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f•"" allowed ubcsto.. bud1c, :n the lung 
._,n I 

All dusta in finely di-,dtd lorn: inhaled 
-<• IM lunp arc cumulltoc and wh:11 foca l 

• ,iccntr111ons ui11 a rc 111111111· 1hc rem it of 
.~tic tr:insport :rn,I hmphat,c 1,locui:c, 
,. •••h carbon in the orct,n.an· url• n 1l\\cll­
,·, 1ung. In pulmonal} a,hc,10,r,, h•m r<cr, 

h le .. 11 ll'lln!portc,l ll\ I ) 111pl~111n. ronh 
- oi the short Jlllr llcle,. and rdatl\·Cl) 
.. ,, u r~1.t2blc l11, 1oh,i:1r:ilh 111 tlu 

._i h,nph nodes. unlike oth<r mhaled 
I• The longer asLc:s10. 11hers nrc cun• 

nrd into as~tos liocl11,1 6, 1he dq w1>111on 
It C t :\"- IIIJiC 0 

ocrm ;v, iron, r ucmg nn ea11 , r«og· 
-' a.n qune characttruuc , tru, 111rc ut 
, ,ore this happens man) oi 1hc , er.,· ilu:' 
.,d sfuiT a.sbcstos hlir. mo,e J o,\lm~r<b 
• ,nrds the lung base~ ll\\ 111g to 111111: mm C· 

,,us. ardi;ie act""'· ;ind i;r:i, 11). Thi, 
.J1'TI\\ard movrm,nt 1s likt ly lu lx- moir 
""¥1tnt a.r.d more rapid m th~ he.thin lun~, 

,1,, active ) oung. Once 3 hbcr has become 
· , ubcst~s body ,1 ,. unl,lrl· to 1110" 

nh,r. 3 1 it ,, u,n!\lk " "' l"nl? to he pluen• 
.11: ,d ur tr:insponcd hi l1mpha11cs :mu 
·, sharp poi,,1s ;ire n1ow lllumr,I hy the 
rl.)tt m and iron encnh1.itinns. It is thu., 
,.,.,blc tlut the inlulaunn 1ti a !111311 number 
c u licstos fibc~ 0\Cr :, lone p<.nod. o r 
, deed a lifcume. ma,· roeiuh in 3 -cal co11-
rn1r:it1on ill th• hm.g lnse<. ~'3n and thr 

;,,iota pig seem to be the onh- ammals in 
• hich asl,.stos fibers ar~ r;i;ularly and 
,p,dly tOn\'trled into a,lx,10< hodi,'S, and 

• all the c,·iJencc is t lt:it the fonnat,011 oi 
•i&stos liodics takes place only 111 the lungs 
\oaoutil tnHe :1r!""\'ar1a110 11, m the , pcc<I 
1nd cfliciencr of this cpnH·r,ion. CertJi1•I\' 
a rtful cxa111ina1ion of tl•c lung• of ,-:.,,, 01 
<>er, asbcsto,is can show hy pha,c-,0111:-.>st 
r oblique illumination iar more ,er) ~hl)rt 

'Grc ;isbcstos fibers 111311 a , bc,10, bodic, , 
0 •n if the last kno\\ n e"posure 10 a<hr,to , 
<'CUrrcd m;i1o;- ~ca•s l"'io•e dc:ith, though 
linecr asbestos fil•ars in the k ni:th•range 
'nbcstos bodies arc r:irc. 

To c,-:iluate c.'<posure to 3Sbc, tos by the 
rta>gnition oi asbestos hodies in 1he lung 
1-.cs at post mortem implies that asbestos 
'-odics should be both char:ictemtic and 

r 

' 
• 

h1t .! - P'fu,l,lruhe,hu blOy of n""\und 1ypc. S nlc 
1ht' hlirL. cmlt'r Uu al lun1 'lmnr t un,•amrd, X 
•w, 

~l)C'-11ir Four tcnn s arc <'lllploH:c.J iu the: 
h1u,u,11c on 1l11, , uhj<et a, h,, 10, ho,he, or 
:nl~' ' ""'' c; 11()(.hcs, .:int.I ··curaou~ IJl'tlir"" or 
p,rutlu,.l\l,c:110~ bo<l1~) Tht,r iuur 1nme> 
are u ,r<l to ,:ir,111.: ilti:rrt'~, --4 1111t't11nc3 n11:. • 

mtrrprctrd. anti ... o m r t1111r:, 10, ... u~~- It h 
d ear irom 1he 1imlmi:, o i Thom,on Cl ·JI that 
thr u·rm ·•~,bc .. 1t,31s 11'.uh •• •s 11n111-s ti1';c:J :iril 
,h1111l,I 1<- •h...clrtlrd. a, mo,t lm1i:s conum• 
ins: thl,c ht.l\.!1t:t, :\lhr 1t in , r n · ~m:ill num• 
l,ch, ,how no pu1morur~ :t"JhC'!tlO ... h . To 
p.1th,,)11,:..,t, r-,pc ru:n.:cd 111 thi.. field. 1hc 
asltt.·,tu ... lw,,h , .. a lw.:hh- ch.tr.1.c1cn :,tic: :, true • 
turc aml h not 1111,tatl~d by curious 1,ot11lj or 
p<rndoasl,cHos bouir, to ~ uci:rcc that leads 
t o :in: cunitb1011. lmt ! omr. nuinly ph, • 
4-ici:tn). rad1Clloc:1!tts, o r chtmir;t.s writing on 
:i~bc,10", :irpc:ar 10 interpret the term p<cutlo 
as appro,inuting to 1dcn1ir:il. Inasmuch :is 

the form:i11on oi the a;l,,:stos bod,· results 
from the deposition of a ~ ell,iw c~tini; of 
iron and protein on a \Cry 1hin a~bcsto, 
fol,rr it ,s not surpn,ong that oiher inlL,lc<.I 
11L1tcrial n•1, on oc1."'J.sion:) show a ~im11Jr 
dcpos111,Jn \\ hat is more surpri,mg " 1hat 
this dc1)(),:)i1ion <crms to occur rdau,·ch- 111· 
i1e<p1cntly ;irouml ,ub,1ancc! 01hcr than 
a~bc-1,,, tih~rs. Thi, dcpo~i11on has uecn 
descrih,·d a, occurring a round n.:tn) i11h1l,d 
material,, llut ot these onh- coal clu~t 11r a 
black carbonaceous material i, commonl~ 
seen "ith a i <IIO\\ coot in!:', but II should be 
strr s,c<I that the use of the word commonly 
is dctermanc<l h.1 the almost uni\Crul fre 

4,ch Path-l'ol 11. 1/0 1 / QM 
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f' 11 J - T rut a,t.,to1 hod1 The hrw- cnl ,rltu 
cm1r1I 1,bn1ot M-rr nn ht &,tffl 1n pl1C'ft btl•ttn 
•hr aqmtnu lutal llffll unc-ar (umuinNJ, "' 9001. 

q11c11rr uf carbon 111 1hc •duh human 1•1111:, 

a nil 1101 I" 1hr lrc1111r11r-' with "lnrh rnrm,-
1a l M111 flCCUr round , urh cnrOOn•hl,,t" m :urriaJ 

It " mai,11' m <l!'t'pl) an1hr.1cu11, lung, 1h.a1 
1h1s sort of runon, l,od,· or p•r11doo,tx,1os 
bod) i, occ:isumnll_, r nrou,ttreol. Lui nrothrr 
in u s fom, nur its color cnn 11 pu .. 1\JIJ Ile 
confused with a i:r11ui11c asbestos bot!) . The 
renter of the,., curious bndir• is oi couuc 
!,lack. It 1• munlh 1mnrta1< or rl,,. irrri:ular• 
h 5i,3pecl, nnd \\hen linear, \\l11ch 11 r.ird_\ 
1•. 11 is much tlncl.rr 1han the fine colurl« s 
n,t,rstos fi~r \\ l11ch hr, in 1hr center of a 
true :ullcstos hod,· anti is , i<unliir,I \\ iii, 1hr 
ht:111 rui.-ro,copc onl1· \\Ith clihicnlty. The 
m:am r!t-.c"p11on •~ tha.t m tnlc c r:muloma oi 
the lung smnll asb~,1c,s i,ochr, ran 1Jc ..ccn, 
hut th,sc arc in all prolJ.1\Jiht_\· nn1 p•cutl!>. 
lmt genuine aslJcstos IJotl,r,. tine 10 1he in­
lmlntion of small c1uan1itics of trcmoli1e, a 
1rur asbe.510s sometimes a •oc,ated \\ilh talc. 
In any c-asc if e11011ch talc has hecn inhaled 
10 show these smnll a,l,c;tos uodics. the 
lungs arc the seal or a pncumoconio;" in 
which talc particles anti the response they 
c\'01.e dominalc 1hc histological picture. 

Th'1r arc slal<mcms in the l11,ra1urc 011 
asbestos mainly hy people 01h" than p,,1holo­
guts. that the aslM'stos hotly is nonspecific. 
These opinion< arr no1 held by h is1opa1holo­
i:ists today. These difkrcnces a rr illustratcd 
in Fig I. 2, and 3. 

11 should be stressed that the fi ndings "e 
noY· report do not indicate the c.'<tenl or the 
inl.alntion or asbc5tos ,Just hut only indicate 
the inhnla tion of asbestos fillers lnng enough 
to Ile coverte<' inlo rccogniiablc asbestos 

l• ..-lu. .,1111 uulrr11 f}nl th111,c- "'"''' "1 

.u~ ""'' , ♦ 11t\ t•t tr,I TJ.. , u,r~r mr1hi•I 1 

,J1x h''l prrm11 th, Int, ll•1n of 1.:.rc- ,;i 1111 
hlw:r'" h11u, ,,dllrth:ttlht':i,tJit"il•••I ~ 
\\ htn urrtm1Hlr1 l II\ a ca,1111: oi pro1rm. 
,r,,n .1, rn .111 • ,)l(' .. fOI huth It er n,·rrtc,I 1 
:1 n lnt1,rh IIJJllH 11fllh •truc1Ut(', :1, 111 , 

•IAlr l it,th the- tr,1um.111, ;,111I thr cl r 11 
f ,pL1n;at101111i fll 11 ~ nu,dc or 3f1Hln ~,,u'.,! 
111l11b.1r,l Thr fil,rni:rmc antl cuc00.,., 
p r,1Jtt n1r, ma, lK" ,Jur h.' 1hn,t- fi\Jt-, 3 ~-· 
,011,rr1td. ••r morr prolat.1., l•J tht ,t"n t. 
hl)t'r,,, 1,11,lr rinlv m 1hr rlc-ctron mirruc.r.-... 
\\ h, 1hr, tlL11 , Ir\\ loe, corr<"<"I o r nol, it,,'_. 
lra, 1 rca"1roal,lr ltl 'regard thr a<~Slos I,, 
:u o r1:ukrr of :i•,br<to, i111~1at,on 

Th, '"' tSllg=Jl101l \\ r now rrron "' 
<t3rted ,n ~!,am,. Fla. 111 l 'l(,I , us1n~ 1 
s:sn" tC"Chrw1ur a•, m lht• Cap~ To\\ n , r ,1• 

lllalerinl ond ~lrl hods 

F'rn,,n uch lu,,1 n ,mnr "~• nude: on a J , 
mch (; .s x 15 cml mrtri•,r~ ,1nh:·. u.nullr c 
10.tin~ rTYrnl)' <1r l,l(ll'W.1 ;arnl 11ui1r tluck. Th, • 
a,r dril-d , t-i""tiJnl \\ uh :\\ 1rnC.:, an.J moumcJ .,. 
~IU;m or ha1um tuh•111ult III a 1Jr£t COYU 1h 
All smr.au \lC"" C' m.ufr fr,~m cut 1urf1."s f'i , 

bUC'S o r lht' IO\l#r 111hr, u r frr•h unrixt-1 lu.. 
Smuu fr,,m lm1"J 1iu••I 111 fornaldth)dr I.' 

ummlahlr ln r 1h1t 1,uq,mc. TIie ,rolJtn•)tl 
11hr1to• h ,._J,r .. \\rr c: 1c,11J1h· sr-tn '-'llh 1hc 1, 
:-,·m er oi tl1t m,cr .. ~nJlt. C ltJ mrn ohjtttn tl •· 
conf1rmr'1 by 1hr -Cl mm diJC'CllH Cwn1m1 •· 
lJnnr by lm\•fWmctr firlth , LrF) and in th- • 
rcrordrJ as nci,;at,,c. JOO Lrr 1Atrc ruminrd 

Smr.u1 \\nc taL.c-11 from cn11 «uu,r aU1oV" •' 
hmo the J:ark,nn ~,lc-mnnJI l-fos1,1al, 1ham,. i 
nn suliJrCl.J :u::r,I I ~ , c-,n , ~od m c-r to ;a 10111 ! 
5l'1 In 1ht aulufu~ 11irn ,ct n l 1hc- Jarkwn ~frm u 
U •t\[Hlll lll'll all 1lu: ,uh,n·t~ "err urb;an d,,tllrr 
&,me nmt lrom 11uth 1m: \ 111:i,:t, ;1n.,i •uu- 1• 
d1c1r1cu Othrn ur COUhC', \\C'tC rc11rtd , ..... , 
comm~ tn•m m•1rf 111du, tri.llunl ci11 ..-.. :md , ., 
\\hrr(' 0JlJ),,_tflUl\11lt"I n l 111hal.tll(m nr U l.)C'SIOi nm • 
,,tll U(' ,,u 1rr llu11 111 \hami \\' r h;iu~ nn r.r.,;, 
i I th~ 1.. I .,r, nr I •• ( ,I .,.,, ,h .. JV' ' 11' r (., 

mat rn:or,letl a r r n,rarrr m111inul 011l"1 thin Jh , ... 
onu for urh.1n J\\ ('Jlrr, 111 the l ' n11cd St•H ' 

\\"c r.111 hul rc11n.11t tht 011in1n n ;1.lrc-.l1h •' 
prc-nrd I that the nu. thCl•I 11,rtl 1s 1u\,1ttt h • rN' • • 
,·u1iblr,, ma111h t 'hC' :nnount or nu1d or fillol 
cxudatr JlrC'Knl . 111 lh<" lm,i: b.J,c,. H an)' llf th,• 
arc in txcr,1,, am.I 11ulmon:u,· t•tkrn:1 :mcJ c0111:::r ''" • 
arr th~ mt1rC' 1m1•ur1:101 fl111d £ro1m a 1014,JI nuni;., • 
of air ,·n,cl" or C•()1ll:u1c, "'II he suihc1r11t I 
conr 1he 1hdt" :and a SJTU11er aru of lum:r ,,111 1' 
examined for asbcno1 bodies. The ma n cono11111' t• 

in thuc smru1 uc rttl blood ttlh 
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,.,txU•l' hnd1u lho·.,;cd lM '­
~ ,:v ..,J lttil"th u 1ttn 1n 
.-n a•hu1mu ~Iott \\ nt • 
~ rlrJ \\"h.at 1'""11 probabh 
_ .. r, m4t o r :an ;ul,r,,to, 1».11 • 1 

.,..J " I' 11nortd '" <Ounllf\l, :a.J 

CJ"'' c'llm(\ltlt ubutm bocl1t 
t I , t.tl l 101i.l1) an lun11 1ho1'1n 

1,t aied L.u tu11l gun , th, the ::a 
.1.J:,~.ff 1n n•lor, ~uparm1ly , 
,1:nc u Jttn i1 IUlOpl)' on 11 
~J.I C1rran, m ron1~e1 11. 11h L 

• •rt n1hfr-.1K quilt lypial 1 

, 1hr nor nu I ) ellw color "rr 
,,nl 

Results 

Tl,r ~li:11111 srri~ was plannn 
•, 1hr Gipe Town figures and 
! fimlmi;s sr~n almost ,d 

. portion of male to females 
. , oi 500 each is the 5'lm 

. ,,., bcing I:",:, first : nul 
,.1,, 1%. 19-1. In ~l iami. • 
·•r ai:r i:roups·arc belier rr1 
:, than half, 275. arc 31:e,I 
· ,,nh IP'l ;n the Cal"" To, 

,m,;1i:r• age i:roups we l,3, 
u~H·r,c :rntl there il.re onlJ 

• cJmi nndrr I he age oi 34 ,, 
m the C,pe T"wn scric• 

. :c :"\e,:ro anti the find in~. 
-.:u,,rcl S(ep:>ratrly lrom th 
:a i:rnrral the occupations a 
lo<Jth The only ,-:,rialion Le 
cul i:roups is that Ncgroc~ 

• .. ch IO"e more posi1i,·c c. 
,q:ms. The results are givr 

- 11c o, crall posi1i,·c findings • 
,ubr 10 1hosc in Cape To 

malrs and 20.4rc of the i, 
presence of asbc,tos both 

,,,s h,· the 1nc1hod used. 
• •ptct ihcrc is an incrcasetl 
•· m.,niic~t in both sexes Ii 
•incncy in the males is "' 

:. ~roup. The peak inciJ 
""i" is in the 45-54 a~ 
ly oligh1ly less in the ne. 
a drops to 29.-1% in thn 
' "• the lari:cst numcric:11 ~ 
The suspicion that asbc~tt• 

> huJrd of urban living IS 

011,ly than expected. An 3< 
·rl,ii, c number ol asbcsto• 



• & r.RAl'ES 
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o,r a,btsto• bodi<• sho•NI 1hc ,.nw rans• of m Taf,le 2 It shnul,I lie sire~~ tlul these 
"",,a»lot'7 and lmalh .u t«t1 ,n wcwv11 111 arc , ,u.anl:'\ll\ t on\~ 10 the~) of the lung,, 
_..,, ub<Jtos,._ 11"'• "'" .,,..,,ni«t ,t~n anrl nol 10 1he IJ11~• 3• :i "holr In lht i r~t 
,snaitntal \\1hat tut pn,t..,ably tl•f' ,w.,,llm detection ol bl1tr ~ 1. 

II be that the ul.-,1.. 1 
by a a1mc of 1m,.,·,11 
tot body is com rn,,1 

J t tructur~. :h m , 
tic and the d , .. , 

C of actton \\ t111l, I 

nit and carnnu•.:.• 
e to those fih<r , , • 
rot.bh to the , '" 
the ,lcctron micro , 

tion we now rcporl " 
i, Fla, in 1961. 11<111~ , 

u in the C:lpc To" n ·« 

lal and Methods 
a ,mcar wu madt on a ., , 
) mictOSCOP< thdt, u1u,ll1 • 

blood and qullc tluc\.: Thu .. 
wi1h ,rylcnd, and mountc<l • 
aubttitutt m a tnat er,« c • 
made from cut 1,urfu.n fJI • • 

r, lob<• or rruh unfixc<I le 
1 fisNI 1n form1hkh1ur 

•> pur!lO.._· The 1oldtn·1,, 
re rracll ly seen \\1th 1I< 1 

cmacopc ( 16 mm ob1rx11,c:1 
4 mm objcclJvt. Countmr 

fiddt (LPl'l and ,n 11 
rin. 300 LrF \\CTC t:<am1ot 1 
b,lcrn (rom C,:,,Ut('UII\C .tUI ,i-

1le-mori11 H o1p1ul, )l1~rn• l ... 
IS )HU :rnd o,cr ,,., a , n i 

y .enicc o( the J:ridaon ~lcn1 ., .. 
lhc 1ubjcctt -.ere: urlwl U...,r11• 

outlyinc ,,11110 and c,,1..1 
•• 

o( a,uuc-, \\trC tturC"fi , .. 
u~ 1ndwui1li,~ c,tiu :rin,J t• 
ues of rnhalation of ut.c.uo, ,,.,. • 

n in )harm \Vt I\Ji,c I"' r-.: 
Pl but frcl tlu.t the p..J''" '" t. 

t narc:r m1mJN.l onu thau ~' tt • 
idwt.tlcn an tl1c t:mtc-tl S~lf' 

rtttrntc: lht n('ltmon 1hc-~J)' ' 
method uttd 1:1 1uhj c<1 to cert 

, the amounl ol AlllJ or btuo,l 
Bl lh• 1111 .. bal6. H any u k ti 

pulmonary tdmu. anJ cm11:, .,. " 
t. flu,d (rom a ,man m,a,er.­

LIC' apillariu ..-1U be 1~rftc,tt'I ' 
mid a ,mallcr arn of ,unc "'1i 

1

' 

bod.in. Tttt- ff"11n com11ltJ1 ' • 

11N red blood tt1' 

,,n-<>IT end of an ubNw, t."1, ,.., ,,.u,.,.,.111 m.,J•mt, of the ,.,,,11\t c.:ut'• the l10<hcs 
_.. aod wu 1amtNI m n,vnt,n,, , .,.J uuMllt m ""' -c:1111\ or "" •<3111}- In l ij O"'· all 
,.h aJCO a,mplc1< "'"""" b.,1,., •«• •ho male,, 1u,1 undtr I•'' of 1hc nulc, ,~am111c1I. 

n,enL Es.c.rpoonall} 1n hJfllt J-.n'11"11 1• ,u,,, ,rtnn tht' i1.,lte.1IM '""'""• wrrr numrrou,, horn 
.. -'1"' and bacunal 1rc1• 1h ,1.f' a.,l c-, lot t,.hn 111 rt> t h:111 \ 111 1 I l'F to l m :! to O LPF 
.rt datlctr m cnlor . .1i,p,arcnllt 1l'C' , null ot 
Jpludm1·• u l<ffl II auu,i,,y "" th• ,ur11cu o1 Tloc--c , rr hl«I) 10 bc Q•tt Ill "Inch m· 
,-Ml orpna ,n conU<l ,.,.i. 1hr col<.,. INI du,lro>I or occu1-11,,,11,l e,r,o,urc 11, ;i,bcsllls 
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.. ere othu,uc •1u,1r 1rr1<•t ae,I i..1,,. " ha• hecn pre•rill. • nd 1hr one "ample of 

...a the nonn:al ,cllo-. cv1" r '-"re u wU) _., .., \tf\ hrqut'll 3\-IM",IU' l,c,dic~ ,,....,., tn :i .nm· 

The :>liami series "~• pl:lnnrd "' compare 
uh 1hc Cape Town li,;mN a111I Ill<' n1.11troal 
nd findings seem almost 1dr1111c::ol The 
:oport1on oi male to female• 111 1h• t\\o 

, "'" o( 500 each " the .ame, tJ,e \loami 
'(urcs IJcing ghcn 1irn : m:ilrs J(.\.I, JO(,. 

nult! !96, I~ In :\lianu. h""°'rr. 1hc 
Ider age groups arc heller rqirc•to,1<1I ,1111 
ort tl1.1n l~ll, 275. :ire 3.J:<"il t.3 11r 1\l r. 

•I only 189 in 1he Cape T1m11 ,,ro.-. 111 
c ,ounger :igc J:roups \\C h.;:l\c v i 11t-,1.· .... ,t, 

r rt\·e rS<C :rnd there ar r ,,nh l i' l':i t~ m 
,lu.mi under •he Jgc oi 3~ ct•lll'•·an•l ,, nh 
") in the Cape To,-n ,cric- I Inc •1113r1« 
uc :-.egro and the fi11,im~- "111 11• I he 

.ua1.nctl stpa.r:::itrl~ irom 1'u: ( ""1 1!.:.~-..1:·ui,.. . 

.. , m general the occupltion .uc , en .. i,u11:lr 
, both. The only ,·.u1a11r,1 l,c1,H·e11 1he '"" 
,rial groups is th>I :-.,i;:roe, 1-,,c appr<>'1· 
--.. 11cl" IO<'o more l"''""c case.> 1h311 C1u-
11ians. The rcsuh• arc t.'""" 11, Tal,k I 
n,. n.erall posill' c tintling; arr «mu~al,I\ 

ing tngmN:1 \\h11 tl1rl from hrunch1:i\ c.:ir• 
cmonu 3nd lu> an :utJ<._,_lv~,s 'li da>~10.\ 
l\pt. Th" " ,u111-.r1r•l 1,, 1hr fact th." 0 1 

1hr 40 l""i'"' irm,le•. Ji ,ho" "" SC3nl, 
.u\,r,to ... l wJflu.•-.., thrrr <ho,, ~&.:ant~, and 10 

nonr ,,rrc thr\ 1rr·11urnt nr \cry irrt1u~nt. 
In the Ii nulc, ,.,1h irr<1nc11t ,,t>C$IOS 
lir.doc, no 1gn1f1.:311I 1n1lm11n>r) 3'hr, tosis 
\\3\ t\ idem al •Ul"(l•! . ahhou~h ,cc11om 
irnm the lun1; h:t.'-l'"" .1.re nut ;w:ul:1hlc to 
Jiai;:no~c- ur t~dudt· :::i 1inutt ,j or minim:il 
h,'l'1I a~hc:-sto;1~ 

\\'e I~"• no ,(r131I, n, 10 1l,c occ-ir,111011s 
o( tlll') 5?roup LIil It \ \ttUl,I l uni .' r l\" .' :t• 

the tource oi ,h ... ,r ;a ... t~,tth .,:i~ 01her 1h .. ,, 
occup,:ittun::sl in n 1w nr olhr r oi the n.J1:, 

°'cupJtir,n.. 111 ,, 111< h a.,hc .. 10-,.fn1i1:ainin , 

prrKluct, Jrc 111J•k or 11,r,I • h c.hc 'Jld UC 
.. ,n.·4-.. t<l thJt iu .. I', ,i fr('-1 111cnt :..-.hc,t(h 

lt0,ht') in 1hr hm~ h,1!!l'~ 111111(" ll i this sroup 

f ,au I - Tl,,. I ,,·,r-•·11, ,. I l 1 ,,, . s n -J,n 
n.11J I Lw •9 ,·oh,,, Ill ., .,.. 1, , ,,wfl 

A•• l~ruuc>t, Yr )I .... f'nn.al• Total 

.,.:, 
rm 0~ IOl .,. 10, o""' ct> 

l~ tt• milar to thosr in Ca(M' To" n • • l I ,,r; ni 
· c nu.lcs am.I 20.4';-c oi the irm.,h .... \i(',, i11g 
·\e presence of asbc,1os l,o(Jor, 111 the lun1: 
~"• by the method usetl .h ,,nc \\nnl,1 
·tpccl there is an incrac.ed frr•1ur11cv \\ ich 
~r. nuniicst in hoth ,exes hut rht ; 1a,ima1 
'")ucncy in 1hc 1113fes i, nnl 111 1he nlde,1 
( t group. The pc>k mci,lc11cc oi J(, 5"o 
lh1li\'c is in the 45-54 age group 3m) is 
~ly ~lightly less in the nr,t I\\O ,kcallcs. 
•t drops 10 29.4'7o in those agrtl i~ aud 
.. er, 1hc largest numcriol group of all. 

The suspicion that asbcs1os fibers arc now 
: haurd o( urban li,,in,: 1, confirmed more 
•11ply than c.xpccted. An , s,css1<"cnt oi the 
"tbtive number oi asbestos ll(IUoe, is gi"en 
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• ,,,.,,o,. •I AllH'II·" fJftd1t I 
"' ' ol '·•"I SNrOr.1 

., • ._ ,-..... r ..... 1 

• , ., ,. ..... LPr u 1; 1t1 
1,1 ,.,..L.PF U •• 

• I" l •f LJ'P' If I" _ ...... 
fl 

., ............... ..... 
1 , n tJ, bihty anJ a ll d,ed fmno 

• .,, I on 1; of ti~ male hn5Jtllal 
~1101111 h1\'1ni: lr«1uci11 ubc•tu• 

, luni: l1'lsc,s 1s ,denti<'21 "uh thr 
11,r lapt To,rn nules anJ would 
,, ,,,.J •nd alann,ni: ~o oldrr 
,,u,l•lM 10 dtetmunr "hcthtr 

or" ,Jt,dQJ)mcr:t or mcerly 1hc 
the ror I nn cs11p1ions in 1h,, field 

« 111 rca.onablc I<' rci;ard 1t a, 
• " ti" elopmcn1. de1rrrnmtd lw 

1, ,nn ~.~ of ad)(5tOS In a \\1dc-

111•!11 .. 1nrs .:md occu1-.ahons in the­
•~• t,ut i1 mu~t ~ aclmintd :l..a1 

• al,,,u,lant ast....1os lxtdots cc,nlintd 
,,,, 1,,..,. could as readily haH b,,,n 
rtl :i, :'llnorsy in thr- pa~t ;i ... thr, 
, .. ,.. t11tl,:n 1:nJr:,:s ~•ion< tor ha -

, ,.,11111.:it1on arc- tak~n from 1hr 
;111d rou11nr onr.s I arrh ~,,. t ... ,rh 

1 ,J llhro,i, and the aslK,,10, l,,.shc• 

•• ,111,-ed In both 1hc CaJ)<" To"n 
' liam, ••rots the ages of th~ wi1h 

• a,b,-,10, bodies were similar 1u 
11!, ,c,,m)· asbes1os t>Odies. 

·I :,p< equally •1gnifirnnt is the brgr 
n ,,j cacc-.s in whieh fC\1 er as!M'§to, 

,, ur d"lll!)n'it '"3tc,I, 3()J,roximatth 
,,,ir oi all the remaining au1np>1rs 

• ui these, the b.odie! were scant,· or 
.Hit\ !\o doubt some of the!t, inhaled 

iobers in their oa.up:uion, but thi­
,,,,..,. is unlikely in the rnsc oi 1hr 

.. ,vJ ll would seem reasonable 10 
, ,. thM fnr the group as a "hole OC· 

1011, \\ ere not respomible. lc:t\"in1, us 
1 hr home and the air of the city as the 
:-o , ,blc •ources for the asbestos fibeu 
"' 1 no lack of thcorrtical possibilitic~ 
c mr,dern urbltn home which usually lu, 
:ns-c,mtammg products from the roof 

t r J..,<Clllcnt. Asbestos roofing or roof 
• ~unN,. ninw:&ter pipes, ceilings, and 

roor 111 .. e1thrr 1•1• 11 ,,r a,plult ue " 
mon cnou1:;h Xn ,Jouht a~lw"1,,, cr,hrir 
, .. 11nlttl .imJ r,u,1 rl rH.J.tntolml"l't :ur unh.._ 
to do rhargc a be ,10, fibcr. . Lut a,t~ . 
floor 11lr, cien ,i poh,hc.J arc •ULJttt 1 
weu and prcsumablJ 1n 1hr hbera1101, 
Hbcstos Central hr,11111: 111m.lct> and r• 1• 
onsulaied I" a l,,e,to. arc H I } comm,n, 
1hr l;a-.ment, of ,-\men<'2n homt'> l,111 •· 
as absent in M1:1m1 •• tht) ar. ,n UJ><" 1 .. 
Asbestos msulauon 01 dectro, al "'Juorm,, 
m the home such as electric irons anti I IIA, 

is ahno,t unn er.al \\ c c:tnnot even m.l 

• guess .. to how m:am as~sto! fit~" ,,. 
111lulrtl ,n the .lHrai:e home 

The air oi the SlrCft \\ould scm, a m:,, 

probabk source for the mltalation of tht­
sc.int>· a~bcstn, fibers T he modem au,, 
mobile 1< aCCCJ'l<-d as an 1mp0Man1 fa:tor 1 
urb.m ~or pnllu11r,n aml in adJll,on to 11 

contr1b1111on oi e1rhon mono . .,de aud brr, 
p) rcne, asbc•tos filicr• nuy well he an .ddr· 
factor. The 31 cr~i:• pn,-:ile motor , ch,, 
\\Cars out three or four •tis of hral.c hnonf 
a11d one or ''"' clu1cl hnmi:, 111 ,ts hienm.­
:tnd commcrc"I and ruuhc 1rampor1 .ch,d, 
WC3.r out man~ morc@c(C linin5:s con)h 
I~ i:•IJ oi a,bu1ns "h,ch ,. gro1•iiil..io-Jw1 
:t\ Ult lmmt;s ne5r. anJ most "e:>r occuH 
1rr1Suul•up ~rf':a"- I hi~ alone 10 mo ... t CUI( 

\\Ould m,-oh-e lhc do-char~• of tons Qt • '· 

hBt05 dost antJ huff, In the <t &IS tJ(I, 

)tar) :0-n rloul,t II cnuld bc 5hO\\ n undtr 
i:i-·or3ble c,pcromental cc,nd111on< th;,t .er, 
high 1m1~rn1urc, ran be reached on ti,, 
surface of br:il.e drums, but we doubt Hr. 

much ,r 1hr ,rn high 1Cmprrn1ures nr.:c• 
~at, to i•1-r a•' . 1.1r,0 C-1.230 C ar, 
rH·r att3inrd III the- ordinary "tar oi braJ..r 
"r clutch l1111ng, m tht" ca.,e oi the avtr:u:r 
,lrn <'f Thr lncrrJ.-,mJ: U't' oi bralrt.t!> n• tllf 

d,.... t ()t" "nil ll1C1r nu,rc rffirirnt di .. (l'r~I 
• ,1 1,t"at :.trC' t'\·ron J, .. ., likdv to auam erm· 
Jl<'rat,ort"" of tlm hrii:h1 111 ord,nan u•c .\ 
furrhrr con1nhu11nn 1, from rho(.,f' ·car mu1-
tlrrs ( silrnn r:- , wlurh rom:iin a5,br IC" 

packing. and 1wm c:ir un,lerllOd, coaun~ 
,\lucla may rnnt:.iin up tn SOrt;. a~Lfoc.10 
T he dis'ntei:rau,m l11 natural "c:athcrini: r,: 
a,bcsto -con1ammi: products used m bml,1· 
ings such as roofing nutrnals must rcwl• 
in some :is~stos fibers gct11ng in10 the air 
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, 1 ... ,a and c1ti6, but at th 
, , e no means or know,ni:- 1 

• •1i:-nofiun1ly contnbu1on 
11 n proLable ho\\e,cr tha 
,taLle for CII) a,r contam 

.,,.. moment ver; small and 0 
,,-br~•n• Just had trannm 

..,,,,.1 hie, but unfoMun:11, 
,,111,1lh· mdutructible II 

.:L;Jh•. o.c1d•. oxidation and 
•l1tr mons b)" which mate 
1 -m,call) or phJ s1c:illy, and 
s1tgra1 "" of ubcsta.-con 
>trth re ults in the libcra1 

Ju" a,id fibcrs liable to be 11 

,, .r as,es~s the urban ha 
• bcstcn fibers as a trifling 
:,otentially ,,g .. ificant one, 
n,.-,1able that i: must b« 
,,,, l e:irs. The J.000,000 1 

c<td annually are atldtd t 
ton• used in prc\lous l cu 
1of,nl1f"\11nal por1ion btt'om, 
.1ir cont:amin:snl in towns. t 
111711 increase as mor, asLc 
n lhe suriace or the euih 

,,, rrmu,·al by fresh,.,.ter , 
to be the only eficcti,r. n 
1111, ha:ard, but \\hatC\·cr 
mo,cd in this -..-.)·. it is h 
or le,, fi ,etl one and an in 
•mounl oi airborne, asbcs1 
•ould -.,em inC\-itaWe. 

The grcatest potentw 
Le not asbestos fibcers of 
...en w11h the light mic 
tone lhat they can be ,is 
de<1ron microscope. The 
1!..at .ilCCOUnts ior 0\''1' l 

1'lda,· is c.hrysotilc, and t 
<Acels all others in its 
til.ers nf c:uessiv• finenci 
,1tr oi 200-:?50 A. As 
J,amctcr as an air cont 
••i:nific:int dcg-rtt now or 
, 0 nstitutc a menace api~ 
•~ rcl.ath·cly powerless. I 
ff\0\-:J:) b,· wind or w:ittr, 

111- wlu~h dust o( orcfu] 
removed from the air °I 
l..e rel•tively ineffective. 
·I,, particle inhaled the 



pLutic or iuphalt arc .,.,, 
doubt ubutos ~•lu,~ . 
ly ma.intaincil Dre 11111,~. 

s fibcn, but :isl~ ,1 
if polished 1arc subj«-t . 

bly lo the libcr:1111.,1 

heating furnaces an,I 1.,1• 
toa arc very com111011 
American homes hut , .. 

i u they arc in Cape T,,. 
on or electrical equip11 ... 
u electric irons and , 1,1,, 

I. We cannot eve11 11c,1 
many asbestos fil~r, ,: 

cngc home. 

rbon monoxide and Ix,. 
·bcrs may well be an ,J; 

gc private motor , d u, 
r four ,cu of br:ikc li11i1,. 
utch lining~ in its liic111• • 
d public transport nh1, 
re. These linings co11•· 
which is ground to •I:: • 

car, and most wc:lr ocru"'• 
• This alone in most """ • 
c discharge of tons of , .. 
fibers in the strceu <>, 
it could be shown uu,J : 

ta! conditions that H" 

be rcnched on t ' 
rru, but we tloubt I c· 

. t=~l:i temperatures "" 1 • 
tos, 1,160 C-1,230 C ~: 

the ordinary wcnr oi br.i'" 
in the ca.sc oi the a,·,r,; • 

ing use of br:ikcs oi •' 
·r more efficient di,pt1 • 
less likeh· to auain ,: 

height in · ordinar~· u!<· 1 

on is from those car 11111 

wh.ich contain ashc•t• 
car undcrbody coa111 • 

up to 50% Mbt•1• • 
by natur:>1 wcatherin~ • • 
producu used in b1ul ' 

ng materials must rr•" 
6bcrs getting into 1he 
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ul toWM and cities, but at the moment we 
have no means of lmowini,: whe1her these 
,re signifiantly contributor) or 001. 

It is robablc howcvu th:u nts 
»-;iilablc o rontamrnatton arc at 
the moment very small and cc,ui<l be ignoretl 
1(ubcstos <lust had transient effects or n 
tim7t@ hie, but untortunatcl\• asbc.stos ,s 

1irtually rndrsirumble. lt • rcsists hut, 
,1k:ilu, aocli, oxulation and rcducuon. and 
6ihcr means Gy wh,cli materials arc altered 
l1lffl1fclllyur (lhy51ca.fu:.. 011d mcchamciif" dis­
integration of asbcsto.-contaimng protlucr.s 
merely ruulu m the hlicrauon ol as@tos 
dust and hlicrs hablc to~ inhaled~ 
~' aJK,1VS the nrh.10 h:u:ud oi inha ling 
1.1bestos fibers as a t.itling maner or as a 
;-otentfaJlv significant n,, U \\Ould 5ttm 

inevitable tl1:1t it must become greater with 
the ye2rs. The 3.000.000 tons nt ashc.tos 
used annu.2lly arc added to the milhons of 

. 1005 used in pre\'ious yt':lrs anil C l::.!.'_ t! hn 
1nfinite5imal portion becomes a,·ailal,lc a, an 
3.1r contammant m towns. the actual amount 
"111 mcrC:1se as more nslkstos accUfflUIMc'-
0:1 the surface of the earth. Wmd dispersal 
M Jcmo\':il by trcshwat<'r or saltw:itcr s~m 
:o be the only rffecti,·e means oi reducing 
•his hllartl, but whate\'cr proportion is re­
mo\'ed in this wa\', it is rikcl\' to be a more 
or less fixetl one ~ml an incr~sc in the tot:il 
,mount of airborne a~I~ 
,1ould Sttm me,,t:iblc. 

t!!i_e grcntest potential danger ol all may 
!.- not asbestos fibers of si.cs that can be 
•N'n \\ith the light microscope, but those so 
fine that the • c:i be \'isualizc<I .;;Jy by the • 
< cctron microscope. The ,·arrcly 01 as stos 
that acrounts for o,·er 90% oi that used 
tnday is chrysotilc. and this is the type that 
u ccls all others in ir.s cap,,city to , plit into 
·,r.crs of cxccssi\'C fineness. dow.1 to a diam­
tier of 200 2~0 A Asbestos fiber, oi this 
!i.mctrr :is an :iir contaminant in 1."itics oi 
=i:nificant degree now or in the future, would 

,onstitutc a menace a inst which mariwoui'd 
~ rcLlti,·ely powerless. Scd1mentat1on, 

":101°1 by wind or watU: or any other means 
\;- which dust of ordinary particle size is 
•nn-....-cd from the air of cities arc likelv to 
·,t relatively incffecti,·c. In general. the liner 
·he p:trticlc inhaled the more iiahlr ii pneu-

rnoconiosis is to rcrulL \Ve could C\'en sug­
gest tfuit these \'cry hne particles might 
:ulsorb from the :iir of cities amoni: other 
things. carcinogens of the benzpyrcnc t~ pc 
which arc known to be ~en! in small 
q11:1ntitics ir, the air of citi~ 

Miami is :, city with a high rainfall yet 
it is clear that the inhabitants arc inhaling 
:lSbcstos fibers. To give their present signifi­
cance offers liulc difficulty. Those that ha\'e 
mc,rc rhan scanty asbestos bodies in the 
llung bases arc the C.'<Ccptions and prcs1,m• 
obly their occupations arc re,ponsible. In 
oil the other positi,·e c,.scs tl1c bodies arc 
scanty or \'cry scanty ant! oi no significance 
as a cause of pulmonary fibrosis or disabilit,·. 
If asbc5tos botlies in these c::iscs arc maini,· 
the results 9£ t1,e contamination oi the a{r 
,of cities then such contaminatio11 is oi no 
si~'11ificance al the mome11t to the middle­
aged ant! elderly, eut it tn.l)' be othemi;c, 
to the young with a hfcttme s r.'<posure m 
Iron! of them .:) 

~ today :111 i11crc..:5ing .1mount of 
evitlcncc 10 sui;i;est tl1:1t the les; ir.tr11, e 
gr:itles .:,i pulmonan· ast.cstosis and minor : 
c1 en tri\'ial ones arc more likeh- to l,c 
associated II ith plcur:>I tl1:1n with p~lmonan 
changes. "ith pleural thickenings 11sua11;, 
calcified. anti with malignant mesothclioma 
of the pleura or pcri1011cum." In the asbestos 
area of the :-.1orthcrn Cape in South Africa. 
lhc main intlic:11ion of pulmonary disease 
dcterminetl by asbestos in miners or in peo­
ple li,·ing in the vicinity of the asbestos 
mines, was recognition of the undue frc• 
qucncy of pleural mcsothelioma rather than 
in\'olvcmcnt oi the lung parcnchyma by 
fibrosis or carcinoma.• In the same \\·a,· 
pleural 1hickcnings c\'idcnt radiologically ~­
c.111sc oi calcification were reported l,_1· 
K.i\'iluoto from Finland in pc-oplc li1·ing in 
the vicinity of asbcstos mines, though onl, 
12% -2-l'io of those with pleural pb~ues had 
pulmo11ary fibrosis rccog11izcd raJioloi:icall,·.• 
Simibrly. Sclikoff et al found in 307 c~n­
scc11ti1·c deaths of asbcs1os insulation work­
ers four examples of mcsothclioma o[ the 
pleura and si:< of the peritoneum, althoJgh 
only 17 cases died from asbestosis.• The 
fact that 011ly one of tl:c 18 cases wi1h 
ah•:ndant asbestos bodies at autopsy in ~liami 

Arch Path-Vol 81, .\fay 10t>> 

--



tit ....,, • 

• ,Jo Q~ a ~,.-.atNI carcmtnlla uf thr hrnnchu, 
anti nt1nr had nic, r,thrhoma •• ""' ",,trncr 
a1a111t1 that "'", a, "r du 1101 lmnw hn\\ 
luni: the ullC'1101 filocro h:ul 1Jcon1 there An 
e'1po1urc to a11>c110, 01 ZO Han or 11u1rr 

_m, n«CUDf\ for thr rm11lnct11m nf mal111• 
nant mc.,.,thehoma Ir "e arr rorrrct •n 
nt•nn11nc that th= men 1nhaltd a,br•to• 11 

mc-w11htho1m1.!. 11 t~~ 1, ~re. ..rot thth 

t:i:_"":!J',,ar, 11r n'K'I~ 
l hr 11l1J<'1 I n£ ttu, ""r~ 1, to flr:i" a.urn 

111111 111 •omt ui tlw rr- ,,h, of ;i. rrlatl\rl 
nt,, 1lr, rlopmr 111 the" \\uJt-,preacJ u~ v 
111l1C"",to- ml tllr,. :iml to ,111null1r 1hr '•ht~m 
1ni: t,f rnmpar2l1le li~urr lrc,m rnhrr IGn. 
of 1hr ""rlcl. In t•tahlo ,h 1,;i-r line> ol url,:. 

a1l,c,,tu• .nh.Al:u10n ,.{ tOII,,~ :uni thus rnil,1. 
us to lktt'C'I -,11:111r10.111 ch.ln~r, m thr hum, 

a re1ul1 of 1t, r«rnl "'cit pre2tl u\C, \\I' 

can prd11mc that m 1111u1 of them the u ­
hr,tu, '11l<'rt have not httn there for a long 
11111c. Or. lhc l,u11 oi 111tlu11nnl cxpo<urc in 
111Ju1mc u,111~ a,lors11»-con1a111111i: produ(1s 
a1 11 occun t1>1la}, o~ can fnrr•tt looth an 
tncrea\C ,n nl1n1m;al nr l,oQI pulmonar~ 
,..1,..,tollll anti of mnhi:nant 111r<0thchnmn 
ol the vlcur2, anti "1th n full autopl\ :rnd 
"1th n r:,thol<>ei" "1th an 11pcn mind, an 
f"\t'II i;:rratrr 1ncrC2!oot' 111 frt'~c,· nf m<'"-' '· 

thehoma of 1hr prntonr11m~en 1f thrrr 
, .., nC1 incre-:uc III the air contammatiun ni 
c111rs 1.,y a,1,.,,101. \\ h1ch w,,uld ~n 1111• 
hi.ti}. :,. )Oung urhan tl"rllrr ,-ill hn, r 1hr 
e:-.po•urr of a lifetime :i, ·:ula1,lr fnr «111• 

cr111rn1io11 at the lung ha.,.,,. unhl.e mn<l of 
those o,cr SO ,i,:irs r,f agr to><la, . """ m 
their earlier }ears h:i.d l,11le or,pnnnniti o( 

inlulmg :i,toe<to• n11<'r• lint 10 com·rrt 1hr 
K:1nl\ o r ,•en· ,r:int, bod,rs \\hich \\t hnH 
dcmo'n,1r:1tcd

0 

to he, prr<enl in <0 m:1111 urlo:in 
ti" dlcrs 10 1he frequcnci prr,r,11 i11 a 1111111· 
mil 1,ual ashes1osi~. "0111d rc,1111rc an m· 
cri,:isc t,i hundredfolds, :ind 10 i;rt a more 
diffuse d assic:il :i.sbc5losis with p11lmonar,· 
tl1!1.1b1h1y the m11hipl}~ng factor mii:ht "di 
l~ in man} millions. Clt~rh the latter is 
\\ ell ouu,de • , · • tinn 
n the future and onh· the fomirr • J)O\Sililc. 
Dut sf 19 on incrra.sint· :,nd cumul.itl\'C ron­
ccn1r1111on at the lung L,:ucs from urban~ 
ron1:11111113110n ts added the hat:ird ol small 
amounts ol asbestos inhai@ 111 an increasin;; 
number ol occupations using :ishestos• 
ro111a,n10 roduCIS, then m,mmal or hasal 
:u s1os11 and mcso1hchoma or pleura or 
~ntoncum ma,· become much commoner 
conchtions 1\un thc1· :ire toifa, . or arc ac­
cept@ In i;;:-tod3\· • The man; unknown is 
"hat propor ion oi c:isci with a smnll amount 
of~m lhe lung bases m l11 the atl­
Jat"nt pleura or peritoneum w,11 develop 

Summary 

\ ,lir,10 .. l,urlir, ,,rrc dcmon,tntr1l 
!!illlt'3r , 1r , ,111 thr hmJ.: ba\t"s m 20'\- 01 t!, 
11,mal•• and ."111 ' ,,t the ,nalrs .. r 500 C•r 
,cc-i1t1,r :1u1np .. ,rs m subJttlS o( 15 ~tar ... 
mrr 111 '.\ha,,n. F13 In the Great ma,,,n1 
01 1he,c C:ll<'•. mrlu1l111c all the feon:i.lC5, ti 
a!thc-,IO\ lnhr-, \\trc .-,ant}. wc:rr not .... 
socoatr,I "1th am pulmonary ch:in~e\. ,n 
\\rrc r(l.!:\rdrd a, thr rtt-,uh of ront:nmruur,· 
11f lllf' urh.111 3lflhl .. phrrt b, :i.sh~31tO~. 

In h 'r r.i all m;.tll, t"<ulllncd thr a'-ht ... • 
bo<he~ \\ l'rt' nnml:'fO\h .and \\ rrc prrcumal,1 

or °"' 1111.1111>11af oncm 
1t i, , u~µr"- tl"<l 1h3 1 1.uth urlaan a,r ro,,. 

1aminat1on :1ml imlu, t r1;,I <'\ ltt•c.urc- tn ... 
l,t-~to\ art hhrh to mcrrJ""" m 1hr (utur, 
in , ir" rtf the mcr<":1~111J! <'on,u111pt1nn 3.t~ 

th, c-r , 11y 01 11~~ nl a,ht·, 10 ~ anti a,hr,," .. 
ron1a1mn~ pro Jurt, a111l • i 1t ... , utu:il 11• 
dcsir11, u1J1lit). 

An inrrt l llit in the frequr11n ni mahi;:n.,u; 
mc-,,1hrl111111:i. oi pleura amt rrn1onrum ,. 
forrca, , rather than pulmo,ury d1st"'SC o: 

dis:.b1l111 
llm ,n,r111p1100 • n ,uprorttd LD pan by ltw' 

Anna I Wlc, Fund 

llEFCllE!IICES 
1 Thom\C•n, J G • Ki\Chul■ . R O C : o.nd M~ 

Ocin.ild, R R A\N'\lm a, a Modc-rn Urban llatJt-! 
l Air M •d J 37 77-11, 196). 

, Th<'ffl"-'" JG Mr·wnhrhoma or Plc-ut• r, 
Ptftll•nr-um .1nJ L,milrd Uanl A~lffl.li, S A i r .\ft• 
J J• 7!9-7!>0. 19~~ 

l W1a.ntt. JC Slrsr. C ./t. ~ 1nJ Much~d. P 
OiOu"t' Pleural \1n.olhrhl,mJ an.! Aibc\lM E,r"•W

1
~ 

m 1hr Nouh-\\nl Care: r,o,,ncc-. 0111 J '""'"'' .",J 
17 ::!t,,IJ•::!'11 1960 

• N,aJuo10. R : Pleural Calc1fi:.iu, n u a Ror111 
JrOOIOIJC" S1sn of J"l,,: on-tkC.U('l~lll'n.11 l.ndcm1c Ant!M ... 
;,h)lh1c A,~10\ A tt.1 H1uJ1ol , ,urrl 19.t. 1960 

5. ScliL.off. ! J : Chu••· J . and Hammond. f C 
Rclaoon Ucl"AN'n £.Ap,w,c to At.bohll and Mt1-~ 
thchoma. /'\ra i.n1 J Mrd 11! ·560•!6S. 1965. 

A •<h Po1h-l 0 ol II, .11oy 1966 

.. 
Vill 

of the V 
A Rr-. 

IUIALIO IIAIIUII, 

Thi,ly-four publi1h1d CHH of 

. _.,,0n iclen1ifitd • • viii<>. , adt] 
, ,,..d ind • co1a pre11nt1d. 

Popiflory ad1nc,m1 c,f the • ppt nd 
,vcn. The •••roge age i1 45.0 
.,,done• i, I 5 lem11n to 13 mo 
. ,1 1ymplom1 end ecii•• in01mm~ 
,110ci1ted wi1h 54.3% of tumon. 
. ,.illy involved one , ogmenl of th 
: . I 9eneroli11d p1pillory cl:1ng1 1 
t ommon. 

T ,ulmeol of the villo,n 1d1nc\ 
,op1ndi1 po1•1 • problem HplC 
•·• l11ion uhnd1 to the lino of rtl 
,•0"'1 definite in sltu ch1n9u of 'j 

f; 11< .\ LO:-.G 1i111e ,·illous \ 
n n•ma \\ ;.I$ ron .. idtrtd only a n 
·u11l 11i lh(' ::adcm,m ... 'llOUS po1n,t 
1'•-1:,,.. ~m111,. ,- IJ1HJ a1lll 01111,.lc} 

11, 1111n11 to lllr fad that p.1pilbn 
• 1ht" brJ!r Lowt \\trr uot 01 \ 

.1 ,h ... tinct irorn 3drno111;1l 

I~"• :,.).,, a pronounced pr• j 
1'CU1 rrnrr and for nuJignancy. 
• 1r1r 4~ c:a~rs s.ho" cd cellular ., 

,111 111,lignsnci and 19 of 1h 
1, n1t1,,lh· hrc:ime in,·asi,·c. \\"h, 
·11nn • in their report ol SO c:i•• 

1,,1111111 ui the ro1on confimtttl 
, :-u111h·rland and l!111k1t,·.1 

T111r1c-c11 oi thrir 50 ra~,s .. 11, 
,,n~t• of malignancy whik " 
,11<,111.1 "as prrs.rnt in anoth er 

'" 1hr h.1.sis oi thi~ ~,·i,lrm. 
'Mna ,ppr:irs to 1.,c a Jrtio 

1,111\ cl1!:ttmct irom ::u..lrnonutuu 
\ hh~u~h many repons h:i, , 

1111I dr:ilini; with the ,·illou, 

A~~r r,ubhtal1on Jan ) I . Jt;f 
I wm 1N' P11h.>lo1r l ni1i1u1e. DtSW 

l -..ilth. 1.nd tht l)t'partmcnl cl P11ho 
' 11,,""'Y• Hthfn. Nova Scotia. C.nJ 

ktr,1n1 rtqunu 10 SIOO UciWt"nu: 
\ n,;a Sc.001, ean,.d.a. 



~ ! ... ' I ... 
"' 



.. 

.... 



... 
ASBESTOS AIR POLLUTION IN NEW YORK CITY 

W1 11 iam J . Nicho l son, Ass is tan t Pro fessor (Biophys ics ), and 
Arthu r N. Rohl, Techn ical Spec iali s t (Mine ra logy) , Depdrt• 
men t of Coornl•ni •.y M:!dici ne , Mount Sina i Schoo l o f Med ic ine 
o f the City Univ~r~ ity of New York; and E. F. Fe r rand , 
Director of Technical Se rvices, Depa r tment of Air Resources , 
Ci ty of New Yo r k , New Yo rk, U. S.A. 

Present ed at the Second ln t e , ~at iona l Ai r 
Pol lu t ion Con f e rence , Washing ton, D. C. 

Decembe r 1970 



A~B[STOS AIR POLLUT ION IN NEW YORK CITY 

Abstract 

Data will be presented on the levels of asbestos i n ambient 
air in New Yor k City and other nearby a reas. Thi s infonna­
t ion has relevance to the estab li shment of a ir qua! ity 
criteria. for asbestos air pollution. 

Thi s report review5 expe ri ences i n severa l major a reas: 

I. Samp li ng locat ions : l o providP bo th background 
data and surve i I lance of known or s uspect e~ i s­
sion sources . 

2. Samr,:e co ll ect ion : ins trumenta ti on and mater ials . 

3. Analy t i cal procedures: samp le processing includ­
ing benefication, sources of e rro r and rarge o f 
vari ation, appl i ca bility of opt i ca l and e lectron 
mictoscopy . 

The re liabi Ii ty and applicability of quantita ti ve resu l ts 
are considered in tenns of uni que iden tifica tion of asbes ­
tos fiber variety, fibe r- fi bri 1 size, number and mass .o f 
asbestos content, and re la t i on to potent ial biologi ca l 
signi f icance. 



In troduction 

Asbestos i s the name app lied to a group o( f i brous 

mineral ~ able to withstand high t empe ratures , a nd re latively 

resistant to acid~ o r alkul ines. The maj or commercia l 

fonns of asbestos are chrysoti le with extensive comne rcial 

derosits in Canada and the USSR and lesser quantities i n 

the U.S . , amosite and crocidol i te , each mined in the Union 

of South Africa, and anthophyl Ii te , mi•1etl in many countries 

includ ing Fin land. In the United St?tcs , as wel l as the 

world , dver 90 per cent of commerc i J l ly used asbestos i s 

chryso ti le, the fibrous fonn of the mine ral serpentine. 

C, e r three thousand uses of asbestos have been docu­

mented ( !) and the list grows yearly. The to ta l U.S . use of 

asbes tos has risen from 156,000 shor t tons in 1920 lo 

720 ,000 short tons in 1965. <2 : @wever , the largest growth 

i n the use of asbes tos has occurred in those uses uni i ke ly 

to greatly contribute to atmosphe ri c polluti on . Such 

"locked-in" uses of asbes tos i nclude viny l floo r tile, 

siding and roo f sh i ngles, wal l board, and asbes tos cement 

products . Of course , the emanation into the ambient air 

c0u l d occur dur i ng the mi ri · g of asbes tos, the transpo r t a ­

ti on of the raw f ibe r , and t he various ma nu facturing oper­

ations utilizing asbestos i f adequate dust coll ection i s 

not accomplishe'!;J 
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Uses of asbestos in friable form with greater potential 

for envl ronmental pollution include the app licat ion to and 

removal of insulation from pipes and boilers, the mixing 

and application of asbestos-containing dry cements , eros ion 

from brake 1 inings, and, in recent years, the f ireproof ing 

of high rise buildings by a fibrous spray mixture contain­

ing from 12 to 30 per cent asbestos. It is this latte r 

use , particularly, that has g iven rise LO extens i ve dis ­

semination of asbestos into the bus iness and resioent ial 

corm1unity surrounding a construction s ite. For the past 

10 years,. during which spray fireproofing came to be ex­

tensively used, it was not uncommon to see extensive snow­

falls of asbestos-containing material over wi despread 

areas of New York and othe r melropo l i tan centers . In some 

cases, the fireproofing was even done 1~ith no attempt to 

enclose the spray area by tarpaulins or other means . 

Asbestos Associated Disease 

In addit ion to the nuisance caused by the spray ma ter­

ia!, its a~bestos content gives rise to serious concern 

for the health of the people exposed to the airborne fibers. 

For the past decade, ev idence has accumulated indicating 

that a risk of pleural and p~ritoneal mesothe l ioma may 

exist at levels of asbestos exposure lowe r than that found 

indirect occupational exposure. Mesothel ioma, a diffuse 

neoplasm of the 1 ining of the chest or abdomen, i s so rare 

in the general population that it has yet to be separately 



classified in the Internat ional Classification of Causes 

of Dea th. I ts occu rrence in the general populat ion ma y 

be so infrequent as to cause on ly one death in 10,000. <
3

> 

However, after occupational exposures to asbestos , it can 

be the cause of death in one of 10 : ndividuals. (
4

) Cases 

3 

of mesothclio11a , in numbers s ignificantly higher than 

expected, have now been found in workers only indirect ly 

exposed to asbestos; (S,G) for example, shipyard personnel, 

and in members of the families of asbestos ~.o rkers. (],S) 

But of greatest concern for our purposes he re is the evi­

dence of risk to people who simp l v lived in the vicinity 

of an asbestos mi ne ·or factory. (?,b,
9

) 

Mesotne l ioma has a long l apsed period bet1-1een onset 

of exposure to asbestus and the appearance of disease, in 

most cases over 30 yea rs. (IO) (since no measurements we re 

made 30 or 40 years ago of ambient air asbestos l eve ls in 

those cir~umstances now known to cause di sease, we have 

toda t no reai ~~dg_~of_L_do~~sp~ns~relationship 

for this asbestos-produced disease. Moreover, since the -- -
extensive spraying of asbestos-containing fir~proofing 

material has only existed in the const ruction indus t ry 

for approxima tely IC years, disea se c~used by the exposure 

i"esulting from this practice is 20 years awai:} However , 

continuing the uncontrolled spraying ~ra~tices of the past 

decade in the face of mounting ev idence of risk to all 

metropolitan residents ¼Ould be ;.lay ing asbestos rol,llette 

with the 1\ves of ~i I lions of people. 

--- --- -



Contro l of Asbestos Emis s ions i n Sp ray i ng of Insulat ion 

New York City and subsequen tly o the r mun icipal a nd 

state gove rnments did not wi s h to wa it un til t he def ini ­

tive dose- response da ta we re obtai ned re lated to the 

haza rd of sp ray f irep roo f ing . On May 13 , 1970, the 

Depar tment of Air Resources o f Nc1-1 York Ci ty promulgated 

str i ngent regu lati on s (l I) controlling the use of al 1 

spra yed minera l fibe rs. Pr ior to the impl ementi3tion of 

required contro l p rocedures and cont inu i ng thereafte r , 

the Department of Air Resources , in coope ration wi th the 

Environmenta l Science s Laboratory of Mount Sinai School 

of Med icine, instituted a program for the sampl i ng and 

ana l ys i s of asbes tos in the ambi ent air of New Yo r k City. 

~hese da ta are o f importance in provid i ng a mea sure of 

existing levels o f asbes tos at s ites distant f rom sources , 

the burden on the ambi ent air from known 3sbestos emis­

sion source s, and the effectiveness of the spray f ire­

proofing control procedures ins t i tuted by Mew York Ci:.V 

Moreover, the y will be usefu l in the establishment of ai r 

pollu t i on control criteria by the federal 3ove rnment. 

Characte ri s t i cs o f Chryso t i le Asbes tos 

4 

The measuremen t of the quantity of asbestos in ambi ent 

air presents unique prob l ems not faced in the quantitation 

of othe r pol lu tants . Chryso t i l e in ambient a ir can range 

in size from fi bers having a diamete r of 250 Rand a l ength 

of 1000 R to fibe rs having diameters up to 10,000 Rand 

lengths of tenths of mi 1 limeters , They are present in a 



backg round of large amounts of fly ash , soot, cellulose 

fibers , and additional fibrous and partic~late mineral 

matter. The ratio of the mass of this other material to 

asbestos can be as great as a million to one. Moreover, 

5 

we would ideally wish to knO\'I both the quantity of asbestos 

present and its size distr ibution. 

Since chrysotile is the major asbestos component of 

the spray Ji reproofing mixes used at this time in Manhatta n 

and s ince it is the dom inant asbestos mineral use d in most 

other potential sources, it was the on l y form determ ined 

in these. analyses. Moreover, its unique morphology al lo\'1S 

its identification by appea rance alone by electron micros ­

copy. To ascertain the presence of other a sbes tos minerals 

(without unique mo rphology ) \'/Ould require electron uif­

fraction measu rements on each ,eparate fibe r present, a 

laborious task indeed fo r extensive amb i ent air measure-

ments. 

Chrysoti l e asbestos is a hydrated sheet si 1 icate hav ing 

an idealized chemical composition of Mg3 {0H) 4{s i 205 ) . <
12

> 

Alte~nate layers of magnes ium hydrox : de (brucite ) octahedra 

and s ilica tetrahedra form a spiral structure ~~ith a hollm~ 

central ca pi 1 lary, an outer diameter of f rom 200 R to 400 R, 
and an a rbitrary length. The sp iral structure results from 

a slight mismat~h in the di mens ions of the st ructural un its 

of the brucite and silica layers. Excess ive curvature 

would also result in a mi sma~ch. Hence there i s a minimum 

radius of curvature which defines the inne r capillary. 
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Since some curvature is necessary, there is a max imum outer 

radius for the structure. The unit "fibrils", so formed, 

loose ly bond tog~the r into fiber bundl e3 having arbitrary 

diameters, and l engths up to several inc.hes. 

Chrysoti le may present a spectrum of appearances in 

the e lectron mi croscope depending on previous mechanical 

treatment and conditions within the electro,1 microscope. 

Chrysoti le, as received from the rrine, with no mi 11 ing• o r 

physical treatment clearly shows the tubular structure of 

the unit fibrils. After milling, the fibers are 5horter, 

many are .broken into fibrils. The outer surface may lose 

definition and appear amorphous. Greate r changes are found 

in samples having ex tensive phys ical and chemical damage 

or i n samples subjected to ex t ens ive bomb~ronent in the 

beam of t he electron microscope. In al 1 cases, however, 

the appearance of chrysoti le is unique and can be identified 

with confidence . 

Sampling Procedures 

l2_he Department of Air Rescurces has established 

sampling stations for measu ring as bestos levels in lower 

Manhattan, in the vicinity of the construction of high rise 

office bui I dings. In addition, periodic samples were taken 

at 11 of t~e 38 permanent monitor ing stat ions in all f i ve 

boroughs of New Yo rk . These sc1mples ha•,e been supplemented 

by sampling at other urban, suburban, and rural sites 
0

by 

the staff of Mount Sinai's Environmental Sciences Laborato~ 
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Most sampll!S wcr<' col lccted on 8" Y 10" Mi 11 ipore RA rnem­

br;ine f ilti-rs h.ivin!l c1n effec ti ve pore size of 1.2 microns. 

The r(.111,,indcr ~1cIc o bl..:iincll on 37 rrm dian,c tcr Mi 11 i pc re AA 

person.i i monitors with cl pore s i1. :. of 0.8 mic ron s. While 

the effective pore s ize of t hese filters is larger tha1 

the size of mc'lny of the asbestos fibers of interest, i, 

has been shown that the surface charge properties of the 

filter and the asbestos fibers as weli as the circu itous 

path through the filter a ll ow v i rt~a lly co nplcte collection 

of al 1 asbestos materia I. 

T~e col l ected samples were ana l y:ed by electron mi­

crosco py at Mount Sinai. Prior to scanning al 42,000 Y 

magnification, the collectcd sa~:-, les werl! ashed in a lr,w 

temperature activated oxy'.)Ln usl,e r fc,r 20 to 30 minutes. 

This served to r emove the membrane f ii:e,· mater i al, a ll 

organic material i n the co ll ected sample, -;oot, and othe r 

carbonaceous ~ateri~ I. The residue, con s i sting mos Lly of 

fly ash and .-, 11era l matte r , 1vas d i spe r sed on a .-:-o i croscope 

slide by grinding in a sol~tion of 1% n i troce llu l ose i n 

amyl acetate for 2 to 5 minutes. Upon evaporation of :he 

amyl acetate, the dispersa l 1vas scanned fo r uni fcrmi L 'f by 

optical mi c roscopy and a representative area chose~ ;or 

transfer to an e lectron microscope g ri d for scannin9. 

~rir,!l this procedure, chrysotile fiber bundl es present 

are brc ken into their elementa r y fibril form . Th i ; altera ­

tion makes it impossible to_<!__CC:Ur<!_tel_y_i::ecord the ' iher:. 

fibril ratio in any sampl <:: and our results on l y give in-
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fom,otion on the mass of ch1ysot 1 le present i n amb i ent air:] 

Efforts so far to ~void these alterations have not bee i 

very successfu l . Procedures such as d i rec 1 transfer of 

the col l ected 'Tlclte rial onto an elect ron micro<.cope g r io 

by dissolving the moobrane f ilter have been found to of t en 

signi fi cantly distort the f i bc r dist ribution . M~Q.'Le.C....... 

l~P resence of~~~s~~r in u rb,P_ a i r severe 1 y 

restri cts the ab ility to s<:_ai:!.. th<! grids so p re;:-a red. 
---- -

Other method<. of d irect depos i t ion on to g rids, such as 

e lectrostatic or them,a l µrec ip i tat ion have also been 

found to give distorted fiber distribut ions. Whi l e some 

of the above prob l ems can be overcome in t he analysis of 

sel ected samples , the Lime required to obtain an accurate 

size distribLtion in each sampl e precludes such dete rmin­

ation in routine ambient air scann ing. 

Typically , s i r grids were prepared from several ashed 

sampl es and t 1..o 100 micron X 100 micron squa res of each grid 

scanned and the quantity of chrysoti l e rjsbes tos de t erm ined. 

The fibers observed p~r square ranged from a few fibrils to 

aver 100. Background contam ination levels in a ll case~ 

were less than 2. Thi s backg round leve l was ma i ntaihed, 

howeve r, on l y by adh~rencc to s trict c l ean room procedu res 

af no rma 1 room a i r prov i ded a ready sou rec of con t am i na­

ti on. Whil e random s tat istical vari at ions occurred in the 

number of fibers counted per square , greater variations 

arose from the nonJniformity of prepared f il ms, bo t h be­

tween squares of the same gr id a nd squa res of gri~s pro­

duced from different portions ot the original ~amp le. One 
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additional source of variation between mPasurements on 

samples prcpo1red from different portions o f the s.ime filtc.r 

Is the random presence of a few large fibe.- buncl 1es. These, 

of course, increase i n numbe r in sample~ taken near con­

struction s ites during spray fireproofing operations . 

Result s of Sampl ins 

Tabl e shows the di st ribution of chrysotile asbestos 

in different locations in New York. The mass values quoted 

were determ ined kn0wing the fraction of the sample dis­

persed on the e lectron microscope grio, measuring the vo lume 

of each asbestos fibril observed, ar,d multiplying Ly the 

appropriate chrysoti le den s i ty (2.56). Wh il e these dd ta 

are preliminary, they suggest that the chrysoti le a~bestos 

l evels in Manhattan are greater than elsewhere in New York. 

This might be expected from the extensi ve use of asbestos 

in construction in Ma nhattan. 

To verify that construction sites were indeed a s ig­

nifi cant source of asbestos fiber, samp ling was conducted 

in lower Mannattan about construction s ites where extL1s i ve 

spraying of asbestos-containing fireproof ing was tak ing 

place. ~ble I I shows the results of this sampling and 

demonstrates that spray fireproof ing can contribute sig-

ni f ica,,tl y to asbestos air pollution. In some ir,stances, 

chrysoti le asbestos levels approximate ly 10 times "back-

9 round" a re observed.] 

-------------- - - - -
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Sampl i ng was undertaken at severa l o th .:? r urb;)n .ind 

more ru r a l areas. Results arc shown in Table I ll . The 

samplesj n Ph i l adc l ph i a werr ta l,.cn nea r a cons t ruction 

si t e du ring sp ray ope r.;, i ons , string ent l v controlled . 

10 

Th e sampl es from Ri dgev.0od and Port A l 1cgany we r e near no 

obvious sou r ce of ashc sto s em i ss ion. Whil e l i mited4 thes!:.__ 

data do sugges t tha t asbes t os a ir pol l ut i Qn rlli!L~ fouDd 

to be ubiquitous, a t l east in the Northeas t United Staces . 
-------- -- -

Wh i le va lues rang ing from approx imate I v 10 t o 200 x 

• 9 g rams pe r cub ic me t e r of samµ l cd air ma y appea r to 

an ex.ceeding l y sma ll quan tity of asbes tos, i t i s well 

1 
to reca ll that ch r ysoti l e eas il y fragment s in to ultimate 

fibrils 200 R t o ~00 R in diame t e r and often 2000 R or 

smr.1 ll e r in l eng th. Thus, I0-9 g rams of chryso til e as­

bes t os could r epresent - a~lli~fipr i ls. 

The da t a presented he r e are only prelimina r y . The 

ana l yt i c procedures used we re sem i - quantitative; any g iven 

measurement may be accura te only withi n a factor of 2 or 3. 

The data do serve to es tabl i sh, howeve r, the exis t ence o f 

a--::i desp r ead background c~mina t I onot- cT)i"'yscITiTeas-

bes tos i n the ambient a i r and tha t chryso ti l e l eve12-0.:. 

to considerab l y higher va lues about con s truction si tes in 

urban areas. Much more in f ormat ion, howeve r, is r equired 

befo r e complete def i nit i on of asbes tos a ir pol l u t ion is 

obtained. More quan tita tive data a re needed on mass l eve l s 

; . both l •rban and rural locat i ons. Moreover, f i be r s ize 
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distributions, both ne.r known emission sources and in the 

dmbi ent air, wi II be required. 

11 



Tnblr 

Chryaottle Contrnl or Aab1~rt A• r 1n NY c 
Pr•l Jal narv R.-a•Jll ■ 

Sampllnr t,ocattona 

Manhattan 

Bronx 

Bt'OOlllyn 

QuHna 

A■b('■ toa air l cv,.l 1n 10- 91rama/a
3 

25-G0 

25-28 

19- 22 

18-29 

Staton Uland 11-21 

Tabl o II 

Chryaott lo contont of N. Y. C". at r In ,. I cl nl ty of sproy 
fi r oproofln1 with aabeaLo■-conta1ntn1 materials 

-9 3 

~ 
Aabsatco11 l ovol in 10 i;rama/m 

l (do,mwlnd !'rO'll aource) 45-180 

2 (45° :,oa aourcs) 15-30 

3 (upwind from sourco) 20 

4 (downwl ntl from aourco) 45 

5 (upwind from sourc• ) 20 

Toble II t 

Location 

Chryaotilo content of nl r I n three srlcctcd locotlons 

Asbe11to9 level In l0-
9
croms/ m

3 

Phllodclphla , Pa . 

Ri dr,cwood, N ,J. (s ubL rbnn') 
• Port All egany, Pa. 

45- 100 

20 

10-30 

• We have ol so found amosito fibe rs in tho 11i r of <;his community; 
a factory usi ng tht• matcrinl ts present. 
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Contr:il who is bore; Alderman ,'bonnon, ;1h:, io 

immediately to my right. 

The tirot witness thnt we uill call 

ill be Dr. Irvicg J. Selikorr. 

IRVI?lO J . SELit{ OFF , 

callod as a witnoso herein, tent1f1e~ PB folloN& : 

DIRECT E)'.AJ.IIi'IATIOU 

BY 

CHAiflMA~ DILA~DIC : 

Q Will you pleooe et~te you~ nome and address 

tor the record ? 

II Yee. 1-ty name io Irvine J. Sel:,xort. 

I em Prof oos:>r :,f Kedicinc end 

Professor of Envi1•ontncnts1 Medicine a t the 1:ount 

S1no1 School :,f 11edicin~ of thr~ C.l.t:, of 11 0.1 Yori-. 

I cm Director of 1ts Eovironcontol 

Sciencco La borotory, 

I om paot ?re:;idcnt of t 11e New York 

Academy of Sciences. 

I am E:litor a1icl (' l'>ief :,f the Jourua l 

on Environmontol n~ccarch a n~ hold si~ilor positiono . 

I recount these as on index of my 

1ntereots end the particul ar interes t; re lated to 

5 
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tho aubJeot thot you ere d1ocuoo1ng thio morning. 

Q Dor.tor, may I pursuo your background and 

qual1t1cat1ona a little turthor? 

Are yo~ o Doctor ot Medicine? 

A Yoe~ I om a D::>ct-,r ot Modicine . 

Por mony yeDrs f::>llow1ng graduati::>n 

from medical ochool, I woo interes ted in chest 

d11oases. 

Q Will y::,u tell us about y::>ur ~raining ond 

oducotlon in the r101d of ~ed1cinc? 

A Yoe. I Graduated from R::>yol College~ in 

Scotland, I interned ane had reoidcncias at the 

Seovio\f lloopitol in Hew Yo!' I,, Mount Sinai 11::is:;,1 tol 

in New Y~rk and D~th I&rocl Hoapitol in He~ark. 

I am Viaitirg Phyoicien at the Seovie~ 

Hospital. I om Attending Phy1Jicion .. t llount Sinai 

Hoopitol. 

I om Consult1r:g Phyc·ician at Elmhurst 

Hospital, I am ConRulting Phyoicia n at B«rnctt 

Memorial Hospital and my inter est, before be ing 

concerned with environmcnt~l diseooes , was lavgely 

1n tho f ield ot tuborculosis, whore I roceived, the 

lost year, on award fro~ tho American Public Health 

6 
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Aasoo1at1on t or ras ee rch 1n chomothcrupy end the 

trentaont ot tuberculooia. 

So, my concerns arc coc bined, both 

ot mv modlcnl perspective ond thooe ot en environ­

mental oolentist. 

Q Uou, Is c tbat you ore a follow or t~e 

American C~llese or Cheat Phys1c1ans. 

A Yes. 

Q Will you cncmcnt on that b~icfly, Doctor? 

/\ Yen,. I ea o fellow or tho /1moriclln College 

of Chest :Phyoiclono , 11J1ich inn1tlento1ly has ito 

national hoodquartcro here 1~ Chicago, 

I om oloo a fellou of tho nmoriccn 

Public nenlth /\sa!.lciot~on. 

I om o f ellow of the Hew Yor~ Acedc3y 

of Sciences. I am o fcllou of the Row Jbrsoy Acede□y 

of Hodicine. I om cur rently Gove.-no:r or the Hew 

York /\cedemy of Sciccc~o and cu~rontly Tru~teo of 

the Dow Jersey /\code~y of Ncdicino. 

Q And ha d you not al s n been a pa3t Presi dent 

of l.ho /,mor1can Collec;e of Ches t Physicians? 

/1 Yes. There ere n nurober or 'such a dclit5 onal 

kudos thet we pick up dur1nc life as ue eo along . 

1 



Q All r1ght.. 

Uow, f~r Lhe benefit or myoolt and 

other members of the Co-,r.iittee ond tho public that 

may be attending this meeting. is the odmiqsion aa 

a fellow in the American Collo5e of Chest Physiciann 

somewhat oimilor to the ud1a1es1on to say, becoming 

a fellow in the American Colle~e or Surgeons? 

A Yeo, t _ls 1s airlilnr. 

There ore other medical attributes 

thet cen be utilized . For exa~plc, Ism o diplomatc 

of the .American Boord of Preventive Uedic1.ne, but I 

think perhop~ enough haG been said on that . 

Q ~ho significant point thot I em trying to 

make i s thot these feliow~h1ps in thoGP o~gonizations 

are by profeooional ochicve~ent, cxarainotion and 

c ontribution to that particulor field of medicine 

rather than like uome other orncnizntions uhare it 

is merely a matter of pr.yinB duea. 

ti Yea, sir. 

Q That io the point thot we wanted to 

establir.h. 

we know t hnt anybody could become·s 

member of the American Medical As s ociation merely 

8 



by hoving o liccnoc nnd scndlnr t he annual dueo in 

aca some other onoo, but 011 of theae that you hov~ 

ment.1.onod wharc you oro o tel! o·, in those various 

proteooional eosociotiono, thcoc nre by contributi~n 

to the t1eld of loarnin13 in thr t oub,1cc t and pro!' •a~ !.· · 1 

achiovemont? 

A Yes, oir. 

Q All right . 

Now, Doctor, the next que:;tion I ~.ant 

to P.ck you is relutivc to any 1·l' i tir:gr. tlwt you hcve 

done in the field of medicine P r.d pa1•tlcularly 11rit:.. 1. 

that you have done on the oubjcc t o~ cabcntoo 1n itG 

medical and in lts environaen t~ l a~pccta. 

A I hove ~r1ttcn oocc Go sci~ntitic orticlefi . 

I have oifcrcr.1 t;: o bool,r . 'l'hesc h &v r. 

been ir the oreeo of ches t dir,ecces, er ·cei- ::if t.hc 

lungs a nd osbcotoa p~oblcno. 

Witi rc:;crd to t •. P. lottc·!'• I have 

edited a m:mog:.:-~ph ent~.tlc:d 11Diolocicol :;;rec:l;s of 

.l\obentos," 

I have 1n-lttcr. ;;::; 0 c 25 oi•ticles ~.1 

variou3 aspects of health hczor~s asGocioted witn 

asbestos, 

9 
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Q Now, are the boolto that you have Hri tten 

on thla subject textbooks whic h arc u~e~ in tho 

Mount S1na1 Dchool or Hcd!cino or other scho~ls of 

IHdicinB? 

A Yes. The monograph, I ~hink it ic fair to 

say 1 probably the otandord uor~ in this field, 

Q. That is ueod in tho tiedical schoolo through-

out the country, goncr~lly? 

/I Throughout the uorld. 

Q Doctor , will you toll uo so~cthlng about 

asbestos? ffhot 1s it? 

A Aabes toc really d~esn't exist. It io e 

general term, o gener ic word whi:h includes e 

variety of fib:i.·ous r.incrols. Th~:;c ore oubstenccs 

•rt1ich in geolocicol ti~e, c~ the Molten rock ool i ~ifidd , 

had the1~ molecnleo line ~, i n 11 .car fashion Go that 

they :..-eoulted in 1'ibcrn which , ~l'C ~,11:er=il i.n r.onst:i­

t:ntion. 

fl ,·,1·:l.ety :>f :;v.ch ml11cr .. 11 ~ e :d st, the 

r.iost impo1·t.ont or ::hi.c:;1 ~l'e ~•-"!>,m :.-t ch1·y11otilc . Thia 

constituteo 95 percent of nll of t ha u~ bontoa t ype6 

thot aro m111cd. 

0ther3 include nmnsite, croc1dol1t~ 

10 



anthophyll1te trom~lite end act1nol1tc. 

Q So that I won ' t hovo a ny difficulty with 

my reporter, who will proba bly coll ~e loter Cor 

thos& nameo , will you Gpcll those for us, please? 

A Chryaotil~ 10 opelled c-h-r - y-s-o-t -:-1 -e. 

Amoa1te 1s opelled o-m-o-o-1-t -e. 

Crocidolitc 1e spelled 

c-r-o-c-1-d-o-l-1-t-e. Anthophyllite 1c r.pelled 

a-n-t-h-o-p-h-y-1-1-1-~-e. 

'I'remolit;c is rpellcrl t;- r - c ••m-o-1-i-t-~ 

and sct1nol1to is spelled e -c-t-i-n-o-1-1-t-e. 

nl l or these uith their various ep~llin •G 

and unusuel noi.sc:s have the c:nunon proper ty of beinG 

fibrous nnd mineral end if you can iM~gine cotton or 

wool or linen meCc of mineral, you could a!~oat ne~ • 

a liot or the vdrious uGco for ~hich the 3n ere unic u 

They arc almost w~crp•oof . They era 

J ar5el y chE:mico~.91 ::oi'. 'I'hcy ~re u-terp1·00:f . They 

a i·e rocl:proof. 

Th~y llaV(.> g1·co t t n11sll£: 5 til' Oll[;th an 

~ndeea ! suGpoc t i;~nt i f they did not exi s t, ouch 

of the w~rld I o indust1·y w:mlC: Jrnvo to be rad5.cully 

cranGed . 

ll 
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ftl 2 We ore cccuato~cd t~ thinking, tor 

example, tbat oil is tbo 20th C~nt1ry mcterial. It 

hao increosRd in use some 60 ti~eo trom t he bcgicn:nG 

of the century to tho present . 

It is not commonly realized tha t tho 

u1e of aab0otoo hoe increased ~bout 1000 ti~es froc 

1900 to the preoent, ohouing h:n, inporta,lt and ho·o11 

valuable a material thio 1a. 

For exooplo , oc I walked into thi s 

room, going through the halls w1th tile f.ooro, yo~ 

look dottn and you know that you are wslking n t1le5 

that are 50 percent aobcotoo. 

The n tecnpipcc obove us in the ceil in~ 

are aenerslly or ~ay be encl osed in inoula tion 

composed of about 10 to 15 percent aabootoo . 

The t ol ov1n!on cn~eras probably have 

the w11·0 in their 1nna:·c!s coated with es beatos to 

be firepr oof, e t cct2ra . 

s~ thot it i~ --

Q How nb~ut the acoustic~l cei lings ? 

/I They gcncr:>11:r ere not a sbeotoi::. They .:.:.:e 

other inorgonlc moto~1als L~c~u~e not only can He ~~~e 

tnorGani c ~ibcrs, but we can nnnufncture the~ end in 

,.2 
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,om~ respect, t ho nonuta~turcd oneo ore evoo better 

than tho•o truit aro w.aed and i n othPr reapocts they 

aro not aa good, but 1t 1o a cm t eriol which 1a all 

about ua and eoaonticl to many things that we now do . 

Q No~, 18 one ot tho o1gn1~1cunt and important 

uooa ot aotcstoo its opplicnt1~n to oteel beams in the 

high r1ee buildina, ;;hat .1c h l!I VC in our urbon communities? 

A Yeo. Decauoe it 1s e mineral, it doesn 't 

burn a nd it will not -- not only not burn i t self, but 

it will not support co~buotion and wjll indeed fire ­

proof atoel otru~Lureo in our high rise buildinGB, 

TbiG uoc, olth 'Gh it ran be truced 

back to the corly 1930 1 0, r eclly begnn 1n the United 

f ~o.teo in 1953 uhcn the firot high ri :.Je buildinG uae 

eo fireproofed !n Neu York. 

Prior to that, other methods of 

fireproofing woro u9ed including cncnoing the steel 

hoama 1n concrot.e, ! :Jr cx~□plc, bul: iL wao found that 

the use :J. rprcyed inculat1nn could be done rnuch more 

rnpillly cnc.l much more.: cl'leC1pJ.y c.11d in the next :1.2 yao.r.:. 

th is use of fire proofi nG mrtcrinl~, nnny of uhi=l'l con­

tein asbestou, rapidly increoned onc.l it is now an 

1mpo~tunt con &tructi ~n technique . 

13 



All riaht. 

I think \le hovo oow t:>uched upon :ine 

ot the real •1sn1t1cnnt roa ntina why the use of 

aabento• haa gro~n do rop1dJy. 

Ae you juot monti:>nod, s~ebt b~ame 

ot the high riso bu1ld2.nao uore t~rgproofea betore 

by encasing them 1n concrete or otherwise bJ 

ourrounding them with bricks? 

A Yoo. 

Q Or cement? 

JI Yea. 

Q !Ind some other matcriolo? 

JI Yeo. 

Q Now, the huilocrs who ore buildin~ these 

buildings h1i;he1· nnd hiahor, en<l so these other 

mate:riols wore so heavy thct you couldn't builll 

a high building otructurolly 11ith this heavy materi ol? 

!I Yes. 

Q So that they hod to find a material that 

hod cc,1•tain qualities that wao lic;ht in wA:l.ght and 

it was fireproof a nd it uould do thio job adequately ? 

A Yes. 

Q And asbestos was the a us wer tD the 1ndustry1 6 
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need to be eblo to build tile " biR}l huil Unsa, l o 

that a fair 1tatamant , ?oc t or? 

A Yeo, air, that lo u v~ry toir atatemont, 

vory ac~~~•t• and to the point. 

Q Now, coula you tell uo tho r ~oson for 

having to encase those utccl ocobers? 

Is it b~~ouse tho hoat that moy be 

aeneratad becouoo or a fire nould cauoe the ~tccl 

me11bera to bucl-:lo nnd t1.111t an<l the buildins 110uld 

then collapoo? 

Would thnt Ln Gilt? reaoon? 

A Yoo, sir, ond even 1! o fire ~ere quite 

locnllzod, i t tho heat gcncr~tod by ouch n locolized 

fire panotrntcd tho st, ~l to en extent that it uould 

CQUG O it t~ ~olt ard bnckle , the entii~ bu1ld1nR could 

porhLpo como down. 

So, ti1•epr oor, at; ln cvc.·y city i s 

ot prl.,~ .. concern to tho ou.i. 1<11.1,. de;,.21·tr-~nt , Aild 

1ndood ! p~oa~nc t~ tha Fire n~~urtment. 

Q AlJ. ri~ht. 

growlne to t~to c~tent - - could y~u t 0l~ ua now> 1o 

the United Sta.tea tha r.:ingl o lnrgest connurucr of 

15 
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a1be1t01? 

A Y••• the United at~~es ueco ooproximately 

Ooo,ooo tons or oabootoa ooch year ~hlch is about onc­

qu~rter ot the ontire w~rld ' e production. 

Q Co\\l.d you toll u:; Gonoth1nt about the amount 

thct ctay be USCJd .l.n &n nreo 3or:ieuhot 1.1ko the City of 

A I think tho t knoul.o,tnce ble reprcoon ta ti veo 

of thn eobostos induPtry might pcrhnp:; do th&t better 

than me. 

Q In the field ot asbcctoe uoc, we hevc it 

used in various tact~~ics for ~eking, like you 

indicated, 1n3ulction t or wire. 

lie hnv1: it U3Ct1 in t h e :ror:ufactui·e of' 

tile, the monufactl.rc of o lot of other pro<Juctc. 

A Yee. 

Q Plaot~rboa~d? 

A Yes. 

A Yes. 

Q Tha t baa csbcs t~s in it? 

Q Hou, we de have problc~s with it at these 

16 
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A Yo1, th Un1 b d ntat • u■ on pprox1mottly 

00 000 ona ot 1b 1L"11 ooh roar \.lh t ch 11 nl>out on -

ot II t1i• world'» protluotion. 

~ Oo\t d 1011 t.oll 111 oor,uth1nc nl.inut tho mount 

t.h ti 1111 be u11i.l t n c 11 nreo o(') cwhot, lll:o tho City or 

Ohl Df 

/I J: think lh11t knouJ la blu 1·011ruv 11 t11 t1vec 

of tlh" ••Li• boo tnchrnll ry 1111, ht porhnpo tlD th 11; botter 

tlhnn me. 

Cl J.n tho r1 1,1 or 11bo1 tno u oo, WC> hll\O it 

UI d 1n V r1 OU ll!t:.il•1 a ro1· 1 1•1.n(l, l U:e you 

.1 nd1 l·ed, 111 Ulnl,1011 or 1dru. 

\i h ov \ I; U Cl< 111 1.h' 'lllllJ!Out,111·0 or 

t.110, llh mai.u l t\.,ru l'f " 1 ot: of ~t!i 1· Pl'Otluct,,. 

A \"ta, 

Q VJnat rbontd? 

A y •• 

Q 01• f t.hnt i tllu 11.·o 1· tc.·u. 

A \:oo, 

'l'hnt:. h nuh Rtc>IJ I 11 if;'i' 

~ Y a• 

Q ?itn • 1~• do hav p1·oblc• • 111th 1•: nt. tl,!lse 

16 
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lea1L 20 yenr following the onbet of exposure; 

senera1ly even more , 25J 30 01· 35 yeo!'c. It is 

a slow proceeo. 

In tbot yeerJ th.is woman wa~ tound 

to nave died or badly scnrred lungs~ end th& queotion 

waa rai aed wbethel' her work in on iitl!lo:.pho1·e heavily 

laden with aebootoa fi bors l!licbt not have resuJ.ted in 

this doeth. 

In oubaequent yeorR, particul arl y fr~~ 

1927 to 1931., many m:>re coceo or o s1D'l1lor type wore 

f'o~d. 

Q That WGS all within the fnc tor1c3 where 

thooo people uorkcd? 

A All within the textile fac t ori es and 

primarily in Great ilritain. 

We did such Rurv~ya here in the Unite• 

Sta t es 1n Pennsylvania ~~d clcc~~cre in 1934, 1935 

and 1936, end \ll? tounci c.;:ectly the ssmP. thing. 

Ue ble~ed ~ursel veo that w~ ciid not 

or we had not loo~ed ct thi~ pos sibility du~ins th-

19201 s, for example , but that was water under the 

brid,;;e and i t \ 7as r apidly f:mncl then that i f people 

were to be oxpooed in f11ct orioo to ,mch !1igh 
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oonceotrotiono ot duet, thin t there m 10 o o trong 

11kelihood that thoy would develop very serious 

and even ta hl lung ecarr1.ng. 

Thia uould hove boon bad enc.ugh, 

but 1n 1935, u ccoe was reported in Sout h Carolina 

ot o. man in ono such taxtj,1e ro.c tory who, when he 

diod with aobaotoaio, oc~rred lungs -- asbeotoais, 

olso hacl a cancer ot the lung . 

Now, uc rn1~ht say o t thio po1nt in 

1971: ''Whnt woo oo excit.1.ng obout reportinc a 

caoc ot cancer of the luna:? Ue seo it ell about 

uo. We know a bout it in ,>ur fomJ. lieo ond am::>ne; 

our friends, e t cetcrn." 

In 1935, howe ver, ca ncer of the 

lung wan rare a nd t he reoH::>n. is tha t it a.loo 

requires 20, ~5 or 30 yeoro f rom the onset of 

amoking ci~orotte e , co the development of lu~g 

ca ncer, and l!inco thc!"c wc!2·e ::'eu cige;:et.te smokcro 

in 1910, there weren't cnny people dying in 1935 

ot luns conccr. 

'l'hia ho!l bcion en epidemic of tho 

•4o•s, •50 1 s and 1 60 1 s and the chance of a r are 

dieense such ns aobeotooii;, ond a rare disecsc such 
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•• oancor ot th• lune occurrlng in tho some poraon 

waa o~noideroa autt1c1ently unuauol to warrant 

report1n1. 

Brom 1935 to 1955 and 1960, .add1t1onal 

auch oa••• wore reportod and oge1n, almost all i h 

tactoriea of this typo. So that by th~ 196O 1 a, i t 

became fairly ttell rocoGnized thnt such occupational 

oxpoauro to aabeetoa carriod a very ci~n1f1cant risk 

Q Now, Doctor, Hill you please tel l uo what 

f10be11too1e 1o? 

A lUuht . Aobosl.ooio 13 the tern for scarring 

of tho l unge roucotl hy the inhulation of osbestoo. 

I might odd thot in genorol it takeo 

a tair amount of inhnlcd osbecto~ to cuu3c any 

sufficient ocorrina to result in dioobility or death . 

Smnll amounts ot inh:l~d QD bestoc wll l not generally 

do t.h.to. 

Tho problem ::,f lung cancer m~y be 

perhaps 0Ul'IJ!lorized by l:cllin~ y~,u of i •ho t i o n::n-, the 

case in Hett York. 
,. 

I have bean otudyiag the In~ulatlon 

~01 · . e Union members in Haw York City ond ot the 
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pre•ont time among the comber~ or thio union, ono 

out ot every four or five dooths thnt occurs ia due 

to lung cancer it 15 a d1aosterl 

One cup ot every tour or five deaths 

1n this union la due to lung c~ncer . It muat be --

Q Are theoe people who work 1n factories? 

A No. 

~ Or in other applications? 

A No, they work in the construction industry 

only. Their union 1a or.e oz th2 unlono in the Building 

Trados Cou:icil ond I no sure ~01.• .1ave auch a Council 

here in Chiccgo and inc.lced the union in Heu :i::.rk, 

Local 12, hao n 3ister union here 1n Cni~ago, Local 

No. 17 -:,f the w,i-:,n, and the proper title ot which is 

the Internotlonal hsooclation of He3t and Frost 

Iooulntora a11d Asbestos ~Jorlce;.-r;. 

IIouever, they are like the .1"e.ctory 

worlceri. in the t over tile yeai•a, over the many yearo, 

they hove had rotllor rcculcr, rcther intense exposure 

to the 11Jate:z-laln containtna aa!Jestoo 11h1ch they uao. 

In tho~o days , when they bagon to work 

in thic ti·a tlo, scientlsta 1:c!'e not smart enough to 

bave tolu thcM tha t tho mterial th11t they are using 
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and tho wcy they or e uoinB t hese matori olo conotitut 

a poaa1bl• hazord . 

them ditterently and ~o have devioed c ~ny method a by 

which they ore no l on1Jer expo:;c<l to 6\lCh c'Jncentrc.t1:m<1 

of dust. There ore many new trade pr:lctices so m ? ,:i:J. 

aolvo thio probleo. 

Q Doctor, &o thct •~ could try to isolate ~he 

problem and direct our c.ttention t o whot mey or mt • 71~ '; 

develop to be the more import ant eupect a of the ~tudy 

that uc nre un<lertnk:!.ng here, c:>Uld y::.tl S\!!Dmarize 

us the present stattta of anbcntoo control within 

In it within rcoconable limits? Is ~ 

bas ically co~recGed? 

A No, 

Q. Or is there llOl!lething flll'i;he:r that \'IC C3:l 

do? 

II There is muc:h nore thc t: hoi; to be done, ::- • .. 

the responsible scgment n o~ the induetry are bua11~ 

engal!ed 1n dolnG it and I a m con£1dcnt that the 

ensinee;.•ing principles , n~w beini; kn::i;m, I om coni' ' !e .. 

as I ony~ that they will be opplicd end that this pro 
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«111 be oolved G■ ~n 1nduetriol hczurd . 

Tho .. ·e 1e r.1uch more still to be done, 

eopociolly in some oeamonta ot tne industry which ere 

still lags1ns in their eft::>rts, ond I thinlc they shoul t. 

be prodded~ 

How, I think thot such prodding ls 

essential to the health of the people uorldng in 

tb~se factoriea, but th1s problem i s s olve ble and I 

am contldont that more or l eas rapidly it is going 

to be solved. 

Ho\lCVer, th:LG I don't think is the 

cr1ticol oraa of ou~ tliecuosion . 

Q Exoctly, and thio 1a ,:hat r. want to get to . 

A Ri ght . 

Q So that \!e !.love pretty ~:c:i.l eode gre~t 

strides and a cdnsiderable improvement insofar &s, 

I oay, the manufactur~ or f loor tile or the making 

of plasterboard> uhich i s c.i:me w:1.th:!.n a confined 

space, so the only problem there is to protect the 

worker and general ly as much as coultl be d~ne up to 

this point ~s bein3 done and a lot uore remains to 

be d:me. 

Inooiar au hBrm to the ceneral public 
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from thooe tactor1ee, as for eo t het 1e concerned, 

1a that reas:mol..lly ucll c:mtaincd? 

A I don't knott if it is cuntoined . 

Thorc heo beon very little dJne to 

measure whether or not theoe ractories aro emlttina 

some of their ttas te products into the air, but if they 

are, thio too con be rqadily r.ontrolled. 

There are meaoureo of appropriate 

containment which ccn be applied and with proper 

ot1mulat1on, I am oure will be appl _d , 

Ct Then of course, ue l1ould he.ve an :, t her 

aspect, and thot would be 1n the m.-1..ning of asbe6tos, 

and thct is en entirely dirfe~ent fiel d and ~n 

entirely different oro~? 

A And a l~rge pnrt in cn~~rely a1rrerent 

countries. 

Q .And that io being contnincc iu l~llother 

area? 

A Yes. 

Q How, ,,.hili; do you cor-oici c:, the critical 

ai·ea as you He:..·c stnr tinc to tell u:;? 

A Right. Well, !JlGY I hovo a :nocent :>!' t wo 

t:> develop th:!.s? 
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Q Certainly. Tete all the time you went . 

A Becuuee it is a lit tle unusual. 

Dur!nG tbo 1 950 1 s , a 3ocond tumor 

0111110 to be identified w1th occupational oxp_osl\re 

to aebeotos. 

Let me tell you about ~he other tumo~ 

and cpoll it because it is an unusual ~ame . It is 

spelled m-e-e-o-t-n- 0 -1-1-0-m-e, mesothcl1oma . 

You ask how r cre? Hell, the fi rst 

modern pnper on the subjec t was writte n a t our 

hospHol, Mount Sinei Hosp1tc.l i n Nern York in 1931 

and two caoes wc~c reported. 

From 1930 to 1960, we caw three ~ore 

cotes a nd this 1s i n a 1400-boJ hocp1tal doing around 

400 autopo1cs o year . 

So es you con cppreciatc, i~ hes been 

a very rare tumo1'. ~:n·tuntit::)ly, it i 5 ra.!'e bece.use 

it i o 1nvnr1abl y r.~el. 

'l.'h<? J. inir.{! ".Jf the chest is ca1J.ed 

the mesotheli u•,i . 'lhc linint, o~ tho eb!lomen .ls cal:aa 

the menothelium a nd uhen a tumor occura i n this linins, 

it in called mesotheliomo nnd obviously it can't be 
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local1zod. It s~roads oll over , end oe I oay, it 

invariably i s toLal . 

Fortw1atcly, it hna n la~ been rare. 

In the 1950•0, a few caeeo were reported that 

occurred in men who were workin5 with osbeotoo, 

We now knott t ha t men uho worlt -;Jitll 

oabestoa have on extra ordinG ry riok of getting tbis 

tetol tumor. 

Again, emong th~ meDbe rs of the union 

in Chicago, nbout one out of every t~n deaths is due 

to this rare tumor. 

In the General pnpulotion, it is one 

out or 10,000. In Ner York City, it jo around one 

out or ten oleo, and eaain !n Ben~rnl, eround one 

out of 10,000, so th&t we know that nraong those 

1·egularly cxpooccl at worl;: to c6be3tos, it io n serl ::n.o 

riuk. 

Whn t b othc~•ed no, however, waB t.i • ., t 

1n 1960, Hagner, a patholor,ist .1n Soti.th J\frica, 

reported tM.G very unuoual tum:n· in l~7 peopl~ in 

five y3ers i n South Africa , ir. one par t of South 

Africa that was noted for its chrysotile mines . . 

This type of asbestos - -
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Bo that the South /\1'1•ican studies have been 

mine connecte(I? 

A Ho, this hoe been the probleM. Soce of t he 

cases did not work in the mines. They were in people 

who a1mply 11.vod 1n the towns in \fhich l:hese 1111.nes wore 

existent. They were people whose rel.:itiveo had \/ol'ked 

in the m1nos, but they thamaelves had no t , but the 

relatives had come horac with this caterinl on the ir 

clothes. 

There hove been youn~ people who, aa 

children, 30 years before, had played on the slng 

heaps of these mines . 

One ~as a younGBter, one &s Q youngster 

bad ridden to town in a donkey cort 1n which the bogs 

of moter1nl were bein6 brouaht, ct cetcrc. 

Tl~-~ raiocd the quc~tion then whether 

expoaurc, other than occupatio11111, cirht h-.wc o oimilor 

effect. 

It ro~.neti a 11holc nci1 pictu::e. It tluS 

or it should not h~va bncn c curori3e t~ U3 bec~use ~e 

who ttashed their clothae, the clothes of their husb~nd s 

from beryllium factor~.es miaht 8Ct dis c&oes aRsocia~ed 
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with tho inhalotlon ::it t ryllium. 

B~ryll iuc diseeoe eloo occurred in 

peopl•, tor oxamplo, living within e quarter of o 

mile ot n beryllium plont in Ohio. 

So we perhaps should not havo been 

ourprioed, but \fO wero and our surprise uns increaoed 

when Nowhouoe in London, Dr. Newhouoe studied 76 

ooaoa ot meootholioma at the London Hospital. 

She found~ to no one •a ourprise eny 

more, that 31 hod worked with asbestos. 

Woll, this is nothing u~usuel now 

becauoe Hhen you work w1th oebeatoo, you hcve a riak 

of dying of rueoothcliomo but of the 46 that did not 

work with asbeatoo,· nine had o1nply lived in o house­

hold of an asbestos ~orkcr who come home with dust 

on hio clothes ond eleven hoc: si1,1ply lived ,1ithin 

a hol1''-m1le of one of the us bes too plant a in London. 

This then fur ther stren~thened the 

possibility that environoentel contamination with 

osbestos might be easocioted with such di seases ond 

there hove been similar rcport9 since . No\r, sue~ 

reports ln tect were strenghtcncd and then asbestos 

diseases were found not only in men directly working 
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with th• mator1 l , but ~Lhor people in the same 

lnduatr1Ge as, for example, not only the insulation 

worker• i o a shipyard, but the oloctricien in the 

abipyard, the otoamfit~cr, the sh1pf1tter , . the 

plumber, e t cetera , because they ,fare in the oame 

atmoeph11rc, on tho enme ship ~,1th t ho man a::tually 

u■ing tho material . 

Bo that this indirect occupationcl 

exposure in the conotruction indus t ry, in the ship ­

yards, became or concern t o us. 

This concern had nnother dioenoion 

rapidly introduced and tha t is that we find when we 

examine the lungo of people living in large cities, 

that everybody n:m nas some aa'best os in hie lung. 

Q Fine, Doctor, a nd thGt is the point I wa o 

going to 11ct to . Hou --

A We have examined, 1£ I might interrupt you - · 

Q !Ill riGht. 

A -- we have examined, ot our hoapital, 50 

consecutive ~utopsies . 

Ue have t c.hen e p:l.cce of luni; froz:i 

each, about that much which would f it on the head of 

a pin, a tiny amount and in technical parl ance, ·•a t en· 
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to tho minus sixth or the lun3 ." 

We examined tha oe tiny pieces by 

electron mic1•03copy onu in ev~ry ini:t::ince we hove 

found t1bers of asbestos to be present in the 

lunga ot these peoplo. 

None or these were asbostoe workers . 

These were generally citizens in Ne~ York City and 

in a variety of occupations, none of which had any 

direct exposure occupationally to asbectos. 

Here then we had evidence ~hat in 

all large cities now, peopl e had asbestos in their 

lungs in smell amounts; nothing compared to whet on 

asbestos worker has in his lungs. 

With this knowl edge , we then began 

to look nt the air of the City of Neu York and other 

areas end we ore continuing at this in cooperati:m 

with the Notional Air Pollution Control t,dminist retlon 

of the go,vernc,cnt, and \le find thct the nir in l:e1·: 

York City and in other citic:.i 1•:hich ue have looked ot, 

like, ob, Port t,llegony, Pcnnsylv~nio, Philadelphia, 

the town I live in, Ric!Gcwoocl, l'!ew J ersey, tha t the 

air of all of these plnces now has asbeGtos to be 

found i t you look for it coref ully enough witn the 
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elect10 M1croocope, but again in very much smaller 

concentrut ions t han whet you would find 1n any 

tactoriea. 

The question then mig~t properly be 

asked, lt there 1a dissemination of asbeatos from 

industrial or col!llllercial sites, is there the risk 

OdSoclet&d w1th that use of a&beatos in the lndust~1al 

sitea disseminated ~1th it? 

And this io the i mportant problem 

with which we are all grappling at this time. We 

&FG d ::.i:,g many studiss and if you would ltke a summary 

o~ ,ny vi~ws at thin point --

Q Not at this point, Doctor. 

A Fine. 

Q. Because I would like to s trei13hten out ~ne 

other problem. 

l'i All right. 

~ I unders t ~nd there hos been a study done 

by the United States Depa rtment of Heal th, Educeti::;n 

and Welfare and I tnink thi s was just done D few years 

back, and one of t heir ~indinBs is thet from one-four th 

to one-half of t he general population of l arge citie&, 

t ey ,~uld have asbestos bodies in their lungs which 
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were inhaled through the ornb1ent oir or through 

direc~ exposure. 

Would you ogree with those tigures, 

one-fourth to onc-holf of the population? 

A In our otm studies and inaeed the 1>ubl1c 

Health Service studies to which you refer may be our 

studies because we ore doing thio reoeorch for Public 

Bea.1th Service; we have found asbestos bodies -- no,r, 

mind you, these are not osbeotos fibers, but asbestos 

bodies and they are very peculiar structuros that have 

an unusual appearance. 

They ore golden brown in color, They 

have a good deal of iron in their coating and they 

occur when osbestoo hes been inheled by an os uesto~ 

worlccr. We hc.ve known thii:: since 1927. 

They are so unuaual that when you see 

theCI on a olide, y:,u ir:unediatoly p:,int and say: "There 

:ls an asboatos body." 

These unusual structures, in 1963, 

were f ound in 25 per.cent :,fall people coming to 

post-mortem in Capetown, South Africa end here these 

500 people were not asbestos workers, they were simp~y 

residents of that city. 
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Thin hos been confirmed in every other 

city in wb1.ch it ha& been looked for~ whether it has 

boon London or P1ttobursh or M1nm1 or H1lan or Montreal, 

et cetera. Theoe unuaunl bodies have been found. 

Now, we don't actually kno,r thot the 

central fiber within theoc bodies io nluaye aebest~~. 

It is a very diff1cult thing to determine. They look 

Just like what eabestos ttorkero heva, but since the 

other people are not oobeetoo workers, they could 

con~eivebly be something else. 

In New Y.ork City we hevo found these 

structures to be present in 50 perceut of 3000 conse ­

cutive autopsies that we have studied, egein looking 

et a very small amount of lungs, 175 filicrono by one 

centimeter squnrc . We find thene easily visible with 

en ordinary microscope 1~ 50 percent of al l people 

coming to post-mortem in recent years ot three 

hospitals 1n which this stutiy wes done . 

They reiocd the same ~uestion cs the 

finding of 6dbestos fiber& in the electronic micros­

c ope or with the electronic microscope, rother, that 

some fibers have asbestos are now present in the 1ungs 

of people 11ving in citieo 1n the United States, in all 
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Q no , Doctor, what provoked ~Y interest 1n 

th1a suh1 ~ct ,o, ao I would ualk froc my office to 

11 here, I noticed one day where o man 

was standing on the ground level ond he hod e large 

hooe end emitting from the nozzl e of this hose was 

a white material and l thought i t hod been concrete 

and it ~~· ~r~eyed up at various beams . 

I recall 1t, the ~ne ~en who had cone 

out with • procooo of sending plaster up t hrough n 

hose had g9nc broke three or four yec rs dgo a nd thi s 

"·" ,·• t working, so I made some inquiries es t~ 

what 1s tha t hat 1s goir.g on a nd someone t~ld me t hat 

"They are sproyin~ osbest.oo. 11 

I noticed tha t this w::1s during the 

summer and right here in Chice1go, downtown, and ther,:; 

bad been small fibers 1'looting through the a ir ar.d 

they had be emanating from this constr uction oite, 

from the ma n wno had been uaing this hose to apply 

this &abestos material. 

Now, the thinGD that I sew would not 

be the thine that woul d cause the harm. The thing 

t hat cau,H the harm is somethins that is invisible, 
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1a that correct, Doctor? 

A Yee. Every time yon see fibere, there 7 ere many, mony more thut you don 't see, and th.! 

very fine oneo, the one11 thot you don't see, ere . 
much more likely to be inhaled into the lungs. 

Big porticlca can't enter the deep 

receeoee ot the lunas. In general, the very emall 

fibers are the only ones that ere tine enough to 

reoch the depths or the lungs. 

Q. All right., 

So that whet I had by chance happened 

to aee that porticulor day, was neuoing a problem 

.t'irat of all t:> the t man wh:> woo t1orking on this 

job oite? 

A Did he hove a meek on? 

Q I didn't n~ticc any mssk on him, but he 

woo wearing boots end norae type or a un1 fo rm. 

A Dut he didn't hove a mask on? 

Q No, not et 011, and the co-workers who 

were around Lnere obviouoly were exp:>oed and the 

rest of the citizens llho would he 1rnlki np through 

the orea would be obviously exp osed. 

Now, the question is: Would or w:>uld 
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t • donger level be reached at some particular 

point, 

A I don't know the answer to that question 

b~r~use we don't know what the denger level is . 

ffe do know that in fact if controls 

ere not instituted and it men ere not protected, 

these men ore at a very serious risk. 

We oleo know that people like our­

belves have some nobestos in our lungs, are not 

dying of asbestosis and we are n~t dylng of 

mesothelioms and we are not dying of those diseases 

, 1Jrjl are gener8lly attributed to asbes tos. 
\. 

So we con presume that there e re 

levels of asbestos which o r e so ljw es not to be 

associated with any diaeaseo. 

So, what ocicnce hos been Bblc to 

do in theoe laE t six or se ven years is to define 

both ends of the spectrum . 

Heavy exposure as in factories, 

construction work, et ce t e ra: Disease if uncontroll ed 

Very fen fibers in che general publi c, 

no evidence, no evident diseose of any kind . Now, in 

~: tween, tnere ore other levels and what these other 
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ievele ere thot will be ooo oc1otod wi th s ome disease 

leas then the factory ~orkero, but ot1ll mucn more 

than the no disease of the genera l population at 

this point, we do not know. 

However, it io obviou~ly very pruden t 

that contamination of the envi r onme n t such a ! VJU 

have described, carries & very oerious risk of 

giving e dosoge to a pers on inhaling it that could 

be opproachin3 tho level of the factory worker, end 

let me explain that. 

These ore fibers. They ore minerals. 

Once inhaled, t hey stoy in your lunge for the rest 

of your life. Moreover , the f i bers you inho le today 

ore a dded t o those you inhaled ye st erday end t he 

fibers that you ere going t o inhale tomorr ow will 

be added to botn of tho£e so tha t it is a cumulo t i ve 

effect. 

Q All right . 

So that i s n ' t oomething - -

A So y ou may hove go t ten, walking Des t thi s 

site, enough i n five minutes to l a &t you for the 

rest of y our l ife in a oerious way. Therefore, it 

is c learly important that all such peek exD~su res 
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be abeolutcly ~rcvcnted. 

Q N~w, Doctor, thia inholina ot esbLatoa 

psrt1olee would not be clicinoted through the body 

ae other foreign ~odies that you ciaht inhole or take 

in in eome manner might be? 

A Unfortunately, we heve no evidence that 

this happens . Possibly because ot the shspc or 

the particle being long and fibrouG, we have no 

evidence of it happening. 

It moy very well be that som~ are , 

and my prcoumrt1on would b2 that indeed oome of 

t b• fibers that we inhale con dissolve and be 

excr•ted by the body, but the cvid~ncc is that they 

ere n~t lDrgely refiloved fr om the body becauoe we 

find them there. 

If I ,1c1·e t.:> examine the lung :,f any­

one in this room, I will find aabeotoa prctcnt. We 

find more the Older rcroon will have 1t suggesting 

thot there is e conntont aclroiso1:m i:i th eocll day 

that we live. 

Q Now, one of the other properties of asbestoR 

oo I round in oome ot the reoaing thot I had d~ne, and 

I see the term referred to 30 the fact tllat it has "A 
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life t>t one-halt or 1ntin1ty. " 

Will you deocribe what thot moans 

to ua, please? 

A That 1a -- that reters to a phrase that 

the phys1c1sts use , "a halts life of infinity. " 

A half-life indicates thet period ot 

t1mo in which bol t the omou n t of radiot1on, for 

example, is still present . 

If there ie o hundred units o f 

radiotion and if in three d a ys thc~e is only three 

units left, we would say it has a half-life of 

three dsye. 

Now, a ha l f-life of infinity meo na 

eogentislly that it never disappears ond it laots 

forever, which 1s one of tile rceoons thot the induotry 

finds it OD useful. 

Q It is els~ one of the reaoono that the 

med1ce1 outhoritics find it dangeroun where it is 

expooed to the healtr. ea n hazard? 

A Yes. I would think it fai r t o say that 

the heolth euthoritleo believe that eobest oo is 

merveloue in the industrial colll.l!lun1ty, but it has 

no business being in the human Jung. 
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Q Doctor, there1hno been some respectable 

modical authority which indicate» thot olthoUBh there 

have been tindingo ot aabootosia, there have beon 

tindingo or meeotheliome end other tores or cancer 

ot the lungs ond I think mcsothel .Loma is only one 

or the cancers --

A It 1a one cancer. 

Q one or the concera connected with 

eobeat~o'l 

A Yes. 

Q Now, there are numerous others, but this 

is the most common? 

A Right. 

Q But theoe other forms or cance:r have never 

been round except in a case where the victim were 

well, we ca n call him one tha t has alwoyo been a 

heovy smoker. 

A You are referring t o some research done 

in my depo1·tment by rayseli' end Dr . Hall!lllond, \olhich 

10 very i ntereot1ng . 

Q. I am glod I said "r espectable outho:rity, 11 

then . 

{ LBUBhter. ) 
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A The tacts ore os tollowa, e nd I think you 

will t1nd thom 1ntareating: 

In 1963, ~e examined 3~0 asbestos 

1nouletion workers in New York, ell of whom were in 

the trade tor at least 20 years. In other words , 

these men were n ow et risk . They were rao r e thon 

20 years from onset of t hei r work end they had 20 

yeere ot dus~ ln tl~ir lungs . 

When wo exonined theo each wao asked 

about his smoking hobits . 87 men never gmokcd o 

cigarette . 283 hod a hi s tory of regul ar cigarette 

smoking. 

To the present time, of the 87 men 

who never cmoked c1aorot tes, we have o~ly seen one 

lung cancer end that is just ab out wha t we would 

have expected out of 87 nonsmokers watched for 

seven or eight yooro. 

on the other h~ind , of the 283 men 

who were cigarette D□okers , we would have expected, 

by this time, about four canccro of the lung becou~ e 

cigarette smokers develop l ~ns ~sneer. 

We have seun not f our, we have seen 

40, 37 ~f wh~m have a l r ea dy died. S~ tha t it is n~ t 
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lf42 aaboatoa by 1t~elf becuuoe only one developed lung 

cancer. It ie not cigurotte acoking by i tself be cause 

only tour would hevc occurred, but the combination 

hes a very strong mult~ply1ng etf ct end t~io gives 

1.u1 a dded concern, becouoe in lorge cities, three­

quartors ot all adult ma les smoke c1gorottes and 

thot is another good roeson for keeping asbes tos 

ou t or their lungs. 

Q Wes there nny degree of smoking connected 

with these patie nts? In other words, was it light, 

moderate or h oavy? 

A The number we looked at, we have followed, 

1s too small to be sure obou~ this. 

We haven't publi shed t hia date , but I 

can tell you un off icislly the t the more the pe rson 

smoked, the gree ter the r !Ek or dylng of lune cancer 

and if he wes en asbeoto s worker, just es in g en eral, 

the hesvier the smo~ing, the gr~oter t he r ink of 

dying of lung c a ncer. 

Q Now, ousuming that Lhc me n or t h e perNon 

who is exposed , doesn't get lun5 cancer . They were 

neverthel eGo , even if they don 't acoke, th~y «ould 

be subject to oebestosia? 
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A Yee. We have seen fetol aebeotooie in 

nonom~kcre. We hove seen mesothelioma , Juot es much 

in nonemokers ao in smokero. 

The only thing that we have found 

hjghly aseoc1~ted with cigurette smoking hoe been 

the lung cancer in asbestos norkers. Thie hes a 

special effect. 

Q Now, could you tell us how disabling asbes-

tosis io in the nonfatal cases? 

A Asbestos1o, it may be completely without 

effect. I may see a fairly bed lookins X-ray and 

yet the person not be short of brecth, not be rli sabled 

in any way. 

On the other hand, we may see X-rays 

that ere not too bod end y e t the pc~oon be ao 111 that 

he cannot walk across the room beceuse of oho~tneos of 

breath. 

We hove evon seen 1notonceo of, and 

this is when you see it once, you don't want to see 

it again - - of many who ha v e to BO up the Rtoi ro 

bockwardo . The reooon they have to go up the stairs 

backwards is that every t,,o otepo, then the~• ~~n sit 

d~wn again and get their breath bnck . 
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So that there is e range or disability 

from practically nothing or no t hing , gentlemen, to 

ser1oua shortness of breath and indeed fatal shortness 

ot breath. 

Q Nowp Doctor, could you toll us about the 

controlled study which you had done with the I nter­

national Associ ation of Hee t end Frost lnaulators 

end Asbestos workora? 

A I have a l ready given you much data of this , 

derived trom this study. 

Wa nove, in the laot four years , been 

looking at the experience of all members of the 

International P.soociotion or Heot e nd F~oat Insulators 

end Asbestos Worke rs in the country; some 18,000 men 

that we have been followin g from January lat of 1967 

to t he present ond this includes some 700 men in 

Chicago. 

We ha ve now studied some 850 deaths 

among these men and we find exactly the same unhappy 

experience as New York to be true in the rest of the 

country. 
. . 

We find one ou t of every four . or five 

dea ths due to cancer of the lung. One out of every 
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10.000 due to mcsothol1oms and ono out o: every 10, ono 

due to aobe atos1s end 1n toct , one out of every ten 

being duo to cancer ot the stomach end colon. 

So it 1e evidan t • hen that tho regular 

occupationa l exposure to this ~aterial 1e very 

hazardous and indeed is the spur t o wh1ch industry 

is responding in developing Gafe working cond1t1~no 

so that this occupational hazard wil l be minimized 

or eliminated. 

Q Doctor, hos this study that you have 

performed with these workers been published? 

A Yea, it has been publishe d in the J ournal 

of the American Med i cal Associetion which is publi shcf 

here in Chicago. 

It hos been publis hed in the American 

J~urnal of Medicine. It h~s been published 1n raany 

other various ar~jcles pe ~taining to this study, t ~at 

i s, many other various oTticles pertaining t o this 

study h a ve been published in rnany medica l journals. 

Q Now, Doctor , we talked ab out working in 

factories, working in mines, and 1n the con s truct1Qn 

industry and then we have touched UpQn the fa c t of -­

upQn the fa ct that asbestos 1s practical l y 
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1udea1,1U r,ible. 

Now, thoro 1o another aren thAt we 

see c ~Loid rably here 1n Chicago and th.at io the 

demolJ ion ot large buildings end we kno~ that in 

the construction ot those buildings, asbestos had 

been used. 

How, a1nce this m1ncrol is non-

deat ~-1ble, could you tell us whet, if any, heal~h 

hazard ~nere may be as a rcoult of the demolition 

ot t e&e buildings? 

A Thia hoo been 1nodequotcly otudied to Lhe 

pl"est.1~t. We suspect that during I uch ticmol1t1on, 

fibrous material, aebcstos matcriol, ~111 be 

disseminated into the air of the community, but I 

woul d simultaneously point out that we hove olreedy 

begun to look at this problem and I am sure that 

the ingenuity of our enG1neers will be capable of 

encofup~aaing this proble m once they look at it, no~ 

onl y asbestos, but there are many other moterialo , 

moat of wh1ch hove not been studied at ell, which 

are e part of the air pollution, particulate air 

pollutton, that can comr; from demolition. 

The whole oreo of demoli~i~n, of waste 



d1apoaal, 1a one which I hope your city and our city 

will look ot as rop1dly as possible. 

There are very few regulations with 

regard to enclosure, with regard to wetting, with 

regard to otber mechanisms tor prevention ot duat 

disoem1not1on. 

There are no regulations with regord 

to ~aotc disposal of these moterials. We hove written 

to the 20 largest cities 1n the United Staten to ask 

about their re6ulationo conccrninf waRte dioposal of 

these materials. 

We found none Had such regulotious ond 

it is of interest to note thot in liew York City, 10 

percent of all oolid wastee come from the construction 

industry. 

Q Doctor, you hove touchld upon another very 

interesting subject ond thot is in the egplication of 

asbestoo say in the construction site. 

A Yeo. 

Q There is a certein percentage of waste, a 

certain amount or that that doezn't sticK on the 

member, it falls to the ground or it goes somewh~e. 

Now, that obviously has to be dioposed of? 
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Yea. A 

Q flow, thot mo teriol that ia waated end must 

be diapo•~d ot, that io juat oo susceptible to 

cause theae conditions of ill being that you have 

described oe the original application, is it not? 

A Abaolutely. 

The waste which contains asboatos or 

other harmful mate~iols con be diaGeminated into the 

a ir of the comoun1ty ond there be inhaled and have 

it e deleterioun effect. 

nere, tco, however, the industrial 

hygienists, tne engineers, the conotruction expe~ta 

have been able, in my experience, to develop mcth~ds 

ot monoeement of these wastes thot con be effectiv~. 

Q Thot 1o in con s truction? 

A Yos, s ir. 

Q All right. 

So that they would then be scaled 

oomehow? 

A The. wil l put them in a vinyl plastic bag, 

sealed a n1 then buried. 

Q In o land fi ll area or something of thot 

nature? 
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Q All right. 

N-:iw, ouppoee thot they eh-:iuld inedver-

tently be incineratedJ it would go into t he ambient 

air again'? 

~ That has not been s t udied becouee the 

incinerati-:in heat may be euff1cie~t to destroy the 

esbeetoe fibers e nd in that case , t hey would caus e 

no trouble. 

Q Insofar os the demolition sites ere 

concerned, ther~ ls no method of s ealing thi s, of 

disposing and ul timately burying thi s? 

A Yes, t~ere is. 

It i s inedequetel y developed so for , 

bu t t here 1e . For exampl e , there was in New York 

last yea~ a building on 43rd Street end Seventh 

Avenue that wao being de molished. 

It was compl etely enclosed l n vinyl 

ploatic sheets ond ell dusts were conteined within 

t his r ompl ete end totol enclosure and contam1not1o~ 

did not occur, s o it con be done . 

Q Now, Doctor , you have pretty well t ouched 

upon the ba ckground and his t ory and the uses of osbestoa 
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end it■ mediral ha zards conn ected with this particular 

mineral. 

Could you tell uo what, if anything, 

the industry has done since this problem has become 

recognized? 

A The 1nduotry le a misnomer. 

Any industry 1s composed or ~an~ 

companies end sometimes they work together, s ome­

times they don 't. There ere various sogments ot 

the industry itself. 

The asbestos industry is perhaps 

fortunate in having one company that is not only 

very large, but also very ltnouleds;eoble, and in 

my experience, very mature in its approach to 

environmental problems . 

i refer to th3 Johns-Manville 

Corporation, which, havinB looked ot this problem 

in their own f ac tories , and in the construction 

industr y on the basis of evidence, I presume, that 

they brouBht forth , have decided thnt the be s t ~ay 

to approach thio problem is not to literally sweep 

it unde r the rug or look the other way, but to work 

out the methods for correction. 
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Ir I might oummurize their position, 

ea I know it end they mny correct me, but ea I l~now 

it end os I have heord t heir Prcoldent state it, end 

agein, this may no longer be the cose, or I mey be 

atat~ng it poorly, but it is that wherever the hazard 

ot environmentol control, environment3l contamination. 

rather. exists, either in their factories or in the u1 

of their products, that thoDe orcos must be controlle: 

Where control is imposoible, the ~$e 

muot be abandoned end I con well imagine that there 

will be uses which co~not be well controlled. 

For example, somebody clever in the 

company looked at the slog heaps outside of thei r 

mines and said: "Here is a wonderful magnesium 

oilice te dust end there ore magnesium poor soils on 

a numbe~ of fe~ms. Let's bo~ this and aell it in 

hundred-pound lota to fo:.·l!lcro who need magnesium 

' for their soils." 

Yell, they got a very good produc t i~n 

going enc; it lie s pointed out that when farmers would 

toke this mate~ial and scatter it over the l and , tn~y 

would be c r eating a g~~at deal of dust end ther~ 

would be a danger, not only to everybody else ~n ~he 
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term, but certainly to tho man Gcottering this 001:­

enricRing agent. 

Now, when this wns pointed out and 

how ditticult it would be to control aeid use, the 

product was taken otr of the market. 

I presume that wherever a product 

cannot be used in a controlled fashion, that such 

a dec1B!on will h~ve to be made. 

If control is not possi ble or any 

environcental hozcrds, whether it bee radiation 

or mercury or carbon monoxide or whatever, it contr~l 

ls not possible, then it raust not be used where hur~n 

beings cen be i n contact with it. 

I suspect that most of the things 1n 

our environment tha t creute problems con be con trol l ~d 

by proper engineering. 

Now, it eight not be cconom\ca l to d o 

it end in that case, it won't be able to be useu. 

Q The carketplace will be the judge? 

A The marketplace will hove to be t he judge , 

but economics decide which safe material, which s&fc 

proceso le the one that will be used and I think t h~ 

the contract~rs w111 take the bit up fr~m there . 



'" • Now, 1n&ota r ee humon beings a~e 

concorned, 1naoter na humon heo lth is concerned, 

none of thea e mnter1ela should be used except under 

a controllod mothod, 

Controlo, however, nre possible for 

moet everything it we won t to put the coney in, !t 

we wont to put the eng1neerinG time and talent in. 

I think there is probably tardly a 

use ot asbesto ~ tha t cannot be controlled if we look 

to toe appropriate engineering , 

Q Now, Doctor, le~t someone come he re later 

and taint your t estimony with some chorge or preju­

dice, would you please let us know wha t, if any, 

connection Johns-Ha nville hes with the inoulat1on 

,nduatry h ygie ne research proa r~ m o f whic h you arc 

the Chs1r,an. 

A Yes, I am connecte d with this and this i s 

a very interes tin& thing. I am a biolosical scientis t 

as you gather and I am a physicinn. 

Q Al oo e medic a l doctor? 

A AlGo a medical doctor , an Cfidemiolog_st. 

I deal with human diseases, 

We, as physic ia;1s, however, have often 
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boon pointed to by those who cr1t1ci ze us snd there 

are many no»adaye who do, 

~ Join the club . We ore criticized every day. 

A -- that we are much more in~erested in rat 

bite than in doinB something about the rats. You 

know, we like to do research and tind out the cause 

snd then we are not intereatcd any more, they aey. 

Now, in pert, this criticism is oome ­

timea justified. When it cemo to tho questi on of 

whet was happening to our insulation workers, their 

dying, their being seriously 111, it ·wos rapidly 

evident that we ought to do eornethin~ obout it end 

1n tact, if we didn 't think so, the union thought so, 

and they cemo tugging at LOY elbow and said : 11Not1, 

what con we do now that you have identified the ri~k 

that we have, the way our men ore dying? What can we 

do to remedy this?" 

We acid: ~Jell, we will hire engineers 

and we will hire industrial hyGienia~c and we will get 

the equipment either to oec whether we can work out 

methods to u~e these mnteriols safely; working condi ­

tions that w1ll then not be o riok to you."· 

And we oet the insulatlon industry 



Tn program up, ond this is now jointly 

tinanc~d br industry, Johna-Mo nville ond now the 

contro c t ore n r ne root of tho country and the union. 

u b Ch member ot this union, out of his 

own pockot , took out ~10 and mede a tund of almost 

$200,000; actua1ly $180,000, for us to hire the 

eng1nee o, t o 11re the phys1c1ots, to hire the 

mineralo5iet . , t cetera, necessary to work out the 

remedies fo• ti ~ o, but this 1o only one trade, only 

among the 1 • l n t1:>n wo1·kers in t he construction 

industry an ln the shipyards. 

~. ,, • i1s i s excelle nt, however, b ecau se 

it means thuL t his trade, which f ormerly was e risk 

not only to themDel veo, but to o t he r people in ~he 

construction i n dustry, wi ll now have safe working 

conditions, which will sofeGuord the men a ctually 

work1n~ in t ho trade as wel: no other people working 

around tllem . 

I would hope t hat si~i l er programs 

would be ino~~~uted for every eebest~s u ~e that we 

now hove. 

I understand t ha t the companies do 

th~q thrMsc • ·~ i nside of their own factories. I ~rn 
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not one that goea 1na1de ot their tnctorics, but I 

preaume tbot they ere doinG this. 

Here, I think you people and by "you 

people," I mean the adm1n1strot1on, politi~iena, 

government people, have o opecial r~le to play. 

I think you ore the key to the whole 

problem, it I may be eo bold as to say this. 

Q I hope we are the key to the answer. 

A I think you are. I hope so, anyhow. 

Certoinly, if you can't do it, it is 

not going to be done in th1o regard. 

A safe environment 1a cxpenoive. It 

will cost money for any cocpany to use proper 

precautions to safeguard their workinG people and 

to safeguard the community at large, not only -- not 

to contaminate ' the community at lerGe, 

Nou, they have got to put proper 

exhausts in. They hove aot to put bas houses in . 

They have got to change 11orking practices ond they 

have got to do sll kind1 of thing~, end it is 

expensive. One company by itoelf can't do it. 

If one company does it, they wear 

the white hats and the other companies do n~t; the) 
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wear Lne btack hats ana eaon the white hate are 

going to be out or bueineao, that is, i n a 6hort 

time . They won't be obl e to atford it end they 

won't go out of bueineos , what they will do is 

stop taking precautions becauGe it ie too expensive, 

and therefore, you people have to make sure that 

there are regulation~ that there Rre laws which 

insure that everybody docs lt tho same way, that 

everybody hes to beer the expense according to the 

work he do6s and accor ding to his business t o pro .. 

tect the community. 

~f you don ' t insure that everybody 

doea it, nobody ia going to do it ond the co~munity 

at large will suffer. 

So, the ultimate respon~ibility 

really is yours . Our job as sci cnti~ts i s to de~in e 

what the hazard is, perhaps even worl~, perhcps even 

to \'lork out sol!le of the c.nauers. The engineers 

will l'rorlt out ma ny more ans,1ers thc.n we will. 

Industry hao got to do the enBineer1r ­

reaearch to s how thet it 1A practical and feos:\.b le , 

economicclly t2asihlc , buc the government has to wor~ 

with us to see that wha t is found out i G act ually pu ~ 
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..... to 11 ...... t ice by everybody in the industry and not 

juat a tew that we ere able to convince that they 

have a reaponsibility. 

Well, Doctor~ I certainly must s~y that 

it is to your credit and ~bviously also to the credit 

of Johns-Nenv1lle , if you speak in their behalf, as 

you ma y be expected to do, when they recognize that 

therP a harm and that they will voluntarily withdra w 

thoi1 product or that portion or their product from 

the ~~r ~atplace. 

I do hope that they aupport you in 

t,1at ·pti~.i.ti::m. That ie where no c::mtrol s are applicable , 

A Yes. 

Q Now, get ting back to your research proBrem 

that you hove that is subsidized by the union member­

ship and by ind~stry ~nd by contractors: Now, some 

of the things that have come out of there, could you 

tolk - •Y~~and I believe, like the respirator pro~ec ­

tive devices which have come out of there. 

Could you co~mcnt to s ome ext ent on 

th.at? 

/I Yee . 

And state whether they are adequa te or 
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inodequato . 

A I am not vory proud of our work in 

roapiratory devices even though it hos been very 

ettective and let mo tell you tthy. 

I wrote a letter to ovary insulation 

worker 1n the country and asked hie whether he WOPe 

a mask when there wao o lot ot dust around, 

I found to my horror thot when they 

recognized that it wa~ vc~y dusty, only 4 percent 

wore a mask. Only 4 percent would wear o mask when 

they knew 1t was dusty and 1r they didn't think it 

was dusty, if they couldn't s ee the fine fibers, they 

never wore a mask end when we found ::mt Hhy, 1 t wa:.; 

becauee tho masks ,~ere uncor.ifortnble; not that they 

weren't effective or that the e~ployer wouldn't give 

it to them if tney esked for 1t, but that they were 

uncomro1·table. 

They stated tbot if they were one 

. scaffold, the 1:12.01~ 11es so bi g thot they couldn't see 

und they could fall off and kill themselves or else 

they couldn't wear their BlGGses or else t hey coJldn t 

talk to the other men working with them a nd so forth , 

We then set up a tc8m to desi&n e mnek 
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not that it would be any core ettective becau s e it 

1a oaay to deo1gn an errectivo mook, but we wonted 

to deaisn a maak that wa a eftective ond also com­

tortoble at the aame time. 

'We have it now We have o mask ond 

it will be on the market very shortly. Three 

compon1os ere making it and it will be both eftec­

~1ve and comtorte ble. 

Now, I don't constaer that e greot 

achievement becauoe the real achievement should be 

in the working conditiono where n man doesn't hove 

to weer e mas k . Tha t io what we have 5 ot to do and 

we hove done much work elso, for example , in Chicago , 

in New York end all over, an asbestos ~,orker will oft, ! . 

tnke asbestos cement, pour it out, mix it with wate r 

and then use it. 

Well, when he pours it out, the whole 

area becomes dusty. now, th16 ho s been going on fe r 

50 years. Hhen the ene;inecrs lo ~ked at it, they 

aero t;ehed their heado and saicl, "Well, this i s absul'd 

Why cleliver the cement in a PBDCr beg. Le t ' s deliver 

it 1n a plnat1c bag Hith n littl e hole on top e nd you 

put the pipe with uater 1n th1•oush the h:,le end mix H 



inaido ot the pleetic bas so there will be no more 

dust." 

Well, we have removed theretore, a 

maJor source ot the dusty conditions of the trade. 

Q All right• 

Now, this is onother new devel opment 

that has come out of your research progrom? 

A Yes. 

Q And this is comparatively new, io it not? 

/I Yea, uithin the past yeor-and-n-holf or 

the past year, for example, we have visited all over 

tbe country, includi~~ Chicago, the fabricating shops 

in the insuletion induotry and when we went 1n, every 

one of the ohopo had e btg table saw to cut these 

products into blocks for pipe covering, et ceter a. 

We looked at the table BOHS and they 

were creatin~ huge clouds of dus& in the room ond we 

found out that out of t he 22 companies that made table 

sews in the United Stotca, not one ~ade one with an 

attacnrner,t wher e you co•ild fltt e ch n dust collector. 

So we eoked the munufoctur era, "Would 

you be interested 1n designing a table oaw with n 

dus t collector?" 
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1ntereeted. 

collectors. 

Two out of the 22 said they were 

We then found out who mnde the dust 

We gave the oanuracturers of the dust 

collectors telephone number and we gave the dust 

collectors the manufccturers telephone number end 

they got together and in six months we have table 

saws w1th built-in duet collectors and when we did 

before and ofter ~easurements, we found that the 

amount of duot woo reduced 10,000 times wnat it was 

before. 

Now, new information was needed. 

All we had to do is look &t the thin6B and the 

engineers are good nt that nnd all we hove to clo 

is take them to a building or to a building oite 

and there they see what has to be done . 

Now, that 1s 11hy I am 1,0 confident 

that these problems can be controlled. 

Q Now, what you were referrinB to there was 

asbestos dust? 

Ii Yes. 

Q All right. 

How, this 1s another pr oblem, S3w1ng 

the aheet materialo on job sites • 
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Q 

Yes. 

All right. 

Now, Doctor, ae I understand it, there 

are two mothodo ot applying asbestos to these steel 

beamo at constructioo Bites. 

one is referred to as a dry ~echod ond 

another as a wet method. 

Now, wil l you tell us what the differenc = 
are? 

A Well, I will t e l l you what my inexpert 

knowledge in the case is . I am sure you have experts 

here who might ompl1f'y and change it perhaps. 

The mater ial that 1s sprayed onto 

fireproofing members -- that 1s, to fireproof the 

steel gil·ders,for example, consists of ony-,,1here from 

10 percent to 20 percent asbestos, about 75 percent 

of vorious extruded silicates l ike rock wool and 

generally some wetting agents, some clays l ike 

bentonite, et cetera. 

Theoe are mixed dry in o large mixer 

and come out of one end of one no?.zle end then water 

comes out of the othe;:- no.::zle and it mixes, oh, perhe~. 

ten inches from the openings of these two tubes and wh 
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it h1ta the steel girders it is wet. 

Unfortunately, in this process 

Q Is this the wot now, or the dry? 

A That is the dry method. 

Q All right. 

So oven the dry method hes some 

liquid applica tion 60 that it will stick? 

A Oh, yes, it is always wet when it hits and 

most of it sticks. 

Q Fine. 

A The industry tells me only 3 percent 

becomes waste and on some j~bs, it looks more like 

20 percent, but they insist it is only 3 percent. 

Q Is this dry procese oloo kn~,n as the 

fibrous appl1cetion? 

A They n~e all fibrous opplications. They 

are nll fibrous. 

Q All r ight. 

A The other wey is to mix it beforehand with 

water, and when it co~es out of the nozzle, it 1s wet, 

just coming through the one hole and our stud~es 

indicate that the eir in such applications hos fewer 

fibers in 1~ thnn with the dry raethod. 
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In Oreat Britain, they tend to uee 

tho wet method much more then here. Some of the 

industry people have told me, trom an engineering 

point ot view, that the wet method ie very difficult. 

'l'he wet method has its own problems 

by the way it gets on the floor, end once it gets 

onto the floor, it is ver y herd to get off. 

Q And it still has asbestos in it? 

A It stiJl doee. 

Q Fine. Now, D~ctor, c ould you tell us what 

a cement1t1ous mixer is? 

A That is one that has the wet method applica-

tion . rt hns cemen t products and fibers in it and the 

fibers mny or may not be of asbestoo, plus other 

extruded ailicateo like rock wool. 

Q So that it 1s possible then to have e 

cementitious mix ~~ich contains no asbestos whatsoever? 

A Yes, sir, there can be nls o other fibrous 

mixea that r.ave no esbectos. 

Aobestoc has wonderful properties tha t 

are not always present in some of the other f ormulations, 

but I presume tha t the sprayed mineral fiber 1n.dua try 

has Brent ingenuity a nd will develop all kinds of 



tormulatione and so thnt they will have all kinds of 

properties so that they cnn get the properties in there 

that ere des1reble. 

I would ouggest that in al l ~nsea 

appropriate control meaaures be taken because the 

other fibers are of unknown quantity, they are of 

unknown biological effect. Somo of them heve never 

been studied in human beings, a.nd t.1ererore, I would 

suggest that no 1norGanic particle or particulate 

matter be used in such n way as to &llow it to enter 

the city•s air and poten tially ent~r the humon lung. 

~ Doctor, we won•t be operoting in a vacuum 

here because as I understand it, all of these 

materials, whether they be dry or whether they be 

wet or whether they be a cementitioua mix or whatever 

other cutegories ' are used, they are nll classified in 

some manual thnt 1s publiGhed by Underwriters' 

Labora tor1e3 as being Gnfe from the standpoint of 

the fire hazard~? 

A I understand that there 1s such e menuel, yes. 

Q And all of theGe are clessified a~d are 

published and a~e rated? 

A For fireproof ~ for their fireproofing 
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qualitiea. 

Q R1gbt? 

A Right. 

Q Row, Doctor: tus your program that you hnve 

worked on, also developed ony other techniques such 

as apparel that would be worn other than respiratory 

devices'/ 

A We are looking at this ~ow. We are awnre 

ot reeear~b in this rega rd in Great Britain, and we 

hnve utilized what they have done there. 

The Ccpe Asoestos Compcny in Great 

Britain, which hna the same approach to this problem 

ae does Johns-Manville, has done rasear ch in ouch 

apparel. 

Some mnteri~ls have the dust cling 

to them much more then otrrrs, and we d:m't think 

they are very suitable. Indeed, there ore now 

available dispoGable -:>verhavls ~·1hich ,-,onld then be 

discarded at the end of the day ond not Jubject 

the workm::in to the riok of toking them ho:..e , taking 

home this dust to hio femily on his clothes. 

Q All right. 

Doctor, other thon the application on 
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the steel boamo. lo there nlso ~ problem with 

application ot aobestoa 1n plenwns involvlnc air 

conditioning ond henting? 

A Yes. These plcnums or the under surfoce 

or tloore, at cetera. are a port, var~ often, of the 

open spaces of the buildings between the floors. 

It lo now not an uncomm:>n proctice 

to use these opon opacea as return air or collecting 

plenums from wl~ch the ~ir in oo~e instances la 

recirculnted back through the entire building . 

Q And is that a haolth hazard? 

A I conoider th1o on im~ortant potentiel 

hazard in that the fibcro or loose material from 

that surfece ia being contaminated and recirculated 

with the air through the building and people who 

have to be in thcoe build1nBS eight hours a doy or 

more would then be brea thing thi s contaminated air, 

Nou, I don i t !cno11 whether you do that 

in this b\lildi111;;., but i f ~•ou do, then we n1•e si tt1ng 

in this ro~m nnd we would be breathinG air that 

hns pasoed throuGh opaces th3t a re lined a nd coated 

with aobe:Jt:>s a nd the potenticl for the entrainment 

>f i'ibero into the oir:;t:..·com ;1h:l.ch •i ould then subje_£t 
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all of ue to tho risk or inhaling theoc fibers. 

Q But 1e there n method ot application in 

these plenums that 1e safe or i ~ there some recom­

mendation that you can make in that regard? 

A neco=mendations have bean mode to soal 

these surfaces with v~rioue sealanto. 

I have y~t to see evidence that this 

is effectivq, end I do not conaider ~hot until this 

is very carefully a nd definitely and clearly 

demonstrated that air in public blli ldinss should 

be passed ecroos surfaces from vhich they con take 

fibers end so become contaminated. 

Q So this iG o oeriouo problem which we 

should address ourorlvcc to, particularly in urban 

areas~ 
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A I cona1der it very pote ntially &erious. 

We have not demcnrt:rated that you or I r1ould have 

any health hazard from 1t, but "c., 11111 have to 

watch you and me for 25 years bef ore we can tell . 

Q How, insofar ao the application at the 

constr1Jct1on oito 1s concerned, are thc:re enclosv .. ·cs. 

laid out and has your renea rch program 1. l)G:C up with 

any enclosures? 

A Yes. 

It is possible to enc lose ;,reAs 1n 

which oabostoa is bc1n; us ed, even sprayed, tih1ch 

will prevent the visib l e emission of f1oera from 

that area. 

These have been, in the past year, 

designed and 1nt't'oduced in the New Yo rlt coneti·uction 

industry. I undc rHtand tlut the y :ire qu:tte cx!)(?noive. 

but nevertheleos we have also found them quite 

effective. 

We have done duot countA outs ide o f 

the construction sites 1n which they ore being us~ d 

and we have that they a ru indeed c ffec ti•Je 1n pre­

venting the emj,os3.cn or particulate matter to the 

outside air. 
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>7 Q How, ~oc tor, i en•t t hat a serious problem 

whe reuod er a l ot or our new ochoolo or a rchitecture 

we have exposed colurano ond e xpose d beamE. 

now, 1r you are coing to fir eproof 

exposed beams, it 1•001<1 be very (11ff1cult, if not 

1mpoao1ble , to enclose a . ~r , ying process on the 

outside or a building . 

A Oh, I don •t think that -- well, speaking 

ao an amateur engineer no1•, I d oo 't thinlt that you 

can have fireproofing of the sprayed variety and leave 

it exposed on a beam. 

I don't think tha t the architects 

wo uld desi~n 1t this way. 

Q I see. So t ha t they would either have 

to leave the beam expose d or they would have to 

provide some other type of covering ? 

A SheathinB, 

Q Either by concre te or - -

A steel, brick, aluminum. 

The World Trodc Ccnte r, for example • 

has an aluminum sheathing on top of the fireproof ing 

that has gone on t o the steel beams . 

Q Doctor, I kn ow that you were instrumental 
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1n havi~ 110D11 interim order entered in the City 

ot New York ar;S I be lleve it became effective on 

A~ril 13th or 1970, 

Could you tell us 11hat , if ony, 

experience ha o had with that interim order? 

A Well, I can not openlC for the Department 

or Air Resources. 

Q Just give us your idea . 

A But a pen king or what I do know about it. 

Q Yes. 

A A series of regulations based upon 

engineering studies and experi ence were developed 

in wM.ch it was cone1de r<!d that B prayin g could be 

done a nd that theae would effec t ively prevent 

contamJ.nat:1.on o r the C1ty•s air . 

I understand, too, and he 1-ethiG io 

pr:tmnrily scuttlebutt, the t the spraye d 1nculnt1on 

industry didn' t find in msny 1nntancen, 1t convenient 

to follow these r egulat1ono and ao a result, they 

wc-1·e closed do·.-in. 

Q In other words, to put 1 t blunt ly, t he 

New Yori< e x perim~nt has been a fai li;re? 

A It was a t that point, but from anot her 
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point ot view, in thoaa 1netancee in which these 

raaulot1ona werr tollowo, we 1n our acient1Uc 

meaouret'lents to und tho t they we re e f re c t 1ve . 

Mo111, the 1ndu otry in New York, the n, 

to ff1Y mind hoe the fol lowi ng choice. 

If it spends the mone y to utilize 

this t echnique safely, they can do tt ond not cause 

oonta m1nat1on o r air pollution. 

If they do net spend the money or 1r 

they have no desire to go through these difficulties , 

1n addition to the rooney, then they w1ll hove a 

a1tuat3.on on their ha nds in which any self .. respect1ng 

control and regul atinc organ1:.:ot1on will not allow 

it to continue. 

Q Well, os I unJerstnnd ,th1s interim order 

1s still i n ef.fcct? 

A Yes, sir. 

Q And I a l so understand that an ordinance 

was introduced in the Ile1·1 Yor:c C'ity Co uncil l a s t 

Novembe r which, to s ome exte?1t, adopted or a ctually 

expanded to s crne degree on the ln te rim orde 1·. 

Could you ;;en us '.;he stat,;s o r tha t 

particular l egislat11.m at thin t:!.me? 
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A Yea, The interim order No. 437 wao 

introduced on the 30th ot Hovember, 1970. 

Q Aa an ordinance? 

A It 10 now under d1acuoa1on. 

Q In tho City Council? 

A In the City Cour.c1l. 

The City Council 1e now holding 

heari ngs on 1 t. It 1s part or the adm1n1strat1ve 

cede for air pollution control and this order ban& 

the use of asbestos 81! 'l spray ma t e rial pr~sumably 

because of their experience with the l ethargy of the 

eprayi~ contractors to utilize the controls , the 

rigorous controlo that. they had advised and regulated 

in April. 

Q 'rTell, this i s very e:lgn1f1cant , Doctor? 

/I Yea. 

On the other hand --

Q They otarted out with an interim order t o 

control anci t hen 1n April of 1970 that \'18S 1 ancl t hen 

in November an ordlnance 1 s introd uced to oan . 

A Yes , sir. 

Q This 1 a a drastic cha nge of position. 

A Yes, air . I wo uld think t hat part of this, 
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ot lee1t, 10 due to the fact that they did not find 

that the control rncasurco 1-1ere being obeyed, At leaat 

th1a ie ffhat they t oll me. The same con~rol measureo, 

however, an(I they are very v1gorouo ond very detailed, 

are required for th! sproying of any insulation 

raater1al whatsoever, whatever 1ts nature, whatever 

1ta c~mpos1t1on, ond my 3uess 1s that 1r 1t 1s not 

obeyed tor other materials, they too will be banned, 

- 1 other word · , the City of llew York 

1e ea ying that : 

"You cannot spray 1norBnnic particles 

into the air of tho City of neit YorK. ~le don't want 

to c ontam1na te the o:lr or the City of New York . 

"If you do no'.; follow theoe guidelines 

and regulations, you will not be able to ply your 

trade in our City." 

I 11ould thil"~c on the other han~. from 

my lcnowle dg~ , that H' theac rccu lations are followed, 

then any material c.:1n be safely used be ca ucc that. ure 

will be controlled . 

If the control& and regulations ore 

not follolied, the~ '.;heae URe s should be e 11mir.oted. 

Q Doctor, could you tell us whot, 1~ anything , 
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ha11 t aice n place in Philadelphia 1n connection -n1th 

the problem or control or banning of aabeatoa? 

A Very much the aamc experience in New York 

haa been found 1n Philode lph1, where control r:ieas ures 

were or1g1nal~y required. 

NOit, these \/ere not ve ry we ll followed, 

a,d ao a reault, the spray1ns haa been eliminated, 

presumably, and he re you would ha ve to have the 

Philadelphia people apealc for themselves -- presumabl· 

on the theory that if controlo are not o~cyed, then 

you c an't do it at all . 

Q Well, as I understand it, the status 1 n 

Philadelphia at th1s point 1a that the y have promulga~ ~ 

an order which has been pub11ched and has not yet bee , 

acted upon? 

A Thot 1s correct, sir. 

Q Antl RO that t he r e io no errc ct1ve l eGisla ti~, 

anywhere? 

A one way or the other, righ t . 

Q Juct in terim proposals? 

A That is r iGht . 

All of us are look1 ns at this nc,: An d 

the same is true in San Franc1s~ o. 



Q And Ph1~ndelph1a 1s cona1der1n6 bannifig 

a1be11ton? 

A Yoe. And l thinlc t hat every city 11111 

cona1der banning where the control meoeuree are not 

obeye d. 

l don't thi11t we would allow cara on 

the street it the drivers didn't obey t raffic l ights . 

Q All right . Now, Doctor, you mentioned 

San Francisco and you nnt1c1peted my next queot1on. 

Could you tel l u s what 1a the status 

of this type or program in San Franc1 sco7 

A Yeo. They hnve given g uidelines a bout, 

or conce rning how many fibers per cubic mete r or a11· 

or per CC or air the:, would a llow at the point of 

spraying, 100 feet a,·:ay, down the road, etc. 

I oon' t thinK they are very practica l. 

It would require 50 inllpectors constantly .,1th machines 

1n their hand::i at a l l four corners or t he compacs to 

monitor these 01·eas . 

I think a muc h more preferable appro:-ich 

1s tha'.; uti lized by Hew Yo1·1t , Phi l adclphi:i and aooo 

other citiea,and Boston is nc:•: lod.c1ng at tM:G, uhich 

would lsy down the way i t shoul d be done s o that He 
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b7(.3 won •t have dust counts all day long. 

Q Woll, Doctor, in your exper1ence 1n the 

studies or the medical aepecto and in your experience 

1n researching and woncing with 1nr'luotry anci 

munio1pal1t1ee and attempting to control the health 

hazards, we would reasonably conclude that there are 

three areas that we must loOk into. 

No. l: The wo:rtcer who is inv olved 

and who is exposed to th1a asbestos material quite a 

bit beca use of his occupation. 

Secondly: The job site where theae 

things take place; nnd, 

Thirdly: The gene1-al public, whether 

it be people uho ore within a buildil"'-3 like this or 

where we know about the return air plenums, or whether 

it be a pedestrian 011 the stree t who i s exposed. 

Now, c oulcl you '.;e 11 us what in your 

opinion would be the best approac h that we, as a 

CiLy Council, could take in protecting nll or the 

segments or the people of the City of Chicago? 

A Yes. I have~ suggestion , and that is that 

you fortunately hG:!'e you have the great- skills 

and kno:~leclge oi' Dr. Brown l'litl1 his vast e::xperience 
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in the Bureau of Ocrupn tionnl Health, :Civision or 

Occupational Health of the Publ 1c Hen 1th Service. 

eo he know11 tlJ.a material and has a ll of t h e 

intimate details at i~1.a .fiN3<:Jrtips so t h at you a re 

Nay ahead of t he game in t!'lat rer;ard. 

The important perspective is control at 

the source where at the point of util ization o f any 

aabeetos -conta1ning mate r ia l yo u need the ~ontrol 

bcca 1e if we control the use at th e o ource we will 

protect the workmen e ng::t(!;ed in us ing this material. 

We will protect a ll ot he rs who could be indirectly 

exposed at the cons t ruction site or in the factory, 

etc. And certainly we 1·1111 protect the coramunit,i at 

l arge . 

Therefore, a11 · use of asbe atos in 

Ch icago ohould be 1dcntH'iecl and eac h use sr uld t t,e n 

oe studied to de t erm1ne whether c ont r a : at th e source 

1s being accompl ished . 

In essence, what lam sugi::;es t1ng is 

that you trace every pound of ai:beotos that comes into 

your city, where 1t i s warehoused, how it is 

tranapo1·ted around the c i ty, what kind of use is made 

o f i t , wha t 1ndus t r1en use it, and in each instance, 
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experience with al l <>nvironm-?ntal hazarda. 

u~ know that rad1otlon c a n be a serious 

hazard , yet we don •t ban X-rey machi nes 1n hospitals. 

We 1nvest1Gate them to make sure that there a r e no 

l eaks or undue expoaure, etc. 

We know that carbon moncx1de , fo r 

example, in some parking ga rages can reach serlous 

levels, yet we don't ban parlc1ne; garages nor the uec 

of cars. We require adoquate vent 11a t1on in parking 

garages, many cities do at any rate. 

In ma•~erj.al after material we find tha t 

society approaches environmental haza rds by :.:equ1 r ing 

that they be cont~olled and that banning not be 

considered unle s~ controls cannot be accompllsheo. 

Q And a lso would you cons1cier, from an 

economic point of view, that it is better not to 

ban any ueeful ma terial ~o long as it could be prcperly 

utilized and not cause any health hazards? 

A I think this 1s implicit in not only ~very -

th1ng I say, but 1n actually the :·ray we a ct. 

For example, in the new Yor:c c1•~y Code, 

to which you have refcricd , there is, in addition to a 

phrase 11bonn1ng especial ly in opnying," another 
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section which say& that asoestoe can be uee d in 

brake lining of mot or vehicles dur1ng nonna l use. 

Q All r1Bht, f1ne . 

A Because they are not prepared to ask us to 

do without a utoll' ;b i le s. 

Q Very good. 

Now, Doctor, you toi:c hed on another 

a,bject that I hod asked a question about o f TJ1any 

people. 

We a ll know that b roke linings are 

llBde of asbestos because they can \·11 thstond t he heat 

very tlell. 

Now , could you tell us how se riou:; 

an effect that is on the C!"!v;.ronrncnt of a city lili:~ 

Ghicui;o, for exemple, con:;1dcr1ng the amount of 

asbestos that ma~• emanate into the a::i:>1ent air as a 

result of the use of the bratces on automo!li l es? 

fl Thia 1s not yet: :o~own . We are studying 

th1s. 

We kn ow thet much of the aabestos 1 n 

b i·ake l1n!ng is de stroyed dur:•.!'l;:; t h f:- appl:\.cetion ol' t i1_ 

brakes f o r a i;reat dee l of heat is produced_ and cl est-···: 

the asbestos. There 1 s still som1= l eft, h o~:eve r. 



The magnitude of this 1 a not yet know and ie under 

B tudy. 

The use or asbestoo in bra~e 11ninca 

1& not in terlllB or total tonr.age, but wha!; nre the 

meJor u ees of the material. 

Q And 1G NAPCA handling this investigation? 

A Yea, they are doing research, 11e are doing 

research for NAPCA on th1s s ub ject at this time. 

Q The moat serlou3 problem that we sho uld 

address oursel;re s to should be wha t, Doctor? 

A The most ser1 ous problcms are the 1dent1fica-

t ion o f those uses or a~best oa which have the gr1.<1test 

potent1ol for becorr,➔ ng a :l.rborne, a nd he r e I would 

think that the mos . import~nt 1a the spra~•:!.,,i; of the 

asbestos in fireproofing, whic h 1n actua lly spr::iying 

the material into the air. 

Q A 11 1'1 (!ht . 

So that tho most important thin:;, then, 

would be the control of applicat:ton on construction 

si tea? 

A Ycs, sir. Three -quarters of all asbest os 

used in this coun'.;ry is used in the construction 

industry. 
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Q All r1ght. So if wo addressed ourselves 

tc., that problem, firs t tie would be nmk!n(J a major 

contr1but1on? 

A Yes. 

Q No. 2, 11ould you rank demolition or 

buildings as the second most important? 

A Ao part or the construction problem, the 

other phase or 1t, ye s , sir. 

Q What would you r.:ink as the third most 

important thing that we should addreos ourselves to? 

A The industrial uses, including warehouses 

and discharge or waste mnterials. 

Q Both from construction sites nnd from these 

1 ndustrial uccs? 

A Yee. 

Q There are nu regu lat.tens a'i: the present 

time with regard to the handli~G of wastes that 

contain asbeotos. 

A Right. 

Q 1-Tould there he any other major significant 

areas in which we could go? 

A I think tln t if theoe were conti·olled, al l 

the others would become trivia l. 
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I { Q Now, Docto:-, you ir.:idc rofcrence to Dr. 

Brown a little eorUer. 

I waa go1ns to ask you ob out this 

~oro the meeting ho1 conclude,, and I had noted in 

oor.not' my read1~, tn s1.m<? or the reeoarch that we have 

~one on th1a subject, thP name or Dr. Brown has 

appeared q~1te a number of times, and I h ad seen 

where h e had participated or was participniin3 in some 

n., mpos1ums and studies which you had conducted. 

I lcnow h e 1s too modeot a man to ask 

him these queot1ons, but would you tell uo somethi ng 

al ,ut his ability and qual1f1cat1an and the oss1stanr;e 

'tt1c1 t he can give to 110 in th:ts area? 

A His ability and qualifications I am sure 

you are able to Judge very well, and I think anyone 

who colllOs in contact with him rapidly gets to lcnow 

that these a re seli'·•evident, but I cou l d t el l y ou 

~--r.ething a little bit behind the scenes that may be 

of interest . 

Q That is what we wou l d l ike to k now. 

(L::we;hter .) 

A In 1964-1965, \then :Cr . BroNn directed the 

~tv1a1on or Occupational P.ealth for the Public Health 
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Sorv1ce in thoo~ years, he saw to it that a lmost for 

the t1rat time that f u n<lo were made available to 

sc1ont1ata in th1a cour:try to atudy the asbestos 

problem before we had all the information that I bave 

told you trllere we only had hints, where we began to 

suspect something was soinz on, nnd he looked ot the 

quostion ond he was perceptive er.ough to lcnow ancl to 

say and to make the decision that they should loo:< 

into this probleo immediately because or its 

importance, the important potent1e l for pooalble 

human disease. 

So he has been one or the fii;ures i n 1 
this country uho have provided the background for what 

science 1s now able to tell you 1n your deliberations 

on this probl em. 

lie have him, basically, to thank for 

much or what we noi·I l,:now. 

CHAIP.I•J/\N BILANDIC: Are there any questions 

by any other memoers of toe Cor.mlit tee? 

A LDERNJ\II GIIBDI SiCI : Yes . 

CHA IRNAN BILJ\llDIC : JI lcier1Tl!2n Oa bin ski. 
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ALI:ERt'1JltI GAB IHSKI: 

Q You discussed earlier a scale by which 

you looked at esbestoo and you described your 

technique as taking a sm~ll p~rt of a lung, e:<.am1n1r.­

that with an electro" i.u.c 1.·occop~ and de te rm1n1ng 

whether or not t h ere was aobestos the r e , and then 

you used the other end of the sca le where you had 

large quantities of asbesto s in a pe!'son 's lungs as 

a r esult or llll ybe be1n6 e Norke r. 

There 10 a tremendous gap bet:'leen tlrn 

two, as you hnve dcacri bed. 

Io the 1·e any stu-ly or ::re there r:.ny 

poseib111t1es in the n ea r f utu re tha t 1·1e might find 

new l evels? 

.4r-e there any tec imiq_ues ava11a') l e 

whe1·e we might be abl e to place a p.n·:::on'o c-011ditio r 

soirowhere in be t ween because ac:tually, lihen i•1e are 

talking abou'.; t wo ex'.;rcmes, we a !E! very far from .:: n, 

an ewe rs regarding just how dnnGe roua a pe1·son ' s co n.;.. 

1a. 

The reas on I e elc this is because 11vini; 
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in Ch1oago you ore going to find cv2rything in 

everyone's lunga. In my luncG I am ~ure you will 

find something of everyth1n~ there . 

When we are tollc1ng about controls, 

when we are tallcing about the aerio~oness or a 

problom and when we have two extremes, I am concerned 

mout the fact that we have no in•bet~1een . The re 1s 

no 6Uide, no judgement. 

We a re really cuesoine; . 

A Well, you have touched uhat you have 

touched on 1s the c1·itical n rea, to be ol:>le to 

determine at what level do hum,1n beings ohow dioeaoe, 

the lowest poosibJ.e level, and at whet level do we 

begin "to !'a1l to sho11 any disease. 

We are doing such studies now and 

I con tel l you 'very briefly what th1=y are, a nd I 

ho pa in about two years we uill be able to answer 

the important qu~stion you hove Esked . 

We hove made a 11st or every person 

who lived 1!1 th an a&bea'.;os 110:rke r in New Yo:clc City 

in 1942, and we are n0i·1 troc11-.3 these 2, 000 people. 

We know ho11 olC, they were :tn 1942, so 

we can cultivate -- that if ue can calculete what their 
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experience should be by now. 

We are tracing thcoe people to see 

"hat level or riok there i s in living with on 

aebestoo worker ; whether one out or every ten 18 going 

to die or one out or every tho1.8and. 

We a re loot<:ing at all the tile setters, 

the ceramic tile aette rs \•Jorie in~ in the Neu York City 

construction lndustry in the !lame bu1ldini;a as the 

insulation workers , but not i·101•.cing near them, but 

still i;i the same building. 

This 18 some expouurc, but no where 

near as much as really worlcing w1 th the tools. 

We are examining all of t heGe people 

to see uhether they he ve a serious risk. 

We have macie a list ol' everybody who 

lived within a half a mile or one ar,bcstoo plant in 

Pstt;i:!rso.11, New Jerr.ey in 1942, and some 2,000 people 

lived wj,thin a half mile, 2,000 adult mo.lea lived 

within n half r.iilc of th:!. n plant in 1942, a ncl we are 

now trnc1n~ all of these people. 

We know we are able to calcul at e with 

biostatistics what their fate should have been i f they 

hadn •t lived nea:.· an asbe s tos plant, and we a re now 
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a-L.1 tracing them to see nctunlly what did hnppon to 

them. 

We are look1~ at the mortality 

experienc~ or all of the roofers in the United 

States. They use asbestoa containing mster1als, 

the roofing felts, but generally not er:oucsh to 

become airborne very much. 

We are loold ng ot what has happened 

to 20,000 roofers in the United States from 1959 

to 1973 to dotel·minc whether ouch ::!:r.posure carries 

a risk and frnm such atud!es , we wi ll be able to 

t~ll you, I th:in:C, in a 1·ound 1973, uhether the1·e is 

a risk between the two encl a of the ,:; pectrum, 

Q One other thing --

A It is a great deal of work. 

Q I am glad to see that the studies are eo 

very extensive because the p1·oblem is so difficult 

to solve, I can see the great lengths you will have 

to go to . 

Q In the crea of demolition the question 

comes to my miud, a!ld I c ::• n see the pos sibil 1 ty of 

aone control over demolition. 

I didn't hear the very fil"st few 
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3-0 minutes of your testima:iy. 

D1d you ~ntion 11hen aebeetoo first 

when they started to use asbestos :tn bu1ld1ngs'l 

What year was tt.at? 

I\ /le an 1neulat1on material, during the .first 

decade of this century. 

Fred, am I about right on thet? 

DR. PUNDSACK: Yes. 

THE WITNESS: About 1905, from what the union 

pe ople tell me, and the re ere still some men whp 

worked 1n 19J5 who are e. live no·;1, anc1 they told me 

when they went over from wool felt to esbeatos-

c ont a1n1ng paper, and a sbe stos-conta1n1nG block, that 

wao about the t1rae they did. 

ALDE:RNAN GA3INSKI: Q i-ly question would be related 

~c a situation where maybe a lot or buildings that 

are being torn do,·m in my area now don't contain 

asbestos, so in your opinion is the mere demolition 

of the bu11cl1ngs, the dust produc:lng situation, as 

dange1·ous, or would it l,l!ed the control that a 

bu1ldins \·1ould having asbestos ? 

You see, I am thinkine about a lot o f 

poor people, and now i f you are g oing to damol1eh 
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tho building and use these controlo, or course, the 

cost or demol1 t3 on is going to rise, 1·1hich is a 

burden on the homeowner. 

Now, assuming that there 1s no asbestos 

in this building , which many or them are v ery old 

1n the re --

CHAIRI-iJ\N BlLANDIC : I th1n:c I can anticipate 

t he answer to that and our judgement would be --

ALDE'RMAN GJIBINSKI: Qtlo, I wan t to know whethe:r 

or not, if the building doesn't hove any asbestos, 

do you think then that control would be necessary 

just with respect to the dust produced from an 

ordinary building, a:icum1nr; you just have plaster and 

so on? 

A Hel l, it i:i a vP.ry difficult queot1on to 

answer. 

He have electron microscopes but no 

crystal balls, but what I refer to, as 1-1e look at the 

dust in a human bei:"IG 1 s lunge now, there are 90 

percent of the p:-irtic l e e I can 1',; ident:tfy. I don 1t 

ltnow what they are, and I certainly don 1 t lcnow what 

effect they might be having. 

Now, ordinary hou:.es have very 
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Now, ordin;?ry houses have very 

little asbestos in the m, very litt le. Most or the 

asbestos that is used ao insulation 1r uaec in 

commercial, public, !nd ustriol applications, in 

those type of buildings, et:c. 

I wouldn •t think that the dusts that 

are created 10 demolition of private ham~s would 

necessarily be hazardous, but I don •t kno:;, and so 

I have sug~ested that at least some precautions be 

talten such as appropriate \·letting. Even wettin3 

itself is a very effecti•,e thing. I don't th1nlc 

that the rigorous demolition controlo that we would 

recommend for oabeatoc-conta1n1nc build1ngs is r:ow 

necessary for the non-asbestos-contaj.n1nc horres. 

I hop~ that I would not have to change 

that statement ten years from now , aF. we learn more 

and more, but on the ba.a13 of oor curre!lt !~no1'1le6ge, 

I woold think the t th.2t is a !'n1r s',;ateJMnt . 

J\LDEFJ,lAN 01\BINS!CJ.: Q Okay, one otheT quea t1on, 

Doctor. 

A Yes. 

Q :C got the impression that in Hew York end 

in Philadelphia they have a ban on using 011bestos. 
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~o they? 

A No , o1r. 

Q Hot .1n He'll :iorlc? 

A Heither clty . They -ire t alking llbv l.Jt ber: 

the spraying or asbestos because the spraying 

people d1d nut ade quatel y u se .1e con trol measu ren 

which are rig orous tha t would have controlled it, c~ 

they a re now discussing it, bu t these have not yet 

beer. promulga t ed. 

Q Are there any bans in the United State s a t 

all? 

JI Not to my trnowl ec.lE;C?, 

Q Have you app~ared be~or~ the City Council 

in Hew Yorlc? 

A Yea. 

Q And •ih:i t do y ou th1nli: they i'.! :te going to :, 

doing in Neu Yor!< ? 

1\ Thnt i s thE:.t same crystal lJal l and I 

don • t have 1 t. 

Q You don't kno:1? 

A d o. 

~ You prob?.bl y maoe the same suggestions i:c.: 

them that :,ou l:ltl de here ? 
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,9{ •6 A Yes, s1 r. 

Q fill r1Ght. 

A That there be rigorous control. 

Q OVt' r the sources? 

A over the a ourcee an:l the first one, the 

a,e that. I think you should loolc at first 13 the 

spraying or 1noulat1on natcriola becauce that is 

actually putting the 1nsulet1on materials into tt.e 

a1. r. 

Q W:1s there a lot of talk rcsarding sub st!."; . :, 

for 11sbeetoa in Nell Yonc? 

fl Yes, and in fact there are ouitablc 

substitutes. 

The Heu Yorlc City Council has r equ- :.. 

1t thio ordinance go~c throl'~h, and this ia 0,12 tr:r· 

they are now c1scuos1:1cl, -i;hc :iii- pollution code '":-: 

the one thnt ·.~ es int1·ooucecl on I:ovembc r 30th or 

1970, that the u ac of any substitute be ut111zcf 

with the anme cont1·ols the t they hac! :;l::.•c aciy r ecp~ ~ 

for asbestos. 

Q \·/hie h menn:-i that a oubstit.Jte may be h:. :-:-. 

also? 

A We just don't lcnoil, and He .2 !'e not goi, 0 
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.w.."eRMIIH OABINSKI: !lo further questions . 

"'"' IRMJ\ N BILAHDIC: I ha•,c one f u r the r qucet1on, 

Doc t r. 

EXA 1.UIIAT ION 

BY 

CH/I I Rl1A N BILt.111:.IC : 

•c • Coulcl Io anti cipate that we 1'1111 be 

rece1 ... 11g support in the programs that you arc 

suggc. lr.g to us from various m:mufacturers, 1'rom 

labor 1::11ons and from the scientific ancl health 

C Omffill~ lt v": 

J\ Suppo rt for your dclibcrat1ons an d 

recomm:?oda t1onR? 

Q Ultimate enactr.icnt of .in ordinance. 

J\ Ul tim::it c en nc t ment of an cro1nance? 

Q Yes. 

I wo uJ.cl stronsl::,- sugs eo'c tret you will 

rece1vo it f :rom the scien tific c ommun,.ty. 

I aosumc on the baois of my general 

lcnowlcdBe that l1:2rge segments of the industry will 

supp, , v•o u, and I em eure that l abor 1'1111 support 
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REPORT OF TlfE PHILADELPHIA ~EPARTHEHT OF PUBLIC HEALTH 

NJ HOC COHHITTEE OH ENVIRONMENTAL ANO OCCUPATIONAL HAZARDS OF SPRAY ASBESTOS FIBERS 
LIBRARY COPY 

August 31, 1970 

INTRODUCTION : 

D□ NOT REMOv: 
ILLINOIS INSTITUTE 

Fu:l 
ENVIRONMENTAL CUALIT( 

In the Fell of 1969, Air Hanagement Services (AHS) learned that 

extensive pollution of the envirorwnent with spray asbestos fibers was occurring 

at• building under construction at 5 Penn Center, as a result of structural 

steel fireproofing operations involving the use of spray asbestos materia l. 

Efforts by ANS to persuade the contractors to institute effective measures to 

prevent further pol lutlon of the environment met with little success . Subsequently. 

with the support of Its consultants, AKS instituted a pel"'lit requirement for 

the use of spray asbestos materials in future construction and adopted a "total 

containment" pol icy, i.e., that ~prayi ng operations must be conducted under 

conditions that preven~ the escape of any visible amounts of asbestos into the 

envl ronment. 

By the Spring 1970, construction work had begun on three other stee l 

structures In the city wherein spray asbestos material was used. Although the 

release fran those sites of spra)' asbestos material was, in general, less 

serious than that experienced at 5 Penn Center, there were numerous violations 

of the "total containment" policy and the resu l t was fa r from satisfactory. 

Heanwhi le, the Section of Occupational and Radiological Health of 

the Environmental Health Services (~HS) was alerted to the potentially heavy 

exposure of construction workers to asbesto~ fibers. Accordingly, Section 

personnel carried out numerous inspections of the building sites and eventually 

concluded that vo luntary efforts to control the exposure of workers to airborne 

asbestos fibers would not succeed without adoption of specific regulations by 



ttw o.i,.rtaent of Public Hui th. It 1 lso bec1me 1pparent that erosion of 

sprwy atbatoa fibers from the surf1ce of 1lr plenum chambers might occur and 

a,n~l1111te the building air supply and subject occupants to a potential 

Tt.se problmns were oiscussed at meetings (Novembe r 5, January 7, 

and Aprll 1) of the Phi l1delphio Board of Hea l th. As a result, the Board 

authorized the Occupational Health Section of EHS to study the potential 

haards ~rising from the construction industry •~ use of !pray asbestos 

.. terlals for building flre~roofing in Philadelphia, and to submit to the 

Been! such proposed regul1tlons and reconmendations that the Section felt 

necessary or advisab le. 

After consulting wi th a number of experts on the hazards of asbestos 

e.xposures, Jesse Lieberman , Section Chief, appointed an ad hoc c00111ittee to 

niwl- the problem and to reconmend specific courses of action and proposed 

regulations. Hr. Li eberman cons idered it important to appo int to the Con111 i ttee, 

ind•viduals h igh,y competent In their respective areas of expertise and 

representing different Interests and viewpoints. The ad hoc Corrmittee was 

appolnted fo~ lly on 3 July 1970 with the fo ll owing membership: 

Davis H. Bressler, Esq. 
S~lro ~ Bress ler 

flobert O. Gerson, H.S.(Chairman) 
Prof. of Nedical Physics 
Themas Jeffe rson University 

Thomas Kcl:onnick, Union Business Agent 
Plasterer's Union Local 18 

Janes f. Horgan 
Consultant in Industrial Hyg iene 
E.J . DuPont de Nemours & Co. 

Eugene P. Pendergrass, H .0. 
Emeritus Professor of Radiology 
Unlve~siry of Pennsylvania 

F. Spence r Roach, Archite ~l 
Harbeson, Hough, Livingston, 

& Larson 

Kathe r ine R. Sturgis , H.D. 
Woman's Medical College 

Harry H. Verdier, Executive Director 
Safety Council 
Greate r Philadelphia Chamber of 

Commerce 

Henry Wohlers, Ph.D. 
Prof. of Environmental Engineering 
Drexel University 

Herbert E. Wolf, Ass i stant Manager, 
Engineering Dept. 
Reliance Insurance Company 



The Cannlttee as• whole conduc ted fou r se~~ions: Jul y 10, 23 , 

Augus t 4 , and 31. Duri ng I t s firs t th ree sessions , t he Committee received 

presentatl on5 from members and consultants of the Hea l th Depa rtmen t and from 

Invited expe rts In but lding constructi on , t he asbestos min ing and mi I li ng 

lndu1 try, the plas ter ing i ndus try, the spray minera l f iber indus t ry , industr ial 

hygiene, ep idem iology , Indus tr ial and p reven t ive medicine , and patho logy . 

The Indiv idual s who made presentations at one or more sess ions a re li s te d in 

Appendi x A. 

Two working groups were appointed, the f i rst to prepare a draft of 

precautions for controlling the emission of asbes tos fibe r from spray ooerations , 

and the second to prepare a draft of this report. These draf ts were d :sc~ssed 

extensively at the Conwnittee's fourth meeting, and after modification and editing, 

were approved. The remainder of this report sets forth the Co11111ittee's findings, 

conc lus ions, and rec01111endations. 

FINDINGS AND CONCLUSIONS: 

(1) Gross envlrorwnental contam;nation with visible amounts of spray 

asbestQs material has been produced on a number of occasions in and around 

construction site~ wherein spraying activity was being conducted. Not on ly 

was the public in the i11111ediate vicinity of the sites grossly exposed to s pray 

asbestos mater i al on a number of occasions , but so were the construction workers~ 

on the site, especial ly those spraying operators who failed to use protective 

masks and/or protective clothing provided them. The Committee is a lso concerned 

about the potential: 

(a) exposure of maintenance personne l to asbestos fibers 

when enteri ng asbestos sprayed enclosures; 

(b) hazard, if ~ny, to the occupants of those bui !dings 

arising from the ventilation of such but !dings after erosion or d isl odging of 



ubestos fibers In the air plenum chambe rs ; 

(c) environmental contamination arising fran fut ure 

alterations to and eventual de1110lition of the bul ldlngs. 

(2) The CCJ111'11ttee was assured by each person who appeared before it, 

that each s hared to varying degrees the Hea1th Department's concern in this 

m~tter and that many steps had already been or were being taken to deal with the 

problem. All of t he representatives of the various interests fully cooperated 

with the Corrmlttee and demonstrated deep interest in working out effective 

and practical ways of dealing with the problem. 

(3) The lack of conta inment of the sp ray asbestos material and the 

exposure to workmen on the site were caused by a number of factors. Among 

these were difficulties i nherent in archite~tura l design. negligence on the part 

of some sprayers, lack of responslbi lity or authority on the part of one prime 

contractor to control th~ activities and work schedulln'l_of other pri me contractors 

and their s ubcontractors, Ind i fference or ignol'ance concerning the potential hazards of 

~xposure to airborne asbestos fibers on the part of some of the sp ray operators 

and other construction workers, adverse weather conditions, and lack of personnel 

with adequate knowl~dge, ability a~d authority to exercise overall supervision of 

al l acti vities that could cause immediate or subsequent esrape of spray asbestos 

material. Contractors, in general, did not al low for the cost of such controls 

in their bids, nor did architects usual ly specify measures for such controls. 

(4) There i s no on-going program for periodic medical exami nations, 

such as chest x-rays, for the sprayers of asbestos fireproof ing materia l nor 

for those involved in the clea"ing up after spraying. 

(S) It Is difficult to ensure JOO% containment of airborne asbestos 

material during the spray ing oi;eration. In the absence of 100% containment, 

the cementltlous process allows considerably less airborne material to escape 
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the preml ses than does the competi ng "f lu ff techn I que" process. However, c Jean i ng 

up ls quite diff icul t s ince t he ma te r i al adheres fi , mly where it fal l s . The 

Committee ls not in the pos i t ion to j udge the o ther re l at ive mer i ts of the 

d. J • ./~ ~ 
t<-J~ - t"• ~ ,. ... two canpe tlng processes. 

(6) The coord i nation of the inspk tlon and enforr.emen t act ivi t ies 

of AMS and EHS at times lef t something to be des ired wi t h regard to con tro l ling 

s pray asbes tos operations . There also appeared to be a lack of coordination 

of the ac tions taken lndepenrlently by the Distr ict Attorney' s of f ice with the 

activity of thes~ Services. The rommit tee believes that all b ranches o f local 

government should closely coordinate their efforts in safeguarding the health 

and welfare of Its citizens. 

(7) The AHS and particularly the EHS, lack the e ssentia l resources, 

I.e. , qualified m~npower, Instrumentation and measurement capabilities, and 

supporting funds, necessary to conduct the constant surveillance necessary to 

safeguard al 1 citizens subject to possible exposure from the potent ia l hazards 

of airborne spray asbestos fibers. The Conrnittee believes that the segment --------~~~ 
of the construction industry that utilizes spray as~estos material should J>7~ .. ~ 

bear a major portion of t~e c~st of an adequate survei I lance and moni toring. 

(8) The prolonged eY.posure of asbestos workers to high concentrations 

of airborne asbestos fibers is clearly implicated as a cause for the high 

Incidence of asbestosis, a pneumoconiosi s , and bronchogenic carcinoma in such 

workers. There a l so i s considerable evidence relating the development of 

pleural and peritoneal me so thel lomas , a very rare and fat~l form of malignancy, 

In patients with his t ory of long exposure to asbestos fibers. Data suggest 

that asbe5 tos, itself, may not be carcinogenic but that trace elements or other 

agents a~sociated with natural asbestos or in the environment ~hat become 

attached to the asbestos fibers during milling, processing, and other operations 

may 1,: the causat ive- agents alone or ,in combination with asbestos. The 



.... 

probability of developing lung cancer is very much greate r among asbestos workers 

who smoke cigarettes than among those who do not smoke. 

(9) Data are virtually non-existent concernln9 the possible 

deleter ious effects of chronic e r.posure to low concentrations of asbestos fibers, 

such as that found In the ambient air of most metropolitan areas or around 

construction and demolition sites. §vertheless, the Ccxrmlttee agrees Hitt, 

many experts In the field that, unti I persuasive evidence to the contrary is 

forthcanlng, It is prudent for public health offiria ls to assume that there 

is 110 level of concentration of airborne asbestos fibers below which ad•,erse 

effects wi l I not occur in population groups chronically exposed . Accordingly, 

the Ccxrm ittee endorses the consensus of many experts that every reasonable 

method should be exercised to l imit the di scharge of asbestos fibers into the 

environment from all sourc~ 

(ID) With regard to limiting the occupational exposure to asbestos 

fibers, the Philadelphia Department of Publ:c Health, as well as the 

Pennsylvani a Department of Health use as a performance standarc (threshold 

limit values) the limits specified in Chapte r 4 of Article 432 of the Rules and 

Regulations of t he Department of Health of the C01T111onwealth. In Apri l 1970, 

the American Conference of Governmental Industrial Hygienists (ACGIH) adopted 

a proposal to lower the threshold limit values in places of employment, to 

become effective In approxima tely two years. It appea r s unl ikely that State 

Regulation 432 can be amended to re f lect the revi sed standard in the near future. 

However, the Conrni ttee believes that the Philadelphia ~epartment of Hea lth s hould 

adopt as soon as possible, its own performance standard, consistent with the 

ACGIH proposed values, to apply to airborne asbestos fibers from all sources 

within the working e nvirorvnent. 



(11) The Comnlttee bel ieves that in contrast to the control measure~ 

pract i cal In manufacturing industries, the me thods of control I ing the di spersi on 

of spr~y asbestos f ibers avai I able to the construction indust ry are not adequate to 

protect a ll citizens (constr uction workers, ma intenance and operating pe rsonne l, 

future occupants of the buildings and the general public) from some deg ree of exposure 

to asbestos fibers f rom the sp ray mater ia l during construc tion , th roughout the l ife 

of the ~tructure and during alte rati on and final demol i t Ion. 0ccordingly, the 

Comnittee believes that the Philadelphia Department o f Health (in cooperation 

with other health departments and the Un it~d States Public Health Se rvice) should 

effectively encourage the manufacturers of spray fireproofing material to develop 

acceptable fireproofing s ubstitutes wh ich contai n essentially no as bestos. The 

Comnittee notes that the manufacturers are act ive ly work ing to develop acceptable 

substitutes, which may be forthcom ing in six months or less. The Committee 

believes that a "total contai niat'1t" policy shou ld apply to any substitute material 

until such time as the potcntl• I hazards of any airborne particles from s uch 

material~ have been evalua t~~ If such s ubs titute material is judged by medical 

experts to be without hazard , the containmen t policy can be relaxeG 

SPECIFIC RECOHI\ENDATIONS: 

The Comti ttae recommends the Department of Public Health of the City of 

Philadelphi a adopt forthwith the following spec ific proposals: 

A. Eliminati on of sp ray asbestos material: 

A regulation be adopted to the effect that no spray asbestos mate rial 

shall be app lied in bui !ding construction, reconstruction o r alteration within 

the City of Philadelphia three months subsequent to (l) the adoption of the 

regulation, or (2) at such earlier date on which approved asbes tos free spray 

fireproofing substitutes are corrmercially available from at least two manufacturers. 
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a. Performance standards for the protrction of wc,r kers on the cons truction s ite : 

Ragulatlons be adopted that: 

(I) All necessary precautions sha ll be taken to prevent anyone within 

the con,t ru1.ti on si te from being subjected to airborne asbe stos fiber concentrat ions, 

caused directly or indirectly by the spray material , exceeding the Haxi mum Permissib le 

Concentra t I on~ adop !Cd by the Ph I lade 1 phi a Depanmen t of 11ea I th. 

(2) No person on the construction site shall be exposed to the 

Inhalation of airborne asbestos fibe r s exceeding the following Haxi mum Permiss ible 

Concentration: 5 f ibers/cc of size greater than 5 microns in length average over any 

eight hour period, provided the concentration in any fifteen 1inute per iod does 

not average more than 15 fibers/cc, as dete rmined by measurement techn iques 

acceptable to the Philadelphi a Department of Hea l th . * Ai rborne conc~ntrations 

of asbestos fibe rs exceed ing the limits wi 11 be permitted in only those 

controlled areas wherein all persons wear respirators and/or other protection 

devices whi ch effectively reduce the asbestos fiber concentrations to the 

permi ssi ble li mit at the point of inha lat ion. 

C. Preventi on of the release of s pray asbestos m<1teria l into the environment: 

A pub Ii c announcement, that the Ph l I adedph i a Department of Pub Ii c 

Health has adopted a "total containment" pol icy, i.e., that: 

(I) the prime contractor and/or any subcont rac tors shal I take al 1 

necessary precautions to prevent the release i nto the environment of ~ visib le 

amounts o f !pray asbestos material, and of invis i ble amounts exceed ing a per formance 

standard to be adopted by regulation. 

(2) A regulatory performance s tanda rd t hat airborne concentrations of 

asbestos fibers at any point beyond the buildi ng pe rimeter shall not be v is ible to 

the unaided eye and at any point 20 feet beyond t he peri me ter sha l 1 not exceed 

*Phase cont rast microscopy at 4JOX. See for exam1> le: "Equ ipment and Procedures for 
Mounting Hi llipore Filters and Counting Asbes toi, Fibers by Phase Contrast Hicro­
scopy" by Bayer, z-alde and Brown, USPHS (Jul•~ 1969) . 

J 

, 
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1 fiber/cc of size greater than 5 microns averaged over any 15 minute period as 

datemlned by measurement techniques acceptab le to the Philadelphia Department 

of Heel th.* 

D. l'!f>l ementatlon of performance s tandards for contro l ling the exposure to spray 
asbes tos fibers 

Regulations be adopted that: 

(1) All ~pllcations for a permlt_to use sp ray a~~~ material sha ll 

be reviewed by both the AHS and the EHS (Occupational Heal th Section) before 

such permit may be Issued . Such app lica tions shall be submit ted by the 

prime contractor responsible for s pray firep roofing at least two calendar weeks 

prior to the sta rt of spray ing. 

(2) One person shall be designated by the responsi ble prime contractor 

as having full time supervisory authority for all aspects of the sprayi ng operation. 

He shall be the person directly responsible for monitoring al I operations from which 

the release of asbestos fibers could result, in such manner as to insure compliance 

with the pertinent asbestos control regul ations and work requirements 

(see Appendix B). The name and qualifications of the indiv idual so designated 

shall be submitted to the Philadelphia Department of Public Health by the prime 

contractor at the time of application for the installation permit and operating license. 

(3)~e prime contractor respons ibl e for spray fireproofing shall 

provide written assurance at the time o f applying for the permit, that each 

employee engaged in spraying, mixing, ~.andling and clean-up of asbestos material 

has or will have completed a satisfactory course of instruction on the potential 

hazards of exposure to asbestos fibers al\..d i ns truction on the precautions that 

111ust be observed to controL the hazard before he is ass igned to the job. Each such 

e111ployee shall sign a s tatement filed with the pri me contractor that he will comply 

with the wor~lng requirements that are submitted for approval at the time of the 

pennlt application. 

* See footnote on page 8. 
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(4) All other prime contractors shal l also apply to AHS for a similar 

pennlt and sha ll likewise provide written assurance that their employees and 

those of their subcontractors assigned to the job site wi I I have been inst ructed 

on the precautions required to prevent the dislodging, dispersion and inhalation 

of asbestos spray material, and on approved clean-up procedure~ before spraying 

c011111ences or before they are assigned to the job si te . 

(5) Each prime contractor shall at the time of app lying for the permit, 

post an appropriate bond In the amount of$ ___ _ Such bond shall be refunded 

to the contractor at the end of all operations which could cause the release of 

sp ray asbestos fibers if it has been demonstrated to the satisfaction of the AAS 

and the EHS that a ll reasonable precautions were taken to comply with performance 

standards and that there have been no substantial vio lations . 

E. Requirements for periodic medical examinations fo r spray asbestos workers: 

• _.J,) A regulation be adopted that a l I contractors using spray asbestos ~Y-? mate rial shal I provide pre- employment med ical exam inations, including chest 

x-ray examinations, of all new employees. All such employees sha ll have periodic 

chest x-rays and sputum cytology examinations at inte rvals not exceeding s:x months. 

Th~ results of such examinations shall be r~ported to EHS of the Philadelphia 

Department of Public Health. 



APPENDIX A 

' INDIVIDUALS WHO ATTENDED ONE OR HORE CDIUIITTEE SESSIONS TO PRESENT INFORMATION 

I. Jesse Lleben11an, Chief, Occupa tional Radiolog ical Hea lth Section, Envi ron­
mental Health Services, Ph i ladelphia Departmen t of Publ ic Health. 

2. Wllllem Reilly, Director of Comp l iance and En forcement, Ai r Mana~ement 
Services, Philadelphia Department of Health . 

?. Or. P.W. PurdCJII, Professor and Direc tor of Environmental Engineering and 
Sciences, Drexel University. 

4. Karl Schofield, Deputy City So l ic i tor, Law Dept. City of Philadelphia. 

S. Arthur Wallach, Assistant Corm , s s ioner of Health, Environmenta l Health 
Services, Phi ladelphla Department of Public Health . 

6. A.W. Lookup, Structural Engineer, A.W. Lonkup Co. Phi la. Pa. 

7, H.R. Whitman, Whitman Brothers, Inc., Plastering Contractor. 

8. Or . W.J. ~icholson, Direc tor, Insulation Industry Hygiene Research Program, 
Environmental Science Laboratories, Ht. Sinai School of Medicine, New York, N.Y. 
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APPENDIX B 

REqUlkENENTS FOR CONTROLL ING THE EXPOSURE TO SPRAY AS BESTOS FIBERS 

I . ft■sponslblllty 

A. No person shal l cause any individual to be exposed to asbestos dust 
In excess of the l imits adopted by the Philadelphia Depar tment of Publ ic 
Heal th. 

B. All work perfonned in the construction, modificati on, and repair of a 
bul lding or site whe re asbestos conta ining fireproof ing ma terials are 
employed shall be under the direction o f a person responsib le for asbestos 
safety the:e ln. His name sha ll be reported to the Department . 

C. The person In charge of the asbestos safety program at a construction s i te 
shall have the fol lowing responsibi li t les. He shall: 

I. Inform h lmse l f of the haza rds a ttendant upon the presence of 
asbestos at the site, or if necessary, to this end obtain the se rvices 
of a qua li fied expert. 

2. Provi de or cause to be provided any necessary instruction 
concerning safe worki ng practices to all employees whose duties 
necessitate the handl i ng of asbestos contai ning mate ri al or operation 
of any equipment t ha t emits asbestos dust in amounts that lead to a 
hazard, and to al, other employees who a re not regular ly employed 
at such work but who ~ay be exposed to asbestos dust. 

3. Take all ne cessary precautions tha t all wor ke rs engaged in the 
spray app lication of asbestos conta in ing material s and oche r workers 
whose duties cause exposure to excessive amounts of asbestos dust , 
such as sweepers, c lean up men , chippers, repair personnel, etc. are 
provided with L1.W. Bureau of Hines approved respirators, for 
pneumoconioni c-p roduc ing dusts and fu rnished with sui t able coveralls 
which wl 11 be lef t at the site and thereby preclude the removal of 
asbestos from the s ite. 

4. Take all necessar y precautions that p rocedures are instituted and 
supervised that prec lude the removal and dispe rsa l of asbestos 
containing mat erial from the construction site on the c lothing or 
other appurtenances of persons leaving the area. 

S. Take all necessary precautions to provide for the safe di sposal of 
asbestos containing was te mater ial s f rom the construction s ites by 
providing sui tabl e bags or contai ne rs s t rong enough to resist tearing 
or breakage for transpo rt to the disposal si te. 

6 . Inspect a ll bags conta in ing asbestos f ireproofing and waste 
material s to make certain that they are not torn or broken during use 
or disposal. In the event any bag is torn or broken, i ts con tents 
wi 11 be immed iately transfe r red to a new bag. 

7. Provide that durable and legible warn i ng s igns be conspicuously 
posted outside of encl os ures warning persons of the hazard of entering 
the enclosure without an appropr iate respirator and other apparel. 

- 12 -
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8. Take all necessary steps and precautions to ~rovide that the area 
or areas being sprayed with asbestos containing material is totally 
enclosed ln such a manner as to preven t the escape of material from 
the enclosures. 

9, Take all necessary steps to preven t the continuation of the 

i application of asbestos containing materia l whenever weather conditions 
are such as to preclude the effective containment of material, e.g. 
high winds. 

10. Provide for continuous inspection of cons truction s ite vic inity 
for escape of asbestos material, halt all operations causin1 s uch 
escape, and inwnedlately provide for clean- up of emissions. 

I I. Requirements for the Prime Contractor Responsible for Asbestos Spray Fireproot •~9 

A. Permit applications and the satisfaction of all city regulations sha l l 
be completed by the responsible Prime Contractor two (2) calendar weeks 
prior to the start of spray fireproofing. 

8. Notice of Intent to spray asbestos -containing mate ri al on any premis ~s 
shall be given to the Philadelphia Department of Public Health (Department 
of Ai r Management Services) . Said notice shal I be oral. by telephone. and 
ln writing and shal I specify , at least two (2) days prior to sa id spraying 
the f loors nn which the spraying shal l take place. 

C. The respons ible prime contractor shall designate one person as having 
fu l l-time supervisory authority fo r al l safety aspects of the sp raying 
operation as requi red under I (8). The name and qua I ific~tions of the 
Individual so desi gnated sha ll be submitted to the Ph il ade lph ia Department 
of Public Health a t the time of applicat ion for the installation permit 
and operating license . 

D. Recomnended Control Practices 

I. Before the s tart of spray i ng operat ions a l I f loor enc losed 
areas shall be shoveled clean. Before the application of asbestos con­
taining material comnences, the f loor of the enclosed area sha ll be 
cleared of all objects, materia l and equipment other th~n that 
employed in the application and the asbes tos co~taining insulation 
or all objects . materials, etc. shal 1 be covered with plastic or 
other approved tarpaulins in a manner that precludes the s ubsequent 
dispersal of asbestos particulates . 

2. The entire floor, or the part of the floor to be ins ul a ted shall 
be enc losed with p lastic or other app roved tar paulins in a manne r 
which shall preclude the escape of asbestos contain ing ma teria l f rom 
the enclosure.* All interior open areas, such as elevator shafts , 
stairwells, etc., sha ll be enclosed in a manner which sha l l prevent 
the escape of asbestos contain ing materia l from the working area. 

*Due to variations In archltectur~l design and construction techniques, additional 
requirements may be imposed for permit appfoval where full containment appears to 
be difficult. 



"Stack of'fect" of the shafts, sta irwell s , etc. sha ll be considered 
In providing proper enclosures. An enclosure wi 11 be conside red 
satisfactory only if visible· insu lating material cannot escape 
from the enclosure . 

3. Wat a1bestos containing ma ter ial which has fa l len to the floor 
shall be swept up to prevent dispersal of dried mater ia l . Under no 
condition sha ll th is ~ aterial be removed later than at the end of 
the working day. Swept up material shall be p laced in a heavv 
p 1astlc bag strong enough to resist tear ing or break ing und r 
norm•I hand ling conditions and clearl y marked as containing •• oes tos 
wa,te. The contents of the aforementioned plastic bags shall not 
be "transfer red to another container. The plas tic bags shal l be 
place~ upon a vehicle for disposal at an apprryved site. 

It. All floors wilt be vacuumed short ly after dryir,g. The vacuum 
cleaner shall certain a strong, sing le- serv ice, dispos~bte inner 
bag of durable material which shall be removed from the v~cuum cleaner 
and tightly sealed. The bag shal t then be placed in a container 
of the type described in paragraph 3, whi ch shall the rea fte r be 
placed on a vehicle for removal and disposal at an approved site. 

S. The materials used to f orm the enclosure sha ll be thorough ly 
vacuumed upon canpletion of the application of the insulation in 
the area. The entire floor area, all ledges and s ur faces includ ing 
tarpaulins upon which waste insulation material may have fa llen, 
shal t then be vacuumed or revacuumed before removal of the enclosures. 

6. Enclosures shall not be dismantled unti I the area has been 
thoroughly vacuumed afte1 completion of spraying and clean-up. 
During the entire construction per;od, dislodged spray materi al shat I 
be vacuumed i11111ediately as in paragraph 4. 

]. At t areas used for opening bags contai ,: ing asbestos insulating 
material and/or charg ing of hoppers shal I be enclosed in such a 
manner that asbestos conta ining i nsulat ing materia l s~al I not be 
permitted to escape f rom the immed i at: area in w~ich such activity 
takes place. 

8. Signs shalt be posted outside enclosures ;•:drning persons of 
the hazards of entering the enclosures without appropr iate mask 
and other apparel. 

9. All persons invol ved in the spraying of asbes tos at the site 
must be furnished with Bu reau of Hines approved respirators for 
pneumoconionic producing dust or equipment as required by Pa . State 
Department of Labor and must be furnished with suitab le coveret ls and/or 
four weather gear which wi 11 be left at the site and thereby preclude 
the remova i of asbestos from the ~ i te . tio pc rson sha i I be pc rm i t ted 
In an area in which asbest~s sp ray i ng or hand! ing has taken place 
unti I final vacuuming referred to in paragraph 5, un less such person 
Is furnished with and wears a Bureau of Mines approved respirator 
for pneumoconionic producing dust and coveralls of the type descr ibed 
herein. Facilities shal l be provided and procedures instituted and 
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supervised that preclude the removal and d ispersal of asbestos 
containing material from the construction site on the clothing 
or other appurtenances of persons leavi ng the area. Water, soap 
and paper towels wi 11 be supplied fo- w.uhing of hands prior to 
any eating or smoking. Ho smoking wi II be permitted within the 
spray area. 

10. Any plenum or other structures coated with asbestos containing 
Insulation which ls intended for use in the circulation of air in 
the bul ldlny~st be thoro,..gh lr c leaned of al I debris and waste 
Insulation. ~l l app li ed asbe~tos containing insulation within a 
plenum or duet must be coated with a sea lant which rreclude. 
exposure of the asbes tos containing material to the circulating air~ 

11. In ease of emission of asbestos from the construction site , 
l11111edlate steps shall be taken to cause the cessation of such 
emissions by either effee ti •re co.,trol measures or work stoppage 
at the source of the emission! The re shall then be immediate 
and c~lete cleanup of all material that has escaped the 
construct ion site by measu res that will insure that no further 
dlspersai of any asbestos material into the atmosphere can occur. 

Note: Regardless of adherence to the stated contro l practices , any v lsib!e 
eml,s ion of asbestos-containing material s beyond the building perimeter 
wi ll be considered as a vio lati on of the Regulat ions of the Phi ladel phla 
0epartnent of Public Health and wi 11 be subject to appropriate legal 
actions . In the experience of AHS and EHS to date, extraordinary di I igence 
to the schedu le of control methods is required in order to avoid violations. 
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to ord r. If 

enna1on or our ut,,dy on ~-:.li~o, o:i l,i14 rh "ommc1, ccd 

on m1r oh th 3rd. 1971. 

'Illr. ('1.rot 1j 1·11cJ:J \.hat ,-1e wi J 1 

c 11 todriy ta L 1wl , Cr,llc:,, Chier , r.1v 1 s 1on or 

n pidcm101 .. Y nd !;pcc1ri l f <·1vit:t:n, Jurcau o r 

CJ.:cupatll ,n .,, ,J rcty nnd fl<"~lt.h, r..r. A . 

11:1ai: .. ,..o L.C . 1\. ::11· rH1 lo.c , nuc t.o!· ? 

DR . CR/,LLEY: it l'J Po' Ln·o1. :,.,, r.t-1 

c,•l'.!:t 11,i nn,,-.r·,rc : ~-:i 1:1 t tt--.r. 1,,1 i. t.:d 

St t.os Dc-1 utmcmt r, !' r nbllc j~<>·,\t;',, 

SJnc t1 on nd 1.:~1!' 1rr- . 

<:11 1\Il:i•i',I{ ~:::i.1-.: TY.(' : 

l•oll 11 ,)f t!.P f~cJCl'"l 'l~"llf • u•• re :JOI, !I re:::!tlll~ 

on out o:n bei1-.1r a:1 ,n 11{ .i•,'.dt:ll'? 

DJ . t:R ,LLBY: On rn!,' 0\ 111 beh~l r _s " rJcraor, lmo•,•1-

edg "t.blc- in c rtritr. ar~ ., "r the t1t:bjccr under 
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d t e o uo e 1 on . 

CU/IIRlfAff h!L/l?lDIC: All ri{,ht. 1Joct.or, will 

you t 11 u.o oomat:hinc: nbl"•ut yom cduc · .. tion, 

tro.1n1ng and b11.ckgru 1 ,u? 

A Well, I re ceived my B~che lor of Science 

degree 1n chomlr t t·y ·,nd hioloGY rrorn llcKcndree 

Col loBe, Lebonon , Illinoia, in 1933 . I then went 

on to got my doctorate HcBree ct the State 

un1vernity or Iow1 , Iot· City, IC'lw~, in J9ll2; 

in industrial hygiene, opcci2JL~\ng i n the Rtudy 

or e lements of the environme nt ~R : hey rP~~t e 

to he,1th. 

CH/\IRH/\IJ DILAfIDIC : \1111 yt·:.. ~el l llJ nor:it-t htne; 

about your ex~Pr!Pncc ,1u ~ddi~i~n i l tru: n i n~ 

subsequent to the ob~ ~Sni n g of y our ~errccs? 

DR. cnALL ·Y : All of my e,pc r tcnce or 29-l/2 

ycarG ht1.B boen j n the U,1i ted S t o ten I ubllc Hea l th 

Service. I ot2rted oPt back in 19~2 d~in~ 

. rese, 1·ch ~ncl rteld :;Indies , er,ic.!,!rniolo ic"" l s tud1u:; 

re l ntcd to the cnvircnmr,1t, to ,,ccu1,1ti onal 

diseases, 111th 1·eopcct to &t·rnc''.:rd:.: and !;he lil~u. 

I h ave h1d ~rogrcnnive rx1erience 

in thl3 nrea with incre1ocd responsi bi li ty during 
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thU timo and t thll 1,rn cnt t1 rno I GIii now 

Director or the D1v1alon or E~id"~1 0101Y nnd 

Special Sorviceo or thr uure ~u or occu~atton~l 

Sarety o.nd Hc1lth whlch conducts 1nd uGtryui Cl a 

otudleo or occu~ tion ~l dl3"~~cu including the 

duot dioeao oe for p3rt' cu l~tc toxic m3tcrl-ils 

and a bro!lcl spectrum of the occ11p,tlon 11 l dlsease:,. 

Q Doctor , in the lntere~t or oavlnB t1rn6 

r note you have 4 ot~tc~"nt ~hlcl hPB been given 

to ue rcgardin~ oom or the> h onor ry so::1.ctics. 

Io t horo unything opcc-1-.1 or unn'l U"\J 1bc,ut any o · 

t:hooe? 

A They 1n·t• -i ll I rorr. n::i i onr,l ooci cties . 

{The ~bov~ referred to 

s ocietico ,rR ~n fol lown: ) 

Honorary Societies: 

S'Bn~ zct~, ~c~en~ rc" Collcrc , 1~32 
rhi L:1.r.1bd" U: 1l lon , St'lte Unlve,·sity of Ioli 

Ctn 1-tc!", 193:J 
S igmn Y.l, St>te Unl•·u12 ity of Io\·:n , ]9115 

ProfeoGion~l Soc ct1.cs: 

timeric un Fub lic ne-,l th 1ins oci •tlon - Pellou 
Choirr:i:in, 0ccu1:i.t1.on · 1 Health S,.,ction, 1962 
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Poeit1ona: (Cont ' d.j 

/lent. Chi ll r, Occ u, 1t. lono1 J/l"altn i•1~1J 
Hdqt::rs. ( "nvtron.nnnt:il ,,,.r1v1 t i o" ) 1(')511-611 
I.fl oc . Ch.i.c f, (;ccupa t i cn o. l lie , v. 1 ,·ogr'lr.i 
( liold Stud t o 2,G Er tdc~• oJo~,, 196~-69 
Chier, D' vi3 i on o r Cpld ~ ·01ogy ~nd S pecinl 
Scrvioco, Burc:iu o f Occuplti on 3l Sa f e ty 
and Ho• lth , 1969-

CRAIRrnAH BILANDI C: Are thny oor: lettcs to 

which one io elected be e "USC C\f r,rof<'B" 1 on'll 

achievementa? 

A Thot is corre ct, and th2 one I am 

espec14lly proud of 13 I u aa elected a H ~ 

consultnnt to the Amcr1 c-~ Col~rGc or Chr ot 

Phyn1o1.·ma. 

Thio colJOGC i o n '.ldC u~ en t irely 

or phyoiciann but they h~ve ~O kLd n row ~erson3 , 

kno\fled~euule of the en .r lronr cnt, tc t ran!l l ~tc 

thi s to them as physici _no oo th !1 t they could 

h ave a better underot<lnd i.ng or hou the e>nv1ronmcnt 

i n terrclate3 to the mcdtcn l ~nd I h~v n br en very 

proud to ha ve been a conoultnnt to them ror n 

number or yea rs . 

Q I notice tha t you a r c a lso th~ author 

or co-nuthor o f variouo resea rch papers. Are 

there onr that you would oelett t or tha t you would 
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likf) to p:irticul rly c"ll our rntt•11i:;1on to i nsof.?r 

as aebeeto3 1B concerned? 

A Y~a, I h nve n fcu tha~ rc l~tc G~cc ificn l !y 

to research on nobrstoo. 

He ha ve r.1 ,,de stuui(10 in 1'h:i.ch I 

hnve be en the prime cont ·lbutor, in the 

characterJzntion of PS bcr.tos r1ocr3 p'.lrtlcu)arly 

with r espect t o the ~ctalo and o thLr th1nco that 

re associated with th~m t hat might rol~tc t o 

healt:h hazards. 

An other ,rca we have m,de, opeci a l 

study of lo t~lc 1hich to ~ fibrou3 m,tcri,J 

q uite clos ely rc1~tcd to "r,bcoto•1 \·•hlch I \' ill 

cover I nter in my dlocuo~ion . 

Another arcn wh1ch t think you 

ml~ht find jntcrcotinc, a p3pcr T , ~crntly 

presented at the Intcrn~tional ConGre~s or 

Occup1tionn l llenltll i n '.t'ol~yo; "Illc,1ti. f1 c ,t1on or 

A3bcstoo Exposureoq which vill br quit~ ro ~tinent . 

CHI\I RiTAil BIL/il:DIC: Tf th11rc i s no ohject1on 

~e would like to ha ve copies of your docu~c nts 

th~t you r~rerred to and the publicgcions hat 

you h11vo referred them -ind ~,c Hill 11, ve them 
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incorporated into 1he rocord -.nd m~dn ~ p~rt or 

tho record 1r tl1e2·0 to r.o object.ion. 

ALDER :AU FIPIELSJ<t: Uo objoc ti on. 

DR, CllALLEY: I wUl bo gl d to leave them 

witl1 you. 

( Hore follow3 t he above 

referred to publications :) 

Reprinted fro~ AmericQn InduoLrial 

Hygiene Aosocl.tltlon Jour:·:1-1, Volumn 29, 

Novembcr-Docembcr. 1'168. 

"Charrcterl71tion -iml Solubi lity or 

Crallay, n. O. J{ f'cn n, n. E. J{u!'el, R . E. Kir.ser 

nnd J. R. Lynch, Dvreau or Occup: .. to,1ei l Safety 

R-nd Health, Envi:ronuental Control .l\dmi.ntat:i-•,tion , 

Dcp!lrtt1ent or Hellth, Education :.rnd \lclfare , 101L1 

Bro:idway, Cine i ,1ne1 t: 1, Ohio i15202 

A OP.riea of uniform a-.mpl .a o 

rcrrcscntlng blcndo rrom different oources and 

1,yr,cs or 'lflb et.oa were :m.,1;1:.od ror nic lccl, 

chromium, cobalt nd manr~·-n-.!~O. The 'bulk 

B'llllr, lco nnli t h e l c:10 than 10-mlc-~·on size fracti ons 

,,ere 1Lna.1y~id oepnrately . '!"i'1e met11Js ooluble 
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1n bovine q rum \/e r e clctcrm1ned ror the lcos 

thon . 1O-m1oron rraetiono . Pree o 1 Hen content 

wan also dotcrnined . The de ~r ~c or oolubtlity 

or the enmc meta l varie d cono1dcrably by oource 

imd type of ~obe o~oe. Chrysot \ l e had greater 

amounts or nicl<Cl an<.l chromium wher<> c1s 

Amosite was higher in m3ngancse. CrocidOl1te 

had the lowest meta l contenL . 

Introduction: Ea rlier research 

1nd1ca te3 tha t as b!'s to:; wor ltero have been 1mkno.ii ngly 

exposed ~o n pp~eciable ai rborne levels of nickel, 

chromium ~nd m~n~nnc~c ~o a r Psult or the rele a~e 

or these mct nl o from the ore <luring proccooing 

aad also from the nbrus1ve •ctlon or asbestos 

on the ~lloya uoed in proce~ulng equipn~nt. To 

further c~~ra cte rizc the biolo~Lcnl activjty or 

these metals, inform~tion is needed on their 

compa r ative oolubility in relation to dirrercnt 

oourc£'0 and ty i,c s or n, h~q':.os. 

As nn ai~ in promoting data 

reproducibility in res e arch on the biological 

response to asbestos, the Committee on Asbeot os 

and Cancer of the Union Internnt! ona le Centre le 
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c,ncor. (UICC) rre~11nd 'l eertc-c. or untroi:m 

ret'orel',ce snmploo i:rr reocnting blends l'rom 

d1L'rerent eouroee ,r,rt t~•r,cs or anbeeto:s. 

These are 4v11.labl e \;o rcooarchcrs. 'this report 

preoents dot~ on tho amounto or dcsign~ted metalo 

in these samples nnd on their oolub1 1ity 1n bovine 

serum . 

Procedures : The UICC Committee on 

Asbestos and Cancer m<i<le avail '.!b l e rot· cht?mical 

characterization blchdcd , milled nabcotcs fibers 

from different oourcn5 or chrycoti l e, crocidaJitc , 

Amositc, and anthophyllit~ both before grinding 

and after grindinr; the fibern to increnoe the 

percentage or respir.ble materin l o in the producto. 

To separate the bulk w~tarinl into fin0 and 

coarse particulates, e~c h of Lhc oobeatos samples 

was screenod throuc;l1 o 10-micron sieve. The 

bullt and under 10-mi~ron sieve s.i.ze oaMples 

were dissolved in hycl rc-,fluoric acj d :mr.l the 

aolut;iona 'lnulyzod ro: nickel, chromium, cobalt, 

mane;ane::ie, and iron by me :.i.na or atomic ll.ho orption 

spectrophotometric ~rocedurcs . Free sl lica was 

deterrained colorimetr:i.,~nlly ".i.th the method or 
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'J.MJ.V1t i nd Ry lol,. 

Ul'u~or 10-nl cron !li,,.,e size ground 

beetoe r eference sqmpl e n were u~nd fn determining 

metal solubility 1n oerun. 

Appro7.lm~tcly 100 ml Jltgrnmo or 

anoh ol' tho unde r 10-miciron aampJca or chryootilc, 

oroo1d011te, Amroite and ~nthophyllite wna added 

to 15 ml or bovine serum ,n 'l.11poulo:.., 11hich were 

t.hcn flame scaled. The i.1,1r oulco , held for 63 

d .., ya at room t cmpcroturc. werc .oh3ken daily . 

At the end or the tc3t period , 

the samples ucrc ccntrlfu~cd in ~n ultrnc~ntrifuge 

operating a t 25,000 rpn. The ou, ern'1t:int liquid 

was withdro.\m a.ncl oo hed, :ind thr? rcn1.duc wrn 

nnalyzecl ror nlcl,c l, chromi um, cob..,lt, and 

manganese by mens or a t omic oboor1tion 

apectrophotomctrlc proccdurPa . 

RP.::rnJ ts: The cl co ic;n;, tcd met·-!l 

and free si l ica contrnto or the UTCC ~round nnd 

unground rcfe1 cnce !H1.mpl,cs, both for uullt m:iteriu l 

and under 10-micron s ieve al:.w, arc given i n 

Table l. 

The UICC ..;.:;.raplc,o of ns :>c.a .:os ,1erc 
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blel'Jd or co111ponontn 11tt.h V""lY1n~ contcnto or 

metals; thor~rore, dlrrrrcnt eampl~n Qf each 

QC the blended bulk mat~rlqlo may hive varying 

metal oontente depending on t ho untrormity or 

the blend. 

Accordingly, the met 1. l contento 

or the bulk and under 1O-mlcron eiv.c asbestos snmpl&e 

reported for each type of ~o bcotoo ln Tnblc 1 will 

have a general relt tionship only nlncc each comes 

from a different 01mple er the opectfi c blend analyzed. 

In com .,ring the nct" J contents 

of the bulk ungrnu.nd and ground s ·•r:plcs, tht: 

anth ophyllj t.e :1ho1:ccl on nr,1,reci 1.ble j ncrca~•c in 

the overa ll metalo in the Ground oanplc, an 

indication that '.;ho g rindi nr,; n'.\y h:ive been a 

source of metal contaninatlon. 

Chryootile "A" ohowed an increaoe 

ln the overall mct31D content of the bulk cround 

over the 1mground 03mple though lcos thin the 

anthor,hylli te . 

The rnin,,r cl.i..ffercncco ln the metnl 

contento in chryo otlle "B," croc1dol1 te, and 

amosite e;round and une;rcund bullt S'.lmplee ore 
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belioved to be wtthin the nor~~) vort ~tion 

oxpected. 

The chryoottle " A" 11nground sample 

showed a n ickel oonte.nt or 18l14 us/em 1n it:J 

under 10-micron sieve fracticn 9ize in contrast 

to l?.90 ug/cm for tho correspontl1ng fraction 

or the ground eamplo . 

The leve l of n lc!tcl in the ground 

bullt sample, hoHever, u,is 1482 ui/gm Ln contr ... st 

to 1284 ue;/i;m 1.n the· uni;round bulk oompl c. 

The rn'.;io or nickel i n the under 

10-micron rroctton to that in the bulk 1n the 

unground GllmDlg wa!l 1. l1l1 : :;, .o in c r.n t rnet t o a 

r atio of 0.87:l.O for the ground s~m~l e . 

The chrori1ium, coo ... lt, m1n(!;'.!ne::rn 

and iron content of the !l :impl eo fo llo1md the 

aamo trend . 

The1·e \lao o l1~ pe rcent increase 

or the combine d nicltcl, chromium, c ob11lt, 

manganese and ir~n in the Braund over the 

uneround bulk mnteria. l. Thi!l indicates that 

although appreciable m~tnl contam1nntion 

appeared to have occurred in the grinding of the 
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qobostoa 1 t ,1 ., .cHn tri butcd throu ;hout ~he:: onmplc 

an4 not concontt·ateo in the under 10-m1cron 

fraction. 

The anthophylli tc unground r.omple 

ohowod a niokel content in its under l0-m1cron 

sieve fraction or 414 ug/ gm in contrnet to 397 ug/gm 

ror tho corree pon<Hng fraction of the ground 

011mple. 

Tho leve l or n1.cltcl Ln the ground 

bulk anmple wno in,, ·ug/gm i n contr •,s t to 217 ug/gm 

in t h e unground bulk s an1,le. 

'!'he ratio or nicltcl i.n the under 

10-micron fraction to the bulk ln the undnrLround 

earnple wes 1.91:l.O i n the conti·~nt to a ro.t"J o 

of O. ')7: 1. ) for the ground sampl e. 

'!'he chromiur,, cob ~ll: , mang;inese, 

nnd ·.ron conten l; or these s&raplco followed 

the an mc trend. 

Th~rc was a 51 percent increase 

in tho combin ed nicltel, chromi 11m, cobci lt, 

mangencse ancl i ron i.n the cr ouncl over i;nc 

1,mderground bul l< m.:i.teri:il. Thj s suggestn th.it 

nppreoiab l e metPl contnmj nation may h nve 
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occurred in tho y,r1 nd1n g or the onthnphylltte. 

The metal content or the dlrrerent 

typeo o.nd s ourcoo or aabectoo ~ppr,rcd to follow 

distinctive pntterna. 

The nickel, chromium, and cob~lt 

1n tho under 10-micron :iieve e1 zc were h1ghcot i n 

the ohrysotile "A" nnd chrysot1lc "B" a.obcetoe, 

rolloued by an thophylllte, croc1aollte, ~nd amosite 

ln descending ordor . 

Tho mingan, .. oe in the under 10-micron 

oievc oize mi.o highest i n amo~1to , rollo-.icd by 

orocidolite, an thophylllt:c, ch 0 yGoti.le "A" oncl 

chrysotile 11 B11 i n de::,cena i ne; order . 

ThP iron in tho under 10-mtcron 

sieve otze wee hie;heet in the crocidol ite ~nd 

rtmosite, folloued by nnthophyJ.ll to, chrysotile 11
/\," 

and chryo ot i le " s~• 

Pree oi l i~a in the under lO-mic-1~ 

eiovc size wao hieheAt in t he ~monitc, f ollowed by 

crocidolite, anthophyllit :i , chrycotlle "11 , 11 and 

chryootile 11 B11 in des cend inc order . 

The s olubilJty i.n bovine sernm or 

the nickel, chromium, cobnlt, and mnngancee 
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a&at>c1 ted With thr UICC ~ -im1,1es, uh1ch 

represented d1rror~nt typ~o 4nd oources of asbGntos , 

is given 1n Tnble II. 

Nickel won tho moo t aolublc of 

these metals. Thirty-three pcrcont or the 

avllilable nickel i n crocldol i te 11110 dissolved 1n 

bovine serum during the teat period, followed by 

25 percent for amooite, 17 percent for chryaoti l e 

"B," 12 rercect ror chryGotilc "A" ond 8 percent 

for anthoDhYll ite . 

Chr omium oolubtlity r "ln~e-cl fr om 

8 percent for chry::ioti l c "r," and 7 pe r cen t for 

chrysotilc "B" to 5 percent f or nnth ophylli tc. 

The l eve l of cobalt was too low t o 

be meas ured in tcrmn of solubility r or any or 

the asbeo tos OaMp1co . 

~1C solubillty of 4V~11'lblc 

mengs.ncse was 28 rcrcent for chryn ot.i l e "B, 11 

20 pcrcen'; f or chrynot11P. 11 A," 7 r,crcen t for 

crocidolitc, 5 percent for nn thophyllltc, and 3 

percent for amo~ite. 

Human serum ssmpl c5 were prepared 

as a comparison series to the bovine ser um aeries 
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and woro held ror th~ nnme pc-rlod to ~o~~orc 

tho oolubil1ty or the metale ln the two typeo or 

aera. 

No appreciable dirrercnce wna 

round in tho s olubiltty or theae mcta13 contained 

in the asbestos samples i n either humin or bovine 

oerum. 

A weighted sol ubility r11ct or uas 

calculated ror the combined ntckel, chromium and 

mange.nose in the urc·c asbroto!j ·sampl es. Sev~nteen 

percent or theoe three mPtalu ~vni l oblc t n chrynot11c 

"B" waa dioaolvcd in bovine norum durln~ the tc-st 

perj od, 12 percent ror chryootilc 11 11;
1 

8 r-ercent 

for c r ocidollte, 3 percent for awos ite , ~na 3 

percen t for anthoph:,111 te. 

For compnr3tive purposes, ~ure 

nicke l oxide :md chrom·~ cc \:ere cnc:h nu~ed t o 

hovine eerura and trcnted in the same m~nncr an 

the as bcotoo oarn~lco. Only 0 .2 percent or the 

nickel rron the nicllCl o:,ide ·,nd o.~ percent of 

the chromium rrom the chroii'i t c 11c1·c cl!so olved 

i n the s erum. 

The degree of Polub1lity of t hQ 
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oame metal vsried con31dc~~bly by oources lllla types 

or ae bes toa . 

Thn d~ta su~~?ots th,t the nickel 

and chromium .from th~ UICC oobe3toa enmples dioaolved 

in the eerum were rrom a oource othor thM the 

corresponding met~l oxides . 

Tho sources of the meta l o t n the 

n9beotos include their presence in nll oy oysteme 

and o t her more soluble mincralo e!lsoci-ited with 

the asbestoa ore, rcplacenent by thcoe metalG 

o r part of the m4gncoium during tho formation 

or the acbeotos flber, a nd tho abraoion or 

r:1etal s rrorn eq u i pr.,fmt in tl.c proccs'l ing of the o re. 

Conclu~lon□ : D:?.tn 'lrc [H'O!lentcd 

on the nickel, chrooiua, cob~lt, m~n~-inesc, iron, 

and free ollic1 co11 tent or UICC rcl'crence ::iumplcs 

of different type'l ,nd sources of -inhPnt~s . 

Dqt, n rc ~loo presented on the 

oolubillty of the nlckcl, chro11ium, cob:1]t, 

and mancnncoe con~cnt or thcJe aobc~ton eomples 

in bovine ~orum . 

Add ition ~l ~ttcntion should be 

directed to definlng the blolo~ic activity of 
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dtrreront acuroeo end tyi;ea or nsbcstoo tn re lation 

to the soluble mctr l componento ~ooocinted with the 

speo1r10 types or fibers. 

Acknowled~m~nto : The authora 

ao'knowlodge, with ~ppreci~tion , the technica l 

assistance of Eloie Schneider for applying the 

micro-aicvtng procedure to the var!ous samples, 

and Nancy Dunn, Dwid Thomnc 'lnd H:irold Norrio 

for the detcrmin~ttono or rrec silica . 

(Tho occond r e-port rollowo: ) 

Fer,rinted rror.1 fltffiRICMl' !.NDli3TTII/\L 

HYGIENE /ISSOCIJ\':.'IOH JOtmtrAL, Voll.U:lc 29, July­

J\ugust, 1968 . 
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91 "Fibrous ond Uinorol content 

ot Cosmetic Tolcuo Products . 

"L. J. Crolley, Ph ,D, , M. M. Koy, M.D,, 

D, H. Grot h, J.t.D., U.S. Lainh.lrt, t-1.D., end 

"occupational Health Progr am, No tional 

Center for Urben and Industrial Heelth, 1014 Broadway, 

Cincinnati , Ohio 1~5202. 

"In seorchinc for sources of fibers 

ubiquitous to our evcrydcy onv~ron~cnt and of 

reapireble size , the a uthors cx3m1ned 22 tolcuw 

products commonly evdilebla en retoil ahe l ves and 

f ound fi be1· content □ r~ni;ir.5 from 8 t-o 30 pc1·cent 

by count, with on overage of 19 percent. Fibrous 

particulates were gencr~lly under 1,0 u in di ameter 

• with lengths r~nging f~on 1.5 to 6.0 u. From 0.3 

to 3,0 perccn-, quert z uoa f ound in 21 -:,f the samples 

and the remo1n1ns snmple hod 54,4 percent quartz . 

The sar.iplos ~iere a l .:, o annlyzeu f or me t slo; with four 

exceptions, the l e'lols of ccb~l t, nichel, chrumium 

e nd llldngoneae were 1ou. Further i·esearch will be 

needed t o nccess t he significanc e of thoBe findings. 

"ReporLs of finding pulmonary fi brouo 
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,2 bodieo, prev1ouoly rofcrrcd to os 11as bestos 11 ond 

now as "terruginous" b:>ci1 .!s , in tile lun3s :>f 

persons coming to autopcy in hoopitol a in a number 

ot c1t1oe have recontly beon ircreoo11,g . 

The first report of these mor pholoG1-

cally distinctive fibrous bodies in the sputum and 

lunge or asbestos workc:ra was made in 1906 by 

Marchand. Current in ter est de t aa f rom 1963 when 

Thompson et al . found thcGo fibrous bodic R in the 

lungs 11'1 26 . h percent· -:>f the eutopsieo in o series 

of examinations in Cope Town. 

Subsequent invcct ic~t1ons provide 

evidence that the occurrence of thaae bodies tn 

the lungs of urbnn residents in no~ restricted to 

those in ioolated -l~celiti eG ond i n not a onc-t1~e 

chance observation. 

The ide1ntH:y o f t he f ibrous c:,re 

of these coated bodies, h~uever, uas nev~r determined 

by t he investigators. The fibers were routinely 

considere d e s asbc ntos b:,tiics ~n the bas i s of t hei r 

morphological str ucture. 

!n sea1 chi11g for the sources of these 

ubiquitous fibcrr., Crell ey ct ol . rep::irted that talcUQ 
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3 pow~er contained a 816nif1cant perccntoilo or 

raspirable fibers and woa o potential source or 

the torruginoua bodioo oboarved in the lunRB of 

t,1mans, Thia observation led to f ur t her atudy 

to charRc terize cosmetic talcum products. 

The major purpooc of Lho investi­

gation reported here was to davelop ond prcRent 

data on some of the constituents found in cosmetic 

talcum pr~ducts and to dioc~ss tlci r health a s pects 

in the light of todcj•s knowlc&gc . It is not our 

intent to make a general 1:ippra isr., l of health 

factors in the use of talcum products bee, use o~ 

the many variable s invol, ,~d and the 11m1t .::d data 

available on the c::msurapt.i::>n of verious "r,011rce!" 

of talcs" 1n the formula t.ion end use of coometic 

t a lc • product s . The potential health aspects 

of some of the dutc, however, are discussed. 

Tucnty-tuo cosmo t5.c talcum products 

(representing body powder, bath powder end al l 

purpose powder) purchased off the shelf, uere 

analyzed for fibrous content, selected metals, end 

qunl'tz. The data and a d:1.:icuasion of thei:..· possible 

significance follow . 
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AnnlyeiG of Talcum Products : 

Talc i s e natural mineral, hydrous 

magncaium silicate, with the aencral formula (OH} 2-

Talc minera l i s formed by the 

hydrothermal altera tion or serpentine and tremolite 

or directly from the uncerpentini zed ultrabesic 

r ocks . Talc may alao be r ormed by the thermal 

metamorphism of s111cous dolomites. 

The cHaroc tcr1stl cs of the mineral 

de posits very wi~ely from the pure tole fo rmule 

end fro~ each other oc~ording t~ the mineralogy 

involved . 

Some depoci t s may contain varying 

omounts of tremolite, chrynotile , pyrophylite, or 

serpentine, or other basic material frol!l uhich 

the tole may be derived. 

The deposi ts may a lco contain 

varyinc amount s of me tals such as lron, nickel , 

cobalt, chroo ium, e nd manganese os esaoc13 ted 

m1ne!'oJ. s , os well as sil i,ca. 

Cosmetic t a lcum may be basi cally 

pure talc or may be a formulation of talc with other 
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mater1a11 such os cloy, chrlk, utcorates, et ceter£. 

Z1nc, titanium, mnngancso, ond iron compounds may 

bo added &a pigmonto nnd ~pocificro. 

The purticlo-oize cilstr1but1on a nd 

percantoge by count or fibc rc in the talcum particu­

lates were determined by d1apL •oing the talcum in 

water, t1ltering the mixture through a n "M1 " membrane 

tilter, And moasurin~ with a phoae contrast micro­

ocopo at 430 magnification . 

The percen tage o~ f ree sj lica was 

determined by x-r oy di~fro ction . Coba l t , chrom1uo, 

nickol, and manB&ncoc were determined by Rebns of 

atomic aboorption upectrophotoMetry. 

Z1rconiuc, titoniu~, ~inc , iron, 

a nd magnesium uere determin ed by mccns of semi­

quan titative e'lnii;sion spectr0Gr~1,hy. 

T.,ble I gives unalytical J a to on 22 

di f f e r ent cosmetic tulcum products. Figu~e~ 1 a nd 

2 are representative photor.1lc1·ogi.·cphs of two t alcum 

spec1mcna showing the pre3encc of f ibers. 

Size D1s~r1~ut1on or ~a lcum Par ticula tes: 

Seven of the t wenGy- t wo talcum produc ts 

ware selected for s i ze-distri buti on measurements of 
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the tibroua ond non-fibrou9 port1culntc componcnto. 

The diaDeter or 80 to 95 percen~ or 

all tho particul atc5 in these namplos ttns unde~ 

5,0 microns (u). 

The acdian of the oiamcter ot the 

non-fibrous particula tes in the seven producta 

ranged trom 0.7 to 2.~ u, with a median averabe 

around 1,0 u. 

A fiber is defi ned as n pert!culate 

having at l.eoat a 1:3 ratio ~f _dier.ie l;er to leng th. 

The fibrous particulates in the seven produr::to ~rare 

generally ut1dcr 1.0 u in diamote:t·, \;1th lengl.hG 

rangi ng froru 1,5 to ~ .Ou. 

The 22 t olcua products analyzed 

showed fiber content3 r anging fro~ 8 to 30 percent 

by count of t:ho tol;ol tclcu1'! nnrf:1culutcs w:1.th an 

average of 19 percen~. 

Although the specific fibrous 

materials \lC'!'C not ide"ltified, they I1cr9 predomi­

nantly fibrous talcs os shown by x-r~y diff~action, 

with the p1·obable presence in !'lino:r amounto of other 

~1brouc mine~als such as t remolite, anthophyl ite, 

cbryootile, and pyrophyllite. 



ll'i The olcctron nicroscope , wi th 

i ta highor po~er of ra aolution , showo o number 

ot submicron diameter porticule. t os not visible 

by means of phase contr ast microscopy . 

Free Silica : 

I n 8 or the 22 talcum products 

(Tobl~ l), tho preoence of quartz ~an~ed from 

0.3 to 1.0 percent; in 13 products , 1.2 to 3.0 

percent quartz , and in one product, 54 .4 percent 

quartz. 

Metals: 

With the exception or talcULl 

products Nos. 4, 8 and 22 (Toblc 1) , the cobalt 

contont of the products anoJ.yi::ec was under 25 

parts per million by weight ( ppm), chr::-m.lum 

under 22 ppm, hickeJ under 29 ppm, and nnnganeee 

under 78 ppm . 

Produc t No. 4 hod a ni ckel content 

of 1270 ppm; chromium 340 ppm ; and cobal t, 67 pp~. 

Produc t Ho. 8 contained 479 ppm 

nickel and 329 ppm chromium. 

Product No. 22 contained 1210 ppm 

nickel and 1170 ppm chromium. 
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Qualitative teats oho~~d a~me ot 

the ch.ro,-al•1J11 in the talcum products to be in the 

hexavale-nt atate. The nickel, chronium, cobalt, 

and manganeoe in tho talcum produr;ta JlOY hove como 

from the talc miner deposit or troc the alloy 

metals of the pulver izing equipment uoed in 

roduciog the talc , 

The zirconium content of the 

products wao all unde r 10 m1111grn~s per grorn 

(rig/gm) except for p!'oclucts l!oo. 9 n11d 17, which 

had 20 and 30 mg/gm roooe ctjvely. 

The t1ton1u~, zinc, onJ iron 

ranged from a fo,1 tenths to 50 mc;/gP of tnlcum 

and were probably prcDent as piGmen ts or opoclficrs. 

The ~aancDiu~ content of the products 

was over 10 cc/gm, except for product n o. 9 which 

had only 0.5 mg/gm . 

The 1,1cgncoiurn uos proi.>a bly present 

as an additiv~ in the foroulotion or no a par t of 

tho talc colccule or other amphibolec in the productc. 

The 1luoinu~ ond silicas w~re i n 

all ~robability oLsociated either with the tole 

molecule, or additives ouch c o ka olin, or the bo&e 
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matu•1al tror1 which th 1. tole 110 0 der1 vod . 

tJ10110 lleal th .. rtocte 01" Tole : 

lfucll o .• our kn:)lllcdgo of the heolth 

etfecto ot t alc ia dorived from studiea or occupa ­

tional oxpoturaa in ito mining, milling, and industrial 

uae. In extrapolating th.ts J<oouledge to the cosmetic 

uao of talcu0 powder, it must be recoGniz~d tha t the 

pattern ot oxposur os in the uco of t nlcum proauct 

varioe markedly from person to per oon, not only in 

trequi,ncy of use but ·u1s o i n amount ancl 111 location. 

In contrast t o induotrial exponures 

where the pattern is l ikel y to be more c~nt1nuous 

with occomponyins peok3, exposure in the use of 

cosruotic talcum producto i s very int~rnittent with 

pook oxpoeurco doninntinG , 

The exponure pcttern moy continue a 

lifoti~e , e specially i f ~he use _ t clcum is established 

in the earlier yoa ro ao a port of personal hobits . 

The air-borne dosage t o ~orkers f rom 

induatr1Ql a;:posurea & tulc thot hav~ resulted in 

injury to health were undoubtedly much hisher, however, 

than would be pr~oictcd from the use of cosmetic talcwn 

products. 
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Mining, l!illin:& o.nd Induo triol uao: 

The clinical entity of talc pnoumo­

con1oa1s, "tnlcosio," hoe boen observed repeatedly 

-1n orkera with long exposure to talc in its mining, 

milling, and 1neluetriul uoe. 

Elongated, t~rminally clubbed 

pulmonary fibrous bodies, both oegmentcd end unseg­

mented and similar in morphology to ferr uginous 

bod1ca, b£ve been found in tole workers, but these 

workers have received e mixed e~posure -- to talc, 

trcmolito~ onthophyllite, and silica . 

In one ctudy tho mortality rate 

from cancer oi tho lung and ple~ra wae four times 

greo.tor fore group of t nlc workers then for the 

general population. In pulroon:l!'Y co.ncer fr:,m 

asbestos, the role of ribera and troce netolo 1s 

m1c?.rta1n. 

Some lnveatigotors have O$SUmed the 

fibers play a do~inant end dire ct role; more recent 

inveot1gatlo!!3 in<liccl:c thet the !'ibe:cE mey hnve 

been only Rn index concealing a spect~um of uniden­

tified agent~ and relationship. 

Surgical and Cosmetic Use: 
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N1.1. The on1y roportod cutoneous react1ono 

troa the u e ot talcum powder nrEo tnl c gronulomao, 

and theae hove beon roro. T..ilcuri p:n:der , h:-,we•;er, 

1a no 1onaer uood on aurgicol glovcn and should not 

be applied to broken ck1n. Occasi~nolly, porfume 

oils uoe4 ir talcum powder formulot1ons censit1ze 

the Okin and p1•oduce de::motitis. 

Concluoiono: 

With tho exception of 4 of the 22 

cosmetic talcuc prod~cto analyzed, the levels of 

tree silica, cobalt, nic~ol, chroc1um, and cangenese 

,rere geno:eolly of a 10.1 magnitude and within o 

narro,f range. It is n ot !er.own uhcthcr the four 

produc~o represent~ olgnificent proportion of salea 

in tho induotry or to wh~t extent the sources of thn 

talc in the3e r:mr fornu1£'tions ore the D!JJ:le as 

sourceo of talc specified !or u~e in other tolcuc 

product3 in th~ coopct1tivc merkot, 

The levelo o~ silicQ, chrociuc, and 

nickel in thoac four p~o~uct3 ore sufficiently hiGh, 

houever, to be of concern in their potential to 

cause diceeao. 

All of the 22 talcura productc analyzed 
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have an appreciable fiber contllnt, :.an6ing trom 8 

to 30 percent by c ount ot the total talcum parti ­

culates, and evereGing 19 porcent. 

The 1':lbrous motori ol ,ms predominantly 

talc but probably contained ~1nor amounts or tremolite, 

entbophyllite , and chrysotilc as these a re often 

prooont in fibrous t a lc mjneral depozits. 

Cosmetic talcum product s should be 

included as e. source of the fibe1·s , fr::>m which may 

be derived tcrruginous bodies obo~~ved in the lungs 

::it humans. The meoning of the presence of these 

fArr ug1nouc bodies, however, is uncer tain. 

The indu11try hc.s the i~n ow- how t::> safely 

handle fibr ous ma ter i al as ~,ell as toxic metals such 

as nickel, chromium, cobalt, and mon~anese once 

adequate criteria ha ,•c been est2.blis hcd. 

Unltno;;n s ignif icc.nt amoun t s :,f such 

materials in product s that c a y be uocd wlthout 

precautions may create a n unsuspectca probleD. For 

this reason continued rei:cerch anu i nveatii;ations 

and commun:!..cntion of findinGG a re necessary in this 

area. 

Ackno\i.lcd~oen ts: 
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ffl~ Tho nuthorl3 n"tnowlod(Io, with 

opprec1at1on, the technico l aaoiotonce of Harrold 

B. Uorria who made the fr<ie o111co cleterminations; 

Patricia L. ?,Joure r ,-,ho IIUlde the atomic absorption 

epectrophotomatri ~ daterminationn for nickel, 

cobal t, chromium, a nd ma nganese; John H, Crrlberg 

who made the emission spec::trographi c determina tions 

for zirconium, ti tanium, zi nc, iron, mngndsium, and 

aluminum; a nd Stephen Boy<Jr ond ltolph zumwalde for 

the fiber determ.1nati"ona ." 

(The third publice tion referred 

to 1 s a3 fo llowo :) 

"Identifh·o tt on and Contr"Jl of 

Asbestos Exposures, Crolley, Lewie J . 

11u.s. Dep::llrtmcnt of Health, Euucati:rn 

ond Uelfo.re, Public Hcnl th Service, Envirc.nment&l 

Hea l th Service, Envi r on~e11 t al Control Adminis tration, 

nureou of occuDo tionnl Safety end Health, 1O1~ 

Bronch:ay, Cincinnati, Ohi1::> 45202. 

"Presented ot t he XVI International 

Congress on Occupational Health, Tokyo, September, 

1969. 
1~dent1fi ca t1on and Contr ol of Asbestos 
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Exposures. 

"The unique ph:,oical ond chemical 

charncterizntion of asbestoo olong with its 

abundance as a noturnl reoource has contributed 

much to t e ch11olog1cal oclvonces slnce the beginning 

of the cen t ury. This 1s especially true of 

1nduotr1al 1'1ber technology ,ihlch hoe had o 

tremendous growth since the 1940 1 s . 

From do~o developed throuBh epide­

m1olog1c ond loboritory resea~ch it 1s now opporent 

that spec1ol health problems mo.y be oooocioted 

with exposure to deoianot.ed ~ibers and tho~ the 

biologic reoponse t o some fibcro may be qui te 

diotinc t from that of parti culates of the oome 

chemical coreposition but of random spheri cal ohope . 

The b1oloBiC3l conocquencea of fibers 

in the lungs must be dctermlncd and unders tood 

for es t a blishing rational rontrol standards . It is 

oquolly i mportant that knowledge of the con t rol of 

fibers in our environncnt be developed and epplied. 

Other~ise, a dverse experiences from 

health problems asoocioted wi th t he use of asbestos 

may inadvertently d~prive us of the benefit ot this 
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natural resource end also co:;t a ohad ow that coul d 

i mpede ruture advancements in the 3pplicetion of 

fibe r technology. 

I dentification a nd Measurement of 

Exposure to Asbestos : 

Numerous a nalytical techniques are 

avail3ble f or ider.ti!ying and distinguinhing the 

physical and chemical charac t eristics of f i bers. 

Beca use of the minute size of individual reapirable 

fibers, often under r micron in- diame ter, and the 

similar characteristics of ~a ny of the f i bers, as 

in the amphibole Broup, one tcctu1iqmi by itself i s 

seldom definitive in identifying individual £ibers. 

The ubiquitouo nature of respiroble 

fibrous materials hos been recen tly reported l l ,2). 

Mineral fibers may be present end dominant in a 

number of ores of cotruaercial value, i.e., various 

forms of osbestos, or msy be present in l esGer but 

oppreciable omounts in commerciol minerals s uch as 

t a lcs and clays. 

~o problem i G generally invoJ.ved in 

the identification and measurement of a ir-borne 

Jevels or f ibers associated ttith en industrial process 
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where they arc a dooinant pert or the mineral 

involved, such es nobeotos , 

This is not true in inctances 

where the fiber is preccnt to a lesser extent 

1n the mineral be i ng procosoed, uhere more than 

one type of mineralogy may be present in the 

formation or the ore, or where mi> .. tures of min­

erals may be processed -:7 
Without Guc h knowledge supported 

by definitive identification ond mea~urenents, 

unsuspected hazards mo$ be prcccnt from air ­

borne exposure to f ib~o~s minerols. Convoroely, 

the mere preaencc or fibers is not ind1cetive 

tha t a haznrd exists. 

Anal yticol t echni~uca uccful in 

identi fying individua l fi bcrc include e l ectron 

microscopy and diffraction, e~icaion and ~tomic 

absorption spectrophotometry, elcctrom micr oprohe 

and l aser microprobe in conj unctj with 3 ti1!la 

of f l ight maos spectr::ime tcr ond ncutroru octivotion 

analytical p•ocerlu~c c. 

The use of s uch techniques requires 

speciol~ets in the instrumentation involved and is 
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!fl I time c:msum1nf! a11d cnr.tly. Thio dat , h:mever, 

providoo on indispenijable brid&e of kno,ledge on 

the physical end chemJccl noturc ond relotionohip 

ot fibers in the oir at industrial ope1ations. 

Les s complicated methoGa of mersu r ement can then 

be applied oo on index of exposure upon which 

r ational standards can be based. 

This aspect of knowl edge ia 

especially i□portont since poot research (3 ) hos 

shown that ecbeGtos f ib~rs difter grectly from 

one t ype t o another in Lheir chemical co~position 

and the extraneous ~ctals ecsocintetl with the ores. 

hl:.:i, auu t :i t heir hardneos, the 

fibero may abrade ontl become contaminated with 

the meta l alloyc in , hich they arc p::-:,ce:rned. Tl".e 

a bove onal~•tJ cal tccl.nlqu<!S Ell·e u:;cful in rle ter­

mining the ehongin::; :1il.:..icu ';): the fiber during 

processing . 

Rcoearch over thu pust cnverel 

years in the Ul~itea Kini;clo!TI encl the Unitl'd .'.::t;ateo 

hss o hown that air - borne fiber level s ere a much 

better index of exposura t o osbes tos than is an 

over-all part\culate exposure since the ra t io of 
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Un tibars to over-ell particulates in the a ir moy 

vary greatly depending on the nature of the 

process end the metcriols involved , 

ReviGed ~tandordo for aabes tos 

expos ures in the•e countries (4,5) a l s o s tipu­

late methods for the collection ond meoourement 

of air-borne samples. The procedures (6,7) sta te 

that the samples should be collected on m~mbrone 

filte~s and, of ter subsequen t treatment, the 

f1bero should be counted u si nG phase ~ontrast 

micros copy at 4oox megnification. 

Direct rnca nurin~ dust counters 

that a rc cup~ble of diRcrim1nct1ng betwe en 

different particle Rize ranees have been used 

to measure osbestoe duct l evels (8). When such 

an instrument i s used i t is e s 3enticl that the 

r a ti o of the osb~sto~ fi bers to the over -all 

porticule t ea rconin rela~ivel y constant . 

These inc truracnts should be 

fr equently corr~lot cd ond calibrated aGoinGt 

da ta using the membrane filto~ a nd pho&c con ­

trast microscopy method of fiber measurement. 

The moin o.d·,ant;ogcs of t he automa ted 
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duet counters ovor tho nenual Dcthod ore in 

tbeir onving of ounp::mor antl t heil· cc.'lab111 ty 

ot giving immccJ.to tc clotn for osee:iulng the 

proper tunctioning -:Jf du:;t control procedurosj 

Control of Arbestos Expooures : 

Special precaution shoulf be token 

to provent expooure i.o o:;bcstos fibers when they 

arr. handle:d in a loose (unbound) torra . Such 

operations include "linins, m1111nu, nhipp1ng a nd 

worehousin3, processing int~ p~::,ducts, an~ mixlng 

a nd ble~d1ng asbestos fibers ~1th other mater ials. 

No special problem 1~ normally 

encounte:.od 11hcn tht> a:: bcatos 1c fj_ ""inly b~umi 

with other raoter1elu, ' .1;., vinyl .. cbcs t:n; tile, 

plastics, cement produc~c, ct cetera, except 

~hen t hese mater.tels srn reshapea or are dicinuted 

nnd the fibers m11y ?>0c;o!'ic unc::,;1tccl, fxee, ond 

i-cleeacd tt-rough friction , clcot.ruc f; ion , detc,•ioro­

tion ~ncl the like. 

The control of ?ir-borne esbea tos 

fiber is ngt sreatly a1rfcrect from that or other 

particulates havinB a simllar aerodynamic size , 

though special problems nntl technoloGies ru~y be 
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involved in proceasin~ end hondling the fibers. 

The baaic principles of provontin~ exposures to 

aabeatoe include oxhauot vent ilation, encloourc 

and isolation of expooures, wet me thods , aood 

housekeeping ond maintenonce, worker uducstion, 

good Hork and oanit~t:on hobitG, end auppl1rnentary 

peraonol respirator protection ~here 1nu1cated. 

t c bectoa should be handled a~d 

processed with odequute controls to prevent 

c;,mmunity contacinatl·on. 

E:,ha uot ve~t11a;~~~ is tilo coutroJ 

of choice since the asbestos fiber 10 cupt~red 

before 11; CE'-O '1 cscr.,1ncd,e and c::intcmina :;e tlle 

1mmc<l1ote oncl c.dj oininr, ,:!n'lt &.::-cos Rcquirel!lents 

have been eatabliahcd for t he proper vc,1tilc:it1on 

desicn, fi ber cbptu~e s nd cerryinG velocities, 

and enclosc1 bDGh::>usc collecting oyctcms (9,10,11,12). 

Special at tention ohould be ~iven to the venti l ation 

oystem D- caun~ of ~ho ahroaive notur~ of the a5beGtos 

fi bora, 

Encloourc c nd_\~olotion ~aa many 

app11c3l;ioos in the control of sabestoo du=t. Thia 

is especially true in the batch mcking a nd han<llinB 
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112 .. ot 10010 aabeaton 1,e,, \1Cttin3 of asbestos in 

baga betoro emptying, dunpin~ end blending 

operations, et coteru. Thio prccoutio~ is 

extromely important in the hondli~g or solid 

waste contoinin6 oobuetoc. EncJonure onJ 

isolation of the operati~n alsc prevents the 

diosemlnotlon of the fibor into other areas 

where workers not related to the operet1on may 

be unsuupectedly exp~sed. 

Wet m~thodc, where feas ible , are 

on effective uay of controlline; ciust. J.i:xcJmpleo 

include mixing, drillJnu, Go~ing, GandinB, 

clean-up, and tho like . npecicl precaution mu~t 

be taken to ansu.•e tho. t th~ ::iluci5c is irnndled 

properly encl l s not allo·;f:d to d:ry and bcco!:le 

redisseminated into the Lir. 

are esscnticl whore oebcntoc is h~ndled end 

procecccd. \11thout such i1 pr~:;ran_, o hazard mcy 

exis t Sn on othcryise well canst~uctcd end 

opero.terl plr.1,t. I:lcment s or gootl housekee ping 

and raaintensnce include: {l) repairing leaks 

and improperly operating cquipm~n t, (2) 1mmed13te 
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I 
1'2 cleaning up of a pillo, (3) rout 1 ne clesning of oll 

in-plant areas including flooro, Gtructurol 

members, and equipment ualns v cuum cJ.c-on:lng end 

woter, and , ( 4 ) cleoni~g of area~ outolde the 

plant and keeping dusL allayed using water. 

Workor ed~~t12,!l 10 often neglected 

as en effective way of oin1roiz1ng dust exposure, 

fl worker who 1 0 k.n:mledGcable o!' the hazards 

associated with bis job is more motivated to 

protect himself from·rclotcd i njurious ogcnts. 

~orkoro ohould be inGtructed in the proper uoe 

of equipment end in good proctlcco in the hendling 

of moteriol uillh '1h1ch they arc \lOrl~ing. 

Good work_ond_ccnitution hcbits 

are needed to co~pli~ent other OQthodo of p~evcnti ng 

exposure to osboetos and other m~terio ls ossociate d 

with ito p1ocesoing. Without eood work habits, 

exceccive dust can be created ot opcra tiono other­

wise adequately provided with duct control or where 

further duGt control i s unnEccosary. 

Work clothing ~ny become contominated 

and provide a cont~nuinG sourcL of ex9osure during 

the work shift. Exceooi,e nsbcctos dust on the skin 
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for prolonged peri:,do rr:vorr, o .in irritotior: and 

penetration by the fiber. Worters choul d be 

instructed in the propor procedure3 for the 

pertormance ot their Jobs and in the obocrvance 

of good sanitntion prac ti ces while on the job. 

1s an errectivc way of prcvEntine exposure to 

dust where heavy 1nte2·1.iittent lcvelc ore encountered 

and other meous of pr otection ore not feasible. 

Exernples ere equipment; breoktlo,;n end ~1n intennncc 

and repair ope c:.1:>no , \!hen rcer>irators ore u oed, 

they should bl; approved fo1· t he e:q:;osureo encoun­

tered, A routine proLro□ shouid a l s o be formul cted 

for oel~ctin~, 1osu1nG, fittin~ , cleaning, 1nspectlng, 

Acbcnt oo ccn be uocd ourcly 1n modern 

industrial technoloLY \f adequn te prccoutionD ore 

taken to prevent ex ceAai ve En~ unsuspected e~punures. 

The followins cont~·ol prograr,1 1.; rccor.imcncled ,1hc:c•e 

loose osbestoc is encountered: 

proce<lures to prevent tho dissemination o'Z dust 
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into tho oir ohould be uocd ~here loose aobcotoe 

t1bcro ore honcUcd, proce ood, r.dxcd with other 

mator1ala, or d1opooed of to aeoure that exposure 

l e vel• ore kep t ,•ithin st1fe limitR ond that other 

adjoining a1tes ~o not be come unsuoper. t ed hozorda. 

(2 ) Asbeotoo should be packed in 

container• that ere l oak-~roof, reo1otant to 

breakage, ond ~,h1ch can bo mointoi ned 1n a clea n 
I c ondition during ohippinL, ~tora&e, and subsequent 

use . 

(3) Storing of aobostoo should 

be of ouch natu:-c ond in such location to minimize 

s ubsequent breokagc of L~ss . SpilleBe ~rom broken 

bogs and edjacent oreuo chould be vacuum cleaned 

i1lll!lediately t o l'1·~vcnt di :.ipersion :;f the asbestos. 

(4 ) B&ge containin~ o3b~stos should 

be clearly mo1·kcd und sh::iulcl hove labelo cH1tion!.ng 

againot breoth1nB rluo t rrom the bcas , 

(5) nll proccaoine, handling, and 

du ot control cquipnent 3h0uld be mnlntai ned end 

kept in good rcpoir . 

(6) n riGid houaekceping progrem 

shou1d be nforced. 
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(7) /IGhestoe uactc should be 

d1epooed 1n o ~onner to prevent contaminating 

other areoo 1n 1to h~rdling or to prevent sub­

sequent rocUope rsion in.to the air . 

(8) A worker cducetion proBram 

should b ft eetnbl1shed, Workcrc chould be made 

owaro or the d&nBer of brea thing aobostos dust, 

the proper use or equipment and control n, and 

of good sanitation end work hnbito. 

(9) A~prov~d rce pira tory protec-

tive equip:nent ohould be uccd U:cre hit~h inter­

mittent oxpoourcs to nsbcs too occur ano other 

means of controllinG the e xpocur~ arc not feasi~le, 

A special proc.;ror.i shouJ cl be ce1·.oblished f:>1· 

Relccting, fittins, in£p~c t1nG, ~nd mcinta in1ng 

tbe ~eapiret:>ro in u canitory condi t1on. 

{10) \!here excc:Jcive c onta!"in11t5.on 

ot thn 1:>rk clothinc; io potential, worl~e:..·s sh:>uld 

wear cpecial clothin3 uhlch :,h~ultl be cho.nged nt 

the e ncl of thu work shift and hnndled inn manner 

to prevent expoourc to thoce 1ou:1de1·ing tile clothes. 

(11) WDlihroom facilities should be 

aveilable wherP indicatud , and special pr:>tective 
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,26 clothing ahou) d be us ~d to prevent exce.rnive contam­

incit1on ot the akin uith asbestos fibers, 

(12) ~he cir in arP.oa occupied by 

workero handling usbcatos ohould be roucinely 

monitored to assure th~t control procedures are 

adequate and that air-borne levels of asbestos 

duet ar~ ~ithin safo limito . 

(iJJ uo-ters handl inG ao bestoo 

sbou1d receive pcrioui c medical c;:ominot1:ms. 

1. Crolley, L.J·. , Keenan, R.O., 

Lynch, J.R., and Leinhart, w.s. : s~urce a nd 

Identi fication or Reopiroble Flbers , A~.Indus. 

Hy~ . j\800c .J. ill!: 129, llar -.npr., 1968. 

2. Cr~l l cy, L.J. : Inhaleblc 

Fibrous Material. Internoti~n"l C:m:,e,.·cncc or1 

Pneumocon1 oa1s Procccd inGo, Johonneobur~, S.A., 

Apr ·May, 1969. 

3. Cre llcy, L.J., Kccnon, R.G.~ 

and Lynch, J,R.: E~uosurc to ~ptals in the 

Manufecturc ~f Asbestos Textile ?roductc, Am . 

Indus.Hyc;.11:rnoc .J. , ~9: Lt52, 1967. 

4. British Occ~pational Hygiene 

Society: 1Iy51ene Standards for Chrysotile t,sbest:>s 
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1'2'( Duet, Permogon ?reco, 1968. 

5, Aceric~n Conference or 

Oovornmentol IndurLri~l ttygi nists: Threahold 

Limit Vclu£s ot f,irborne Cout:imim:.nt:.>: flecr-m­

mondations and Individual Values, 1968. Avr' lable 

from tho Secretcry-Troosurcr , American Conference 

of Governmental Industri~l Hyg~eniots, 1014 Broadway~ 

CihcinnP~i, Ohio 45202. 

6. Asbestocis Reacorch Council: 

Technical Note I: Meosuro~cnt ·or Ai rborne As bestos 

nust by th~ Hembrsne ?ilt~r Method, ~ueust. 

Asbestos Research Council, ~.o. Box No . 40, 

Rochdelo, ~,nco., Cre3t BrltEin, 1968. 

7, Edward:::, c,n., c.nd Lynch, ~.i.l •• 

The ?~thod used by tnP u .s . Public H~sl t11 £crv1ce 

for Enum<n·ation 'Jf: J,r, bea:;oG Duct 'JO McmbrC1nc Filter~, 

J1m .Occup ,iIYG., P•:::rn:ig::m Pre:;s (printed in Great 

Br1t.:--1n, 1969), 

8. ~ddic~leJ, C,G.: Hazer~ Indlcce, 

Sampling Strctcg~e~ in Briti~h Aabe~to& Fectories 

and Standards for Asbest~b nuet . In~crnotlonal 

Conference on Pncucocon1~siG Proceedings , 

Johonnccburg, S.A., Apr-Moy, 1969. 
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9. Kuyp~r, L.G.: Dust Problems 

in tho Mining, Milling 011d Pncknging of Ao bestos. 

International Conference on Pnou~oconi oaio 

Proceedings., Johnnnest,urg, S.A., .Apr- Hey, 1969. 

10 . Asbestosi s Research Advisory 

Commi.ttee (En&inoering); Basic Principles of 

Duet Control i n and Around Asbcetoo Treatment 

Plants, June 1967 (bool:.ll?t ). P.0. D::>x 1132, 

Johannes burg, S.A . 

11. R6aovaky, H,: Industrial 

Hygi ene Aspocts of' e Uew Asbcotos liill. Canadian 

J ohna•!~onv1llc C:rn1pan:r, Ltd., J\:;beotos, Quebe c . 

Presented at Industricl l~eal!;h Confc-_·cnc:e April 

1956, Philadelphia, ?ennrylvo11io. 

12. Americon Conf0rence ::>f Govern­

mental Industrial Hygienists: I ndustrial 

Ventilati::>n - A i,!anuol ::>f RecotK,encle cl Practiceo . 

Tenth ed1ti::>n , 1 968 . 11 

CHJIIFJ•U\H BILJ\NDlC: Jill ~•lcilt, Doc tor, wlll 

you pro.:eed then, now thct we h~ve established 

y::>u:.· ba ckc;r::>und !lnd trninine llnci qualifico ::ions 

in the f i eld, uil l y::>u pr::>cced t o present y::>ur 

s ta tement t ::> us? 
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( 
1'2!:) A Th1o is our area of environment and health 

which 1s extremely i~portont. It is i mportant to us 

st the coment in th1c country os cit!zcno. It is 

. important to the country in ~ointoining its leadership 

in technol ogy in the uorld. 

Our country hes :::chieved an enviable 

rec ord of world leaderohip and research comi ng in 

both the b1olog1cel e nd the physicel scicnceo. Even 

more important, this research h e z been harnessed into 

technology that is the oystcmotic opplicution of 

science and tnouledgc. 

The other countries of the world are 

looking to uc for thi G lecdership ond the impcct it 

wil l have upon the health and ~elfar e of tbeir ocopl e. 

Thie nei:er tecl~nology 11:is ~1 VC'.,... i!::: the 

ele~ents of a better sta ndard of living, e better 

understanding or the nature, the cause, the prevention 

and the treatr1ent of' ,U.scesec c.r.d a bett er under­

standing of the rele tionohip or our environment to 

health. 

It i s right thut ~he fruits of our 

resea~ch should promote technolosy thet wi ll benefit 

the whole of our society. This must be d~ne~ however, 
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specific subject here. 

Q Dr. Selikott told us at the laet session 

that thore 1• no auch thing aa a~ bestos, that that 

1a a puroly ganer1c term and he broke it down into 

the various components. 

Do you agree with that statement also ? 

A Yes, indeed. That is all they are , 

chemicals, fibrous silicates . 

Q Now, the significant thing that Dr, Selikoff 

mentioned to us is that, as he•put it scientifically, 

t he hazard of asbestos 1B the fDct that it has a 

halt-li!o or 1n!lnity end then he explained what 

that means. 

In other words, once it Bets into 

the hW!lan body, it !.sn ' t, essimlJcted, it ion•t 

eliminated, but it stays there, it sta~~ there and 

then 1t continues to have a cu~ulative effect so 

that if you get~ lit~lc bit or it, of csbestoo 

into your lunge one day aud you ~et a small dose 

another tima and then l oter you eet a little bit 

more, it would have a cu~ulat!vc effect rather 

than like a small dosa of some other things. 

Do you ugree Hit11 that theory? 
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A Ocnernlly Goe11'ing, yes. 

I thin'' we muot dei'ino it n little 

more cl~•ely ln &erQo, if you went to get into soco 

specific ar•a~ no to tho oize of the fibers, ho~ 

they ore handled once they are retained in the body. 

It would be quite dif!e ~cnt. 

You have very, ve~y small cubmicron 

fibers and thoso that are maybe o hundredth of a 

micron in diameter and less then a cicron in length 

and by defin~tion, hove o thre~ to one rstio of 

length to diameter. 

They ore ctill defined oa n fiber. 

They met bo handled dU:.::n·cntly than the longer 

fibers, but we rnuLt renJ!ze that the spec trum of 

the s1l.e of the r1bcr 1:: a lonr-r1in{;e ont. 

So with the~e c~oll oneo you a lso 

hnve the lor~cr ones, co ~cnerellY GpcnkinB, thet 

would be t,·ue. 

Tiley cl:, rcr:o in in the t,~d~• for o 

long period of t1r.1c. 

Q All right. 

Nou, os a scientiAt, do you ogree 

with Dr, Sclikoff thrt ~hP.n ~sb~atos bodies are 
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t~und in tho human l w1gu, thot they are clearly 

and readily 1dont1t1 bl6? 

A Yee, by o upocialiGt using very speciel 

techniques. Most or the techniques used would 

not do this, but wi th el~ctron microRco~y, electron 

probe equipment and the very spcciali~ed advancer. 

in 1dent1t1cot1on,it can be d~nc. It i s t ime 

consuming, expan&1ve and must be done by a specialist. 

Q Well, is it foir to aay then thot there is 

no mistake when they·uGe this proper equipment, tha t 

when we identify somethi~g oc en aubc3tos body in a 

human lung, it is clonrly an a~bes tor. body and not 

some t hing else? 

A It 1muld depend upon the techniques they 

have used. 

l•iP ny p'?ople uill do t:his ucing o 

microscope and will not detcrr.ilnc these charncter­

isticG. They deteryine the ~o~pholo~icol chorac­

ter1Gt1cs of the fiber, how it appears and l ooks 

under the m~.cr:,scope an.l don't ruc.:;nify it to eho11 

the charocteri~tica of the fibcrB, say in great 

detail. 

Sons Iss y, l t depends on the 
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techniques again. They arc available , but they 

aro not al.wayo u sod. 

Q Well 

A This identificati on is not often made, 

but it may be sort of a moot question as to how 

for we need to go. 

We do know tha t there are asbcsto­

form minerals and as t o wl1ether it i s one type or 

another, it io still o r e l ated asbestoform mineral 

and \\"e con go too r ar in thnt dir<: cl;ion in t rying 

to be too ccreful t o identify each fi ber, 

Q w~uld you agree ~1th Dr. Selikoff's 

conclusion, baseu upou his s tudies of a3bestos 

workers and t h e fienernl public in the Ci t y of 

Now York and in certain other 3~c a s or the c oun t ry 

th~t he identified, and I thlnk h e hnd a l so done 

i;-:ime tests he r e j _n Chlc oi:;o; that h e establi shes 

that one :,ut 0 £ evc:·y five asbestoG uori,ers and 

i n oomo coses es oony aR one out of every four 

asbeotos l'l-:Jrkerc d:i.P.s of lune; c ancer l1hich is 

coos\iderably g!'eatcr tnim the incidents of luni; 

cancer in the general public tha t is not cscociated 

t11.th work in the osbestoB field? 
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Do you ocrcc ~r do you t~ve ony 

comJ:1ent on ony ot thoeo stud1no? 

A Thc,ae arc docuC\tlnted techni.co.l report3 

appeo~ing in aciontitic lltcroturc , He all hove 

BCCODII to thom. 

I have no reo~on not to accept 

them. I accept theo os factual, factucl statcroents . 

Q Once we oatobli Hh thot t here ia u medical 

hazard, and clearly the studies thnt Dr , Sel1koff 

made with a controllid group of csbcatos workern 

thomoelves clearly sllot1 thot the worl\crs i::.re <:. r,os1..d 

to this problem and have this prublcm, 

Hou, Lnking it one step further, 

both Dr. ScJ.i!:off £;nd the studies thn.; ~:ere ::wdc 

1n Ca pe Town, South Alrica, where thc:e ere 

variouo asbestos rninon ; in Greet Dri ta~n and oLher 

partn of tho \IOl'ld, they scco to carry their 

conclunlon~ nvcn one step re~thcr where they found 

tbvt people who live 1n the co:nn~nity ·-;ho h~c nc 

part1culor traff~c with vny ~i the D~~c ntos i~dustry, 

they found children who had ple.yed in various lots 

in the area where there might hove been ~and or 

piles ot erbostos, 20 or 30 years later, when 
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autopa1e• were pcrtormcd, they round that theoe 

particular children, or these porticulor people 

wbo hod been oxpoeed, died of lung cancer. 

They relate !t beck and attribute 

theae reoulta and thece doatha to the exposure to 

aobeatoo which then for the t irst time caused a 

great doal of stir in the medical worl d because 

it oho~ed that the exposure of the general public 

now has become a health hu zard. 

Now, ~bother that in seriouR or 

not is one of the judgmento that we u111 hove to 

maltc here. 

Do you huvc anything to enliGhten 

us a bout on that pert1culer arco? 

A Well, I thinlc \TC! ruuct remcr.iber t hat in 

thooe caoee, these children and the people in the 

general area were e~pose~ to a concentration of 

asbestos fibers which is fer arcotcr than we hove 

in our iudustry today. 

Tr.:y had 1:ias ll ive C):ponure to this 

tib . r becsuse they ,.,ere .i.n the environment o~ the 

plants tthich had no dust control. They ~ere 

playing in tho r~tuse of the plant material that 
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bad & high tlbrour content to it. 

I t it l a harmful, and of cour se, 

we know 1t 1 0 in certai n amountn , then we would 

expect them to bnve biological ef!e~to f~om 

living i n an onvlronmont f ore lifetime. 

Q Would you oay that the conct?ntro tlono 

would be greater, for example, too housewife 

who vae doing her hUGbond 's laundry: washing the 

clothes he wore when he went to the plant, that 

that wou1d be en excessive or heavy expoc;ure., 

A Agnin, He must define . the tcrme. 

I f he had e hc~vlly contaainated 

set or work clothes and the house~ife ~a s to 

shake or remJve th~ Jue~ vi3orounly in such o 

way, in a confined ~l'Cf' , she conld get cxpocure. 

Q Well, Doctor, based upon the studies 

and the r e search that ygu hove either done 

per sonally or with the health ~ervice or that yov 

have hnd an gpportunity to study or rcod. do you 

feel that ue have any problen nnd i f so, what the 

degree of that problem would be in soy a moJ or 

metropolitan area ouch as t he City or Chicago? 

A Hay I make this J.i ttle statcn1ent, just 
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air-cleanaing devicea of rain an~ fhntnot. 

There i s a second ores we must 

boar in mind and that ic the peroonal habi ts ot 

people. This ciay be & rather 1apo:-t ant onurce 

ot exposure to ae beotoc-forming nineral fibero 

at timeo and nn example i s the co~cetic talc 

compoundo that are uocd. 

We did an analys i s of over 22 of 

these and I have it here and t he~e arc fibers 

and minorol contentn, mineral t a lcum powder end 

I will leave this with .1ou, in 11hich all of 

these sboued a r a nge of f ro::1 8 pcrcer,t -- i:iaybe 

I botter be exact on thic -- all of the 22 tnlcuc 

powders analyzed have cpprec1abl e fibe r conten ts 

ronglng from O percent t o 30 percent by coant or 

the total particul a t e wit h an avcraGC of 19 percent . 

Ill other u::irdc.; , 19 pe,:r ccnt ::if all 

the particulates wer e fibrouo in nnt~rc of the 

flbr::iu s t alcum productG, ond I ao not ~elieve thet 

we can ign::ire thio nn a potential s ::iur cc, depending 

upon the i1ob1to of the pc~·con d.th r espect to face 

powder and s ::i torth. ) 

ALDER!!AN WIGOD/1 : /'ire y::iu tolkin{! ab::iut ordinary 
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cosmetic powders? 

DR. CRALLEY: Induotriol powdors thot you buy 

and cosmet1cn, ye:o . 

I lfan t to caution you when I get 

through here because ~e might mokc too much out 

01" !:his. 

This io a sour ce. I om n~t saying 

thot there is or.y t.hicg \:rong with this. 

There ore mony matcriols we use 

around the home ~.hich have fi llers of fl br:ma 

cateriala i n them ond Io~ talk1nG a bout yord 

~- t!L1zc s , the plant innecticidoo , t he animal 

insecticides and the like. Many of these will 

have fibrous material s i ll them nnd they come: 

from the f iller, t hat is the talc, the di e toraaceous 

earth, the ve~miculite Pnd so for th , which are 

fibrous clay-l ik~ me t a riclo used cs f illcro, and 

t,~se come into play when you sproy or when you 

dust , so there io a chance of gcttinc cloee to 

some fib rous expo~u~c s , exposures to fibrous 

material s and s o in theae tw o arcos, firs t I 

mentioned the ambient l evel is naturally present 

1.1 the background a nd alo:, theoe pcrnon::il hcbita . 
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There 1B no informat ion which 

would indicate to tbe offo ct tha t onybody ha s 

been injurod by this , 

It would be a very exceptional 

caso. 'i nere is no dote that indicates that 

t heee prncticeo hove be en harmful. 

It doeo add up that these may be 

another source of fi be rs uhich they are finding 

i n ti •'·. s st autopsy. 
\ ' 

Also at lott level, there i s no 

1nform, t ion saying that this was reloterl to 

injur 1· he health . 

Now, the t hird source, or course , 

i& the ~~portanL one; the manufacture and use of 

product c ontain1ng asbt ztos-typc aateriol, 

'£ho t 16 11hcrc we are apt to get 

the heaviest of the conc~ntrotiona or exposu~e& 

to thee ~a terinls even in the ro&nufac turing or 

their s ub sequen t uoc i f we don' t uec the precau tions 

which need to be taken. 

So with t het backGround we have e 
--

natur al bsckg_:e,t,Jlnd c.lret1dy in t.he e1 r. Dy our 

own \fay of living, we do hove a nother addit1 one1 
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backgrouna. we cuat kc~p this in mind when we are 

thinking in tormo or o tew fibers in the lung, 

••hether 1t hoo -- whether this might r e lctc to 

•if .,uta1de or inc:!uatriol source or not. , 

Q Well, Doctor, you are telling us now 

that we don't have to be too concerned about 

talcum powder and then to moke the rest of our 

tr1ends here more comfortable 

A Well, I use it . 

Q Well, good: 

Ue will s l ve you on opportunity 

to ask e question 1n e llttlc ,1hilc, Aldercon 

Spe,ling. 

ALDERl!Atl SPERLII;G: Well, would you hcve 

him follow throuGh, Mr, Choirm&n , with thot? 

He hos just said that he mi~ht 

have covered it, but what precaution is the 

Doctor talking about? 

CH.'\IR!-!Ali :CIL/,ND:LC : We 11111 get to that. 

We first want to estnblioh h1 o pouition rnd he 

hasn • t c::implcted his ano\•cr on t'1e ques t i on 

that we asked bef::>re insofar as asbestos itself 

is concerned. 
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Doctor, hove there been any studies 

yet tnat you ore ownre of that would indicate that 

what concontration osbee too pnrticulote may or may 

not be hormf'ul? 

A We have ouggested guides for in-plant, 

not community, but in-plant end yes, we do. 

Q. All right. 

Nov, where are those published? 

A The hmericon Conference on Governraental 

lnduotrial Hygienists published these. 

Q /ill riBht . 

So thet you have in-plant cuidea? 

A Yes. 

Q U :m, do you have :rny 6Uidcl1ncs f or 

concentrations of asbestoc that~~~ be ha rmf ul 

to the general public, soy i ~ the ambient a i r 

in the metropolitan area such as the Cit~ of 

Chicago '? 

A I kno\l of no dato of this neture. 

Q , ll r i~ht . Io NttPCA undcrtokins a 

study a~ do ttry have a otudy in pr"gre os about 

this particular p oblem? 

A (No response.) 
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Q Dr, Selikort did t estify to that foct? 

~ Yee, they hove a project under uay, end 

I believe Dr, Cla rk Cooper, who moy be oppeor ing 

with you sometime, 1& Choiroon of the Committee 

which will address itoelt to thio point . 

Q Dut you are no.t ouo.re of ony special 

figure at thio time? 

A No, and I know of no ouch figure anybody 

else hes suggested ot this time. 

I f it·were ovoilabl e, I think it 

would be quite knowledg~able with respect to 

everyone. 

Q. All right, 

So that we ccn oort of drew nome 

conclusions e t this tirue, Doctor: 

First of oll, e s I understGntl it 

from teotimony of certain w1tnes~c3 l est time, 

end from some of the litera ture in the field, 

the p:..•oblem of asbestos contr:>l in plants ,1here 

they m~y be manufacturing e~ther plosterboc r d or 

moeonite or any product s that hcve asbeotos, this 

is pretty well untler control. 

Ue have certain protective de vices 



now to!' the "1or1tmen ,:hich ore helpful and within 

the plant, they have certain protecti ve devic es 

and they do try to protect the e=issi~ns that 

would go out into thE: community so th£t anything 

that is done i n an enclosure, in e foc~ory, so 

to speak, 1s generally reasonabl~ well controlled. 

would you agree wit h thet? 

A would I agree thot the procedures and 

the techniques are available? 

I am ·not in e position to make 

judgment to whe t e~tent they arc being u~ed 

univerrellY in the control ■ 

Tht:!Y ore av.111.:ible, c:n<.i I kr.10~1 

in many 1nd\ s tries they ore uci~S used, but X 

would not uont that to be o GCn~ral st.1t~ment 

to cover the entire inc ~,try. 

That would be un~e~r becGuse I 

hove no kno\lledgc th::.t it does. 

Q l\o c ocienti!3t -- He ::ion ' t ·,r:!nt to 

pin you down, but th~se procedures ere avoileble 

nnd all of the good men are tl~ing this sort of 

thing. 

All rlGht, then the next proble ~ 
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to build th oc buildingn, and to the generol public 

"'hich hel no other c 1-:>it'e than they hove to conduct 

thoir buaineno by m1ll\ing by theeo siteo? 

A I believe thet regulo&ions or good 

practices hove been eotobli sh~d and if enforced, 

they would be effective. 

Q You say regulatio~e could be? 

A Yea, of good work practices; maybe 

regulations 10 not tho correct word, but good 

work practices could-be enforced. 

Good work p~octices ore available 

if enforced and they -- thtt is , they are 

oveilcble, and if enforced, they vould control it. 

Q Aa I uncl er:.tonc1 it, J.:::; t April, _new 

Yor~ City hod cntere~ so~e type of an i n terim 

order for just such :on::truction 5ites ond that 

thi s interira order hPn been o total fci l ure in 

New York City. 

Are you fcmilior uith or.y of thct? 

A I h~ve rua~ the r~porto but other thon 

ALD..;!t: !AH SINGEh. Could you deGc ribe what 

thet is? 

CHAI :t !J:N BIL.1\l,D:t.. C: At the l aot. session, 
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Dr. Solit:ott teotifiod to that, tJ~at it would 

require the enclosure or cert~in areas where 

aabeotoa was being applied and certain other 

protectivo proceduroB which mus t be token . 

A I do not know. 

I did not &ee - - I have talked 

with Dr. Selikoff ond I have heard him speek 

before, not here, but at other meetings, technical 

meetings on this subject areo. 

I don't kn~w. I have never heard 

explained vhy they \lere not en!orcl'd or why !.t 

ttas imposoible to enforce these pr~ctices. 

I underato::id they ,,ore n::it 

universally practiced. 

Q They feiled to such on extent that 

they are considering, and there is an ordin$nce 

pending to ban asbestos entiTcl y? 

A That uould take ,•isdom above and beyond 

ray capability ot the mohlent. 

Q l\11 riBi1t • 

You can•t help enliGhten us on 

that area? 

A No. I woul d think in philosophy we 
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11!,V should prevent exce3c1ve expooures t~ the 

c omcunity ~no~e they can bo controlled by 

established rroccdures. 

We don't wont to needlesoly 

expose people to som~thing where in exceos 

1t could be harmful, He shouldn't do that. 

we should use the procedur~s 

available, 

Q Then you egree with the principle 

that ue should cont rol ond not .b3n, but you 

don't have the opecifics to 0 1vc us DD to 

how we should do this? 

A Well, if y~u beer in mind, oa I e@ 

spe3king, I um spco~1ng os nn individual here, 

Q, 'iea, 

A l believe that we con @Jke ~ctter use 

of our advanced tec!lr:o1o£Y with ou~· nuturel 

resources if we use the ph1l~rophy of "use it 

rig~t. If ue need it, use it richt, 

"Be oure that 11e use it right, 

but have the benefits of !t; i f it hod b~ncfits 

above and beyond other situations or other 

ciatcr1als, that ue con do it," all right. 
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The other two r.ojor orcos thot 

Dr. Sel1kofr tmlked ,bout 10 1n the dcmol1tion 

of bu1ld1n&o, becousc of the ~sbcstoG being 

present in the dernol1shed building and given 

oft into the air. 

Also, he indicstcd thot there 

ehou1d be some control in tha t area and the 

other 18 the indu~triol use. 

If we control theeo three areas 

we would be controlling the gr~at bulk of 

possible exposure to es~ectos nnd not hnve to 

concern oursclveG 1;ith the thou::icno l"nd one 

other thingc, of vary n1&or nature. 

Would you ogr~e with tha t1 

A I agree uith thot. 

If you control tho9e, wa have 

come e long w~y in rolvin~ the problem 1n 

construction. 

Q .All right, 

So th~t bosicol ly then, you ~ould 

agree with the recommentl~tj ~nc of Dr. S~likoff 

and that is that oomc type ~r controls shoulu be 

applied rather th~n o b cn of c prod~ct cuch as 
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asbo1too and thot hopefully these controls would 

be outt1c1ont to moko the environment sore tor 

the aeneral public oo well oo tor the 11orkere. 

A With the exception, I think I would 

remove the "hopefully" because I think we can 

111ake them safe. 

CHJ\IRMAU BILAiiDIC: Well, are there any 

questions by ony other alderocn? 

Aldarmon Sperling. 

ALDERMA?I SPERLIUC : Follo;:ing up ,11l8t the 

Chairman woe ju~t talking about, Doctor, ond 

I he~n•t been ot the previouo :;eoaion, but with 

respect to the question of precaution, tho 

Queotion of using -- I haven't heard you say it, 

but it i;ec:>r. :i to me tho t the use of a n;osk ,1oulcl 

be tnportnnt. 

Cl!/1IlUl1\H DI!.tiHDlC: \!cJ 1, I Hill save you 

some t1ce becs uoe your not hovin3 been ot the 

last oession, Dr. £clll~::>1'f iloo gone into thi:; 

and he is not an expert in th~t porticulsr fie ld. 

ALDEBll'lf! SPEF.LIJ:r;: Let me just complete 

the question. 

CHAifll1AU BILJ\1'IDIC: Dr. Selil~o!'i' explained 
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US:, 

( 

the monks and tho other cugges tior.a . 

. You can go ahead e n d ask him if 

you want, but it is not his fiel d, 

ALDERMAN SPERLING : I may proce~d? 

CBAIRMAH BILANDIC: Yes. 

ALDERMAN SPERLING: One of the precautions 

which you urged had to do with tbe outside 

construction sitec where t here might be asbes tos 

available. 

DR . CRALLEY: Well, I . dicl not ho ve specifi c 

rAcommenda tions o~cept th~ application of these 

procedur n known to be effective. 

Now, in industry, t here are a 

few situations , a nd they ore few and we GJY 

this should be very lim!tcd, t~1c rc in addition 

to being control led, there may b e specific 

situetiona where you hove a very nomenta ry 

opera tion thc t we would recommend a dditiona l 

prot ect i on f or, but not as the e n tire ccthod 

of protection, but thi s 1o suppleeental to the 

eng1neer1n5 end BOOd practices, 

Q Well, I ~ante d t o ask you that , 1f 

tbe Chairman qould bear uith me, be cause he hes 
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b1a thoughts baaed upon the previous hearing end 

I am sure thic proba bly hos been brought up , but 

th queRtion or the experience in New ~ork , I a~ 

totol l~ tgnorent as to thot and I go t the ~mpre s 1 ::i~ 

there trom your answer thot the.-e sre practices, 

ens1noer1ng p r actices around de~ol1 t1on si tes, 1 f 

properly used, 1 ! e nforced , you felt could cure 

the situation. 

What d ooG that envision? 

Do you encl ose on aren thot is 

beinG t orn do,;n? 

A Enclo3c it i n one situation but in 

another area, you mey control it at its s ource 

t hrough c ertain cypes of vcntil at \on. 

In a n ot her area, you may U9C 

methodo combined with whatcvc~ t he othc r e m3y 

have be P.n desiGned fo r . 

You muut study the oper~ tion 

itself u ith the expcrienccli 9crcon ,·tho ~r. o"t1s hou 

to coat rol t his certain opereti~a . He ctn co~c 

up with the pr~per procedure and rcco~ruend it to 

do the j ob. 

ALDERMAH SPERLirW: All right , tha nl'i. you , Doc t.~1 . 
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ALD!RHAN Sl?IO~R : Mr. Choirmnn? 

.ALDEJOlJ\M WIGOD.11: I hove :me other question. 

Is there e kno'\ofn or ore they wo1•!tj na on o substi­

tute tor asbestos? 

A I don' t know about the aubstitute. 

They are developing minera l 

synthetic tibere. As too substitute or not, 

it 1o not tho eomo because perhapo they will 

stand on their o·m right end their o,:n chnroc ­

ter1stice to con tribute to our technology. 

N~,, they may have o substitute 

at t1meo, but th3t again depends upon the 

situation and thu fiber le uouolly developed 

to accomplish a cpccific purpose. 

Q Righ~. 

A /Ind thot ,;;iey not rel ate to ,:hy 1:c ore 

using aobestos or s oce other fib rous type of 

material. 

It 1s too General c statement 

ao that I couldn't cnswer tha t. 

Q I just wondered lf they hod one or 

are they work5ng on it, that is, if this is 

dangerous. 
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A Tu .a try 1s always wor lc1ng on syn thetic 

materials, yes. 

Q 

gene . .. • 

But they don ' t work on them to help the 

They only WJrk on them if they 

can help their business. 

The automobile 1nduatry 1s always 

worki ng J ~ingo, too. 

A At times, now 1ndua try is changing. 

They will do it nowt~ help the 

• 
publ! - "' .. 1 s less·har::iful. 

Q , . ..:11, i:he public iG forcing them to. 

,.r.~r;,r,•11t1 SIHGER: Only when it comes to good 

businc s . 

/ILDE...-..r1H WIGODJ\: Another (JUeGti:,n: 

Ia the federal g~vern~cnt ~ork1ng 

on this? We have competent peopl e in the City of 

Cbiccgo, but is the federa l government working on 

any kin<. tondords and pretoutions? Are they 

c oming out with any guidelineo or a nything? We 

know that there is reseurch. 

A I ca nnot sddress myself too much to this 

area. The , 1s another group who will address ther -

selves to l, J, I om intereGted in in-plant study, 
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the etudy of in-plont control3, but there ie an 

overlap area horo uhere knowl ejge rcloteo to 

both in-plont and cocimunity c.nd I wouJ.d not like 

t. c lreao 1J1yself too speciflcally to tha t. 

I know that they ore working in 

thio area, but I ccnno t be ape~itic on them, bu t 

they are interested end they have proj ects going, 

research pro jr und er way 1~ those areas. 

ALDE!Ui/\N SPERLil,1.. • Your experience and back­

~round ia in the fi eld or health a nd the dangers 

to health that ere ceuscd by the ingredients, 

ra ther than the technolO&Y end the ens i ncering 

hat c an control them, 1~ t hot correc t? 

~ Yeo, wlth thin exception. 

Row, I ooy my orea in epidemiology 

of occupationa l di :;ease ll ,1here we 11111 :;f;udy on 

in-plant problem, on whe t a re their prohlemo 

~elating to the cause of 111 effecto i n the plant. 

Uhat are the aganto? l!hat ore 

the safe level s of expo~ure? Then we de t e rmine 

uhot are good medical and env:ronocntcl prevailing 

techniqU"B to a chieve these 1e,-elG. 

Thoce arc what we try to occomplich, 
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sn on .. , ould encoQpaoa cnginecrinG, but I 

would have apccioliats work within this area. 

ATnER~IN WIOODA: What da you do afte~ you 

e data? .. 
What do you do with it? 

after y 

Frankly, I am very confused be c ause 

..,c t all of this data, what do you do 

with it t? pr otect the public? 

goea into s t andards . 

We relate thia to induatry, to 

unionn, t o anybody who needc this ty~e of inf or ­

-:sist in the epplicetion of it. 

uody ie bound by it, e r e they? 

I mean, you ce n soy 11Tl1is 1s it, 

this is GCrous, this has too much fih rous 

material in it ." 

A People o~e bound by the otondords. 

~ . ~e there 6tondards in ~ffc c t ? 

A For in - pl~nt, not community standards , 

I om talkin6 about in - plo~t standards. The t 1s 

my speci~l aree . 

Q , Woul d you e,:p!.nin that? 

en, RMAH BILAt•DIC: I wil l expl ain it to you. 
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ft.,., ALDERMAN WIOODA: I juot don't get it. 

ALDERM.I\N SPERLIUO : I think what the Doctor 

is onying, Poul, too, is thio: 

our history or our workmen's 

compensation, industrial accident prevention, 

pneumonoconioo1e, silicosis, all of these 

diseases which are end uere ind1g~nous to the 

m~nufacturer, the work of a raonuf3ctur~r and 

to the processea and this 1c a source and then 

they have the medical r e search end the results 

have come t~rough and the precautions ~hot are 

suggested, they are :ade recognizing that this 

1s s danger and it is a hazard and the precou~ions 

that have been ~ode have been translated by state 

laws into certain precoutions and to that extent 

that is uhat he is ~eying . 

Now, ~s far oo what Aldermen 

Wigoda is csklng, it is: 

D~es your particular present 

research on the subject matter ue are ciEcusslng , 

is that already translatable too federa l program 

that is in the works, in being for stondcrds and 

guidelines. 
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A I would be 3lod to ocnd you n copy of 

that. I don't havo i ~ hero. 

What do you do with your inf orma tion? 

.... Would ypu just tell uo a little 

bit more about the /let itself, whot it encompcsoes, 

without trying to be o lawyer? 

A Hell, the net encocpassee the establishment 

of sofe work places, safe and henlthf ul w~rk places. 

Q That would cover exactly the very subject 

mt er that the Chai~mon hao been ~iscuasing with 

you, too, would it not? 

A Yes. 

Q Vcriouo a r~os? 

A Yes , it relates to the i n-plont, to the 

~ ~ker and to the conrnunity . 

CHAI RM/IH DILAHDIC: Ye:., so that we cay save 

a lot of t1.r.1e, J\ldc:,:mon, uhat he is oiscussing t1nd 

·· ,noc his nrea of expertise ir. is cornething that 

occurs under a roof, ~ithin en encloourc in a fa c t ory. 

J\LDERl~N SPERL'Ll,\1 : I unciei:-otend \;ha t. 

CHAIRHAN B!Ll\llD:~c: Whe :tc people \IOrk as opposed 

·•. t. the other. 

/II.DERMAN S?!::RLING: Well, where I seein to disagree 
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l(t, .. CHAIRMAlf BIL/,UDIC: Le t me cor.!plete my statement, 

pleaac -- ao opposed to oo~c of the other problems 

which we are alao intercctod in, 

ALDERJ.1AN SP:C:RLit~G: Let me reopond, 

CHAIRMAN BILl,NDIC: That ic, expooure to the 

public and to tho peoplo who are out in the s t reet 

in general. 

ALDERMAN SPERLING: What I cm trying to resyond 

to, ao I uoderstond the Doctor's position ond what 

he is seying hie partlcula r expertise 1& in and Hhere 

he is ~rying to draw a line, but I don ' t follow thot 

line because it seemG to me that line trcnsfers 

quickly over to the co~unity, the people or members 

of the communi~y. 

CHAIRMAN B!LAHDIC: That is uhat we &re to fi nd 

out hore. 

/\LDEP.t'Jllf SP~RLIIiG: 'l'hct i:; u hat I think 

Alderman Wigode a"d I both are intereo ted in knowin&; 

1s how you have ~~ go about this ond you heve indicL~ed 

that in the new Act aomehow 

JI We 1nterrelote very closely. 

ALDERMAU SPERLING: Well, suy he eoea into the 

plant end he gets sick a nd then transfers a 



A Yoe, thot 10 true , but e~ I unders t a nd 

it, these wi l l t ro nater over to t~~ new Occupati ~nc: 

Satety and Hoalth sarety Act whon i t becomes 

Q Does that Act mandate that new standards 

be developed in thi s area or c~n it ~erely accept 

~xiet1nG etandQruo? 

A It ca n accept existing starderds, but i t 

1e in t he Deportment of cealt~ , Educati on 

an d w~1Ja •e to do c~ntinui~g atud~e s and research 

to keep them u pd~ ted , to s ee if the=e stan dnrdo ore 

"' r , ,.• ,r-, not or valid. 

~ .Are tho otanckrds con ta1,~ed in t he \ialc.1-

Healy Act, which presumably ~hey w1~1 be transferreu 

over under the n ~w ~c t, Die thco e stsnda r da relatl~g 

to asbestos i n you~ opinion , arc t~ey con ois tent ·,• ~h 

t he present t e chnology ~r prcs~nt ~n owledg c ~bouL ~he 

• ! " bl : ? 

In other words , a re they suffici ent, 

or should, in yo~r opinion, tho se :tcndords be 

in.proved ? 

P I ~m not able to give a c omplete answer 

t~ thid be cause we need more dota o~ s tudying pe~,: ~ 
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under condition6 of oxpoaure over long periods to 

get the final information. 

I do believe that the enforcement 

ot those etandords wo uld indicate at leas t to a 

very low level, extremely low l ~~el , the potential 

of diseases being existent . 

Q To what ext ent are the Walsh-Hea ly standards 

being enforced? 

A That 1s an area out of mv own area of 

responsibility. 

The Department of Leber would have 

to enswer tha t. 

Q Let me ask you just a conclusionnry 

question. In your opinion, ossume t he existing 

standerde are au:ff1c1ent to do t he job which you 

eaicl they a re, ·end asGuminc if they uere enforced, 

would we have a grea t probleo tod ay in in-plant 

exposure? 

A Well, I do not recall thnt I gave ossuronces 

that today's stoLdards were adequate. We are a l ways 

doing r esee.rch to find :mt 1:hethcr or not the standal•ds 

are adequate because or new knowlcdGe, new technical 

information on the relation of insult to biological 
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I don't -- -I \fCUldn't Ot'.Y the blggo&t 

d411B T bec-.uno you he.ve to qunU.fy t t in terms 

of' the nature or the a:<poaure. Cxceeeivc cxpo,1 ure 

to asbeotoa and over longP.r po~iode has proviued 

data ohowing the~ they hc._vo cxceoeive lung cancers. 

It has shown tha t but we have a l 3o 

11ubsequent datn showing that if we control the 

exposures the lung cancer drops remarlm.bly to s. 

very low level. 

Now , we arc searching for whet i s 

a ea.re level. 

AWETIMAN BIGOS : I eee. 

CRAIRNAH DILANDIC: Arc you fln13 h CcJ, Aldcrm:m? 

.I\LDE!Ul"M BIGOS: Ye$ . 

CJ-IAIRi-!JU,l BILAI:DIC: All rlcht . Th<'.nk you 

v~ry much, Do~tor. 

The ne::t ~iitnes~ Hi 11 be \'lill1am 

BourJ:r! of Zonnlite Coa3t;ructia., P! ortucts Diviu iol:'l 

of w. n. Grace & Co. 

Do yo11 h.:.ve e. p:..•t>pur~d s t a tement? 

r.m. BOURKE: No, it is juot notes. I Just 

put it togethc::·. 

CHAIRl'llAU BII,ANDIC: All rif;ht . You c..n cor:ie 
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CHAIRMAN BILl\fIDIC: The l!oeting '4111 corae 

to ordor, please. 

Tho next witnono will be Dr. Qcorge w. 

Wr1g1't. 

GEORGE W, WRIOJIT, 

called as n witness herein, teotifiecl e.s rollowo: 

CHAilUV1ll BILArlDIC: Dr. Wright, will you 

tell us vhere you arc from? 

A I nm from Sh a lter JJcle;hta, but it 10 

actually Clcvo land, Ohio. Shlll~er Heigi1t!I just 
'-

happens to be the community I live tn. 

Q J\re you nffi lic.tcd uith any pnrticu:ta. r 

hoep1tnl or 1n::ititutio11s of h~(;her :cnrtaing? 

A Yes, I c m the heed of the o ~pe.rtment 

of Medical Reoca 1·ch o. t St. Lulte'o Hoa pita.l 

1·,hich io one or the tcccninc; he!; pi tnlo or Wea tc:rn 

Rescr'le Univeroity School or ncd!.cine. 

I hiwc a fncnlt;r ap9oint:nent of 

Associate Clinltnl rrofeosor of Nedicine . 

Q Will you tell uo :, c~1eth:!.11g uh out you1· 

traininr;, t-dul"ation and bnckr;rolUld as it woulei 

apply pc.1.•ticule'!'ly to l;he fielcl of 11obestos und 

ito control? 
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.. A I graduated in .1932 rrom Indiana. 

School or Medicine . I had n two-year internship 

at Barnee Hospital 1n St. Louis 1n medicine, 

then went to Bellevue in How Yorlt City no a 

resident in medicine. 

At new Haven Hos pi ta.l I was as 

a resident 1n radiology ancl back to New Yorlc 

City at Bellevue a.o resident in diseases of 

the cheot. 

I then went t;.o yearn at Western 

neserve un1veraity in the Dcpe.rtraent or Phyoiology, 

that is, I spent t wo years. 

From there I ,-ient to Sa1·an ac Lake, 

New Yol"lt to who.t was then called the Saran.-,.c 

!.a.boratory; subsequently the Trudeau Labor.!.t ory 

where I wao ass cciated with Dr. Gardner for 14 

years, the la.et four of Hhich ,1e:rc subsequent 

to his death. And this l aborc to:ry l'las clcvotecl 

almost oolcly to the study of :ih.:>.t one would 

categorize o.s the "rr.•·~monoconios io " 0 1· the 

dust dise~sea o f the lung. 

At tha t pla ce we utilized a ll 

of the techniques that one normally 14ould us-; 
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tor studying tho pnoumonoconiooea including 

pathology, olinioal animal expoT1rnento.tion, 

radiolosy and so on. 

While there I hed the opportunity 

to otudy a large number or men exposed to 

aobeetoo in t ho mining .ind milling process 

1n the Canadian lllines and mills and also to 

a eomawhat leaser extent, individuals in the 

textile industry. 

I left there in 1953, went to 

my current place and although my me.jor interest 

in the ensuing years waa the disease known os 

emphysema, I still retained an actlvo interest 

in pneumonoconioaio. 

In 1965, at the same time t·,at 

your 01.n Commiooione:r of Hee.1th was 1>econ:.i.;1z ~ 

very strong ricure in the study or asbestos 

thro~h his public henlth service activities, 

I was as lted l'lhather or not I ,1ould become the 

cha lrmau of a cor.1mittce thct uao orzllllized in 

the following way, and I agreed to do oo. 

The question -- the Quebec Asbestos 

I-tining J\ssociat1on, \/ho arc the n:ajor producers of 
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the Free World'o supply of osbestoe, realized 

thot there was a need to do more thon had been 

done in the post in the matter or studying workers 

exposed to asbestos. 

They orgonizod the Institute 

of occupational and Environmental Health bas~d in 

Hontreal, end they eskecl me if I w:nud serve as 

the Chairman of their Scientific Committee; that 

taek being to review and pass upon applications 

for research end where our CoC11I1ittee felt was 

important, to try to encourage research, w~ were 

charged to do so . 

This Committee has been very active 

and we have been able to encourage & nu~ber of 

investi~ators, both in Canad& 3nd in Europe and 

in the United Stetes to further study the general 

problems of the bioloGical ~ffects of a~bestos. 

Q Is thi5 col!lmittee principallY .,~tive in 

c a.noels? 

A This co~~ittee is based in Canedo, but 

1L io United States or bmcrica people; Dr. P3Ul 

Kotin is a member of the committee. ne just left 

the National Institute of tnvironuentol Scienceo, 

417 



Dr. Marvin A. Cuohr.an ie the new 

Chairman ot the Deportment of Pathology ot the 

Stonybrook University School ot Hedicine, I t hink 

it 1e called , of New York State . 
. 

Dr. John Batey, from Cambridge, 

England. 

Dr. Brown, who was until just 

recently ~1th u.s. Steel as one of their medical 

directoro. 

Dr . Vernon Oregwer of Canada , wnose 

major r eason for being :rn the com::~it tee was that --

I don't know the exac t title, but he serves as the 

Medical Chairmen or Chairman of the ?-!edical Coinmittee 

for Workmen's Compensation in t he Provi nce of Quebec. 

Q Is Irving Sel iltoff co~nected with your 

committee? 

A No, sir, he is not on tr.e collll.iittee. 

Q I s there any :;pecific reason why he 

wouldn't be? 

A No specia l reason. 

Q He hns probably other rgaa ons thet he 

is involved i n other thin&s? 

A He is involved in o Great ma ny other Lhinss , 
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Thero 18 no reason otner then tho t our commi ttee 

~88 a group of people who hod more or less been 

os8oc1ated in the past with the exception of 

perhaps Paul Kotin ond we have corried on our 

work. 

~ Are you a member of any professio nal 

societies which have o membership consisting of 

people who are admitted to these organizations 

because of professional achievements os di s tinguishe6 

from dues-poyinB membersh~ps? 

A If you are asking OI!I I a me1rber of 

honorary societies? 

Q Yes. 

A No. 

Q Are you a fel low of any one o~ t hese 

socie ties? 

A All the s ci entific socletiee thot ! 

belong to are due~-paying societies , bat you d? 

have to apply ond be po3s~d upon, entl i •m D 

member -Jf o number of whet I 1::lUld c:!ll peer 

groups . 

Q Have you written eny books or had any 

articles publi fihed on the subj ect of asbestos 
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control as Ke would refer to it ae the problem here? 

A The engineering side of control. 

Q No, the health or the ene1neer1nB aide 

ot 1t. 

A I have not had -- I have not urittcn 

anything on the eng1neer1nG oide. 

I wrote, iu 1969, a review of the 

biologicnl effects of aa~estos and I have been 

privy to, alchough perhaps not a direct contributor, 

to the studies of particular) y Dr . Corbi:tt 11cDone.ld 

in Uontreal. 

Q Is this the article that you published 

then, "Asbestos.and Health" in 1969? 

A That is correct. 

Q And thin was publiGhed in the "American 

Review of Respi~atory Diseases "? 

A Correct. 

Q Would you soy th~t this iG e reasonably 

current anol yzis of the pr~bl era? 

A Up to 1969, it is. 

There ore sorac additiona l things 

at the preoent time. 

Q All right. 
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A That ueren 't published the n. 

Q There has been some evidence ~d~1tted at 

our lost hearing ebout certain Gubstitute products 

or products which we consider as subotitutee for 
-

asbes t os and one of them has been fiberglass. 

/I Yoe. 

Q Have you written or published any articleo 

r eletive to fiberglaGs and its health aspects? 

A Yes, I examined ell of the wor~ers of the 

Newark, Ohio fibergl ass plant of owcno c=rn1ng, 

utilizing their X-rays ?nly. I did not examine 

the men. 

~nd thin is, I think, the second 

aldest commercicl fiberglasc producer co thct we 

had e group of men some of whoa began es far back 

as 1938. 
I looked et those films with o 

suitable set of controls and f~und no t hing in 

those employees' f:il ui; tha t would suaGest t-::> me 

any unu sual diseases that miGht be relnted to 

any employment. 

Q I have here an article, "Airborne Fibrous 

01066 Particles," uritten in the ";\rc~ves of 
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Bnv1ronmentel Health," V:ilumo 16, February, 1968, 

by GeorGe W. Wright, M.D., Cleveland. 

Is thet your publicotior.? 

A Yes. 

Q And does this suroMorize ~he t y:iu have 

just identified f:>r us, y:iur study :i! the X-reys? 

/I It d::>eo. 

Q And you didn't find any adverse health 

effects frnm fibers? 

A Well --

Q Let me finish, please. 

Y:iu didn ' t find any &dveroe heoltn 

effects from fiberglass particles in the ambient 

air on the ~ena~al public or on workmen inv:ilved 

with 4..t? 

A -ur. Alderman, I didn't exa:nine the gen~r.:.l 

public, but the ~·1:>rkers I did exa1!\ine and I found 

nothing unusuel in them. 

Q !111 right. 

In the study that you had made on 

this fiberglass, how lonG have thes e workers beec 

exposed to fiberglo~s? 

A The longest iiOUlcl have been from 1936 .. , 
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31 ~-~ time or the article. 

Q Tbat W:>Uld be 1968? 

A Yes; approximately 30 yenrs . 

Q. Thirty years? 

A Yes. 

Q. Now, we had evidence at our prior hearings 

tbat expoLure to asbest:>G would require about a 20 

t o a 30- year exposure bcf~re any disastrous 111 

effects ere detected. 

I believe that the evidence indicated 

that in certain control groups, they had seen that a 

-~n had either been working with osb~5tos for a long 

period of time and Lhe detection of somethi~g wron3 

usually came about 20 yeurs later. 

The sa~e c ~r t :,f situations came about 

with some studies relative to the neobers of the 

families of s~me of these work.:.rs who had been 

handling either the clothinz or the cluldren who 

had played in some asbestoo piles or in the 

community uhere there \•:ere asbestos piles outside . 

Also, it too~ about a 20-year period 

before some serious heclth effect ca~e about. 

Uould you say tha snme thing would 
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gonoroll✓ be tru~ ot produc t s thot are subst!tuteu 

tor asbestos to some degree thot uoe a l ighter tor~ 

ot asbestos? 

A Well, in seneral, it would be c orrect to 

Bay that you oughtn't to gtve s clecn bil~ of 

health to a material until you hove l e t 25 to 30 

years lapse in the woy i n uh1ch one is exposed. 

I think that Lhe kind of reectio~ 

that we call asbestosin, which is the scarri~g in 

the lunge, does occur bef ore 20 years have gone oy. 

If the exposures have beer. heavy 

enough, you r ind evidences of cha n~e within t en 

years. 

Now, the concer r eletion~tip seems 

to be a long 1apse of t i~e and mesothelia~a takes 

s ti) 1 longer. 

Hou, the Q.uestion, as you put it 

to me , included a number of elements s o tha t I am 

not sure I am ansuering what you ere getting at , 

but in general, it '1ould be correct to s~ y that 

strictly speaking on on opera t ional point of view. 

we like to have a t leest a period of 20 to 25 years 

go by before we say that it is unlikely tha t enyth~ ~ 

424 



will ahow up in a n eY.por.ed population. 

Q Now, as I understand it, it vaG approximate!~ 

193~ when thie mattP.r firot wee called t o the 

public' • attention and that was s ome study regardi~g 

an individual down in Sou th Carolina Hho had been 

worlung with asbestos for appro;-:ima tely o 20-year 

period of time, and I believe that his condition 

was diagnosed oa mesothelioma a nd I think particularly 

in view of the fact that they attached significance 

to this pArticulor study , becouoe if you g o back 

20 or 30 years fr om 1935, we dicn't have a gree t 

amount of cigarette smoking during thct dur~.ng 

those periods as we hove hod during the subsequent 

20 and 30-year period. 

Would you sey that this would 

probably be about the beginning or this problem's 

getting public attention, around 1935? 

A There are sP.veral manifestati ons of the 

effect of esb~stos. 

The lung acarring tl'.9.t ::>ccurs , which 

we call asbestosis, came t~ sufficient a ttention so 

that a fair amount wes known about it by 1930 t~ 

1935 and in 1935, it isJrue th~t Dr. Lynch rep or~ed 
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onchogenic cancer in textiles, in 

men who worked ao toxtile workers. 

T11ia was then --

ij would be aabe3tos textile? 

A A■bootoe textile. These were bronchogenic 

cancero. I think you miespc~e yourself when you 

eaid ~eeotholiomo. 

~ ~L iOD not meeothel1oma? 

A Ho~ in 1935. It was bronchogenic cancers. 

That did not direct any great attention 

to an~ ~~,ulotion because you have to recall in 1935 

was ~,~tt ~ ~ · ~terePt in lung cancer as a whole was 

just begi ,,ning. 

It ic rather interesting that in 1932 

when I was an intern ot Barnes Hospitnl, I wos the 

intern on the rirst lung cancer ever removed. 

Dr. Gilmore, on obstet~ici an froc 

Pittobur;.,,1 \lhO survived many yccri:; a f ter that, was 

the patient. 

So that it wnc a new subject end not 

much attention was paid to it until ebout 1948 when 

Dr. '!ierj 1ether r eported quite strong evidence of' nn 

uar oc ial or. bet\leen bronch-JGenic cancer and 1-Jng-tertt 
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GXp01ure to a1beato • ln the Dritioh tuxtile workers. 

So I \IOUld toke t he til!le of' lung 

cancer 01 bei ng approximately 1948 to 1950, es 

having been the time when our attention was directed 

t~ it enough so that en extensive study wee made in 

the minee and mills ot Quebec to see whether that 

relationship held and it woe not round in the mineo 

and mills. 

Thie study hos been r epeated, os you 

know, publis hed in Harch of this year in "cancer" -:>n 

the same population, o much l:mger period of' time no\/ 

indicating that in the moat heavily exposed, there is 

a relationship to excess cancer, but in the moderate 

and mild, no relationship. 

The mesotnelioma came t o ~ur cttention 

in 1959 when Uogncr r eported at the Johannesburg 

Conference an excess of raesothelioma i nc geographic 

area in nort lmest Cope of South 11ri·ic,. wt!ich he 

associated with the mi n ing on1 milling of "pcrsitolit&'' 

in that orer. 

Those are roughly the detes tha t I 

think one uould hang their hets on. 

So the signi~icant point 1~ tha t we have 
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variou• •t~1eo ~rill being, the least form of 

which would be aobeeLonia? 

A Tho leoat torm would be p.hlrnl plocques. 

Q Good, that 1a o new one . Hhot is that? 

A Those ore l1ttl~ areaa of thickening on 

the inaide covering ot the chect wall and they can 

be aean in the X-rays. s~metimcs they becooe 

calc1f1ed and they aro rather easily soen. 

Q What 111 effects has that upon the person? 

A No ill effects unleos there ore very ~assive 

if they are extremely oonsitivc, then they con licit 

the movement or the thoracic bellows, but this is a 

very unusual extent. 

They are common in certein localittes 

and seriously, thet are common in individuals who 

havo no other ccni£eatation of asbestosis and by 

and large, when that men does hcve the scarring in 

the lung, he doesn't have the p'.'P,'.irel plocques, so 

the placques have not called much ottenti=n to the~­

selves, but thct i s a fourth m~nifestation. 

Q /Ill right, 

Now, this would cause a shortening 

of breath? 
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tor them to s i t and r es L and r esume their journey 

upward." 

D~ you agree that asbea t~sis could 

get that bad~ 

A Oh, yes, aabestoYiG can be a fatal disease . 

Q Now, the next stage, then, ot harm, going 

up from ~abeotosio, would it be lung cancer? 

A I am o littl e unhappy uith the words 

"next stage, " because ~hey don't lead one Lo the 

other. 

Q I om epenking as a layman, end I om tryin6 

tog~ int~ degrees of harm. 

A Yes, and I think if I can parcphrase what 

you say a little; you cen have soce degree ot 

oebestosie and live o n~rmal l eng th of life. It 

may not interfere et all with anythin~ you went to 

d~ nnd the l ongevity wo~ld be exactly that ea if 

you didn't hove it, ,;hereos 1r you develop e broncho­

genic cancer ~ this io virtually universally a f etal 

universally f&tol. With respect to bronchogenic 

cancer, the t~eetment is kind ~fen ineffective kine 

of thing. 

The people thet develop the bronchoBe, -Cl 
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cancer, the excesa having arisen out of a ce rtain 

expooure or certain exposures to &ebestos that would 

be a more aevere event thon simply get ting osbeatos1s 

but oabeatoeis itself ceo oleo be fetal, 

now, speakin& &gain oe a leyman and you 

can make whatever adjustment in your er.ewer you wish, 

recognizing the fact that the question 1e cJo1og 

from one not trained in medicine, it would oeem that 

the worot thing tha t could hcppen to one that would 

have a causa l connection 111th a sbestoq would be 

111eeothal1oma 11hich is o much m::ire rare form of tumor. 

A It iG o much more rare foro of tum~r but it 

1s no more fatal than bronch::igen1c cancer is, 

There i s o remote possibility of curin8 

a bronchogeni~ ccncer, by removing it, The threat 

for a mesothelioMc i s except1::inolly nil, 

Q So that in thot r egsru, it would be 

obviously worse? 

A Yes, 

Q So bnnically then, ,:e hl\ve covered the 

conditions of ill beinl that might befall e bumen 

ns e result of exposure ~o asbest~&? 

A Yes. 
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4Hl6 Q now, the other 1 nte r er ting fact that 

had come out during our prior hearing, is that 

the diagnoses which hove been mode ond the studies 

thnt have been me.de ~aually found that B1tuotions 

where luns cancer developed or where meaothelioma 

was the diognoa1s, that there had oleo been a 

connection with cigarette smoking. 

A You are correct with bronchogenic cancer. 

Now, 80 far ps I know in the reports, 

in the literature, there ~as never been a bronchogenic 

cancer occurring in a men ,.,ho w::>rks uith osbestos, 

wh::> hasn't oleo been a cigarette smoker. 

Mesotheliome , it oppccrs to have no 

relet1onehip to smoking. 

Q I see. 

Ins::>fer as the cigarette scok1ng i s 

concerned , the statistics of the control groups thct 

had been Gtudied, es for co the patient suffering 

froD n form of cancer ~s concern~d, the statistics 

indicate that the incidence of cancer wao so much 

greater thon it would have been in the general public, 

80 that they did definitely make a causal connection 

to asbestos ? 
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Yeo. 

You have, t1rst ot all , on excess 

trom smoking and then 1t you oseoclate it with 

subetont1ol exposure to asbeotos, there is on 

added increment ot excess, 

Q Yes. 

So that those oituations could not 

have been ruled out as improper or 1n,orrect because 

the man had been emokinr,, al~o? 

A Oh, no, no. I didn ' t meen to imply that. 

Q I didn't sugges t that you did, I just 

wanted to clarity tho point. 

A Yee, Uha t this lco d3 us t o is what we 

call "carcir.oscmesi s ," and the whole thrust is that 

with cancer there is very few single agents that 

will p~oduce it, It is usually two or ~ore, 

Q E, c arter Hammond, Vice President of 

the American Cancer Society, there is a statement 

attributed to him, end it indicates tbe t asbestos 

could be e greate r problem then sno~1ng i ns ofar as 

co.ncer is concerned. 

Would you aGrce or disagree ~1th 

tha t otatement? 



A I d11esree str::mgly u1th it, end that 

1tato~ent 1a a misquoted inci~ent. You ore quoting 

it corroctly, but the writer misquoted it. 

Q Well, I am quoting. 

A The writer misquoted E. Corter a emmond. 

Q Let me ask you about it as long os ve 

are talking obout this namo writer end this same 

writer thon talks about yourself and Dr. Selikoff. 

llo says in here, "or. E:el1koi"f is 

called on alarmist by George Wr 4 ght , M.D., a 

pulmonary cpecialist, pulmonary diocace specialist 

in st. Luke' s Hoopitol in Cleveland." 

Did ttey quote you correctly? 

A They did. 

(Laughter.) 

Precisely. 

Q Would you tell why Dr. Seli~off i~ en 

alarmist? 

A Well, I think Dr. Selikoff gets carried 

beyond the ressonnblc extrepolu tion of the information 

that he heo. 

For example, I hcvc heard him sey 

that one fiber in the lung i~ all it needs to leed 



to the developoent o! o ~oligna ncy . 

Well, now, if you pushed him and 

said, "Do you rl!ally mean thot ?" he would, I am 

sure, egreo to thot because if s o, then we are 

all BOing to get a mal1Gnancy becouse t here are 

some aobestos fibers in 100 percent of the adult 

populct1on . 

Q You Rnd Dr. Selikoft agree on that poi nt 

becauoe he did testify that every person t hat was 

in the room th.at da y end every pers on in the City 

ot Chicago has some asbestos in their lungs. 

A Surely. 

Q H~ did not testify here , howe ver, that 

une fiber would cause a melignrncy ? 

A I didn't know whether he did or not, but 

I hove heard him say that. 

Q On that point, you h~ve a di~aGreenent, 

and for that reeoon, and on th~t point, you would 

say he is an elormist? 

A Thet is one of the reasons . 

Q In what oth3r way is he a n e!armist? 

A For example, he has said on n number of 

occaeions thet ~e cen anticipate in the public en 
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ep1dom1c or 1,osothel1omoa. 

Q He didn't t eot1ry to tha t here. 

A I am glad he didn ' i, but I have heard him 

say that in my hearing and I just don ' t think there 

18 any ovidence to support that ot all, 

In the public 1n general, there isn't 

evon going to be a n epidemic of mesotheliomss in 

the population, to say nothin6 of the public exposure. 

Q Did you ever hear of Dr, J, G, Thompson? 

A From Ca petown, 1s that South Africa? 

Q Yes, the Univcr~lty of Cape Town. 

A I know him well, 

Q Uell, it says in t hct very same article 

"Dr, Thompson is on alarmist as well as Dr , Sclikoff 

a.ccord1nB to Dr, Wricht." 

A Tha t is rigrt, over the sane suhject . 

Thorap&on e.lso, I kn:,w hi m very well, 

I have visi t ed with hi@, Thompson believes t he.t 

we a re going to have an epideaic of mccothelioces 

in the genoral public b~cevse they have been able 

to find asbestos bodies in large bouiet of people , 

in their lungs . 

Q \Jill you tell us some of the studies that 

436 



Dr. Thompson did at Cape Town, South Lfrice ? 

A Dr, Thompson is the Chairman, professor 

ot pathology at the medical echool t~~re ond the 

study tor wtuch he is most wiclely known hast~ do 

with baving examined the lur.go of the general popu­

lation that came to autopsy in Cape Town and if I 

recall the num~crs correctly, npproxi~ately 28 percen ~ 

of the adults who came to autopsy were found to have 

what he celled "asbestos bodico, 1
' \ltuch most of us 

today call "ferruginous f ibers," since they ore 

simply fibers that have a ~etal composition on the.lr 

surface, some of which are obviously asbestos. 

There was a very import~nt piece of 

work ond led to a great m~ny more EtudieG which ore 

still in process to give ue c better understanding 

of the public's exposure to etlbestos fibers, but 

whera Dr. Thompson ond I parted ~sys, &ntl which 

led this interviewer to say that I thought he was 

an alarmist, was that Dr. S21.ikof'f, or rather, 

Dr. Thompson has seid repe:ai;cdly in \:ritinG es 

well as orally that we are eoing to have a tremen6o~s 

epidemic of' mesothclior1es ond this I til.:l.nk is very 

al.ar::u.ni; to say to people unless you cen back it un. 
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and there isn't anything t o au,port this contention 

at all. 

Q Well, woe it Dr . Thomps:>n thet performed 

3,000 eutopaies in Cape Town and I believe es e 

result of hie study, according to ,;hot Dr. Eelikoff 

told us here, thot 50 percent of them had asbestos 

bodies which were visible under on ordinary 

microscope. 

A I don't thin~ it was qui t e that h~gh. 

I m~y be in error on my number, but 

I had recalled it was on the order of 2a per~ent. 

I don't think he found even 50 per cen~ 

when he did it in Miami. He repeated Lhe study in 

r.tiemi. 

nn. BROWN: Mlm:ii , : .:i.s 20 percent. 

CHJ\IRM./\N BIL!\l':D'.l:C: Now, 1·1az it Dr. Th:>:tps on 

or the Gtudies in Cape '.i':-•.m th::::- celled ottenti'm 

to the fact tha t oabest~s doez h cve o detrioental 

effect on pe:,ple other then th :: ! ;:ho wor l: dire c ,: :,-

with asbestos? 

A No, he did n~t suy it had a detri~entel 

effect. He aoid that the public hed been exposed 

to asbcctos end heret:>f~re it had beEn our view t~&~ 
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aebeato• ~ ~ . 1e occurred only in an occupational 

way and tll' ~3portance to me of Dr. Thompson's 

study~ ana. whink he would oay the same thing, 

waa l.o 1r ~t~ that the public at lsrge did heve 

an exposure to asbestos. , 
Now~ that has led us and others to 

go on ~u L~y to take e look at the noture of that 

exposure ~~ ,, was an importnnt piece of work. 

Q . lJ. right . 

A .But he did not sey it ~as e detrimental 

exposu'"n 'llld if I can just say again, ttu.s wnc 

sort 0.1. \ 'i•,.. I. 1 c d to our parting of the ways on 

this subj• .... t. 

Wo are very friendly socially because 

be then extrapolated and soid that we are going to 

have an ep~demic in necotheliomos . 

I don't beli~ve that wh~t he knew 

would et !J suppor~ that, &nd all I ccn say is 

tho t aa of the ycers ha•,ing gone by, end we now 

hov~ a n1m bcr of years since he mode t he statel!lent 

therein, and there has been no increa~e in the 

number o ' e::o theliomas reported in South At'ri ca. 

~ • T hink thut there weo some evidence given 
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last time that • pproxim~tely 800,000 tons of 

asbestos arc used in the Uni ted St3tc ~ annually. 

That is about a tourth of the world's production; 

a substantial portion or that is used here in the 

City of Chicago? 

A Yes. 

Q And that asbestos !so comparatively new 

materia l which really was first started to be used 

in a big way in thP. conatructi:m of h1Gh-rise 

buildings in about 1958. 

So, we now have a greater expo~ure 

ot tho public around construction s!tec porticularl~ 

in major metropolitan srcns ond what we would be 

looking forward to end what ctudiec like Dr. 

Thompson had performed, Dr. Selikoff, yourself 

and some othern, to now proj ect a little thought 

to public oorlies such es ourG t:, look into questi:::r. s 

such os this be caui;e ,·:hat we must loo!t forward to i s 

what will be the condition of the environment end 

the condition or the health of the citizens of thi : 

community 20 or 30 years down the line , because e s 

we know, people are uot civing up smoking cigarettE& 

r.s quiclcly o r. a lol; of mcdicol nuthoritieG would r e··~ 
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liked to have seen uo quit, and at the same time, 

we have th1e groat expooure to the asbestoo 

particulate in the ambient air in urban centers 

and the combination of the t wo are working together 

to prea~nt a hbalth hazard. 

now, it io ~ur obligation here to 

try to ascertain the nature and extent or that 

hazard and tre are tiecking help from you and Advice 

~rom people like yourself. 

A Sure. 

Q As to whot if anything we might anticipa te 

say 30 years d::)\m the line, and uhat i i' anyt .1ng we 

can do now to rotect people who have had these 

exposures since 1958 Pnd thoGe who will heve them 

from this day forward? 
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A I think you arc obeolutely prudent in 

asking these qudetione. I think that tney should 

be a Dated. 

Would you like tor mo to expound? 

It eo, I wtll tell you whot my thoughts ore. 

Q Yee. 

A I will tell you what my thoughta are 

about that matter. 

Q Yes, please do. 

A Let me aay at the outset that although 

the tonnage is high in total asbestos ueed in the 

United St ates of America, it is only a small fraction 

of that thot at the preGent momen~ at l east is used 

in insulation work. 

The vast bulk of it is not used it, 

that way at all. Nevertheleso, it 1G being uoed 

~nd there 1s the potential for it to be used More 

an~ I think thot 19 ~hat you are co~cernin~ yourself 

about. 

Q Yes. 

A Well, then if I moy have about five 

minutes? 

Q Sure. 
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A 

Q 

I will express ~Y viewo about thnt. 

Certainly. 

A I think it is important to understand 

that rouahly you would think of three categories 

ot or ,iaya in which people csn be exposed to 

asbestos. 

You have first or ell the a~neral 

public who is exposed to asbestos fibers and we 

know that t~ey ore exposed becauoe even the few 

autopsies done on young people, we find fibers 

in their lungs. 

Now, some of this comes simply 

from talcum powder which does co~ta in -- most 

vari~t1es contain some asbestos, and of c~urse , 

contains talc fibers. 

Q Incidentally, there is more t ole used 

in the United States of Americe than asbestos 

and no one suggested that we nbolish it. 

A Not at all. 

Q And you aren't either. 

A No, and I am not suasea ting that you 

abolish asbestos either . 

ALDERM.'\N FIFI!:.LSl<I: Which is worse, tole or 
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the baby roah? 

(Laughter.) 

A But there is, in addition to the 

increments ot oabestoQ that are cast into the 

air by industry~ t here 10 e natural backgr ound 

already in the a1r rrom the weathering of rock 

and soil, 

Serpentine rock i s a parent rock, 

and it contains asbestos fibers as one of the 

colllJllonest of all of its consti t uent s , tha t is of 

the surface of the Unite d Stotes of America , and 

it is e specially strong ol~ng the Eaotern Seaboard. 

Now, in the proces3 of weathering, 

in the proce3B of tilling the soil and in the 

process of digi;ing f:., undEtt ions, we have t his 

natural background so that no matter what you might 

want to do, you uill never abolish all 3abestos 

fibe r s or for t hot matter, t9lc fibers in the air 

of the gener a l publi:, 

Now, the deliberate us es of asbestos 

undoubt edly present the potential f or augmenting 

this a mount of esb23tos in the eir and so the public 

does have en exposure, 



The eec~nJ k1nd ~f exposure that 

occurs which in on order of magnitude greater than 

tho public, ould b~ 11het !%11~ht be ~a lled pere 

meaning surrounding or oround the occupations. 

These would be people who hod lived 

in the immediate neighborhood, let us say, of an 

industry wh• re in the pest -- I hope not today -­

but in the past, the cleon1ng up ot the in-plant 

air led t o the castinB out ot esbestos fibers into 

the air froo a stack th&t you have end thus you 

have an asbeutos emission. 

Now, under these circuostances, 

people living in the neighborhood, eGpeciollY 

dounwind, haVd on appreci~ble exposure. 

Pora - occupationel would be,in the 

settinB that w~ ore talking about here today, 

would be the men who would work on the same building 

where the spraying of er.bestos products might be 

goin~ on. 

These are individuals not clearly 

identified as being associated uith work involving 

asbestoo, but being i n the neighborhood. 

Hobbyists come in this category. 
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There are people who have certnin hobbies that 

mi.ght involve the uoo of oobestos products. So 

that 1a a aecond group. 

On top ot that, now, is the third 

group, which ore those that we can readily identify 

as being occupationelly exposed. 

The numbers we know a li ttle bit 

about in terms of the kind of exposur e. Mos tly 

we know about occupa ti~nal exposure because we 

have been at it many, mony years , and just to us e 

some general numbers, ~xposu~es as shown by Lr. 

Br::-,-m I s departmen 1:hen he was with the Public 

Health Service and Dr. Crolley, who 1s in the 

room todoy -~ 

Q He ~cstified this morning . 

A can check en this, 

In the occupational expoaureo that 

they looked at, they found fiber counts and I 

presume he talked ebaut that a litt l e bit because 

that is the way you categori ze exposures -- fiber 

counts that might run in the neighborhood of 15 to 

25 and even 30 fibers per cc in the place where the 

man works, 
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We havo reoson to believe that 

they war e higher than thot in the past and we 

have reaoon to beliova that ther~ iG some places 

where they are l ~wer. 

ALDSRMAH PIFIELS!Ct: Is that in the air that 

you are talking ~bout? 

A That is the number in the air, the number 

ot asbestos fibers per cubic centimeter of o certain 

size. 

They must be longer than five microns 

and I don't think they count anything over 50 microns 

in length. 

We know o lot about that kind of 

exposure and I uill come back t~ it in a moment, 

to what it does to peopl e , becouoe es I zay, we 

have spent our lives since - - I don't say I did, 

but others a nd myself since 1949 looking at that. 

On the street, if you just so get 

in a car and drive around and sample city eir, there 

have been o tew countz oode, end I regret to say 

that th r& has not been o systematic publica tion 

ot ttus information. 

However, 1 om privy to sone of it 
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and theao tiber counts are a fraction of one fiber 

per cc. 

These are the l ight-cized fibers. 

In some or the p3ra-occupat1onal 

expoeures, it might be somewhat higher end . this 

would be dependent ent trely on the nature of the 

expoauro but it might have the order ot magnitude 

of three or four fibers per cc. 

So you 0 0 0 that the public, as we 

have looked at it so far, eo we have looke d at it, 

hao an order of magnitude that is o minor fraction 

of what hae occurred during the life of the 

occupationa l worker. 

The paro-occuputionol, close to the 

public exposure, it is close to the public exposure, 

but n little bigher , 

I might just as \lell stop her .. to 

say that rec en t l y there has been di Gcuseion of fibers 

that can only be ocen with the electron microscope. 

Those ere called E . N. oizcd fibers. 

How, here in the number , in the pare, 

it is l arger on the ordPr of 30 or 40 fibers per cc, 

but when you go to the occupationa l exposures, even 
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today, and look at the E.M. sized fibers, they ere 

ot the order of nnything from 100 to a thousand per 

cc -- again very much higher. 

Now, I present this background in 

terms of numbers. I don't want to mielead you. 

~heae are not published in the literature as yet. 

I am privy to them. I hope that they will be 

published in a eystemeti c way. 

I a ssume that your people have some 

numbers like that that would be availabl e, Dr, Crall ey, 

it nnyone wanted to get them. 

J\LDERJ.11\N FIFIELSKI: Can I interrupt a moment 

here and ask when does it rcnch the danger atage? 

now. 

JI Well, thin is what I om going to come to 

ALDERB/IU FIFIELSKI: .All right. 

CHAIRM/,N BIL/INDIC: Pr:;icecd, 

.A Because we have some frerae of reference 

since then. 

Now, where have we seen abnormalities 

occur? Well, the best place to look for them have 

been in occupational exp~sures. 

All I can tell you ab:;iut that is that 
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there is a sufficient body of evidence, 1n my 

opinion, to give you every good or soce very 

good -- every good fix on where you stand. 

For example , in Turner Brothers 

Plnnt in Manchester, and it is almost an isolated 

experience berause no one else has this kind of 

information. 

It has been possible to look at 

people exposed only since 1933 ond the reeson that 

ia is their employment dates from the beginning of 

1933 and coming up to the presen t tice, ond the 

interesting thins about that is that in Britain 

in 1933, without knowini; what kind of' count to 

use o~ anything of thut sort, the government 

indicated that the mills ~ould hove t~ be cleened 

up and Turner Brothere in Manchester t~ok this 

seriously and beGan to clean it up. 

So they have some inforoati~n going 

back over thnt period of time and th~y have been 

able to demonstra te to their nat1sractior, and I 

think to anyone who wishes to look et their 

information, that they have a population of people 

employed since 1933 in \<t-.ich no asbes';osis has 
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developed, no acnrrins, 

In thot some population up to the 

present time, there hes been no exc es s of lung 

cancer and no excess of mesotheliomas. 

Th~ir fiber counts nave ranged 

nrour,d 10 to 12 to 14 per cc. 

They are now down to, for the most 

part, below 8, and they, or course, anticipate 

getting somewhorr between 2 and 5, 

The point here is that this is one 

populntion that hos been under observetion by a 

group of very competent pe~plc, ln which we have 

some numbers, and in which \-IC have evidence of 

freedom troc dcvcJopuent of scors 2nd broncho­

genic cancer end mesotheliomo. 

In that plont, even today, under 

their best circumstances, you w11~ find fiber 

counts running around 5 to 8 fibe r s per cc. 

Now, I sublil.it this is for higher 

than anybody in the public sreas has, cc lee~t 

to the present title been expored to, becaus e in 

the public air, i t is a f~action of one in contrast 

to between 5 and 8. 
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I don '!: .:· ,u of ony place else 

where we hnve this kind of number experience to 

aeeoc1ate w1th life experience, but we do have 

some other information bearing on the subject. 

We have, for example , e publication 

by Dr. Newhouse, examining the population from another 

textile plant 1n Great Brltsin, \There absolute nu~bers 

are not available, but where she was able t~ categori =c 

the workers in terms ~flight, moderate ond heavy 

exposure. 

She was able to eho~-1, over a long 

period of t1me, with her study, no exinting lung 

cancer, no excess lung cancer, no excess mesothelio~a 

in the light to moderate exposures , but defini tely 

an excess of lung cancer in the heavily exposed . 

So I can't give rou the nuaber as 

to what is light ond moderate because she doesn 1 t 

have the numbe:.·. 

My educated, and I think I have a 

right to sive an estimate, my esti~atc would be 

that she is probably talkinG about something 

ero~nd ten fibers per cc;for the light end mocerate 

exposure, perhaps as lou as :t'ivc for the light, but 
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', P order of magnitude thct is many times 

higter in that group that hes lived success ively 

wit~out hazard, many times higher exposure than 

in I _ .. J.r WE: kno•,.; the general public walks 

around in. 

CHAIRMAN Bil.AtiDIC: What is the significance 

here, Doctor, of your r eferring to the t ~o studies 

A What is the s i 5nificance of the two 

stu' i cn I have been referring to thnt have been 

done in England? 

. ... Q Yes, end how recent are these studies? 

A They hove been publiahed within the l est 

two or three yccrs. 

Q mlat ia the tir,1c period during which 

thin control group was stud~e d? 

A 1933 to 1966. Xhut 1s 33 yccrs. That 

is l ~ng period of obs~rvetion. 

Q were both of the~ durin~ thct sace per i=d-

D .• .. . Newhouse 1 G ectuclly includ ed peopl ~ 

over a longer period. I cnn 1 t gi ve you t he exac t 

yer~s , but it is over thnt. 

Q How recent is the raost re cen t ? 
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Woe 1966 tho mos t recent? 

A That is the leat time thot they have 

publiobed about it, 

Q There hos bP~n quite n gop from 1966 

to 1971? 

A Yes, 

Q Does Dr. Newhouse pick up from there? 

A I th1nlt they uill continue their studies, 

but they haven't published c.nything recently so 

thot I can't tell you about it, 

Q Wh~t you have test1fi~d abnut ~1th 

respect to the second group in England, what period 

did they cover, eppro~imately? 

A Roughly -- I wish I had that paper wit~ 

me -- rouahly 1930 to 1965. 

Q All Tight . 

A That is c.bout e 35-year period. 

Let me tell you one more study which 

bearo on this uhich is c.ppeo.ring in "cancer" as of 

this month. 

Dr. Corbett licDonr..ld hu£ looked at 

a very large population of mining and milling wor~ere 

dealing only with chryeotilc and over the lifetime 
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ot these workers, he goos back so that we have an 

exposure history of over 40 yoara and he hos been 

able to demonstrate thot in the light and moderately 

exposed, there ia no evidence or excessive lung 

cancer and only i n th~ very heovily exposed is there. 

Now, again, I con't give you that in 

absol ute numboro back to those doys, but they had to 

be over 25 to 30 fibero per cc; mPny times, what you 

find in the public air. 

Q TM.a would be "Cancer" Magazine of March, '71? 

A l~rch of 1971 . It is suppooed to come out 

then. 

Q Is it out yet or not ? 

A It s hould be out. I haven't been home 

enou6h to look at lt, but I heve a copy of the paper. 

Q Now, thiz reports a ctudy in England also? 

A No, this is in Canada. 

Q Canoda? 

A Yes. 

Q All ri6ht. 

/I No\l , furtherm:>re, on the mesotheliomo 

question, the Newhouse studies shou t here woe no 

development of mesotheliome over that period of time 
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in the light to moderate and Corbott McDonald's 

group has also shown in the heavily exposed group 

tbaro has been no mee othelioma. 

Now, le t mo go to one other piece 

ot evidence w~ch I might just tell you hae been 

published oleo from the Dalingoro Mine outside of 

Nilan, Italy and the seme information that Corbett 

McDonald has. 

Q Yee? 

A There is another r a ther direct piece of 

interesting evidence on this which goes at lt from 

a 180-degree differ ent a ppr oach, which has been 

reported by Mourrmon, a Finnish investigator. 

Q In Finla nd? 

A Yee, sir. 

Q Regarding the condition in Finland? 

A Yee . 

Q All right. 

A Wha t he did was t o take a Broup of people 

with l unB cancer and agc -metch them ,1ith a group of 

people who did not have lung cancer. 

or course , he knew nothi nB about 

their occupational exp~sure or enythini;, but what 
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d1 to look ot t h~ f crrug1n~us bodies or 

aabeetos bodies and said, "That t1e wi ll use this 

as ou- evidence ot exposure, the lung hev1nB acted 

as tr cCA i.Chment tor catching the fibers," and he 

found no statistical difference between the number 

of rerruginou& bodies in the Broup that had lung 

cancer than in the general public and the group 

who d 5d not have lung cancer, so t~is 1~ A piece 

of d1-~~t evidence to support the idc~ that although 

the pub~lc is exposed to asbestos, the exposure is 

not ~r a nature that should lead anyone to believe 

t, ... 1. ~ ... t .lUld be a hazal'd exposure. 

t Well, you seem to hove touched upon a 

rather sensitive area in your evid ence os comes 

from England, Milon, Itoly, Finland end Canada? 

A Yes. 

Q And at our la st meeting Dr. Selikoff 

test1 ___ J too control group that he had here in 

the United States and he h&d some in New York City 

wh~re he said he even studied some peopl e here in 

Chicago, in Newark, New Jersel, and Dome ?f the 

latePL ~reaa, and he studied people who are involved 

dlrettlv in the asbestoo field. 
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A Yes. 

Q The asbestos, I don't have the specific 

na11e ot the union, but o labor orgenizotion. 

A BeaJ and Frost Workero. 

Q Heot end Frost Workers Union, end this 

study revealed that one out of every four or five 

asbestos workers dies of lung cancer. 

;.. Yeo. 

Q Do you agree or disagree with those 

figures? 

A I certainly have no reason to disagree 

with hie information. 

Now, I take a strong cxcepti~n to 

hie use of tho term "asbestos workers." 

They are inculotion workers a nd there 

la, a~ for es I -- I think anyone hac a righ~ to 

go, that is about oc far as they have o right to go 

because when there is no such th1nG really as pure 

asbestos exposure. It doesn't exis t, 

The minute you have taken asbestos 

out of the ground and beeun to mine end mill it, 

you hove put trace oetals on it. 

Now, some of these trace metals are 
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known to be carcinogenic in their own right. 

~ In 1968, Dr, Selikott testified before 

a Bouea Suboommitteo on Lnbor -- or course, he 

te1tit1ed to the rocts that I just mentioned to 

you and at the Sllllle time he also testified thnt 

we may look forward to perhaps 6,000 deaths from 

lung cancer and to perhaps 15,000 deaths trom 

cancer in general among men in this single esbestos 

trade in the United States. 

Would you agree with that? 

A I have no way of disagreeing and I have 

no reason to think I ohould. 

I don't, in any woy, question his 

dota. 

Q All right. 

A \That I am saying ia that he talks about 

asbestos uorkers ond really they are insulation 

workers. 

Q I see. 

A Let me just finish one thing uhich is 

awfully important. 

Not only do you have the nroblem of 

waste attached to the asbeatoo, but these people 
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6 ... ~p ~d to many other things besides aebeetoo 

1D tbe r i ture ot their uork. 

They are, you know, rather migrant.. 

They .~~• ~re a while and there a while. They work 

in ditterent factories. 

When they are tearing out 1nsulat1on, 

they or e tearing out a material that can abo orb all 

kind .o· hydrocarbons and so on. 

Up to the present time, as for es I 

know, actual exposure of the insulati~n worker 

hos never been categorized. 

We don't know what they ore exposed 

to. On ot the thingn they are exposed to, st leest 

some of them, i n au bes tos , but I am oure they are 

exposed to many things ~n audition to that . 

No\f, to me, this i s very i ;npoTtant 

for thi !J reason: You bl'0UBht it . out very well 

the he .... : .. experience in his insula t'ion worker 

group is so much more s evere than any ot her group 

that I know of, Ro that I have to believe there is 

something besiden asbestos being i nvolved in this. 

The same exper ience does not occur 

i '.Ju., ~ or m.illing, no Motter ,,here you go. It 
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doe1n't occur to the degree, qualitatively, yes , 

thor• 11 on oxce11 ot lung cancer in oll of those, 

but the severity of it, which he speaks ot, and I 

have no reoeon to doubt i.t, 1& many times more 

1avere in hio inoulotion workero, 

Tho real queotion is 11\lhat ore those 

1noulat1on workers expoaed to besides astletit:.a?" 

Q. Woll --

A And he has never been cble to say and I 

don't think he can. I think he «ould like to know. 

Q If you categorize Dr, Scllkoff as an 

extremiot 

/\ Yes. 

Q At the oamc hearing before the snme 

congressional Committee, Dr, William H, Stewert, 

former SurGeon General of the United States --

/1 Yes. 

Q -- told the snrr.e Subcommittee tbat 

insuleti~n workers arc probably oharing their 

exposure, to a lesser degree, with more then 

3.5 million other construction workers, 

These are steamfitters, electricians, 

car~enters, iron workers, plu~bero, mesons, tile 
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setters and ao on who ore on the job when the 

sprayin& takeo place . 

A Bure. 

Q Now, we hovij evidence based upo~ the 

Capu Town studies of Dr . Thompson tha t we do have 

these, as you categorize them, para-occupational 

people. 

A Yes. 

Q They hove had exposures? 

A Sure. 

Q There have been report3 of higher 

incidents of lun~ cancer among them? 

A Yes. 

Q Then down in Ce pe Town a t the same time , 

they hed r,und that the femil1e s of asbestoo workers, 

the wives that would wash the clothes, the children 

who were expoo ed to the fathe rs coming home with 

some of this asbestos fiber perhaps on t heir clothing 

or on their bodies a nd so f orth, and they h3ve f ound 

a gain, whether you a gree or disource , thin is what 

we uould l ike your evalua tion on, they have found 

that in studying tho se peopl e end even further in 

Cape Town emong the general public, and in the 3,000 
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au~opa1ea that have been performed, t~e conclusions 

tbat they brought, from people who had nothing to 

do with working there, but who lived in the vicinity, 

not necessarily that close to where osbeet?s waa 

being used and mined or worked with; they find this 

causal connection between exposure to asbestos and 

the conditions or 111 being, uhether it be asbestos1a, 

lung cancer, or mcsothel~oma . 

How do you reconcile that? 

A Well 

Q Or are they reconcilable? 

A Well, they ore reconcilable hecauGe the 

situation isn't quite as you prescnten it, if I 

understood you corr~ctly. 

Nou, they h.lve found evidences .of 

fibers in the lun6s. There is no doubt about that, 

but now I speak of the utudy done by Dr. Thompson. 

He did not relate this in any way 

to any disease of any kintl. His otudy, he simply 

said that the f1bc!'S at·e t1·,e1·e. He did not relate 

it to lung cancer. He d1cln 1 t relate it to 

mesotheliomn or to asbestosis. 

Now, the pora-occupationsl groups 
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where our relation bas been made, run about as follows. 

Let us first: speak of mesotheliom11 in 

S~uth Africa. I visited there and I Gpent a fair 

amount of time lookin5 into it. Tt e~e were all 

oround "Kourinan" in the Northwest Cape. The roads 

are paved with asbestos tailings. 

The children played on the waste heap 

from the aebestos mines. 

The women cobbed asbestos and by is 

meant that they took the pieces of asbestos in the 

rock end knocked the rock off and they mode a few 

pennies this way and they showed me a picture taken 

around some of the mines whe:,;•o the vegetati on was 

nonexistent, covered ,1th blue crocidoli te. 

Now, you may thinlc of these people 

aa being inhumahe, but the~ weren't 1nhum8ne. 

They just didn 't know thnt anything 

waa going to happen, but you call that a para­

occupational. It is essentially the same as 

occupationa l because thea~ people l ived in very, 

wha t I would consider to be, a very substantial 

asbe ntos exposure. 

Thie is where the mesotheliomos 
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develope d in South Afric&. 

Now, let me t ell you a very curious 

thing, that at this moment is still unexplained. 

The same blue ~sbestos is mined in 

the Eastern Transvaal,; approxima t ely 20 percent or 

the blue asbestos produced in South Africa io the 

Eastern Transveal, All of the world's amosite is 

mined in the Transvaal. 

This is stil l in South t.frica, now, 

and there hasn't been e singl~ mesothelioma reported 

from the omosit~ -workings , and only one ln contrast 

to some of the last count, 160, only one from the 

blue asbestos mi nes a nd ~ills in the Transvaal . 

Now, thi o is an exceedingly impor to~t 

thing because you then mu.st ask: llhy ere there 160 

mesothel1omos 1n the Northwest Ca pe and ess .,,ntiol ly 

none and yet tho same materials are being looked at 

i n the Transvaal. 

Dow, thet is the mesothel ioma story, 

no one knous. 

The bronchogenic cancer story in 

~frica, at thl.s dote, ~hat hasn't been recorded. 

Now, as to the mcs othelioma story 
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to question that whatsoev~r. 

I would say, however, tha t I Jon't 

think he knows what they have been exposed to in 

addition to asbestos. 

He doesn't even know the severity 

of the asbestos exposure. If so, he has never 

published anything about it, end in his first 

workings or writings, he said that upward& of 

Bo percent had asbes tosis. 

I can only believe that they had a 

very heavy expcsur~ and they probably have had 

oxpoeure t o other carcinogens. 

Now, Dr. Stewart 1 s extrapolation 

to tbe para-occupetlonal workcrc, let us say the 

other men working in the building, is a very 

important thin6 to say because those workers must 

be protected. There is no question about it. 

I would expect them to have a much 

lighter ~xposure even if you did nothing, because 

of the dilution factor, and the further y~ go from 

the source . the more diluted any thing becomes . 

However, I think that those people 

deserve protccLion by all the meano that you use 
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tor prote~ting any other occupational population. 

If you havo, tor example, in a 

cement; plant \/hare you mcko asbestos pipe, at the 

dry end where you otart, you dump asbestos together 

with cement ond uith send, sometimes n few other 

things, you have to circumscribe that area so that 

aJ.l the wey down the line the rest or the men ere 

not exposed. There is no question that you have to 

do tha~ if you ore going to work with sprayed 

asbestos, it is my vie" that you must control where 

it ie going to go. 

• You must protect not only the man 

uho is sprayinG, but the man who Norks in the 

neighborhood and if you do do that, you will 

protect the general public. 

Q Doctor, we arc certainly grateful for 

one thing that y~u hove done here today and you 

started to, and hopefully before you ar c finiohed, 

we hopn to get more out or you and that is up until 

this point, no :me ;1ho hai: come here to tcctify had 

been able to give us any npe:1f1c evidenc e as to 

what level of exposure t:o asbestoo would oe "dangerous" 

if that is a pruper medical term. 
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You are the first one thnt gave us 

some hint at this. 

I understend t hat there is a otudy 

being done by NAPCA and I bel ieve t hat t he~e 1s 

oome research going on here local~y in Chicago 

probably under contract to NAPC~ or s ome other 

federal agency and perhaps this informat i on might 

be released s oon. 

A Yes. 

Q Do you have -- and we, of course, are 

awaiting very eagerly for the release of this 

type of inf orma tion so that i t may be presented 

here end evaluated ond determined es to whe ther it 

1s feasible or not. 

Do you have Gn opinion as to what 

may or m~y not be a dang~r l evel of exposure to 

asbestos for the general public ? 

A Well, I can best anower that by s3ying 

the f ollowing: 

I think that a n exposure und er 

five fibers is suitable f or the occupa tiona l man 

es a safe l evel ; five fibers per cc and you muot 

remembe1· that t he man who uorlrn in the plant 1s 
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also• public citi~en so he hno the public exposure 

plua the in-plant exposure . 

Now, I think it ~ive fibers in-plont 

la ndoquate, surely then something less than tha t 

would be eote tor the public and we are nowhere 

near that in the publi c air. 

If you were to soy to keep it below 

one fiber, I think thot would be or could be lived 

with oasily. It could be achieved and would be an 

absolutely snfc level. 

ALDERMAN FI FT ELS KI: Are there any cumul ative 

effects on this? 

A Yes, but that is oll taken into consider-

ation. The~c 1c some accumulation. The bulk of 

what you inhale comes back out FJ{!ain Hith the lung 

cleansing mecheniFm. 

CHJ\IRl!Ali BILANDIC: You l!re the iirGt --

A Very little is kept in. 

CHJIIRM/1H BILAND!C: You ere the first one to 

give us this information also . 

A Well, this I can document for you very well 

in tho tollo1·rinr; way, very cramotically: 

The people exposed to silicates; 
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eilicoaio 1• o. very uell-known thing. 

N::>w, o. uumber of l!lCn n::iw !"!eve 

onalyr.ed the lung ot the time thot o man dies who 

ha• workeci, soy, 35 or 40 yeers in a silica exposure 

and analyr.od f::,r h::>w much silicate is in the lung 

and by making an estimate ot •,:hat wee in the air, 

how ouch air he breathes, could estima te h::>\I much 

ho t::iok in ond people like Policord and others ~no 

have looked at this, have sh::iwn quit~ consi3tently 

that approximately 99 percent of what you 1nhal~ 

is brough ~ back out. 

You only retain oomewhere in the 

neighborhood of 1 percent of the total that y ou 

take in. 

Q J\11 riGht. 

That which 1s teken in and not 

exhaled, that would reco1n in the lungs. 

Now, thet i·1ill not be ess1miloted 

or dlimln&ted by the body? 

A Well, the fact if y~u uont ~o use tha~ 

wor:1 or you ue.nt to now just tolk obo~t asbestos? 

Q Let's otoy ri&ht with asbestos. 

A Ye&, becauae other thingo dissolve e~o 6~ 
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1ung and these mnterials can ait in the re er.d glass, 

tor example, will sit ~11 there. J\sbestoo will sit 

inside those cell• until t he cell dies snc the 

materiel is ape·,1ed out iind then another ":necrophnge" 

comes along end picks it up, but the beauty of 

putting it 1n the "macrop_hoE;e" is that it is::>letes 

it so that it doesn't d::> Anything t::> the ::,ther 

cells of the body but silicate free crystalline 

silicates kills the macro~h~gc itoelf. It is 

lethal end asbestos is n::it. 

It is lethal in cell cult•1re end 

ell of this is to ooy that I winh I kne~ more about t hd 

fate and m::ist of it co•cs bock out. 

S::,me is retained free in the ti ssues, 

some within tnese "m~ci·ophogc" cello thot I have 

tclked about, 
Now, there is a Great oddity about 

this beco.use you uill find tha t right next t::> each 

other, en aabesto9 fiber thot is c::>&t Ed end cnother 

fiber that is no~tcd. How, \!hY one £~ ~s cor l;E:d end 

one stayo naked, I don 't kn::>w. 

How many fibers does it take to 

~timulatc scar, :i: don't kno,-1. 
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It tekeo in a aubstcntiol number, 

though. 

~ Well, we hove found other areas of 

disagreement now, or at l eo st difference of 

opinion which we will be oble to evaluate when 

,ie make our juugmcnt. 

Doctor, I would like to pursue 

another area ond tna t is that there see~ to 

be two achoole of thought. 

Some people ore advoca ting t he 

obol.1tion 

A Yes. 

Q -- of the Ude of csbestos or anbes tos 

containing materials in , for example , construction 

sites. 

Would you advocate Euch o thing? 

A Under praper conditions, I surely would 

not advoca te it, 

Q All right , fine, th~t i ~ ~uffic1cnt. 

Let's proceed further . 

The other school of thought seems to 

be that we should control the applic&tian and the uoe 

of asbestos at a construction site, for example? 
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Q 

Yeo. 

So as Lo minimize t he exp~sure for the 

~orkere, their coworkers a nd for t~c ;onere l public. 

This ls a recommcn~ tion tha t we 

hove received from various witnes5es that we should 

cooaider some type o! control. 

Would you 0Brce with that? 

A I think absolutely that you mu5t have a 

control. 

Q Now, would you have any specific sug-

goations to give to us os to whe t control~ we 

might consider in order to protect the worker , 

his coworkers end the senerol public? 

A Well --

Q On construction sites, for example? 

A Yes, sure . 

I think thac for the -- for this 

you do exactly whnt you do in a n y other occupational 

setting . 

You would na y thnt the gane ral 

public s hould not be certainly exposed to more than 

tive fibers per cc. 

I would think, becau se it 1s easy to 
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do that that you ought to oet o 11m1t lower then 

that. I would pick two or one becouse you can 

live 1tith that , 

The par,-occupet1onel worker should 

never be exposed to more than five and the men 

1ns1de or the man actually do1nB the spraying, 

I would hope would not bo expooed to more than 

five, either, becnune thio 10 good occupational 

practice in the textile mill or where you do any-

thing else. 

I will &o one stcr, furcher with 

that and that is that ue do have some situot1ono 

where this is true. 

In coal it is true. In silica it 

is true. In osbestoG 1t 12 true, In every other 

material that ho~ a potential for being toxic it 

is t rue , 
You hove sorac situationn where, 

while you are develoc:jne; tile rc.ethodolo3y fo r this 

kind of control, you permit s omeone to continue 

work but weoring an abcolutely protective msak 

even if thct requireG outside air throuGh, blown 

through a hood and I et.ress the word "absolutely 
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protected," becauoc you shouldn't permit pe:iple 

to work with on incrtcctive mask, giving the 

impression that it is protecting the worker. 

Thi■ 1s not ri~ht, 

Now, I ·~ould hcpe tha, you would 

aim in the place where the men !o actually 

spraying and getting him down to what we aim ror 

1n eny other occupational place setting, end that 

is under tive. 

Ir it is not 9oseible, t~en he 

should be there alone and anyone ttho is there, 

including himself, should hove the kind of 

protection that you would insist on in any other 

occupational octting a nd that is ~hat inside th~ 

mask he s~ouldL't be getting more than five fibers 

per cc. 

Q Now, Doctor, when you talk cbout the 

exposure of five fibers per cc or a lo~er amount 

as far as the ~enerol public is concerned, is that 

made optically or elc ctromicroscopically? 

A This is optically and we all know at the 

same time that there are E.H. sized fibers there 

always at the same time that you look at it optically, 
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but you don't hove to count the E.M. sized tibere. 

Q Doctor, we would like to get to the root 

ot the problems here in Chicago, ond we would like 

to handle them es quickly end expeditiously es 

poaeible, 

A You ore getting closer to the root than 

anybody I have ever talked to , 

I have never had e drilling l ike 

t his . 

(Laughter.) 

CHAIRMAN BILANDIC: We don't like to get 

carried away with some f rivolous a s pects. 

A Yes. 

Q Or oomc minimel aspects. 

A Yes. 

Q We wnuld like to get to the major sources 

and pu t es reasona ble controls os we possibly can 

which would be consistent wit h carrying on the 

business end occupction of t~ezc various industries 

that ere involved. 

A Yeo. 

Q And to that end, the evidence hes revealed 

so fer that the major sourceG that we should look to 
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and coneidor os tor oe protecting the public is 

concerned, is number one : Construction sites, 

bocoueo thy causo a eubetantiol omount ~r 
expoaure because of the very noture or the 

high-rise buildings that ore being built in 

the l arge metropolitan areoa, 

A Yeo, 

Q Secondly, tnot we ohould look to some 

means of protection for the public in s o~e form 

ot controls on demolition sites . 

A Yes . 

Q Becauoe once aguin we hove a high-ri se 

building which hao the asbestos offixed ~o the 

steel skeleton and in the demolition process, 

obviously we have the some kind of exposure 

to the asbestos os we proba bly woul d have i n 

the construction, only in reverse order. 

A Not quite. 

Q N~t quite, but it i s secondarily ond 

it io also a major source according to the 

evidence that we heve so for . 

The third one would be industrial 

uses. Would you agree with that? 
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the public air. It would bo opplicoblc, for example, 

to buildinga that hovo a few -- some do have sprayed 

aobe•toe cooting in the ple n~m where there is e 

return air for part ot the air conditioning system, 

and I t~ink that you s hould bo suro --

Q That is e serious problem? 

A -- be sure to keep the air of t he general 

public free ot anything ove r five. and I am sure you 

can do that because there are some doto that indicate 

when it is properly done it is e fraction of a 

fraction that comes loose end Bets into the public 

air. 

Demolition 1G interesting becouoe 

we all have that mental picture of a big steel 

ball swinging ogainJt a building and so on. 

Well, it is true that there is clot 

of demolition of thot kind, they do it now with o 

big clamshell bucket, but in those circumstnnces, 

there 1s vc~y little free asbestos available ond 

there ere Gome stud ies going on of that kind of 

demolition . 

The cloud of dust 1s there, but when 

you look for actual esbeotos fibers in the original 
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materiel there wasn't much and it is pretty well 

locked in . 

Q Agoin, de pending upon the age of the 

building? 

A DependinB on how far back the building 

went. 

When you talk about this new process 

ot spraying steel girderc, I have cpokcn too number 

of demolition people and they say "You will never 

take one of those buildings down that way becauoe 

in taking down the girders you don't do it with 

a swinging boll or grobbing a hold of it with a 

clamshell bucket." 

These arc taken down individually. 

Now, you will hove a problem once the girder is 

down before you havt L . ~oved o! f end you will have 

a probleo getting rid of the mete..-ial, but there you 

have the opportun ity to wet it dowh end to take it 

off. 

So I don't really think that demo-

lition 25 years or 30 yeors doun the rood is e 

val.id question. 
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mat r1ol there wo■n't much and lt io pretty well 

loo ed in. 

Q AS■ in, depend1ns upon tho nge or the 

bu1ldina, 

A UepondinB on hou to r buck the building 

went. 

When you talk obout this new process 

ot 1prayin1 1toel B1rdero , I hovo opokcn too numbor 

or doraol11.1on pooplo and thoy say "You will nover 

take one ot thoao bu1ldingu down thot way becauoe 

in taking down tho glrdero you don't do it with 

a awinginB boll or grobblns a hold of it with a 

clemehell bucket." 

Thos e arc taken down individually, 

now, you will hov ~ problem once the girder 1s 

down before you h,iv.., 1~ 1~:>vod :-tr ond you ,:111 have 

a problem Q tting 1•id of thr C18teriaJ, but there you 

have the opportunity to wct it dowu and to ta!<e it 

ott. 

So I don't really think that demo-

lition 25 year• or 30 yeora doYn the rood io e 

valid queat1on. 
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newapapera pley it up oc aomething ser1ouo. 

Is there ony creditoble scientific 

evidence that you have found snr~hore that this is 

a problem? 

A 

evidence. 

Yee, there ere two very good pieces of 

First ot 011, the stud i es that have been 

done by the Public H2olth Service, I think initiated 

whrn Dr. Brown was there on this very question in 

which they looked a t the dcgradntlon pro~ucts or 

brake linings oc it is u s ed end it le perfectly 

true that asbestos doe s go into th~ bro ke linings 

originally a nd in that occupation, you must pr~tect 

the workero a nd the ma n who putc the breke linings 

on, especially in the old tieys when they hod to 

bore holes through it, you had to protect him, but 

once it 1s out on the ctreet --

Q That is the point l'lherc I am speaking 

about. 

A Uow, i,hen y~u apply the broke ot a point 

source of friction, the heat 1s extremely high and 

that is the whole point of having asbeHtos in it, 

to hold i t toBether end when the heat gets high 

enough, you convert asbestos to "forcteri te ," Tih1ch 
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is a totally different materiel. 

It ion •t asbestos at all. 

Porotorite in its own right, I don't mean to be 

poetic, hsa been teste~ by being put into animals 

and it le biologically inert as for os scarring 

is concerned. 

Roughly I think the figures that 

the British who did exactly the same study and 

was it Lynch -- oh, he is gone -- of the Public 

Health Service, but less than 5 percent ~f the 

total emow1t ot asbestos involved in the brake 

linings ultimately comes out as free asbestos. 

Now, there is o very minor amount 

Q So it in no problem? 

A Not in my mind, it isn't, and I think 

the best evidence for that 1s thot when you go 

around making s tudies of how much asbes~os is in 

the o~r at the hiehweJ, on the city streets, you 

find it well be low one fiber per cc . It is a 

fra~:ion of that. 

Q Doctor, now, I hove one fina l question 

which will somewhat obvio~sly have a direct 

bearing on you~ testim~ny touoy . 
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Your prco ent off111a tion io with 

the ao-colled asbestos industry, i f there 1s 

such an industry. 

A I am affiliated with them in the 

following way; es I em ~1th -- I om o consultant 

tor Republic Steel, I om a consultant for the 

National Gypsum Company. I am a consultant to 

the Federal Government, let me just make that 

very clear. 

Q This isn't intended to be ony criticism. 

A No, and as a matter of fact, I hod 

planned to say it when we otortcd . 

Q I wanted to oevc it until the end, 

because I thousht we should give you ~he opportunity 

to make your statement. 

A The Cll&irman of the Co~r.ii ttee -- I am 

the Chairman of the Co@mittee of the Quebec 

to bestos Mining tssociotion, on independently 

set up group and the whole purpose of this is to 

develop and support research. 

I om Chairman of that scientific 

.:ommittee and I am not on their Executive Committee 

or anythin~ else, and ell ue do is recommend to the 
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Executive Co1:1mittee whe ther or not we th.ink they 

should fund the research. 

I aerve oa o consultant directly 

to tho President or the J ohne - Ha nvil:?.e Corporati:>n 

mostly tor their in-pla nt problems . 

Q Yee, and they of course, ere o major 

user or asbestos. 

~ They asked me to do this because they 

recoBnizc their in-plont; problems and they t1an~ed 

to do something a bout it and National Gypsum 

Company which olso uses some osbestos, I read all 

of their X- rays all over the worl d. 

Q My principal purpose in brin&ing thet 

~ut is the bring a specific focus to your point 

of view. 

A Sure. 

Q For the O?inions that you he ve expressed 

here today. 

A Sure. 

Q And would I then be fair in c heracterizinr 

it a s s&ying thoc yours is probably the most conserv~­

tive type of evidence ~he.t • . .Je cirnld receive on this 

oubject fron that point of view ? 
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A I think or myoelf as be ing an unbieaed --

ond, thot 1e, as unbi aoed os I ca n be. 

I do have oome biaseo as we ell do, 

but I can give you examples ot where facts have 

made me change my mind in this tota l problem. 

"Conservative," if you wont to 

use that word, I uill accept that. 

Q Coneervetive eo applied to asbestos, 

not o t herwise? 

A Yes . 

CUJ\lRMJ\N BILAND!C: Do you have any questiono? 

ALDERMJ\N FIFIELSKI: I have one. Off the 

record. 

(Discussion off the record.) 

CHAIRM/1.N DILAND!C : J.ly colleogue has been e 

little bit concerned bec&use he hes been econ­

struction worker who had sprayed asbes tos on 

steel girders end I happened to frighten him 

during the cou,se of this hearinB. 

ALDFlUIAN FIFIELSKI: Off tl1e record. 

(Dis cussion off the record.) 

CliAIRMAH BILAUDIC: Thank y::iu very much, Doc to;,•. 

A I urote a lette r to Dr. Pundsack . 
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CHAIRMAN BILANDIC: You wont to put it in the 

recordf 

A Would you l ike o copy of it? 

CHAIRMAN BILANDIC: If it i s free for publicat~ ,n. 

A I asked Dr. Pund&eck if I could give it 

to you e nd he said yes. 

CHAI RMAN BILANDIC: Al l ri5ht, fine. 

A So tar es I am concerned, you can have it . 

CHAIR?•1AN BILANDIC: Then it i s in th '? public 

domain. 

A The grammar i an • t too good because I 

wrote it just bef ore I lef t a nd my secretary 

signed it, and you will find one sentence repea ted 

there with bod typing nnd a bad s ecretory. 

CHAIRMAN BILANDIC: Uould you want to put it 

in good grammaticel form? 

A No, the conten t is all right, 

CHAIRMAN BIL/\NDI C: As wa do with most of the 

work of thiG committee, ~,e put it in our Uunicipol 

Reference Library. 

A So long as it goes direct l y to you . 

Cti/\IR?1P.N B!L/\NDIC: Then~: you, and i f there is 

no objection, we wil l i nc orpora te it and make it e 
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part ot the record, 

A I muot say, tldermen Bilandic, thot it 

has boon a reel pleasure, 

I have not had anybody to question 

me this nicely before ond I don't meon myself 

personally, but you have a good understonding Jf 

the question, the problem, ond you ask the right 

questions. 

CH11IRMAII BILJ\NDIC: Thank you very much, Doctor. 

we ere searching for the right ~nswers and we thank 

you f or your help. 

A You're welcome. 

(ttitness excused.) 

CHJ\IRMJ,N BILAllDIC: He will take e short recess. 

(The following proceedings 

Mere had ofter a short recess:) 

CHJ1I RlU,N BILANDIC: Mr. John Quinn, .r1sbes tos 

Workero Uni on Local No . 17. 

JOHN QUINN, 

called as u uitness herein, test~fied o~ foll ow~ : 

CHAI RHAN BI LAl!DIC : Q Uill you s t cte your 

name , please? 

fl John Quinn. 
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J • MUNROE MC NULTY, 

collod aa n w1tneaa herein, was exnmined a nd \ 
\ 

teat1t1od oa tollowe: 

EXAMiff/lTION 

BY 

CH/IIRMAN BILANDIC : 

Q Hr. McNulty, do you hove a prepnred 

statement? 

A I do. 

Q Do you have any extra copies for th~ 

other Aldermen? 

A Yeo, I do. 

Q Would you pncs them on to the Aldermen? 

A There wno a olight error which is now 

being rectified. 

Q Do you have one fo r Alderman Stemberk? 

A Yea. 

Q You may pr oceed, Mr. McNulty. 

A My nn,11e is J . Munroe McUulty . 

I am President of the McNulty 

Brothers Compa ny , a f irm of 1othing and pl~stcring 

contractors and we do a lot of spray fireproofing. 

I nm a l so ?resident of the International 
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Asaoc1otion of Woll and Coiling Contractors. 

AB President of the IntP.rnationel 

Association, I have hod contact with spray fire­

proofing contractors throughout the country, 

In the course of these contocto, 

an exchange ot information hae taken place on 

matters of our present concern, 

My comment o today concern the 

control of procedures for the contoinment or 

the prevention of the r elease of osbeotos end 

other fibers to the ambient air during the 

application of spray coating, 

As an illustration, for discuosion 

pur~oses, I will discuso the regulation of sprayed 

fiber coatings presently occurring in New York 

City, 

New York City hao adopted, through 

their Environmental c~nt~ol Agency, on order 

requiring the containment of asbestos particulate 

matter in spray cootinB npplication; hoping to 

contain the particulate matter to the immediate 

vicinity of the application; ond they ore doing 

this through the use or tarpaulins followed by 
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A11001n~\on ot Woll ond co111nR conLractoro, 

A• Pro11donL ot Lhe Intnrnot1onal 

Ae1001ab1on, 1 have had contocL with oproy r1ro­

proot1nm oonbraotor1 throuahout the country. 

ln tho oouroe ot thooo contocto, 

an exohan;t ot 1ntormoL1on hoe token place on 

matboro of our pro1ont concorn, 

My commontn todoy concern tho 

control ot prooeauron tor tho cont~lnmont or 

tht prevantion ot tho roltooe of oabeotoo ond 

othtr t1ber• to tho ombienL o1r durinB tho 

appl1ontion of oproy cootinn, 

A• an 111uetrot1on, for d1scuosion 

purpo•••• I will d1acuoo the rogulnt1on of oprnycd 

f1ber cootinge proaently occurring in Nuw Y~rk 

01ty. 
New York City hOO adopted, through 

their unv1ronmontol conLrol Agency, on or~er 

requiring tile conLainment of aoboetoo port1culote 

matt r in aproy cooting oppl1cation; hoplng to 

contain the particul~to cattcr to the immediate 

v1o1nitY of the appl1cot1o~; ond thoy ore doing 

th1• throu&h tho uae or tarpaulins followed by 
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Baaed upon my knowledge or the 

1nduatry'a experience both in New York City and 

Chicago, containment 1a not a succcaatul procedure 

for the control or asbestos t1bero rrom spray 

coat1nga. 

In my Judgment, a bon on the use 

of asbestos containing aproy fiber coatings is 

superior to containment as a control procedure . 

I wil l be hoppy to answer ony 

questions which you gentlemen might hove. 

CH/IIRtt/lN BILANDIC : Yes, Mr. Mcilulty . 

The subject of the Port of New 

York 11uthority BuildinG was the oubject of much 

discussion during our prior h~o~ings , 

As I undcrst~nd it, that was 

supposed to be the world's largest fireproofing 

job. 

A I think that io correct. 

Q /16 I understand it, that job started 

with the use of on asbestos type of spray and 

there was on attempt to tarp that building and 

enclose it in a~cordonce with the Interim Order 

then in existence in New York? 
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31(:, I bellevo that lo right. 

And about hal twoy through that job, 

I under~tond that it was stopped because of the 

tailure ct the enclosures. 

J\ That ia correct, to my knowledge. 

Q All right. 

We also had oome discussion during 

the last hearing that \lie had hero, in reference to 

a building under construction in the Chicago area; 

namely, the IBM Building which le right up here 

on the north side. 

A I am somewhat fomilior with it, although 

I om not the contractor on it. 

Q The job was being done withe type of 

material that had some asbestos in it, and of course, 

there were some articles in some medical journals 

and other periodicals that appeared which indicated 

that it was "snowing asbes tos" around tha t job site. 

I guess, regr etfully, the men who 

wae doing the job was doinG it on a bod day when 

the editor of the Sun-TimeG was going into his 

office and I guess that is where the big attention 

factor came to ue. 
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Howevor, nevertheleAe, are you 

tam~liar with the ottcmpt to tarp that Job? 

A I om somewhat familiar with it, 

I have diecusoed tho matter with 

the contractor on on occasion or t,10. 

They attempted a very th~rough 

Job ot tarping the building, but tound that th~ 

high winds Juot mode it impoGsibl~ to maintain 

their tarpaulins as on integroted covering around 

the building. 

The high windG that we get -- and, 

of ~ourse, New York gets the same winds -- why, 1t 

was practically imposniblc to maintain the 

integrity or the covcrinB-

The wind wao GtronB enough to tear 

them loose from the floor, and ao a procedure for 

saving the tarpaulins, they found they were better 

off to releas e them on one end end let them fly 

out because if they didn't do that, the winJ wan 

st~ong t nough to tcor thcra oport. 

Q I understand the contractor sustained 

a s~bstantiol loss on those tarpaulino. 

A Well, he didn't dibcuss that with me. 
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I would oxpect that hia losa would 

be in exceaa ot 50 perce11t of the tarpeul!.na that 

he atarted with, end I would exooct that it would 

be at leaat that high from my own experience . 

Q So then, booed upon your experience in 

thia tield, you have round that enclosures ot this 

type have not b en sucqesaful, e nd therefore, you 

are recommending to us tho t we conoider e ban on 

the use ot sprayed osbcotoe for fireproof ing? 

A I would say oo. 

I would like t:, re1nrorce my v,.,.i. .. ~.:;n 

by pointing out tha t I f irepro:,ted the Firs t 

Nationa l Bank Buildinn and also the John Hencock 

Building, ond I have some knowledge of firepro:,fing 

high buildings . 

Q Well, I didn' t oak you for you r 

qualifications, because your reputation is s o 

eminent tha t I thought everybody would be 

f amiliar with it, parti cula rly in your capacity 

as President of the Asoociation a nd aloo es a 

top contractor in the field. 

I am glad that you did a dd that 

for the purpone or the record. 
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Now , or course, we did go through 

the question of oubeti tute materiolc and the 

queat1ora ot ccot. 

Mr. Dubin teot1f1ed earlier here 

today and he indicat ed that the cost factoi ot 

asbeatos and nonasbeetoo materialo is substantially 

the same, ot course, with the added saving of not 

having the t arpaulins, that using o nonas~estos 

material would, of course, hold down the cost of 

the total job. 

A The cos t of torping in New York has 

been so great that the spray fireproofing contractors 

have beon unwi l ling to uncter t akc the res ponsibility 

for providin3 i t a nd the responsibility for enclosing 

the buildings fo r spr ay fireproof1ne operations has 

fallen on tho general contractors and Mr. Bracco 

indica t ed to me that t hey wer e quite extens ive ond 

represent a s ubstrntiol co~t. 

Q So bo scd upon the inode~uecy of the 

enclosure and based upon the coct factor, you 

would then recommend thnt we consider a bon? 

A Yes , air, I w~uld. 

CHAIRMAN BILANDIC: Are there any questions 
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by any or the Aldermen? 

Alderman Singer? 

EXAMINATION 

BY 

ALDERM/IN SINGER: 

Q Juet briefly_ the proviouo witness 

testified that he felt thot substitute materiols, 

nonoebeotos matoriolo, were just as good in 

terms of fireproofing. 

Is that your opinion as well, 

based upon your experience? 

A Well, I don't know thot I would state 

that oo an immediate fact. 

I think that 1t is poosible to 

develop comparable materials. 

We are using a sprayed fiber 

materiel ourselves in one or two places ~hat 

is an asbesto3-free mater ial , end it seems to 

perform reas onably well, although Tiohmon had 

on unhappy experience with that same material 

in C levcland • 

However, I hove had Skidmore, 

Owingo & Merrill look ot the material as we 
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were applying it in the shoppins center in 

Schaumburg a nd thoy telt thot it was an accept­

oblv material out there. 

A• architects go, they ore pretty 
-

tough. They don't accept marginal products. 

Q. I see. 

A You have a gontleman here from the 

Zonolite Division of U.R. Groce, who I think can 

give you information on his product. 

He tectified before. 

A He has? 

Well, then you have had his state -

ment on that. I don ' t think that asbestos is an 

essential ingredient . I think it can be worked 

around. 

CHAIRMAN BILAHDIC : We also heard from 

Underwriters• Leboratory on the sub~ect. 

Underwriters ' Laboratory always 

has to opprovc al l of the se materials. 

A Hell, they are a testing l a boratory, 

which provides a testinG service. There are 

other laboratories who have the same equipment 

and produce a comparable tefit, but there aren 't 
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mony. They are limited and the places thot you 

con go to tha t is, we arc l imit ed in the places 

we can go to to get recogni zed fire tests. There 

are only about four in this hemisphere. 

ALDERMAN SINGER: Q What did you use on the 

Hancock and on the First National Bank Buildings? 

/I On the First Nat ional Bank B1>ilding, we 

introduced a product manufactured by U.S. Gypsum 

Company, which i s olmoot identical with the 

material that Zonol ite manufactures. 

On the Hancock Building we used s 

material manufactured by the National Gypsum 

Company, which, instead of using ver~iculite, 

we used perlite as on aGaregote, and we experienced 

some very grave difficultie s in pumping the 

materials or the mnteriol, rather, because of the 

abrasiveness of the aggregate. 

The material ho s been ~ithdr~wn 

from the market for that reason, but for no other 

reason. 

The other ingredients in the mix 

were very ~imilsr to Uonocote of Zonolite or u.s. 

Gypsum. 
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CHAIRMAN BlL/\NDIC: It was a good material, 

but it wrecked your er.uipment? 

A Correct. 

Q We can't hnve too much or that eiLher. 

A Well~ I can't. 

ALD!fillAN SiflGER: Q Is that asbestos-tree? 

A There may have been a trace or asbes tos 

in it. I believe that the ccmentitious materials, 

ne they were then being made, ran between 3 percent 

and 10 pe rcent asbestos. 

ALDERMAN SINGER: '!'hank you. 

CHAIRMAN BILANDIC: /llclE•rman Stemberk? 

EXJ\MIN/ITION 

BY 

J\LDERMAN STElfilERK: 

Q Mr. McNulty, you ha ve mentioned that 

the problem in Nett Yor k in relationship to the 

inetf'ect1venoss of the ba n is o prol>lem be t ueen 

the Building Department nnd the Environmental 

Control Department. 

Could you expand on wby t his 

problem e,cists? 

A The Environmental Control Department 
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Chapter 17 or Ml.ni<.ipul C o<k J\me,,ded l)"lining 
Asbestos Moller ond llonning U,090 Tl,ereof 

The Following la sold ordlnonee 01 pon•d· 

8ft It Ordained by the City Council of ti}. City of Chicago· 

Soclion 1. Chapter 17 of the Municipol Co➔• of Chico, .,, Section 
17-2, 1, h l,ereby omen d l,y adding thereto o new dPfinitic,n , lo l,e 
o lphobetkally lnterpo d ln said 1eetion, 01 follows· 

A1bo1to1: A flbrou1, rocl<-forming minera l including, wt not 
limlt id to, such omphibole "'ri ties o• lren'Olite, octinolitc, 
anthophylli te , grunerite, rich><Pritf', erlenite, 01Tnsito, 
crocidolito , and such serpentine varieties os urnionthu, and 
chrysollto, 01 well 01 synthetic usbt-1t01 fil, n 1nclu, ing, bvt 
no llmlted to , f!uor-trcrnolito , fluor-richtf'rilf', and fluor­

edenite. 

Srction 2. hopter 17 of the Municipul Co<le of C...hicno-~ is horchy 
amended by adding ti, reto o new section, Sectiun 17-2,I, as follow,: 

17-2 ,4A. On and of e r Jonuor) 1, 1972, it shall bf' un lawful 
within the City of Chicago, or I withiri 0 11c. mile of 11,r. corporate, 
limits thereof, for any penon, firm or coq,• ,olio,, cou, or to 
permit the ,praying of on, ~l.,,tonca c , oi I u1b::sto a 
defined in thi• Artie le, in or , pon on I liui I. 11 •1 , ,trur-1 c, column, 
frame, floor, ceiling or otli"r rcrtior., r- r r n rr.bcr 1hc,eof, 
during 115 con •ruc•ion, rcc:0mlruc.tio11 , o'tr.rc, 011 c.1 11,1 ,c,i, ; 
pro •ided, however, that ,uc¼ tcncics I foc:lc 1 , , 

1H,'lcli , or 
structures in which the foLricoti or mor,,.,!oct, rr of pro luch 
containing asbestos is corricd on, ,all nol I c, •h1ut to 1:,·, 

pt:> islon. 

Section 3. Tl,is ordinon ·e sl.JII lo~c effect trn dnY5 lro'l'• tic dote 
of ih due pos,oge and publico ion. 
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lllpe end ■look ln•uletlon• 1o on1 di 

Fabrica tion In 

Werehouae end 
.Job Site Shops 

Op1m nml n•muH• lht• mnt\'r111I f1 um 
cartons with cnrc. 

2 llnndlc nnd alnck piece.~ of n111t\'r1nl ,n 
11 rnnnner lhnl \\Ill moid 11cncrnllnir dust 
und brenknsre. 

3 lllcchun!cnl dust cullcctin11 •Yftlems 
111lc11untcly deall{nl!II lo I ClllO\ C clusl Ill the 
~1111rcc 1hould be ms tnlll'cl 1111 powcr-upc ·11tc,I, 
flxccl nncl 1mrlnhlc l'(IC1111111e111 m thc• 
warehouse shop one! or 111 lhe Job site s hop. 

4 All mnchincs s hould lie fu1111~hl'd with 
,mi1J1ble wMtc contoiner~ for the collection 
of scrap nnd wuste lo prc\cnl 1hc mntcr iul 
from fnllinir on lhe floor und gencrnlinic 
dust. 

6 Shc1p.fubricolecl picc·cs 11f Thrrmnl 
lnsulntion such cs llttini:11, ~ricmen~ . etc, 
!!hould be plnced in ccnluiner!' . C-nre ~hould 
be token wh~n hnndlinir lhcfte piercs 
during 1>iling, slacking nncl pnrking. 

6 Conlniners should be closed after pnckin11 
nnd remnin closed until the n1nll'rinl is used. 

6 

Pipe end Block ln•ulellon• lcont'd l 

App/lcollon Procedures 

L1111111ckmg uncl 11pphr11l1on of the motcrinl 
• hnultl hr dune 111 11 manner lhnl will 
r,1mm1te ni rliorne ,111, 1. 

·• ,\\'OHi rlropplnJ!, lhn,"'"11 or unnl-ccssnry 
rou11h h11ndlin11 or 111s11 lnt ion mntcrinls. 

~I h ~l'P floor• nrul M11r1.,cc~ clenn of scrnp, 
~hn\·i n11s ond debri• Put unusnblc mnterinl 
11110 \\Mil' cont11111t•rs immechnlely. 

•I llnnd •nwing, cuttinr. jocket stripping, etc. 
~hou lcl Le done in u 11111nncr that will crcntc 
min imul nirhonw clu, t. UMc nf proper 
met hods and tool➔ will help considcrnLly 
toward• duM nbntcmcnt. 

5' Wlwn work ing in contincd ~puces, 1rorln!Jle 
clusl collctlor s or exhaust blower~ should be 
provided to remove dust from the !!Ource. 
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l"lpe end 1110011 lneulello.,. IOOnl'dl 

Appl/car/on Proceduraa cc:ont'dJ 

G IC conditions prc\·cnt collecl111u r,r 
exhuueting dust from t he 110111 cc, use 
cxhnusl blower11 l o provide ,tcnerul 
room 11ir chnngcs. 

7 Avoid cxh11u11t1ng into other \,ork1ng nrcus. 

8 In confined 111mce.,, if mechnnacal cxhuu•t 
equipment c.nnnoL be used, • Ht!spirntors 
11hould be worn. 

9 When wiring or handing insulation 111111 
npply ing Jackets or facings, cnre should 
be taken to 11\·oid generating cxcesRive dust. 
using lhl! prccaulionnry mensure., 
described ahove. 

10 Surplus usnblc mnleri11ls should he 11laced 
In c11rtons, which ahould be closed und 
returned l o the worchouae. 

8 

CEMENTS 

Werehous/nl). 

Storage end Hendl/ng 

Hnndhng unrl 11t .. 1.I11e of closed 
lmg11 cont11inin11 ct 11wnts do 
not prc~cnl 1,eulth 11,,rcty 
hnU1r,l11 pro\•idcd hugs nre 
unopened nnd not broken 

\ \ ' hen 1111lon1li111r rnilroud ,ur~ 1111<1 t rur k•. 
if there is exce•si , c loose 111nlcrinl 
result111g from 011cned or hroker hugs, 
•Re.,p1rntor11 should be w,,rn during clenn-.ip 
nnrl unlonding, 

'' S111lln11,• should he rlcnncil 111111ml open or ---. 
broken lmgs l'1.'IIIICkcd. n-scnlcd or rhscurdeu 
1mmed111tely lo pre\·enl tlislril,ulion 
of dust into other ureas. 

3 If hugs nrc dnmngcd nnil ~t>•llagc occurs 
111 the \\'fir ehouse, mate, iul • houlrl uc 
rlrnnetl up immedi11tely lo 11re\·cnt 
1lisl ri l,ul1011 i nto ot her ure:i,. \'11cuum 
C<tuir mcnt is r ecommended for this cleoning. 

•I If lnr11t• ((Ullnl1ties of sp1ll11i:c occurs nnd 
d enning invoh•cs sweep11I1: nnrl or 
shovel i 11g thnt could cr cutc cxccssi\'e 
dust. •1tcsp1rntors shouhl ue worn. 
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Fibrous and Mineral Content of Cosmefo· -::/rr-4 
Talcum Produrts ~ 

--#/7-
L J. CML..U;Y, Pio.I). M. IL 1.1':Y. M.U . U. II. GRO111. \I I> .. 

"· S. LAINHAaT, M.D. a.d a.. ~I. LIGO. M.D. 

Ou■,.IUtul H,.JtA P ..,,,, N61111■•l c,-.,,, f.n ( ' , • ..,. •' hfl■dfl.c.' 11,aJtli 
10 Joad~•'• Cr• 111••••· O lao 4.\:o .. 

• I• ttan:bm1 ror IDmTD el &.rs .lliqwio. to oor r-rrnda) tn,irooa.rol and of 
rapirablr 11.llt.. 1be aut.hen uamiM.d 22 ulc.am produr1, commonl, a-railablr on 

noil lhrlw, and lcnu1d 6WT ~It. n111io1 fn,n1 ft 10 ~ '"':- by count •i1h an 
•~.....-, or 19' •. Filliroua putinlata •"' 1mrnll.- undn 1.0 ,,. in diamtl rr ...-i1h 
lractbt nn(lDC frcan I .5 to i.O -. f ram o., lo , or, quutJ • u found io 21 ul thr 

1&111,tca and t~ raui.niac ump:c had 54 4r quanL Thr u.mplt:t '""' al.Jo anal,-rrd 
for mcuh: •ith four aceptic,-.. tt. lc-fth or rob.ah. aid.d , rhromjum aod 01antAn"" 
wrrc lo- . •■r1hcr raardl will bf wrdrd 10...,. 1hr 1i1tnifinnrr nf 1hrv 6ndmc~ 

R £PORTS OF Fl:Sf)l'iG pulmoo,n 
fibrous boJic,. P""' inu,h rrf.,,.,...d to as 

... ,•hroc,s• a m.I nu" .u •·1, rruL"lnou~" bn<lit"< 
rn 1hr lun~s of Jl<"Un11s """''"~ 10 autopJ\ ln 
h!llflll>b in 3 numhn of , iuro lu>r rttrnth 
bttn ,ncr,•::uin~ Thr fir<t rr-pnrt of 1ht1r 
morphnluiriallr tli.1mrti\'r fibmu, bodies in 
thr t1pu1um anti lun2s of a'1>M10, worLrn wa, 
mad, m l'l06 '" ~lilr<h.and ' l:um:nt intrr­
N Jain from I 'l6 l "lirn 1 hnmp,cn , 1 al.' 
found 1h,y fibrou• bodot'3 ,n tlir lun111 in 
26 • ., of the a utnp,in m ;i ,..,;,.. of o:unin;i­
ucsn in Capr Tm,n. S .. bJC<1urn1 imrsti2a­
~.,__...,. provldr M 1drn<r tJl~l thr occurrcncr 
of thae bodic, m the hon~• of urban r-..idenu 
ia DO( reruicto.l to th- in iJOlatrd localities 
aad ia not a onr-time cl:uuu:r olnrrv:uion. 

Tbr ide,riry of the fibrou1. core -,f th= 
.-&al bodies, ~r. was nt'\ er ~wminc<l 
ti, tba i,,,-.a11>n. Th,, bberw wue n,utine1'­
~ • :ubNtos bod"" on tM bslis of 
dteir n,rpbcqical llrUl:tun,. 

la ann:luae C« dr .,un,a of d,es,,,ubiqai. 
IOUl nbeftt 0-.llev •I ol.• reported that la]. 
.ua po,,rdc,- -,tmno:d a siguifi,cant r-=it· 

:icr t'f ''"'f'll,,LI,· hi" 1 , .am l \\J~ .1 1.,.-111·011.11 
V\IIMt' nf ti.,· ll11,ji..:1n11111i,, 111""1'1, uJ,,.,.n. r-d in 
llu lune• P l ltt trl tJlh n .. I '-v·r ·" ()fl !•" l o 

huthr r 1i,, ( 111 I\ 1.i 1 )ur:1r1r 11:r, ,,..,11 111 1.alrum 
produc 1' 

T lw nuj, 1 p11rywur , ,f 1lu- Ir\\ • 'l1e.11i,,n fl' • 

1""111,I 11, 11 \\.I" ,., dr,, lnp .1nd t•t1'<111•nt d .llJ 
on (/lJ111 ,,t d,,. ron,1tltu·11t .. fn,ind 111 t 1 ~•11r til 

L,I, w11 ,r,"'I.,, 1, 1ml h1 J1" 11-~ 1h1 ,r 111• 1lll1 

;\\ftoi't h m 1ltr lit!ht nf tr ... l.,, "' l , 11\\lrtL•,· It 
ii nr•t , ,11r 1111rnl lo m ,\., ..1 c•·nrul l 11prlilr,,.,I 

or hr2;lth fal 10"'~ in 1hr Iii,(" .,r t.lkum prod. 
urts I.K'r:111•r nf thr mJn\ . ;u 1,1hlr"\ in\ '01\ cd 
and thr l1muffi tl.11.1 .1, ;iiUhlr nn thC" con­
sumption of \ a nnus "sourr~ nf tJlri' in lhr­
fonuulluon a nd u~ of rnvnrlu 1.1lrum pmcl­
ucu The po1rn1i.il l1<"alth ~•prro, of ..-.n,e cf 
lhr data . hcwtc\ er, arr d t\C"u\1<."U 

Twcnt\•h \O r"•1111't1r Ulln un prndurt• l rr­
pr,....ntm~ bod, po"clrr. hllh powdr r, anil .JI 
purpo,.. po .. drrl p11rd1'1SC"ll 01T-1l,r-"1rll, " ere 
ana.1)7td fnr hbrous rnnrrnr. 1elr< trd meult, 
and quart7. The d~ta and 2 J i" "" inn of their 
pomiblr siitnificancc follow . 

Analy.it of T alcian Products 

Tak ho a utural mili.rr.il. hydrow ma~oc­
~ ailic.ue,. ,c.h the geocniiOllllula. (OB)« 



.. 

1-·,c , a r I Phi t1•m1rrocnph nr 1a!, um ' f..,, 1mrn 1 u., ,., _ I ,1 ,, , 1 r "'~' , 1 1.1 .Jn •1111 1t11rn 

thrn,.,n~ pl'T"W'n( " 0 1 fi 1,, • '4 l(l • .,,, "' m ''' ""tu, hi • r, I 

crnrr.Alh undr r 1 0 1, in cl,.:u11rti r ,\ •h 
lera!th, ran!!in c t um1 1.:1 t fl fi O ,, 

Thr :!:! uln m pmdu.is an.,hnd J,.,, rd 
fih<,r ron1rn1> r:injlinc from A 10 30', '" 
count nf thr total 1alc111n pa11,cnb1,-< "ith 
an a,rr:wc of l'.l', . Ahho11~l1 thr •p~1fi1 
fibrous matrrml, wrn- not 1dr n1ifird. tl,n 
wrrr- prcdomina.ntl, fil,ro11\ talr. 31,, ,ho\\ n ll\ 
x -1.1, diffraction . \\ith tlw pwh.il,lr pr,..,.nro· 
in minor :unounts of ot.lll'r fibrou, mmrr;il\ 
rurh :» trcmolitr. an1hnph\'l11r. rhr..,11ilr and 
pyroph) llit". 

The drct.mn mir rosropr. ·., it!, it< hichrr 
power of l"MDiution. uiows a nu111lx-r of suh­
m1rron di:unctcr r articul3trs nn , tYblt' 1,. 
meam of plu.Jc rontr:ut micrMCnpy. 

Fru Silica 

ln B of the 22 l3icum producu /Tablr I 
the presence of quua ranl(rd f mm O "I ,., 
1.0%; in 13 producu, 1.2 10 3 0 '.c- qua.JU. 
and in I product, !>4.4'1, quartz. 

Jfdob 

With the CIIII" '1ion of talcum produru Xo<. 
+, I, and 22 (T .able I ), thr cobalt content of 
~ ~ wa under 25 paru pc-r 

1111!! 1111 !,, ,,. 1•• h 1 l'I' 1 I : 11d , I '.!~ 
Pl II, II H ; •• 1 111d1 ..!' • j•, 1 • I •p 1 111.111::.111 .... 

11nd,· 1 ::; 1•1•111 1'111d al "\11 I 1,.,d J 11:~ \r.d 

, ,,nlfIH l •I 1~; 11 •,p111 tlu ,1•1.i 11., 111 1'1,11 1 

.11111 , , ,liJI I ll- l'l''fl l'r1-tl • ,1 1 '\ , :l 1 1 n• 
l.111v ·.I 1- 1t 1•1•111 n,1 ~. I .md ,~'• 1•1•• 1, l, r ,.1 11, • 

um 1'1, M) hi "\, , .!.~ ,n111 ~i:rHtl , !.. Il l I jllll 

flh It 1 .11 1 I 11711 JHUll, 1111 it111 1 Q IJlit 11 1 \ 

tr .. t , ,lunu d " 'IIW 111 ti.,· , I ♦ 1:, 1 11 l Ill Il a 

uli 11111 Jlfl"-111\ 1, In In 111 ti., lw,.,, .sit nt .. ut,· 
' I lw Oh l, I. 1 Ji u,1111111 1 •l ' 1.1ll •• 111tl 111.1n._, uu-,,· 

m tl w t.d, 1111 p111(hh l '1.!\ l , I \•' , fl'IW l rn111 

t i11 I J h 11 11nr-r .~ i\,ll 1 ('f h n 111 t1u Jll11, 

r:u·t.:il, ol II ., I ,. .111ru: , q u.p1rn 111 "" ti 111 

rN.lunnc th,· 1.tl, ' 

Th<- zirromom , 11ntf' nl t'I( tlw prndurl\ w:u 
a.II under lU millicrJm, P• r c r .:m1 IU!! c111 1 

rJ<rrpt fN pmd111" :-, ,..., " a n<l 17. ,.t11lh l1.1<l 
20 and ~O mclL'l ll r<''J"'' t1H·h I h,· t1t.1niuni. 

,im . ;ind i1Cln 1.1111.!rd t, .. 111 ., I n, 1, nth, t o 50 
1th,:/µ111 (1( tJh \ 1111 ..1. l ! ,u·rt• p1t.,h ,1l1i\ ('ll""'l'r I 

;u pi!(lllrnn nr <'p.,ntirr, Thr 11u~n=••m 
content of the produrt, ";u O\Cr 10 m.: ' 
gm. Cl<l"rpt for pn-duct :-,., q \\ l11ch lud 
onh US m1,:/ ~111 1 hr m.11..'Tlr-1111 11 ".u prob­
abl~ prr scnt "' .in .add1tl\ r in 1hr fon1111l.:ition 
or :» :, p:irt of th, ulc molc<:ulr or <'lhrr 
amphibolr-s in the producl5. 
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T1ble 111 

Mortality esperleno• of 632 ■•b•n of IAJIFlAW, Loc•h 12 ind 32 

Janu1ry 1, 11143 to JUn• 30, 1971 

CauH of Death 

Luna c1noer 

Plour1l ■eaothelloal 

Perltono1l ■01othelloa1 

G111tro-lnteatlnal 01noer 

All other uano•r• 

Total 01no•r • 188 

A1beatoal• 

All other cau••• 

T1ble tV 

"iabar 

85 

7 

21) 

40 

36 

32 

205 

425 

Per Cent 

20.0 

I ,6 

◄ .8 

11.3 

8 . 4 

7.7 

48.2 

100.0 

Aabe■toa Alr Le~ela in United Stotea Cttlea 

Analyst• of 187 Quarterly Co■po■lte Suiple■ 

Aaboatoa Air Lov■l■ 
oo-9 grau/-3) 

0.0-0.9 

1.0-4.9 

5 .0-9.9 

10.-0-19. 9 

20-49 

50-99 

Ku■bor of Suplo■ 
Wlth Olvan vaule 

61 

103 

12 

8 

2 

l 

.. 
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! Cigarette Smoking, Asbestos, and Pulmonary Fibrosis' 

WILLIAM WEISS 

SUMMARY---------

" r,-nup o l 100 1'11MU111 1n11lr "'nr""" -..a, rHm111, d b,- 1hn t 11...-n1,r111°"' un .and• qllnllo nnaut 

mncnn,nc ll'f', IC'I , •m,,1. tn~ h,l,111 lnd tur.u,on of o<n1p.111nn.1I , ' I"" mr ro ulwuc,. Tht 
1rirn1111:tn~11nn tt"t'rr ra11n1nnl fot ,111lt1un f\f 11ul1nnn1,, 1,li rO\n -..,,1 ,1,111 l.nnwmc 1hr rr,ul11 
nt 1h r •1ur,1ul m111rr Y,rnit 11, ,. •11rl.rr, •rrr 11c1rrttr uno~rn .sn,I ',! , "' ' " n11nunol.rrt 1hr 
fltt'ulr nn o l pulrnoo,r,- ftl,un11 _,..,, CO flC't u ·ni '"thr unol cu 1n1I :! I rn , ,.-,u In 1hr nnn,mo\ r11 
l l1r •o111nn uf ;a.,. IC', . ;a111 I duut1ou nf "r"' Uh· to nll('Uf'h tl u l m, .1ufu1111 foi lhh 1hffr,r mc-

l hr p,n .. h-nrr o f r••lmonu.- "'"°'" rnnuwd w11h uu rr.1un11: am,,11111 .an,I 1lm111nn nf Ujl:41ftll< 
1mc,,king ,1011 "••h l ncu ,uJn~ 1l11u11m1 o f npcMutf'." 10 a"''"''°' 

lnlroducllon 

1 ht l'10< 111,o n hctwrtn p11lmonuy ftl1ro111 

I lle.I c1~;:arr1t t arnnlinJ: l1;u ht l"n tl rmo n 

11ra1rtl in l,01h pa1holog,c amt 1J1hognpl11l 
a1111Jir, (1- 1) 111 l 'l<,, Aur rlJJd1 .11111 <o 

worlcu (I), wuhoua puor LnowltdR1. ol 
1m0Lrng luhiu tlunng h(r. 11wl1:-1I hin,::, oh 
•• inr,I ~• 11urop1y .in,I rt 1Mn1rd 1n :::usoci11-
uon bt ,wttn 1mnkrng h.Jl,i1 , ,ancl pulmonny 
fi!Jro,it In rh<" fullo\\111g ) t J r , thr,r oln<'n .a• 

IIOn, "' <'rt' conf1nnrcJ hy llu11rn 1 .11ul ,H.101. 1-

:11n (2) on I glOH r;u.Jiogupluc l1Ju1 Jur 
111 ,:: a siud, of malr unokr,,- \llh 11111g c 111 
er r, nu 1chcci i nnuol 1ulJ1rcu who , ,ut 
smokr n wi1ho 111 unrcr, :iml matd1ctl ,011 
u o l 1uh1rcu who 11rithtr "'' '<' 1inokrr, nor 
!,;ul hlf'R' c:rnct r Fur1l1(' .. 1t11il1r1 h ) the pn , 
en1 writer (3. -1) , who read d1ru film, '41th. 
out knowlt:LIA<' o f 1mok111g h .1l1iu. prouclc,I 

( lltrt11 rrl 1n r n 11,rl fn, n , /Jrum,,,, :1. l '1ifl) 

1 hom tllt Orpu1mrnt or J'u·\tllfnr Mlfli 
.:,nr. The- Mrthal Ca llrgr or r<"nm,1un11. ,,oo 
llm ry A,rn11~. rl111.ldtlphlJ. l'rn11oh .1111, 
19129, and 1hr l>rpulmrnl of Mtthcinr, fl illtnr • 
-n1n11 Medial Collric-, 2,0 Norrh Jh oall S1trrt. 
Phll1ddrhl1, l' rnn1ylnnl1 1910'2. 

atltl111on.al rnppor1 for 1hc hu1o l0Rir olurn11-
t1n m or Aut rb~, ri 111 ~•omrn u wrll JI 01r n 

Thr 1uoet.a11on Lrt"'rr n ,,ulmon;u'l' Mno,n 
1ntJ d,R"arr11r 1mol.u1g w.u c.losr rr larr J, 
1u~r11rng 1ha1 1hr rtl . .11mn1'11p wu uuul 

A1Lr11n1 rnhAla11on .11 \Q produrt1 pulrno• 
nary fibrn,i, (SJ. ,.h,<11 " 1uob•blr do,r, 
rr llird The quru ,o n arurs .u 10 .. whr 1lu: r 
1mnl1ng .irnl uLrum , .1n prollurf' ;ulrlun i: 
or ru•11 1yutrJ,?•111r r llr, " '-'llh rrgud 10 
pulrnon.>ry r1Lrmu "tr l,1.nf( lwl au,~1.a1<1 
(6) •rponrcl J l11i::l1ly ' 'Aniftc.Jlll 0L~ru­
r1on , hr n cliq 1101r J 1h.11 Jrno11g 1,br1101 
inrnlJ11011 NotLr r, . a ~ro up lno"''" 10 hnt 
=t 111~11 incnlr nct or l1ronc.l1ogr11i( CJrtanom.-, 
11,r n11Jr IIIC'II In '4hnm 1hi1 t.ln("3\(' clt'HI• 

oprtl "<'•r ng;ur11r 1mn1ru. 1 hu .1uou~ 
11011 or '1crnu IIIIJ:ht ;3h,o ;pply JO tht d r 
\ Clopr11r111 of pulmonilry (1hro11t rn \\Orkrn 
r111:po,rJ to a1lxs1m rlirrcforr, .i pdn1 11110) 
\\JJ uruh ri~lrn rn .111 .l1hr.ro1 1r,uilr null. 

Mal1ri1l1 and M■lhod1 

A group o r 100 wo,.,r n in .rn 11bf,101 (dirpo-
1,lrl 1r,11lr m,11 wa, r -um1nn l by chrll 10 
, ntgrnoJnm ant11 c111r11 lonn;a11c conrrrn1nK agt, 

" ' · 1n10king h1l11Lt, arul dun1ion of nro1urr 

AMC.RICAN l.t.Vl£W OF RUPIRATOR Y DISf_Au. \'OLu-.,c 104. 1!>11 22l 
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T Ant( 1 

,utl,IQNAl1Yrlftn061 IN~• · ASn1S T05 MIL l WOIIMEnsnY 
CIOAn( nr ~MOKI .. • , ....... ANO OUIIA ! ION o• .. •UTOS 

{ M Ulll 

A tb"1• • ,.vtmo,..,w r •-"O•• 
Ima .. .,. l• rn• • • To,., Mtt,t ..... ,., .. .;;-.n,;;;:; 

•••w• ,,,.," ... ii\o I /No l /No I , .. , ,,, 
,.,..,,,.,., .. ,. 

XJ 11 
71, • ,. 

,,,.-.., II 
,0 . , 
,o, ,. 

I) , ,.rnf1ran1 C nmp111n1t ll ir ptrulc1u,- n l 
r.tumn 111 •rn11111 I, fl\ 1t11I 1hr ""' 

Rto11p1 m IIU (1 il,l t , l h ) thr d 11 " I" ' ' '" 
flll t lHH.I P < 0 oo, 

t n11r o l (11,r ,m1•••• r, ol ,r,r,r f,lum,, t"r 
1111,rd •mon~ thr 1Knmu '-1111 m111t 1hm 

20 )r■n ol r •1•m11rt 10 •\ltrtlo \,, 1n1I , 111 
1hr ,r "'rrr 1 n tut1g tht 11) " ho, 111 .11 ltlt1 mn, 

h .J11I 11no, r d II patk. , , morr prr ,lay Im :,!O 
)«-An n r mou 

ft 1houlJ ht 11n t r1 I lh1'1 ,1 II h u t ont' or 11,r 
arnokl'n who lunl ,molrd J,-u 1l1.a1, !!O ,r,11, 
1ho luul ll'u than 20 l ;an or , ,pornrt 10 ,1, 

hruos 11111 wa, tx plamrd hy 1111' ) n111h ur 
1h11 groufl. 111u1rt11 (fi8 fl(' r crun of 1hr 
HJ work,n ~ho 1mol r c.J Ir,, 1h1n 20 )t'lf\ 

WtrT l,u 1h1n ◄O )Un ohl com1 u11< 1I III onh 

• 
0 
e ,. 

'1 ,, 

' " 1• 13 
0 0 0 

e • J 
e 1U .., .., 

I J "' • I G D> 

2 (', prr ctn I) or 1hr ◄ I - 11,. •molr,I "'O 
)UJi o r morr Umallun o f ,mol,ne n inr\ 
1111 ,1,1, ho uml up ~ 11 h •~•· 111 Rroup, .1, 

tm1II .u thrK" 10 11 n nN l""'tl,1,- 10 .>J:t .:u l 
11111 tltt p,r,.i lr nrr. nf r,1,,m11 \ ••m•IH 
ptohltm ruu, to ,1 Jc , ,,, n.1rru - 11h U'\f )('Cf 

IO 1111111100 u f r•~11111r• In .1, l ,r qo1 I hr 
1IAra 111ger11r1I howr,11 11111 1lu• cl111 .11to n 

111 r ,1tou11 c:- ~H 11111w1r1.a u 1 hr1 Ao \(" JHH•HR 

\\n, Lcn lr1t thJn 5-0 t t H S nf .1,::r, 1hr pin 
ah IU(' nr f 11Jr o1u lil ,1\ lfi p r r Ct'III or ,"I ("( 

po1rtJ for lrn 1h.10 !!O , r,n romp 1tt1l 10 \7 
pc: r ttnl of f fj r , po\Cil for 20 , r .111 or mnu 
amt .an11H1g \\-0t kru a,;tfl ~n ,rJr1 or morr 

1t1r prr ,Jlrurr ""J ' !10 ;ir r , .. 11, of 20 t xpcn rd 
f,u lru 1h11 11 20 ,r.1n c 11111 p uc1I 10 G5 per 

u n1 of !!U c,1,()lr,('41 ror 20 ,r.1u or mo~ . 

TII Bl( l 

I 

PULMONARY F10n0915 l"l 7J ' CIGIIHETTE-SMOKING ASBcSTOS 
Mill WORKE RS OY OEGRCE ANO OWIA TION OF SMOK ING 

ANO DY ounA TION o r ASBESTOS [ XPOSune 

'•llH10 1 PL1lmonary F lbro1h 
Smoking [■flOll•• lo1• 1 M l., G• --•• lo••• 

Hablh , ... ,s1 No (No l (No/ INo I 

< 1 ~c'-ld•v I J I J 
<10 • 0 I 

10• B I 1 

11. 1• oact,,/oay GO 11 • 1G 
A , < 20 v•• 10 • I D 

<10 18 • I D 
,o, I 0 0 0 

• 10t v-n ., 11 ) 21 
<,o 21 r , 

10• 10 ,, 3 1• 

•Two clgateue 1mo1P.en .-.ithO'-t Information o n dl#lllon ww• ••t1uded 
'"• c.,t nO\ calc\lle1•d when deGOmln , to, 11 , ... ttwn 10. 

'"'' .. 
2J 

•J 
16 
28 

5 1 
J 2 ,. 
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Dlocun len 
A1 lht llmr nf tlu, 11u1lt thr- 1t,11lt pluu 
h 11I 142 Wt,tl.rn l1t11 t=' , rfuv,1 r ,11h111• 

llntt I •nfor1111, 11< h 1hr ph111 ••' r J -1 1 
""'" , l,rt tlif 1omplr11on of 1hr c,am,n, 
lfon, thr .,,,,Ltn 1l1\111ntlr-.l aml 1hr t • 

uu l •r n 111 11 rr ohlt lhflf'IOff tt "" Int 

I"''' 1ltlr 111 cnmp,ur lln urn ,a.nmt,I ww~ 
r f"\ •1111 1f1r r \ u111111 ,I n t1 r1 for 1w1,n1t,li 

lllllU ,,I'"'" 
I lu 11 , ,hnJl r, I 1u 1lmruuu-, hl,1110• w1 11w 111 

Ill IIHijUIO• I\ ,ulq tfl In nrnf f71 lit 111" 

u111 I)", hm•r,rr. -1 11 1hr 1r11,h11g, "'"'" u 111,;adr 
h) 1ht ,.1m1 nh\C' I H r '11t1IH11II print ~11m,t 

C"11R,r or t 11l1cr 111n11ltnR h •h11\ nr 1l111 1 11n n nl 

n1pm u1 t- 10 ,nhnto, lluu. o n r •nul,I r• 

11"" any rnnr 111 1ltr film rudm p, 1n 111 o l 
111111lu m•Amtt11lr 11ml ,n 1hr 11.1111 , 1111r r11 n 11 

111 1111 "'"'' W> that 111,11 wuulil tttll lit t'JI; 

I .,, lrd w11h 1r1ptc1 10th<" f•t1o r, 11111linl 

rhltruo, <'\pouur u uniloulur1II) Jl\Orl 

11c,I kll h pulmo nary fi hrn\11, J11t l ilu ,H.ail 
11.Jlr r, ttJr rn r (I 1) , u ,t1tN 1• t h,u u R 1u 11r 
,moling i, lllr•1ll'. auoc1.i1rcl w11h pulf"n 
111.JfJ f11J1 o•ia O nr woulil <'"- I~ " •h.11 pulmn• 
nary f1lJ1ot1t woulll he m o,1 <omu -'lU wlu n 
bo1h l1c1on •re operating 1 he ,lat• 111 the 
prrK'ni umly i ml1n1r 1h:11 1h11 " '° I J,rrr 
1• a l11ghrr prC'\'Jkncc oJ f,hrmu in atht"'to• 
"'°''e" who , mn LC" c1i are n r1 rh:w 111 tl1n \f' 

"lin 110 no1 
h u 11mr r1 ;1111 " 'hr 1hu 1l1c r lf, l l o f 1hr,r 

•~ n f,1n n11 u J 1hl111H· n r ,ym •RUltr 111 a 
par, 1ou, , 1111ly (1) of •)<l'I pcnplt \IH\'ql 11 

hy 70 nun I h '"II rnr 111i;:1 11nJ;,?1-1'nn, riu:- p, r, 

,t l c n u.• o l pulmnua ry H.uo,11 wa, n ul~ I ~ 111 r 
, r m m 39' 1101111rn1L.ru aml 111uc-.1u1I p ro 

J:1<'u1H I)' "-1th 111crr.,"nR .1 mo111111 3ml 1111 

1,llHHI or llRJrC'llt' \IIIOllflJ: ro ~o pe r II Ill or 
!,j w·orlr wlm ha,I ,rno~nl OIOI<' th,111 IHI(' 

p ,11 L.. ptr llay for morr rh.111 ~fl ,r 111 fn (nt 

m.111011 o n ouup,1110 11 w .u 1101 11111 um ii 111 

1h111 1t1ncy. liut fr<Nn 1h, 11;,111rr ,if 1h1 1mp 
11IJ turn cJt:aminr1I. 11 n lilrly 111 • It " or 
0011r wrrc u h1•,11n wo,1. r , ~ ' I liu r fo11·, .;1 11 

l\•111u 1r 11 .a•.;111:thlL nf 1hc prc ,Jlc11c1 111 pul 
m ru 1;11 1 r,hro.a,, in hr.i, y loni: tt rm t1r,n rt11 

1mo.,tn n o t c~1w1M."1I tn -1,hn10, 

In Lht prtlenl IHHI)', 1hr 1r \\-('re I◄ pto 
pit CJCfK>.r1l ln .t\h(IIOJ for 211 )'t',11' Of IOllll 

who tlul not 1mokr c1go1n 110 aml thl' p r e \ 

•It Hit' nl h luo•t\ "" 1 t \ f"f' I ft 111 If d1r rf 
lt't ,, n l ,mn~'" • 1nrJ a,hnlm • •1•m11u· wtrt 
••hl111 t a 1hn ,lrm r 111 11,, ur1a hhrrlt~ I 

n f ,,, I' , • t nt "''"lltl lit ,., ... , ,r1I In thr 
1•u"'m ,11 h 1hf"t ,., .. 11• 1 ,plr ..,,.,... Ji,111 
,u,,,,, ,I ,.,.. I .o ~ ur muu I , ,l.1, fnr 2fl 
\ •• 111 1 ,11 .:1 n,I "l,o 11 t, I du, 1 ... , U r \ 
1.-1 ,I In 111 1,1 1111 20 \ ,,, or fllhft I hr 

11n,,li11tt n l ltluou, "'' i i I''' ,r111 It 11 

11111 1•1•,11, lr 10 1lf"t11lr '-'Ill d u·, 1111 1 11.11.1 Ill 

,lu 1u m .ulil,1ur nr .:1 ,,11, ' ►'•\I U c llr, 1 IM' 
, Hi t,(' thf" 1uunbc n o f prnph 111 1hr'(' RfOIIJII 
t.rrr too , 111.111. 1 1111 tlu t \>l,n • 1UH'\' "'- I C' nnl 

\l tlllh <•lmp.uihlr ro, r••mplr, 1hr ,un , , 
o l '"►C) pt·1,plr prrmmrll 111 hr 11111 \f10U'1I In 

u ht ••1u "•' ,lo nt" "' ll h 70 mm f, tm, "'" rtH 
tlir wnrti o l ;11h( 1101 "' 01l r11 w.a, 1lrinr 

"'"'' 11 t,y 17 inr h fdnn ~,m,1.n ,1111l1n 111 
1.arRrr nu~r1t1uclr arr urr1lr1I to , I u•f)' 1h11 

m.illtr 

It / \l 'MfN------------

1"1 ftim:ir c1g~rri ll01, iul>rum y hlirm11 

pulmonar 

t'11 ~rnpo 1lt' 100 1t1 h 1 jiuln1M •Ir atl M"tl ot In 

111r, fu~ rum I nil.In con u•ln'911.ah u t.h I flftho 
\ ron un turulnn:nin cone• m lf flh' a la nlad, 
"'••'· hiihh"" 4h- f11rnu \ 1l111J11/!11 iii IJ n 
ro,iutOn 11C11111f1on, I .1 10111 hh• ''" l .11 r .1d10 

gnllJ• fm 11,n n:;1mm1,11, 1•a1.1 ,, 1 IJ, r,hlrn,1,11 

tk lihu.,u p11hnon11 ~111 uh• 1 Ji .., u 111l1;a1l0, 1lrl 
,11,,11111111 111 '4- lrnu • lllHU l 1J li,111t1 n11, tUII 

ru,,,.,11 ►1, , 1lr t1R;tt r1ll0" ) 2'• 1111, 1.u1 fum 11lnu, 
► I p1 r 4l11m1111c• ,It- h ltrrn11 1111hu 1111H fu( 1l c- iO 
11nr 41• 111n , 11 Im f11nu1l1111 , , 1l1 ..! I IKlf u r n10 

In lu,. nn 111111,1111111' , ,.,_ f ,11 IOlf ' , tr r-.l .141, ICI.U 

\ 1lut.1f1t'l11 tff" 1 .. 11:po, 111(11, ;1 It~ .i\ll'Mlot no 

f11t I 1 1.111\11 d r r,u1 1111, 1, n• ,1. 1 1 ptnlnmln o 

,Ii 111110- 1, 1u1lmo11u ;,11nu111,\ 1m1 1 1 a u mc-n10 

ilt IJ un111l.1u l , IJ 1l11n1t1011 , Ir fnmJ r ug;u ullOI 
, 1 n 11 , I 1 11m, 1110 1!t- l .1 11111:anlln 1k

1 
l.i 

t\l'o,1111111 :a lo. ;uhnlOI 

ll1 \f ' ,\II _ ___________ _ 

C.1~ M r 1.c, a, hr,1r c, l1l1ro \C" 1111l111n11.11rr 

I 111 ~•m•I'• 11( 100 11.u .11 lt1· 1111 11 ,11h, •Ii· riruh11 
11 11 1I , 1 .. ~1",u om 1 11 , ,.1111111 , p H 1ln t, 

J II II n, 1••l 11•lor,;,11111"I 4l · 1 llio , ., I I v1um1, fa 1111 

fJ ll1..,lll)IIIIJU1 11111 (011111ft I J I I l'JJ::;,, , Ir 1.t•C, 

l lt l111111lr 11, r111111r 11 l.1 4111111 1k 1r , 1~1111un 
111oll"\.on1111rllr ., r .. , IM,h . 1.n c.l1<hl1 n, 

J m l11,t1q111, m u ( t ~ rurnlnk In \Ill' tic 1lkrlo 
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The lake ll1tn remained d..ip ro, ICYC'.'111 thnuuntl wan anti 
may ,.,,. h .. e n..,rnm.cd Ahout S. )00 ~• , , h•n~ ,n l~c 
h, drolfll•l tn•1u,nmr.nl ,, rrOtt. tnl in •n ,nur- 1,c in ,.rt ,n.u,. 
11ntdmtwn 1111.1 11~ Ht.ntoal c0tar\C111rt1 or I 11t.,m M'lt,mrnt 
( ,,11n111.u1n1 10 1hr c.JC-f'll'\I IIOO or ,tullt'"' hc,e. .al l , 1(,1 .... 
Al J, l fll nr wa1er Int l u..c 11,shtly and 1hN1 Ml •r•in m,11, 
11110111, thi, low rnu11 in unlll about 2.0fXI nr 1 rtn foul'kt 1n 
pa11tfun, or a,11 .. th near ■nJ be),,.. rr~n• ""Ater IC'\oel and 
t111cJ a t l ,R90 1• IN J901 ~re 1ul•mt11«I ht , ,.,n, ..,1,eu 11 
1111, lime n ,e trrei bclc,na 10 the la.t l"(flllC:I wh"'" \!,lie r lcHI "'°' lxlnw 1h01 nr 1ot11y l l1t lake tU\C ,,.ti ,cm■,nc,t tlr,,r 
un11I after I ur11pc1n 1ellkmcnt In If~ l11tr n1r,t.trrnth Hntur~ 
II hrs.an Ill ,. 11 and '" l9(f9 , 1r1int.1 Al It, ln•c·,, IC\.CI r.,, II.co r,u 
1,900 yr 

In nurhy Lake Gnn1uk, ,ubmcractl " ""' hHr l,ren doled 11 
1,M5 • H5 nr ((lX 01 ◄9, I' r> lo1II, ru "" ,, ,nmmllllllJIU•nl 
S)'rh hronou, 0 \(1ll, 11011, m hikH 20 ~ m ., , , H I prn"11lr 11ronR 

c:\>11Jtl\C"C lhitt 1hc cnn1rollin1 f1c1nr ""•' cl1m:\fc , .. 1hc , lt1Jn 
lnUJI ht drolnp1c \',r1a t1mn r ur1htrmt1rc, thl m.11nr dJ')'•na 
bclwc;,n IR,1100 ind , ~.(JO() nr " on clC'\C or1rtmrn1 ,.,111 
cv1tlancc documcntri.J (rnm IJkC\ 1n d1flrrcnl h\t.1111ln1uc ,t11 ,m, 
111 north Vtelon o nnd 1,1ulh•"C1I Ne" S 11uth \\~Ir, rc!t.nflk d 
hy J M. ll. 1• The m e ~I ahoul 10,000 nr rcnr.imJ , n oncrtJ\C 
In prcc1p1lft l10n n r d t'Cf(' ,'l\C 111 IC"1f1CJOIUJC", c~rnntH \-'Cl he 
Cflrrcla lcd o«ur111cly v.1 th C't't'n t, cl't"'hcrr m A11, 1r,1 l10, 
Allhnuah Kcuhaw• 1u 1U,1c,I\ a "-'Cl fl('rmd in nm 1h CJ11«niland 
11 lh" 1,me. 

I lkc1, or n r o,i.r. ta" a l 1hermal mn.,mum ,ue "c•kly 
rtrrc, cntcd hy m 1low fo ll m wJtcr lc,cl :rnd II c<,rrr-,.r,ontlinfl 
me III a 11ho n11c prntluclt0n frnm 5.~00 10 ,.,no or l he 
mJpn,tmk nm.I 1mnl1cLI riltc, (l( thc\C chan,:c\ ~Ua&t'11 cond,11on, 
l1t1lc 1.hrTc1cnt from lhn\C in thr err:. 1,,~IJy. The tl.alil therefore. 
do no t supr-:nt the h)lhllhc\t, ,,1 ,,1dc,,ucut.l 1'11,1-G locml 
a rul,ty 10 \.\HJcly cliumrd ' " Au\ lrnl1.1' ' Allho 1111h 1,mrcr ­
~1urcs rrom ~.500 lo J ,100 or may h" c hecn , lll'l,111 l11~h, 1 1h.1n 
m lhc preceding rn1cnol, lhc tlcgrrt o r orrd11y """"' ,1lmo,1 
ttrtoinly nol have been , unk1cn1 IO cou,c lhc ,.,,gc,at,on 
t1u 1rue11on nnd w1du prcud lontl1<orc 1n\lah1l,1)' which ar~ 
1omc11J11c., nt1 r1butcd 10 c,"Cnl1 of th1, 11mc 

Cont111,ons moder,Hotl 01 J,100 nr " hen n 1lwh1 me nr lake 
lc,cl occurred, bul lhc m111nr n ,c mark mg the hqirnnmc of the 
nc,1 rclotivcly wet rcrrnd d ,tl n11111teur un11I 1,900 '"'· 

Osc1llat1oni m I .1 )..c 1'.c1lt1mhc1c c.an he nrnlchrtl m ntl1cr 
lake\ rn a vnricly of selling,, 111 sou1h.cr1,1 Au, trnlm surnoriinr. 
lhc mtc rJl1'tt:111o~n o r the wotcr In-cl chonrc, l.11\.C11,c.n l here 
TI1c scqucnC'C of pa lacocl11nn t1c cunJ1, rons (H1,h.1hl) lrn, r-cncrnl 
nprlu.11l1on through south~M I Au, 1r,1lia ~nil II mny hell' 
pro,•,dc a 11:hablc bu i, ror climolic corrclalloM w11l11n Auslraha 
anti be1wccn d,ffercnl conhncni. ,n bolh hcmi, pher«. 

We lhonl. Mr J . N. Jenning, and Mr C. D. 011,cr who rCJl tl 
and c rit iciud 1hc mon111Crip1, and Mr Kcilh M11chell ror 
d r,iwlng the fiauru. 

J . M . 8oWLCR 

DtpnrlmLnl of Biot,01,ophy and Gromorpholo1y, 
Au,r,a/ion Natlonal Uni,"Jlty, 
Canlurra, ACT 

TATSUII IIA•to\OA 

ln,tltult of Phylirol and Chtmltol RtJtorch , 
Yomoto-Mochl So/lama Pr,fccrint, 

Japan 

Rec<lY<d Juno 14, 1971 . 
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Ashcstos Fibres in Beverages ..i/1--ry=-
and Drinking Wnlcr 
tiu huud, of inh,l1r11 ut,c:un, (1hn-1 1 •. the h11h inc~ 

11f ,.1,lfmntN lm.11 uncu• 1 ' ' 11~ t el tnminal ncoplium,• •·• 
.tm,,na Mt~ 101 .-,1r~cn and ' " "' r 1, 1 1h11 ubt',1os fibtc1 ma)' 
rrntll• lr lhc mu,,, " r lhc \10~1,IC h and lhe tntat,nt o r 
nn1n '1 '" 11 1ft '-nown ■ntl so 11 ,, ,mriorlant Co stud)" the 
d,11riou110n 0f'ubt1101 flbru In rho •n• 11onm,n1. AJbu10, 
fihrc, h1,,. a lrudy bten foun,I rn brtr' 1, and 1he oorurrcnce of 
r,hrN O S nm rn lenilh and O 01 nm In d11meltr eugcttJ 1h11 
auch malrnal may find 11\ way lhrouall 011crrn1 1y1tcnu 1n10 
c1ly dnnk1n1 wtltr 1uppl1tS. ind thh ott have bcc:n able lo 
, onnrm 

r' .--- •17 •CF; F:•t - - , , 
l 

I 0 ,,,,,, 

I .,. J 

n r. I I lt\. lron m,c,ognarh or ■,bt,101 fibrt 1toblc.d (rom 
btt1 (tnl.,i:cJ J l ,000 1,mo) 

The n.,hc,10, fibru ,n 400 ml ,amrlc• o r beverages and "'•ler 
" ere c.u nccntr.atrd by ccn1r1rug1ng in C.J.C'C.\S or l 6J:XX>t, ,) IOI 
at 100 (" anti 1d11n1 01 socr c• I 1 UC ::uh V.rll l akcn Uf' Ill 
I ml or d 1,11llci.J ",lier and ap11,u cJ in an ult r.J.so111c v1brn1nr ro 
d,,rc,,.., 1hc fibre, and 11h r ,111cle1' 1 """ 111 or 1h11 tl11rcr-
11on "·" c,,f\<u,11ctl with 1hr .10d or n hrJI lomp on 200 or 
4'00 m1:.ih c.irhon coa,1cd cnrrcr gnJir;. U1ing .:i S,cmcM 
Llnu~•' P IA clcclron m,cr:,,corc nl fll kV and a magn,f1<Jl1on 
o r 20,000, lhe number o r fihrcs ,n each or fo\'e o r ten 111,J hnlc, 
Y.a.s countcJ, and clrrrclcd for ddu11on. r ru:aut iC'ln, "ere 
tnL.cn lo rrcvcnt co ltiln11n1111on o r s■mrlc., from l'llrancnu, 
a ,rtx, rne h~rc. ond nJ fibres wc11: dclcc<td in d,.1,llctl ,.,1er 

Teble 1 A1bt1l01 flbrH In OevtrBDN 1nd W1111 

Sample Soun::.• No or 
fibm 

,c 10' I-• 
nccr Can1d11n I 4J n,.., C•m11..l11n 2 66 
Iker USi\ I 20 
llttr USi\ 2 11 
~hcrry Can:1d11n 4 I 
Sherry Sr1niih 20 
!)hcrry South African 26 
l'urt C.1n1d1an 2 I 
Vcrrnoulh French t 8 
Vcrmnulh l t1lun 11 .7 
Snh dun\. Gm~cr ■le 122 
Sor1 Joni. Tome waler I I 1 
Soh dnn~ Tonic waler II 1.1 
Soh drink O111nsc 2 S 
Tt1p -.~1cr 0 11.1~~. O1111w1 nvrr ,n 20 
Tn11 WDICr Toronto, Lake Onta rio ff') 4 ◄ 
T oJl w111cr M onlral, 51 Lawunt.C' 11\·e r (F) 2.4 
T .l(' 'liiilc:' Hull, Quebec, Ollll'-'"il 1ocr fNF) 9.5 
Ti p water 1k:.1upon, Oucr<c, SI I riwrcna, rfva 

(6 km lxlow Qurbcc ( 1lyl (N~ 8.1 
T 11p WDltr Drummondv1llc, Lintcrn To...,-n1h "'• 

2.9 Quebec, S1 f uncn,1 river (F) 
T■p wolor A1bato1, [ u lcm 1 nwmhirt, 

Quebec, N,.ulel n ttr (f) ,,9 
Tap waler Thc1rord M1nc1, r-.."rm Townshlpa, 

Quebec, L\c l 11 Trullc (NF) 172 7 
Mcl1od :now O111w1, lop JO cm (2- J ,....,u 

prcc,pi111lonl )J.5 
nJVtr waler Onawa ""''· 11 Oll1W11 9.S 

• F, FIIU.lloo pllllt WCld; NF, no 1111.-llon plant Ulod. 
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Fla. 1 X,111 d11!1u1ton p.,lltm o( ubatoo ftbre ,11own In 
F11 I 

blanh winch ...,ro 1ru1cd ,n lho aamc mann<r u lhc loqu,d 
11mple1 

Tu·l.lvc brAnol nl < 1nad11n bccr, w,ne, , t,erry and 11011, 
.. , o r An\tnan bt~r .... or Lurnfl(411 "'•nt. Hmlnulh and 
,t,erry and two of South M ncan , hcrry "uc ,.,,111nnl ,nJ • II 
\\trc found to con1o11n BSbc1to1 fi bres. Count\ mJJc on ,,,mc­
or 111<•• brands arc rrrortro 1n Table I . 11,c r,1:,,., on Can 111 ,n 
beer tfo1. I), , tocrry am! waler "ere ,dcnllficJ •• hc,na ct11, ,,. 
11lc a.,huto, by compu,na Ihm d«trc,n 1hllrnr1oon r -1llcrn 
fF ,a ll Wilh lha l or pure Chry\olllc Ube.in, !>~me ,,f lhe 
I uropc.in '"mr~ con1a,ned f1b1ca of .,mrl• "'11c ,,.he '"' 
Many ubn101 fibru "ere hidden ,n <lumr• nf dch11, ,11 1, "' 
n inrr1:1I mJtttr m "'•'tr and d1atomacrou, c.uth \liluch "u\Cd 
•• a tillmna nod on lttr. i\J " rriull, lhc number n f lohrc, 
rcpor1cd on Tobie I mull be consuJcred ~ mon,mum c.u,nulc of 
tholC acluolly prcicnl Most or lhe r,b,c, rrund 11l C-onl<hJO 
brtr and ,n fill ered ci1y "•lcr "ere lus lhln I 1= on lrnrth 
whole mosl 54mplu or .. inc, ,omc Amc11c:.1n beer• ,d 1111r.llcrcd 
mcllcJ ,now or fl \'Cr \\'lier aho cont:linctJ '1 con\u.kr:ahlc 
number of ,-bc,10, fihrcs nin11ins from I 10 15 11m ,n lcnr oh 

Tap ""'er from three major ,:'an.Jd1.;n \.1t1c,. Ou.awn, 
Torunl<I ond Mnn1rcal. combinril from ~ l 10 4 4 m,11,nn fihru 
per hire All or 1hcsc: c,1,._. ha\< follra1, r,, S)'\lrna aml 01wwa 
1.ip wa1cr, l.lra"'n from the O1111w,1 r 1\"Cr, hod con,Hfrr.alil) 
fcwc,r fibres lhJn unfillcrcd rover w•1rr. MJny nf Cnn,,da'> 
mlJ0r a.~h(',t(h ,mnn IH(' loclltll 111 lhC r~,,rrn T,nun\lllp \ nr 
Quebec nnd fillcml 1np "•lcr from lo1<ns 111 1lm arc., J,J nol 
differ grcJII)' ruun lhJI 1r 1hc l,trrrr c 111c, hu1 unl1hr1rtl I ,r 
waler on Th<lforo.l Mones, drawn from • small lJkc in the hc.u1 
of on llJbellos mining area, was c,ccp110nally luph rn hhrc 
conltnl. 11,c h1Eh lc,d ohsbcslos fibre, oo mclleJ sno\\ ,n lhc 
Otla\\-a nrc., g1,·c.s s 1r-. 1nd1ea11on or nnc sourtt or ;i\llC1i1U, 1n 
surface 1<olcrs 

The qur\loon r, 10 lhe h•·•rd nf orolly ineeu«J asbcmn h» 
no1 )Cl been rcsol,1:11. The omounis by ""Phi or 1hc 3\l,c\los 
found ,n 1hcsc umplcs "ere c ,cccd,ncly ,m.111 - ohoul I 11g rer 
10 m,lhon fibrn-obonincd from counu on I mg s,mplc, or 
fibres of oppro.,mntd y 1hc umc siic os tho1c round ,- lhc 
bcvcra'" and waler. Fur1her work is requorcd In J cocrrninc 
1hc u 1ent to which the fibres pcnc1ro1c lhc """' or lhc d11!c,11,c 
1r1c1, 1he dearec 10 "h1cl1 1hey moy be lron,p,, r1cd 10 olhcr 
ora,1ns or 1hc body and lhc b1olog1c:.1I c1Tcc1 r lhrir rc1<dence 
ln var1ou, tis.sues. S1ud1c, or this n,>turc •~ now in 1uorre". 

We 1hank Mr D. Campbell and Mr G. Dcrgtron for 1«hn1C1I 
uslstanc,a and the Food and Drua Directorate, Deportment of 
N111on1I Hcallh and Welfare, OllaWI, ror ohlainlna lhe wolcr 
" mplu. 

H. M. CuNNllfllll•M 
R. PomuuCT 

Food oad Dr111 Dlrtctorolt, 
Dtpollmtnl of Htofl~ •"" Wtl/Dlt, 
01/0WG 

Ill...-...! M-, J; rtvlocd Jw. 1•, 1911, 

3ll 

' Mane u•n , T I • and C'"oul ltr, P~ J , A,,,- T ,,,.,.,. IINl,4. 6, 
lhtl ~ 'I 

1 'wl I , ,1 I l , n,,,,, I , 111<1 I lomm<"<lJ, I r J ,._ .,,., 
t u UI 14.; t l " t4J 

• .. ,.,,,. 11 U U "'"' '' NY Aro.t \ , ,. ,u. ,,n (19M t 
• \.\- .a,n,, I t . -4M "'t A ., I ., . , , I u. ,,, 0 9M) 
• I nl , , I r I • 1n,J KcnJH, ~. \ f A . Artlt l ..1tOIC!Jlf 11,.1,Jt. 

I ' I• I ti - , 
• Kc, , I t • ll t'lm,, \ On!I R , 1n-t 11111 I D, &,r J /...A.Jr 

•r I , I' Z'll {IQ•-'I 
' Nr .. t, ,,.~. M 1 , 1nJ \\tfJ\tr, J t . n,,, I l lfd¥Jt Aird , 26, 102 

ti • •I ' 
• ~, .. , I I . ,~- ,, It, 1: 1 I f1 '1l l)J 
• lt1fh 1•n , ._, I w. n,,, J (Ii, ' ,.,., ~•. Ill (l f)~5) 

1 • Smllh. W I , ~Miu, I , 11 ,, u , ~ l, and lluhrn. ll D , 
AM Nl ◄, aJ \ti , 1,z. ,.-.,, 09" ' ' 

11 We. 11.1kt. C, I , \r1ut. ti J . •nJ ~muh, M . N , Lab /,r,111, 

••· :or, 119611 
" 11,ln, 11 , ind r mc""", T R, 1\/ohnr, 119, 9J 11961• 

lllOLOGICAL SCJENCES 

Molecular Conformation 
of Dcoxyuridinc 
TIIP , 1ructurc tlclrrmin.11,on or t.Jco,y1.md1nc wa, ~•ttlcrld,c::n 
11 r1rt or I $CUC' or hmformalll' .11 , 1ud1cs or nucfC'IC ac,J 

com('tmcn1, . Such 111.J1a ftl\C rnf,,rma11on abo ,t lhc r rtrcrretl 
Cflnfomution or nuclclhUJe\ :int.I nuctco11tlr ' · ' . an,1 m~y 
,.hrify l hc conform;:umnJI tJ1rTrrenf\"'\ ,;ind c-t,u,gc, 1h11 OCLur 
in nudc1c ac,dJ. 1 tt, conformJttnn 1I r-'1Jmctcrt or rntcrC\I ,n 
dco,yu11Jonc ore lhc pucker of lhc u&,1r ron1, lhe 1omnn •nalc 
of 1hc sug.u rclJ tl\c to 1hc h.1~ aboul lhc pl)c0\1J,c h<ind • nJ 
lhe nr,en1011on or 1he CtS ► 0(5'1 bl>nd ahoul Ilic C(4 ► C 15 I 
honJ 

In rihtl\.C and dc<•,)ribn\C nuclcn11Jc, . the mo\l commnn 
l)r< of r uc,cr or lhc ,ug.,r "c,lhcr C(2 l cndo ,,r Cf 1 I cnJu 
In 1he dcn,)nudeu ,Jc, 1hr 02') cmlo rucker " b, far the 
mr" l c,,mmon Since one or lhc nuclro,1tlcs "''h t i C Cl • t. ,o 
r,uc~cr 11 th)m1<.ltne 1 11 wJ, or parllculM intern• w Ir.no\.\ 
\'-hcthrr drn\)1Uldtne \\nulJ ~ 1~0 h;1, e tl11 \ h-f'C nf pucker. 
I ,en the \:\me nudt0'tllk in J11Trrrn1 cn\'u onmcnl \ c.,n h.l\C a 
J, ITcrcnl lypc of puc,c,• , I, ,1 1he,c J ,llcrrncc, hJ•c only been 
oh\t'ntd 1n r1b<hC nuclccnulr\. 1 here 1\ lhcrd,,rc • nccJ for 
forlhcr , lmhc\ or l1Ct''Y nuclN,,1dc\ aml nuckn1ulc1. 

lf)i l.ll\ or t.l "') urn.line \'-dC ub1:uncd r,om aqucnu\ wlu• 
unn,. T he um1 cell,, monod1111c \\1lh l.11mc"'1on\ a 7 91 A. 
/, (, 71 A, c• 18.77 A, p- % 1, .rnJ the , p.,,c group I\ 1'2, . 
Thc1-. arc four rrol«:uk, in the untl cell J.nl1 thcrdore ' ""'o 
molecule, in the: asymmru 1c 111111. l11l r M 1I)' d.ata. \'-Crc collr-.:lcd 
w ith., I lilr,c r ,1m.l \VJII\ hm:.u tlirfrJclumcltr " ""P nu, l)bdcnum 
Ku r.u.ll.ll1nn. The sl rut l uh! \\,I" ,oh't'tl h> PJlfe"on m1cr• 
r,rcl311on mc1hot.1,. The hr l • Irr, \\.15 lhc dclcrmina11nn nr 1hc 
nr1en1.111on or the pllnc: d t l 11 (l)'flm1Jm~ ba,c~ rn 1hc unit cell 
moog 1hc 1(0,,;,) fu11c11on ,,r l ulhn and C'ochran'. The 
nricn1.111nn or 1he Jl}flm1d1n~ h.,•,c \\l lh1n 1hc r,IJnc "il' c.lcltr• 
nuncJ b)' mc;in'i or o r l'lat1on funl11Jn•. and the ro1111oni or the 
molcrulcs rclJll,e to lhc 2, ••" "ere found u\lna 11,e Ql ,l'o7ol 
fonchon or follon'. Full ,let ,1, or the siructurr JclcrminJIIOn 
.. ,11 t,c r"cn elsewhere 1 he ll r.1c1or a l 1hr prc.,cn1 s10ac or 
rchncmc111 as 0.08. 

f hc c,,nformnllnn or hnlh mnlc-.ulc1 in 1hc as)mmc1ric unit 
" ,cry s ,m,lor. Th• ruckrr or 1,,,1h sua,1n 11 cin cndo, or 
C(2' ) enJ o-C()' ) u o " ''" rc•r,c:c t 10 1hc 1h,cc,,11om pl•nc 
C(I ' ) 0( 1 ')-Q41 D11r llct111rnl• of lhc ('(2 I 111100, on mole­
cules I nnd II rcloh,-c 10 1h11 rlanc are O SOS onJ O JS) f 
rc,pc:cllvcly and or a tom, rfl'I lhcy a rc 0 .11 l onJ Q 210 
r<lpcctl\cl/ 11,us lhc surar pucker in dcoayurodin• " like 
thGt In lhc~rity of dco•>nuclcosodeund dirTc11 from 1h11 In 

lh)midinc. fl--' b Donohue and 
11,c alycosidoc 1011ton ""'''· • ••· de •- Y 

Trueblood', is -28" In nu,lt\.~ I• I and - 24' In molcculo II, 
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1,. I , , ,,,.,, • .ire , 1h , 1 , crn , ,, , l h , I 1f Ct' 

l.d d ' ,, ••I "-"'" ' ,,. ~ ,l ll J l lh· 
1& 11 111 1 h t'•I I HI\ 1..onl .11n l hc .1111r t 1111._,1c 

., t, '° 11 , , n 1111 r ,11 lh, 11 11 1 l1 h: und .rnl h1.1• 

p ll\ U,1 I h • i.: ,111.. 1h i r 111.1I 111 •r1.d1c 11u 

, , 1 '- • ' II H111· .,.111 1,,k" from th '- ""-' ,th ' J \ . 

c 1i,, , ,1,1 ... . 1'-h l',10, li. , 11r-. 111 h.uh in 

1 1l l 1' , , ,1111~·1.11 ill'P•"'' ' ,11 11.I 111 ,, be 
111, " u111, ..... 1 '"'" the 1.1l1.. .H1J l t \. J tc J 

\,.11111.11111111111(1, , . 

\ h , ·,11•, "" .111 r , 1:1hl1, h ~·d 1,; ,,rc,n,11.!rn. 

'H1I 11111, , 111~ , 11 \, ,ll hC' lu11, 1. , , h l I hut 

11 1, 1 , 11. 111\"d ,, ,1h 1 , uh IJ1111 I in• 
l-11 J't.' , , , 11111rh11li1, fr , 1111 , 1t,111J d 1 1. 111• 

l \'r 1 ,, \11!11111 h d l r\ 'lllllll· . .. l h . 11111, t 

11111"''" 1111 1.,11111,..._u.1.11 lll1 r r , ,1 J t,., , h n, 

ll1t 11..· "11, 1 rc ,1\1.,Jn 11, ft.'~Jtd the amphi• 
1111!,· ... , ,, , 1u, 1111n ,•, .1I, ,h 4i.,1t c . I 11 the 
1,. 0 111r.11, 111 ,,ne , llhh nn :,mr,l11holc 
, h , , , , n1111l' r.1I plld111111n 11,,. J in a, . 
h 11• ti,•, h 1.·, 111 1hc ,p11111111 ,,1 1 J?ruur 
, 11 11 · , · 11 " ' I' 1t r •I 11 , a\hc, tn" Jn I hJvm (,! 
., luf l1 111 , llkn~c 111 111c,nlh d11'1n.1IJ 
f/fll l h L· 1.11. 1 ,h a l t :,k \\111J,.,.: t, l\ p,he1I 

"' h ht10I I\ I ,h: , ,,1111,.· I 1. 1111-t ,1111\ Dfll phl• 

It,,,, 1\1•1· tti.. J c,\·l,1p IHC\11! p u lnium1r-y 

1111,11 , l h.1,1 ,In u mL.c" ,· ,prt,rJ onl) to 
1,1k, 1d . 11,l'ly free ,,r llli ru11'i i 1l11..alet 

11r .1111pl11f,,,1L--. fl/), imf1r a lc- • lhc p a.tho­

g,·111111) 111 .111111l11ho lc .1,hr1tlos. 
11,c I 1p,11c,c r rcf,•rcncc for L'llc• 

cn:ill', I , 11 • . m cJn'i 1lu11 fll.t cntcn of 

lh.11 n 111011 ur1..· c,ro\cd 1u the hazard 
ol 111i;c11u.m ol nmplubul• a.bc, 101, 11 
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FOREWORD 

~lnl., ,ii 11.11.1 111, 1n 11nl11 11 ti.,,r hu--n lu,,,,u 1111,11 .u11 1q 1111\ .lllrl 

111" '""'"" ,.\11' c,1n,,.,.ql, hu.h 1: ., .. ,, 1nl. It 1· th , rl111, .,f 111.111,1,, • • 

11,1·11 I, Ytl\11 IUlh"" I, r.i:t-. .11ul .d,,.I\ 111111 .dh. 11, 1.1kr l ' \t 1, po 1hlt-­
,1rp \1t l , luh'i I If,, II nurl.11.111 

I lu, t .. ,ulli-1 11 l.1 11 "\ !n .,~lu--.. , ...... , , 11lh 1,u11 i \\ Ill h 111,, lt ,HI 

1ntnn1 1,::,: 1-lt11h u1 du · .--•,11h111 .. 11 ,,! ,, , 11p.1tu,11.il h H:w,u l lu di• 
rlh1 h • f 111l1.1l.1th•l1 11I 1hr ~1u,1 \\rlf .. L.1t11\\ II lo th• R111 t1 .. 1 Pim, rn 

l•• t , 111ur~ .\.I) d•"" 11I""" 1l 11· U si ' . ,; 1 1 -1u1.1t, •I b,. ,! t 1 1 1111 u-r- ,. 

.\ rnrtr, 1 . , 1 utui 11 ~ J.1.1 1, w 11H 1 II:« \· lw -111 ll, 1~11L11,,11, \ H rt• 
f11r ,uul ,,kd 111 11.I, .-.,111ilr"\ .. 1:ict 1u\, 111 , u ,, _, f 111\JI 11 1 n 1 "' 14 •r.ah 11 
I IH'\ la.I\,. lk·rn lt'\l~,I 111111,ln 111 l\f pr,11t1 t1u11 !u \\li11h· 1,!r11,1p .. 11l 

....., ,_ r l-.• r h b., ""'' · 1101 JHt·\ u .1, f, rn 1 .:111. • l .,, lw11•,~ .\I 11 L. 
'\.111u.,I~\ , 1hr ,fir.i i w,luuu , ,,. 111 u-,· ., .... ,lr "\u h ,t11111,·, \\laH Ith tlu 

J~du\ lw-111~ pat'1,!trun,·h 1rnplnr111hd h, llh',11h11, of l: L. l ' .\, 
J l.,,u, r J ldr , .a~ " ·l1nr ,ul>1111u11011 h 11•, t pr.h 111 .,11I,· .1nrl 111 ,I, .,I 
\\ ~lh t'l.l•IIIIIC lr.,:;1iL111t111,. thr t1,llc-,,111L' •n ll t ♦II' de ,, r ahr du· 11,llurr uf 

1!,r l, .. 111:.nh .,ud th,: 'hJ~, 0[11\1rt,'\111ti~ IIH"m 111 ,u, ,,1,l.t11s1· ,,i1l1 tlic· 

LI lh\\ lrri,b 1•1:11 , II i\ 11111 111 1111.1tt.1111,'11k ,nun· ·I tfpr1k1 • 
'~• •••• .. .1u1tou• .. 11011,: thr-<"' 111!, •· .,11,· ,tch 111 u I" 111 111. U\ f .h 1nr1t , 

~,11 ,l\n 1l1t• , ·11111Hr\ • .ahl ll i, l1111•ni 1h,11 m.111.1i,:1 mrnt, \\Ill th, .,11 111 

ti· " I rr 10 nuq , , h tl,r ,pull ;n ,,.-)I.,. 1111· ltt c, uf 1hc I.I\\ . 

'"()11~--- n," J tudl , , 11\. ,1111t.11n· ,uL:~C-,llOU'\ ., l(J huw u ·, l' r, ur 

,na~ ,,,m11 • \\llh 1h \ •I: •h• ll<-cUIJ1111r 1•11;11 '>. I. '.\11. 

h'JiJ,1 , Lu.I lht" . \ \\Ofl,.lllull .1,,'"t'' IIU rr .. pu11,,l>,1i1 , fm thl lluty oru,cr, 
n,hnlm IO rc;mp!)' ,.i,h 1hc R.-.,a,,,11"1 ,, .11111 1u111plu11u· or failu,c 

10 {U111pl) \\llh the ~ui:;n1i,m, 111Jtlr in ah,, hJndl>c1<1L " ' II in nu"·') 
rclic\'c from lubihty .lll)" uicr "ho fJ,I, 10 ,umpl) \\llh the Rc~ul.11100.. 

\~ 

SECTION ONE 

VfttM u,. 
'Ow \ nt1r11 ,J 1¥ l ',~l,., 

THE NATURE OF TIIE PROBLEM 

., Introdm.tion 
·1111 "'" \ 1,,.,,.,, llri:ul.,,i,.11, , , r ,\pprnclox I 1 \\ill ,1111n he 

,·1.,111111~ 1111n l11n ,.. I lw p1upo-r 111 thi, ,('t t iou i-. 10 ~he thr U.1ck• 
~r11u1hl lit 11,i,, ,uul ,m•r- J!I 1u·r;1I pi in, iph .. ,, hi, h m L1y ht· .,cloptc..d tu 

l&dp tn ,11iuph ,,1th -t1r Rr~ul.uiun,. 
It It ,,, l1111c: IH ,·n ~1111w11 th;,1 tlu· r,· ,11r l\Hl 11npui 1.mt h,11arct, 

•'"4"' 1,\11 ti \\Illa 1111· i11h . .l.,1i111I ,.f .,,! 11 , 111,. tl11,t: 
, Asbcsto,is .\ ,h,, t ,11 .. ,·.,,c- of tlu· lunt:. thr m.u n ') mp1uu1 

ol \\h11 h i , l1n·.,1 l,lr-,,nr,, .uu l ,,hid1 ;, 11,u.tlh p rncrr"I\C 
c•\f u ;1ftr1 r,p,"un h,1, 1 , •. ,,ul .rnd 111,1\ r,cntu,,11) n.,11h in 
d, .11h .1ftrr .. r,r1.'1 ,, •. u ,. 

11 Cancer of the lun~ 1 hi, rli,,·.,"-' ,.. mrn h morC" prtv.,lt·nt 
i11 , utlt.1t·1, f,um .,, 1,,-,tt•"" tli.u, 1u 111t.· u ,1 uf d w pupul.uinn. 

"I Ill ,. I \H, h,11,1nl, 11m m.dl~ nqu11 ,· . t (p11,i<h·r.,hlc.- c-,p1h ur<' o,rr 
uu11, ,t.11"' :11ul tlu- ,\ ,lw,t1" It, i.:,ul.1t111n, l)f 1911 , ,,·u· dc,1g-uc<l to 
pri ,,.,t .,c,.•in,t l11rm. II ,,,n, 1. 111 rnr111 ,c.u ·, 11 h.1, hL' r11 found that 
tltr llh itl,•11, ,· of .1, hr, 111,1, Ii." lu ,·n ti-mi: frull\ 13 , .1,r, in 196 1 10 
1:'! , ., .,_. 111 l~Jli j J .uul 1lut 1lw w ,11nri1~ 111 nt·" , .• ,., .. , uc, ur in the u,cr 
11,cl11,11i,-. 1111: ,,,. cn·tl h\' 1hc l'l~I llr!,!ul 11 i11n,. '!"hu,, nut ul 3 15 
t ,,,<",, jU per n :1u , ,f r1· i11 un,, lu·tluktl urc11p,1t1un, , uLh :\' l.,~c"'• 
, pr.i)<'" .,ml hr.,~c lin,•r, ,,rr p,1:1r1 U) .J. C:. G,h,111)• ' l he nec<l h,1, 
1hcr,rurr .,ri"'" f,,r 1hc 1931 llc,:ul.1111111, 10 hr ;1111r n1kd 10 indudc 
ll ll.1\C u,,·r rn cup,tti1111\ w h L•fC" thrrt· i , murh c,po,un·. 

In .1drli1iu11 thrrc i, ., tlurJ ha,.11<l ,, hid, 11,c 1931 Rc1,:ul,111om 
do uot .1dH1u,,u•h ri,\rr, vi,: 

(iii) Mcs othdioma .\ ,er) nuhi:11,1111 1111111111r :,IT~cting 1hc 
plrur:i lin111i: uf the luni:,l or 1wriwnc11111 (lining or the 
:ihdomin.,I orl(,"". It i, p .111iu,l.irl)' ,\.,\ll< ,.,1ccl ,, ith crocido­
'i1r blu r ,l\hc-10,l hut i1 c:rnno: he condudc,1 1ha1 only thi• 
•~re 11r fibre i, concerned "i1h thc,c tumour, ancl turihcr 
11\\ 0 1ii;-.11io11 ur 1hi, problem i, needed. (Sec P21 of " Prob­
kr1' :irising from the u<c or u.,L>c.-,o,"• .rnd ".\>bcst05 and 

-----
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1•-,v,t;1, ...... 
1: r1 . I 11-.. \ , 3S 

1.ui:tr 1h.,11 11)0 111u run,, • hut alu· l1 .11 iuful 111rnh- nf ,u 1i11n 1.f .1, h, tu, 
1: 1i~·("'I, or (ltllt n n ,1. di llt" Jl '•lffll ' I ,1111 l llll lulh Ull(lt I , 1n11tl, .uu l 1111· 
.,IM,H' ,ldi1.111uu , u \l'1 l p111n.uti\" l11r du,1 .:~mpli11~ ,Hnl <Int·, 11111 

11r,·t',.u1h ••••• •h • 111111r p.11laulu&.:i~.al .-lh-t t,. 11 111.,, lw 1h.1t l1hr,•, 
v~J.11 h d11 11111 1 PIHr ,,1111111 llu, r .rn~t .,n· h.umful .uul thC' 111\)h ff· 

1.tt.11 ' 1,f 1hr ,ur t.u l! , I " '·" , ·'" in t li tlc 11 Ill 1, 1w, " f .1 ,1h "tu,. ~h ll1t1d 
1:! ,·,1!1<", 1111~ .,tnl 111:i.l ,111._ .1m11lr, ,u,- dt,t U •11I Ill "l I 111111 1 1111 C" 11f 

1ti.1, I l.at:dltt ■ •L, .111d tlw ) .u l ,n, ilH prt 1111 .1 h · 11111 q11 <-1.,1: u11 ~ l\t' ll 111 

\ pp,-ncll\ 11 

ti t',,, tlu·· p.11p•"'-' .. , 111 ,,lllUI .. ,,1111.1 11.hl •• tlu· n 1-:,,!11l.1111m, 

1h .1 p11 f, 1 n . :" ! ju '·" 01 11i I J.-.1111111 r p1q 11h·n1 tit •~11nl 111 pit,, 1'1 

lW" ut, ~!"-1 ur • -~1,,·r 11'11 thu,h \\ 111, I 1.. q, ,111 , l h( I, ,,\ 1lu- ,p◄ , ii i, ,1 
11 :11, \Jh1!' , .;. ,l.unpmh \\lin,· 1111• 1 11n t p1 .u 111 .,hlt, 

,lc.uw~t 1·,
1
u 1pi1hnl \\1111 I,,, 1h.111 'p,-,t,,l hh1.1lt,,11 "all h.l\r ~" ht 

uw,t ti, .an· •r.-r .111,1 \\ 111, IIHl• I br pro\ uln l \\U h r,· ,p11 ,'111( \ pr11h' ( llllll 

J{ ,·.:-.l.1111 , 13 1r11mr,, 1?1~11 wii r r.· .u,, 'i hrd ul1 cl JH • ·, ,- ... , ,, to 
1k· ._• .. unt •n •• hLJll\111( 1 , -1 p"-•,~i,11,h u Id ftor ,u Ii puq,,1 .. , .... du· 
l,uth~u . .: ,-,, ,d,·, .attl p.HI ,,f u 11111,1 11.,, r '1.11\IIUlh, u11p1 I"\ iu u , ,u, r.u h, 

.;111'1 ..1 ln11h•iU ,.,( ,,u1•, {"k.11uuc '}'l<'IU , l lu, sn11111t: 11u111 "ill .,ppl~ 
,1rh \\hr·· •·1"---it• "" ,tu,, ,.,u .,{,_-. r\1•hnl .uhl tht ,pn 1fll't.l p1 n,t .,1nq 

,·\.n•n.l.\ ,- )11 t i , 10 ,111\ ,-..·rl 
\\ h1k ' · h, !uf(" w~wl~ 1d.11n let ,-..11,L, 111.ui11l,u 1uri11_..: ,lllhk, 

or n~IC'I r 11,1111111i;t ,;ubc " hl\, ~uul ,1hlinu~h the · .11•plil,1llon 11r 

u ·tno, ~l ofthr:r:n.:u i1nul,uiu:: rnatruJ~, ,~ nut ~pc11hrd. llu ... cupnJl11m, 

1,111 he m1r1prdrd .u ''pnxf"~-~ 1n11t.lt·n1.,I 1htrr111" 111,4,far .,, tlu·, 111.1~ 

-:1,t' rnc tu du,1. 11,·n,r-.,. ,f 1hc 1r,.\. 11H.: 11f .,.,I> 110• 1hrr111.1I in,ut,Jtiu11 

m:atcr~h .-:.ccnh cli:111 huur• in :in, \\cfl. i i mu,1 J,c· (11111c r11hrr in 
th~ trptu uir ,,ich ~ufC1--tUllC i, r<'l.lU1t11:u. o r an 1 .. , rntr .,I r,-.1111

1

' \\hi,h 
cornp!1t"1 .. -i1b k.~ul.,11011 13. Ila· .1ppli, jt111n of the rc.,uh.1111 " "ll' 
mi., 10 1hc pl;,n1 -.uuld 11,,1 ;tl\C r·•• to du,1 but 1hr 11,.or mu•• Le 
, J.-;,,n-d o f ._;.,,tc: m.11cri,1I. ~11nil.1rl> w11h rr:,_,u11.1blc c.orc 1 .. e 
, pplkati.i>n nf ,~-fa11ncd ,a 11,11,, Jiuuld nnl ~\C rue tu ob;rc11011jblc 

-----
i.DdiuJ...al Jou . .., b as J1a, parudn, 

b 

s,,,;. Ts..• 
J.1col Rtfllllftamll 

clu,t """ rntr.,, """· \\' lwn 11111 1111·1 mal in, ul.11in11 i, bcinl( " knocked 
,,ti", du,1 i, in,·, i1.,hlr .uul \\ lu-tht r nr nut the conrrntratiun rr.,che1 3. 

cl.1111.:rr1111, Ind cl,·pr1,d, 1111 tlw p11·,~111ion, t.,kcn {\cc Senion Four). 

, , rractic:1.l consequences 
It j ., n .ulih . , pp,1i-·111 th .1 l 111 c 11111uh ,\ith th<· nn,· Rl'~11l.uion11;, the 

' I", .ul111~ 111 <l,u,~, 111u, .1 lu i,,.. ,h1,1 11111,t he prrH.: l\h d. · 11u·u 11nplc-
11u-1u.,1 ina1 1H,I\ 1,-.. uh i11 pr.H til , d ddl,r uhit , hut Ill rc-l., tu11t to the 
,.,kt , 111 tlit· ,, .. , "' 1, i11, ,,h c d the 1 ( quin 111<.·111, .11T rn,t unn·.1,u11.,hlc- or 
,." ,-.... 1, 1·. I I i, , ,,,.., h ti th,ll .,, ,·, pn i,·11lT i, ~.1i11cd ,mnr cl, 1.,ilc<l 
1 t ·1pii1 r 11u-11h 111 llw F , td111 ·- J.1,1u·, 1111 .,tt· rn.1,· lw 11111,li(l,·,l. for 

, ,.1111ph·. It, ~u l.,tiuH t) r\"q111 u ·, 1h.11 thl' r .o IIH~ l 11,ptx lu r he -.:_l\'("11 

l \H' lll\•1·1t.:hl d .1,,' \\lill\ 11 111 1 111 l h·,, b, .1~ 1,-r11u· 111 of,,uil, 111,nhini;: 

blur : , , l H 111,. 111 ., l1111c-r,r.d,li, lird • , ,u1~ ... IIHH h ,,f lhl' thcnn,11 
i11, ul.Hi1111 "ill "·"" l1t' 1' 11 1n pu .. i1iu 11 f;lr 11 1,,ny )C,tP, ,u1d it Ill,\) he 
,d111t,, t i111 p11,• ,hit· tu :ht n 1.111 1 1hc-, 1111, 11t1H·u1' u f thr "1~1i,' ' u ,cd. I n 
'l" Ii , ., ~r ,

1 
pro, ulul ,lpp111p1 i.,1«· pnT,1u1io11, h , l\'C" hcc11 1.,~u1 i1n1nc• 

,l1.11d, th•~ p1, .. ,· 1H l" uf hlt1,· .,,h1 , 111, l r 11L uluhu." i, n·, r,,lctl , lite 

r .n u,,~ Ju-.pn 1111 ,Ill" \ \ 11Uld lu· u1d1!-.t·I} 10 '' l"" to impo,r :lit', pcn:th j , 
'>i1111l.orh ltn:111.111"" II n ·q nm ·, 1h.1t " ... thl'I r , h.,11 be prm idcd for 
lhl' 11 ,c• uf , .... h I'''' "'"' 111pl111 I in .11,y p.,n urtl,c I JCIOI")', heing ., JlMI 
11110 \\ hi< h .,,br,10, d u-..t f11rn1 ,1 prucC"I, 1,, whic-h thC\e Rc,;ulouions 

. ,ppli i, h.,ulc· '" r" .,pc· : 

,1ppru, tel 1r, 1u1 .11oq protr, 1in11 u1uipmc-111. 

i il pr,Hc1 ti, c dn1hi111.(. 

·1, 1, h,I\C , hcmn 1h.11 1hr tlu,1 11i11<l'ntr.11icm dimini , hrs r:ipiclly as 
the d, l ,UllC' lrum 1hr "•llfl t.' nl du~, im rr.ht'"i, If in a Ll~c 

44

0pcn° 
huild11u; then· i, ,In) tlouh1 .,111,ut 1h,· prll\ i,,nn of protcllion for 
\\ orl..rr, "ho mcl\ be Im .11rtl .,1 run, ukr.iblc tli,1.,nlCS from any 
.ubr-111, du,1-r.,i,int: o p,·r.,1iu11,, 1hr 0 1 cupirr. on "hr.m f:tll, 1bc on11.1 
of pr,w111g the ,~rr1y of tl.c d11, 1 ccm<rn lr:tticm, , huuld arrange to 
monitor the jlmu,phcrc in the , urroundinl( .irca • 

It i, cmphj; i,cd th:11 Rri;ul.11ion S m:tl.c., ii de:ir 1ha1 the "occupier" 
"co111u.ior" "employer" and "cmplo)cc" all h.wc rc.poruibili1ie1 for 
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/ IJi,w,( ,IJ,, 1:.-1 , __ , •• 11 

;rnd 

II ,\I , F:an ,r. 111,pc tur.11<', 
Ind ml! i~I 11\ ~•rnc 1)1\1, 1011 
n." n.u,I• ll11u..,-, 
( .hcr•I•"' 1'1.ll r 
U)"lll,, \\ 2 

llit "'w- ·t,lh ' 

I ,,·ir..., 1111 ""•~1.,I C 11ntrul <..:nnun1uc.-c 
\ ·,t, ,t 1 ,, N.r- c 1 n h Counol 
111 1°.ul. "" 1 
1.( 1,111,, \\1 

In w.,mc , trii u1n;.l~tu n it h l1L.rh th.::.t th<" I, ,pt·, tur.ltt ,, ill utlrr 
n,h·1'c· ,tun:1h . hht ,\h1 rn.,u,...-h lhl'" rn11u1n·r -. ould h r I rft 11t·cl ll• ,mf 

oi the- rru:,c_1;1\C"(l , un•ult.1nr, "'I\ u ,..._ \\ hH h .,rC" lhtrm .,lh l lti ,r-h 
D.•otM' l.ltrtl "1th ,1 l 'ru• ,,,it, <,I:, l_,01111011 " dtoul uf I h l(l<'ll<' .111d 
J r,1pu.1l ~ltd1,111r ti ll•1-.111m~nt nf ().,1,p,lloun.11 lh-.ohh, ~l..n-
d1.-.1rr l 0 t11\C'1,11, I :ic '\,,rth ul l .m:l,111d Ouup.111011.,I l lt.iltlo 
~,c-c. l,'nl\rn11· ,, " ",,1<-up,011.'I \II<', l)undc<' .ind l)i, trid 
(kcup:auon:al tlr:alth ...,.,\le<', l rfivcr-il\· or Dundee, <'IL .rnd offer j 

hiGh •t:ind.u-d ul , 'T 1< <' 

10 
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SECTION FOUR 
PRECAUTIONS TO BE T AKEN 

. \',rlioo-
1'1_,_ .... T ... 

. , Grncr11l 
\ 1111·111u1111·cl in ',1·rti11n One, the id, .,i ,oluuon i, , ub, titulion 1,y 

., 111·,1,, .. frn m,t ro i.11· " hit h .irr ,l\ ,1ibhk for 1110,1 .,ppli,·:ition, ,cc 

.\ ppr111li, 11 1 . I ,il111(( tin, th,· Ir" , .m ino((rnic fo rm, or :i,l,c,,t,., 
, l,11ul,I b, u,nl. 

( :r,11 1.lol111 hlur ., ,he· tn,, i, th,· " ""t l,,1r,nf11l in thi, rc,pcct :ind is 
11111111.1l h rri n t.::1111t·d I., ii, ,.::rt"~ -hlur n ,luur IJnl in ccrt .. tin n1ixc,1 e.g. 
u ,1,-h,,11c.ln l 111,llt::i.d .. CtJ ~r.1pl111t.:cl p.,ckim{", it cannot he ,o di, tin­
i:111· hrd. I In, •~111· of ., ,hr '"" '"·') hr 11111ml in tlorrn ,al imula11on in 
tht· f11r111 ,tf , ltuh . Ulf1r .u,d I i: 11i: .,, \\t"ll .,, in ,pr,t)Cd hlrm, r.01nc11mcs 
1111\l'cl " i1h nthrr hbac·,. :, ,n·r rc·i11li1r, r d pl.,,titi m~lrrial. cont,1in 
hlur .,,br-,1, .... rncl it i , .,?"• u,ccl ,11 ,nm<" ~.1,1'c1 .ind p.,ddng materials, 
p.,nic. ul.,rh \\lu·n· .u it.I-rt· 1, 1.uu. c- i, rcqU1rf<I. 

111,~ I. 111,11l.1tio11 u, h '" f!j pn trnt n1.1 \(nc,ia, or c:ilcium silie.llc, 
i~ u , u~1lh m .1tlr \\ llh \\)UI<" ,L,l>C:'I Ul• 

b Some potcnti:al • ourccs of g.sbr£tos dust 
l'ur thr pnrpo r .,f rr,111111;1c111hni; ""rl.ing procedure. appropriJte 

to the" pt· nf ·"" '"t"' 111,11rri.1l ,mol\'cd, the follo"ing matcri:ils gyouJ» 
h.l\ c bcrn .,duptul: 

Group A .\ pplicd di) 
~loulclcd .1,hntm 
~loulclcd r.1k111m ~ililatc :1$be\t0> 
\l uuldcd m.1j{nC'ia llS p~r cent 
~louldcd h11;h-tcmper-.11urr in,ubting block. 

Group B !.\pplicd \\<'I 
('.,lraum . ihca1~ pla•tic 
85 per rcn· ma11:n0i:1 pl:1$Ue) 
I lard--.e11ing .L,boto, cement 
A•botU> skimming pl:utcn 
:,pr.li · d :ubcsto, . 

II 
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,t I 
f Ii 

(C') Hyg ic,n c, 

'•- JJ 

i Gc,ncral 

---. 

\ h, •I · ,, til,;n .111 r,·.1tl1h ,,,,,Jln ,"c-d .. 1rn! 11,h.d, d J111I , ,. 111, 

,u,rl.-1 .1\.,uhl ltt .1110,,nl ti• t .ll 111 11111Lt· ll hh pl,ll r cif ,,,,1, 

,,r 1r. 11,f" • i•l1l,111111 1.11t·d • lun::111.: 100111. \II ,,. ,, L(' 1 •d1111il- I 
lw 4-u t1i,Ulhli ,J. 

\ ,lw..,.1u, ''JN"'l.11111111, , '1111dcl l it ,.unnl uul u ncln liich 
,1.1ud.u,h •• r L:• ..... t ta. •ll•rkn p11i&: .uul 1 \, n I'" I ,IUl lflll ,l1t111ht 
t..-- 1.11., II"' 11· a1IIIIIH ., .... , •• , .... '111·,11 .111d i,1 11 .. u1• !1 r .,r ,111,1 .uul 
hl1t1· _. (U ii,.- pt't"l•Uc t lu 11,1\I ... ,UI .u,-., 1,I .,h,· It d,.' 
l,.,,.ud ''IM ,.11ur, ,t•.-.ul,l \\,1,h thri, lt .111<1' .uu-1. .r 11n t·,,.u,, 
1l1n1 l,1tn,. 1'11~111, Hill dtulll• ,ni.:,,.,;f d 111 \HIil ,,11I 
.,,h,·,1~n -..h,,uhl llul 1111n thr ,:ltt ,I II 11,, ii prt· ·l'lh , . i, p,,nlli . .l 
..1F:1n,pn.11, pr.:, aut111Jh ,' 1,uld 1., l,i L ·n "11h rn,:-.11tl 1,, 1,u,h l • 
ll\.f' 1'11111pmn11 .uul !I·., ·\ .l11111ld f , ll11\\ tlu pt1h 4.'durc· I t.'l llu J 

" ,l .. ,n tin)", I ( 11,Uli:lhl,. H uunh (""\ I II 1f uul~ .. 1 ,horl \ 1,ll 

1,d 

11 Clothing 
\ I' n, (":ilpJ.1~1·ri 1♦t h.11hll111~ \Hl or t.h~ .,,h1•,tu 

,u,tl 1H.•-'I• ,1.111111..:: ''· "''--• 111111,, 1· .,II 11111r p 1 ' """·ii 11t1tr 1 

, l01lu1 i:: ,1nd ti, ,,, 111 1uotl·ni, , n 1uq111ic 111 ei, h,· ,upplinl 
'hl11th n1U 111dutlr n,r1,1ll• (,I ,11• .. ,ppn ,,, ,I 1, 1w. Pu ,, ,11.1I 
,mttr I lothu,,: .. 11td prn,11n.1I din" ,.h,;uftl ,,. L.rpt Ill ., .. t 1r;l11 

,~on,huon," roun1: ,,1,r\. , l, ►llu~ J nd pnt11111, r C't1'111u11c 111 

Jundd bt- .lq11 111 :& "\,u1 Lin~ , untli l i1111,' ' ruum. \\ hrn 
p.:'T'VilUld lr:oc thr hurl.: :ur:., lu ~•• ,,u1,1tlt llh· b;1rru·1,, th 
f ,,, H, ti• , r11mp111rnt, l>'1C,rc• rrmu,--;11. ,huuld l1t· 1hrn um,:h!, 
tlC'..Ju,·, <l I,\ 111c 11 ,,t ., lihc1l"ll 1·,h.lu,1 •) , lt 111. Bio~~ 
dus1 oll' b)• compreued a.ir must be, forbidden. I rn1-
p:unr, cllJlll(illi; r.u·iln, ... '11 1hr \\Or .. jrc., Ill,\ ) \lJ lll<"trmc, OC 
u.cful \ \ l1, rr,,-;il, .in· t:ilcn ur \\nt l ,, fr111, hct.l, JII prtit( ( · 
tiH c, :uipm,111 .J1ouhl be- rc11111\C'!I ..illll dqo•,11cd 111 the 
um,rt.ing rnnJ11u,.,. r, .... m 111< lcn. Rc--ptrato" ,hould be 
tht· 1 .. ,1 i1nn, ur c,1urpmcn1 10 he rcmo\C:d . I he "urlcr 
ihould thtn tJlt- ., Lhoruui:h .,;u1, <.1r lho\\cr. Pt"r.onal o uter 
do1hi11J ,hould lhcn be pu1 on rn the "de.in condiuon, " rooo1. 

,. 

.s.., __ 
f",rra1;,,., t• 6t T&ltt 

( .irr , hould h.- t.,~rn 1<1 cn,urc th:11 fuotwcar iii completely 
f1 r1· from 1lu, 1 " l,u, lca\'ini: the dr-du, tin~ rhambcr. 

f Changing room,. \~rr !'.,~,· rfi 
~r~rr,:.,rnl '"lf.,rr .111(1 11,ilr t f.,nl11ic., , h11ulcl he 1iro, idcd for 

".\ .L,, • l• " \ \"111 l.,·r," 10, h.rn~r in,., rhc .,ppro, crl protcui, e cquipmrn1 
.,nd f.,r ii, -d11, 1111i;: 1111 11·1 11111 from ilut). Th1•y , hould be monitored 
for .1, ht, (n-. Chhl UHh r 11tr.11iu n .uul , hoult.l l'OlllJH i ,c: 

r .11 iliti,·, fiir ,k-clu, tirll' .111<1 h 1111llini: , oilt-d protcrthc c11'1ip-
11u Il l. 

ii I lot .uul u ,ltl \\ .1d1i11~ r.u ilitlc·, . 111d , IH1\\ t0 1, wlicn · IH)rmallv 
1uu, ulnl , for u ,{" hr f.-n· 1t •drc-,,i11~ i1110 pcr,011.d "lut hC"\. • 

111 l.u1 l.1·1 f. ,<iliti" f,,r pu ,.,11,,I d ,,1111·, .111d d fc, 1, , lrnuld be 
u 1111pk1,·I) ,q,.u.,tc fro 111 rl11h c 11·qurrcd fi,r protccthc 
t·11uip111c·111 . 

i') \ ';in,11111 r'luip111c111 \\ith flc,ibk hu,c lur.11cd :idj.,rcnt 10, but 
""(l,&r,ll t ' fn,111 , 1h1· \\ ,1, 11111,: a11d ,luJ\,cr f.,.-ili tic, .,rrd thr locker 
ruu ll1. 

Smoking and the, consumption of food and drink should not 
be, allowed in •he, working conditions changing room. 

Tire d r~nL!irri: room .1uc11d.1111, if .my, , huuld be provided wi1h 
prutr< ti, c equipment if proved 11c,c~,.111· 1.Jy 1hc mc;uurcd asbestos 
clu,t rnn,rn1r.11 ion. 

(g) Laundering 
l'rutcni, c tlothirri: •horrid be \'aruum clc:incd before collcccion by 

1hc l.1undcrcr, d.1111pc<l \\hen pr.111i,·.1ble before cli, p,,trh, nnd pucked 
in p!a,ti, , b.,.._., ,c.1lcd arrd c'..·:irl) marked " ,\, be,101 conmmina1ed 
d o th inc: \\cl before handling" . 

Wur~cl'\ , hould not be allm,cd to take 1hcir clo1hi111; :uvay for 
indivrdu; I trc:.1tmcnt by persons who may 001 be aware of the necc:,sary 
prccau1io,u. 
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,,,;,,,._,, "·"'·-.£ l '.I, /1..-, '• 1l 

11. I :r-.J•I ~ ins,: or ll!JinJ: tu •Pl""', • ,r pl,hli,, l,.1c,, t1 · c ti 111 , h, .. 
<P11111·, 11i,1, llhlmho~ 1!1r u11pt\H11! ,1f,.uuu111 ,l,,Hwr . 

l 11lru .a p,M1t<nl.ll up< 1".1tio11 nr I\ IK" uf 111.llt 11,11 h.1 ht·t·11 

, ,1,1Lli,hnl ·" m.m•l1,11,udt11u. n·,pu.11 1!" , h11u1d ll<· \\1 ,, h\ 
,111 ,-.lk 'l,111 -,~ ,11111111l11rp0\11111 111 ahC" ,1 p · ,1 liLd, 111 I,,· .dln tnl, 
.nui 11111 .. , , 11f'IIIIIH' lu hf• \\UJH u11 11I t. k.lllllH,:-up Ji., .. h r1'11 
,uu pl.-1t·d .11id ,1111i,1nul~ It,,\ ,lu• t, Hhn111.1ht,th h.,u· hr,·u 
1 ,b1.1 11 (l 

Wo rl.ini; of '"bc,o.lo• •COn l .lining m :i•crials 
\ Croup <\ 

f•I - \1111: 01 .. 1r·ri . .l, 11a llu, t.:11111p 1.11 c du· t 
Ir pr, I lUl .1111, ,L r.i1lcl h,· 1.,l, II lo 1•111ln I 111111-

·L.l'n 1, 1hr, h 11111~ ,u '" II .1 • th, ,It 111.1I ,, , l,·r 
It, .,11 I J.«"'- .. 1 l,,1111ll11,L: ur f11t111&.:, thC' L.1101 Lin~ 

r.: ,.f ~ 111111, .. tumid h,· .nrn. lnl . \ \"lh·11 , 111111,-..: 

I 1111 I( " ' f ;,uup \.. Ill.JU n ., ~;. ., du ,l Ji.a,.,ul h 

\\tu·unn l>'"-'ll,J,· tLt t11.,tr11..al, lu,11lcl ht..· 

1.,. forr .111d ,lun1:;:: ,l1oi)>ltl\! ur d"· 1111: "I'"•''' Ill 

mu,t lk· , .11 , i,·d out 111 · :a v:i,:u~.urd .,rr-., ~net lull pr<"­
.1...-nnt. 

II C roup 8 
,. , . ,,,11L.•lu1p r.h·ih1ic-, , ,r •1111 ,I, t..11111 1011<-t! wat-

,k if' ~hould lk, pro\ ulrd ru, \\fl• 1tll,t11L! .,-.tu "' 
1ro111ill- I 111· l""<r" -l1uulcl prrfrr,,hl) hr < ,11 rinl 

u,,1 l1 1chl1111 \\ 1trr •• • dtt.. .. lli•lt<"nal in ll· nn~mal uuH,1i 11rr. 

Croup C and F 
\\ h,11· 1t..- 111J, lunin!! or h,rndlin, nf .i., hr-10•-i111prri;-

11 ...... ,l 11t..iln·-.....~ niut.1 flu pnu. t1l~ll f't'..1,un, ,·i:Jn111n.u: tu he 
,;ttrinl cm• in .1 '"'"'L,1,up, d pn1 1.,bk 1lu,1 !"'1r:IUirm UIHl 
,huul,I be- uttd Mlh 1hr ,.~1111 of n1r.1<1ic,n a, du,c ,l< 
po,alhlr 111 1hr wm ~ \ t!c.arl~ i1k1111firtl hopper unn 
,.;,t, fahrr ,houlcl b pn1\11' ,d 10 collct I 1hr t1'1r,111rd 
\lll"atlC"',. 

\\'hetr UJUII 11u~n1i1in uf 1,acking o r Jo,111111." m.11.-riju 
arc hcii,i: cul "i1h •h.:arp la.:ind 11;.ih on 1itc, ,uch \\OO. a 

Ill 

.~rt-f ,.,,...,,,..,,. .. .,, 

11111 :1tu in.1lh ., l1,11.,ulou, upcr:u11,n .ind no 1prcial pre• 
l lllllf fh ,\11' l1t', ,.,,,u ~. 

D. Group D nnJ E 
\ 111111 ,h i11 11 ,. '""" h,,nld, \\ hrrr J.l'>'•iblc, br cu l 

11r , l •. ,,h·,I 111 1hr " • ,.,tt·+.I ,ur,1 pru\'itlc<l. u,in~ looh 
n1n•p111d \\ ll h , l,a,t ,,l,,111 I \\hn n cr l"""t,I, , The 
111.it1·11.d, "lio11ld h«· ,H"llt:t l ,\it h '""·'lcr ,, h L·r c p1-.,c1ic:1ble 

i;111111 d 1.1 1, h 111 f11n- .111(1 durinf,{ , uuin~ or , hrtpiug, 
t!q u-11d11u..: 111t ,1th i, r •rum llu~ lll,llrri.11 man ufacturer, 

, 1 S1rippinc; o f lh<,rm,;I i n~ulati,>n 

,\ , G eneral 
H, l111t· , 1nppirn,:, 11 11 L!,l•HH Ul .11c1 ,}u,uld hr roprd olf 

, ., . 1 11",· d1 1 11u , •. , 11\f'1\l1011.-1I 111 ' u t.. litt11 l \\u t J and 
\\,1111111L: 11t1l h +. h,,·d 111 p1umi1u· 1tl p11 ~11 i, 111,. Pl.l, tiu, 
, Ian 1111L: , 111111111 lw , u pt 111lt fl I n111ul llw 1ub 1n f u n n el the 
,uippnl 111,111.111011 1111 tu ., 011.t l Jlt~ pl ri,, ~ruund ,heel. 
\\ hn, "'r I .,1,1,. 1lor 111, 111 """ ,lauulJ !Jc \\ Cllcd Ix-fore 

i l 1, u · 11111\ 1·tl fr11111 d u npup nu 111. 

H '01 np,·1.,1i111111 11r 0 1111 r n.L,, 111,, thi, i, ,u,t practic• 
,,1,1,, , .11,· 11111 1 hr 1,11.c 11 11, l.,rp 1hc •c;i lc uf the work 
,,it lti 11 1hc 1 .,1>.h 11, of 1111 ,.,It I\· 11u.,,urc., pru\' iclrd. .\ , 
p,ru·• 111 111 111,,11,,11 .,rr 1r11100\l 'ri 1hq ,hould IJe immcdi­
:\1,'IY pl.1o r ,I i11 pJ,,. 1i1 , 1,,,,o:,, .rn,I 11111 .,11,m c<l III f.1 11 on 1hc 
l~ior, pl,11r, 111 ,-:, .,t in,-:,. \\'hen full, 1hc IJ,ii:, mu,1 he 
•ra ll d ,111,I 1.,l.,·11 111 ., dr,i,:11,11rd pl,ll c fur lina l d tspot.iL 
,\ , ·"'"" "' d,•,111rr, prdi•1,1hl ) 11oc·11rp111,11i11g a d i, po-.~IJlc 
h,,i.:, or u1hrr , ., 11 ,,hk 11u-.,11, c ::, \\Cl mcrhu,h, •h11ulcl be 
prm 1kcl 1,, dr,11 loo11•r p.1r1 idc, fro111 11,c urrunnding 
•hrc1111i: .,ncl ., 11111hilr 111,pp,r u,cd 10 rollrcl the, "a,1c for 
h.,i;:;:1111: anrl ul11 111,111- cli-pm.,L 

' I hr , lra 11c1 r,h,111,1 , huultl be ;orr.rng«d ll> :u nol to 
ti, , h.ui:c .,, h.-..1, ., 1lu,1 i111<, 1hc 1,orl.in~ area. In confined 
.1r •. 1- ,1 pon.1 blc du,1 "1r.,ni11n uni, may IJc rcciuircd tu 
,upplcm~nl rhc ,•,,cuum d uning cc1u1pmcn1, particularl:, 
"here cffcc li\'c d.1111pini; of 1hc imula1ing matcriab cnnnot 

(!) 
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APPLNDIX Ill 

AI.TERSATIVES TO ASBESTOS 

••• Tl1rrn1:11 ina.ulation 

I I l \ If ,,ii, '\., I i "'l lin111.,I 111, 111 ,I"" , I l', p., .11,d 
\ r-..._n, • ;:a ._·, ,J\'1,11 1, f .1 ~,11!, \ ,HII h 111 iu"'ul ti,,n 111.111·11,d~ ltl,111\ u\ 
\\la Ii , ~•ntun lli.1 .,,1,,, 111"', l lu ., , 11hhuh L:l,1 · ,·.uf,I, 111tl 1 ,,,ul ,w1I 
l,,i:: ' ' '"'-'• .,I~ 1.,I \\l. ;:.h 1 u ,1 \ J l l,\ 1 r 1 · lk.,d,lr m .11111· -t .111d 1ii.:1tl ·•r 

"'' ol •llt::;id \.?.1th Jncl l llJK" •U_'\ 110 11 \ I ,tt1, , w ,llf II · tulh r.u nt \\ 1h 
\\I r< ur1u11,: o r ,-~p.uul, ,.t 1n..-,h 1111I 11 1\ lu- w,I ,,1th .,· lit ,111, •11111.: 

Inn ,, 11· 1 ,:-, 1u.\\ IK" •JK, •hr-cl. 
11, 1::rnlrr 1_i du • ... ,ti ,~:cl ~q11 1•r ,ti u rn1 1· l11,1 tt l11t•h tnnp, r,1· 

1 tl:.11 11.c hi :-r l,n1•1 1·1.1\ hr•1,·11r1u- 111n 11.11111 .dh· \\f .,L ,u 11,r 

1lrru1, ,I\ ulJb lt' .h r,~ul I_,?,· .11111 p;p1·· , , , 111,11 im 111,IC" 
1n.:."11mtn 1rm1 ,c-r. \ tU1f Li C.J .uuJ pol~unth.rnr ft,.1111 

11 ,,.,, p t T.atur , uunnalh- 1 ltJ C. ~011 1(" 1;,.,n1, h~: 1u~ ,1,11i1.1blr 

up h 11 l C 
I ·••.c"•hll rn.urra..al-- ,ur\l .Sin1·11.."- I ' ll .uh'""•··· .ur C\r:.1,.,u-d ,crnw :1• 

111,. C'\.J)..i.ntlrd prr l11r .and 11:r 1nu1r r~1 I ,,,N,t~ n frun.1 tu .1ho,r. '°)umc 
pn,1,nrt.1n n111.nur, h;n11:I t i ll l11.1 tumi1r ,·ont.u11 J ~hr~lu 

,.f hC" ,_. hfr u n P •. u: t"\ .fO 1' h,, . 1n.1 ,, rtJh 1h;11 ,·11m111nnh urnl,tlfl 

..a,,l:Jr.ltl.i\. toanhn \\ 1th !llJJ;:X'Olf'J ahr , II.Ill\ c .. .Jlld ,:urn -.u·nh Ufl f.t h 
h n rr.:1.ha,1..-d 11,~1 11,,· .ahrrn"""" .11,· 1101 <<JUl\,tlr111 111 .,II n ,pn I\ 

1111hr .i,boam in,11ni.1I, 1h.,1 thn ma, rcpl.uc Jnt! llll" -rr, Ile u11ul1-
1101n 111 r2d1 ~~,c 1lh11ild ~ .-011,-idcrtd before J •ulh111u11un i, ntJdc. 
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b, Paclting maleriab 

, ,,_._, Ill 
.ldtuwf;.:~J L . t,M, w 

I .1pr1 ropr .uul ,- l&rrl nf , .,riult, tlc-rhitic-,, 1uadc from rdr.u:ttJry 
libr~ ,.,., ·'""l.,hlr. ' I hq ;n,· r xpcn, i,c but h,1, c hi~h~r lin111init 
1cmprr.,tu11·, 1li.111 .1,lu·,.10,. I l,1hc-\ rr, L:l,t,, .inrl rnd .. wool Ii brr, h.1,·c 
pour n·,i t.uu. c tu clac- c tJ111l1111rd t..' flrc t, uf hi~h•l rmpcralu1 c- .111d ,tc.:un. 

Hc,al•rt's is 1nn1 prott'ctivc, clothing 

It h." 11 JHu,rd pn· ,ihft· 111 .,II t ., c·, fn 111111 ,l ntm•.hhr,10, uh"ti• 
1111r 1;,r p 1 ,h.·, I I\ r l lHd1i111..' l11llu r1 , 1 11111 111.11h 111~1dr front \\11\1.·11 

., ,I -.. ,, ,, t l1tll1. I 111' It.,._ in u11h' t .1~t, h, t ·11 du._• tu p,,ur Ill .,c n"'l 1,Hh c 

.uul 111 otltl'I 111 p,1111 '"',11111~ qu.dnw, ,,I Ilic· ,1ltl·111.,1 i \'(·, ,l\.til.ll,k· 
I hr ,dtc·ru.111\r- .1pp1u.11 h 1hrn-f ,11 · h,h l,,·r lo fiml ,hLc hh 

, lu1 hml' \\l1i1 Ii h.1, 1wn1 ,u11.,1Jh tu·.1tr, I h• n11111nu ,(" 1he n,lr. to th~ 
,,c1n I I hr 11;11.1 ,11it.1hlt• uu .di rt111111 1 .1ppl·,1r , tu 1,c .,Jumrn1,rd 

., .. he t•h , 11,th ,,l11d1 hhf'II 111,,tll· up 11110 ,uil · , .,nd ... uit.,t,l) lmtd, 
t rt",Jll" ,,,. tlu ,t h.11.11d. 

1"1rc- pr,ttt·ui,111 •Ult .,n- d, tJ.:11<.d fi ,r .,h ,11lutc p rot<"ctmn rn licr .. c 
hr.ti {ll1tcli111111, fi,r '""" Jll'rllttl, ,lll(I otl11·r 1.k-,.11;11, 11r ,irm l.ir m:ucri ~I 
.ire .J\Jtl,,hlc- for p1u1n, t ion "lu·11 \\ orL111i: rlu-.,: lo r.1cliant hr:u ,ourccs 
,ud1 .,, 111 ,lt"d \\u,l,, ~I.&" \\tHL, .111tl fin11ulriC"I. 

lirlO\\- .,re• <Int riptit111\ or fil l" prulf't 111111 Ct1uip111Cllt. 

t Sw1 
11011\ r.,1,, ,. 

Hud~ li11i11~ 
luh·rli11i11J.: 
\ I 1111l.u 1111ul 111 

-.;.,, lllll l'.! ',5. 

' it) Gaunllc1 Gloves 
Ou1.-r I .,l,ri< 
l.1111111; m ill 

I.mini: - G;iuntlct 
:\lanufacturcrl 111 

Xo. f)TD 1159 

.\111111i11i,rtl ,,,hc,w, d oth 
F.dn i, u,tlon 

\\-.a,l fkn c 
Jll 1, rd.n1, c "ult l'ruv1 ,,on.ii llpcufk.atton 

l..1111111,11ct! .1lum1n1,crl .i.,bl'IIO> cloth 
K ni1ml llcc<c: 

Grrcn "'""'"' J.1 

:iccordJncc w1d1 Provi"ona.l ~pc,,,fi~1io11 
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PREFACE 

The naturally o~c:urr1ng tibroua ailic:ate■ closai tied ns "asbe11to11 11 have 

bec:Cllle al.moat i n db pen■ able in modern technology. 67 •125 •142 The vorld ' 11 

annual production has grovn from a rev thou11and t.oos in 1900 to over 3 

121 
million tone in 1968. Annual c:on111Dption in t.he United States ave re,;ed 

nearly 800 ,000 tone during the period 1965- 1969 .121 The pot ential or 

asbestos u a ha~ard to health has been the subJec:t or a number or revieva 

in r ecent yeare.22 , 49,60,134 ,137 ,146,148,168 

Although it hu been 1tnovn ror a halt- century that persons vho i nhaled 

large amounts or u be11tos dust. i n the course or their vor k sometimes 

developed disabling or ratal fibro11is or the lungs, it hll.!I been only vithin 

t he la.st three deco.dee t hat other ser ious err .. ct11, such 11.9 cancer, have 

been associ at e d vith occupational expos ures . Recently, t he likelihood 

or e xposW"e or the public at l arge to asbestos has been r ecogniz.ed and 

has l e d t o a d~mand tor mJre r igorous cont,ol of asbestos emi ssions into 

the atmosphe re , 

"Asbest o11" is a generic term ror a number of hydrated s ilicates that , 

when crushed or process ed, separat e int o flexible fibers made up o r 

fibr ils . 46 Although t he r e are many asbestos mine rals, only six are or 

commercial importance: chrys otile , a t ubular serpentine mineral, a ccounts 

for 95% or the world' s production ; the othe r s , all amphi bol es , are amoeite, 

crocidolite, anthopeyllite, tremoli t e , and actinoli te. The asbestos mine r als 

c11!fer i n their met allic elemental content , ~ange of fiber diameters, 

flexibility or harshnes11, tensil e st rength, surf ace proper ties , and other 

vii 
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CUAP'l'ER 1 

PA'ffiOGEIIICITY OF' ASBESTOS 

The et:ect.11 or tiber■ in biologic ■y■teiu ~, res ult not only from the 

propertie■ ot the tiben theaaelves. but &1110 from contaminat ion vi th 

inorganic or organic 11ub1t11>1ce11 that occur n,aturally or are added during 

mining• lllillln~, proce■a1ng, shipping, or u11,e. Contaminants acquired 

frc:,. the atmosphere or in the respiratory tr1act mey be carried on the 

■urtace of fibers. Fibers m-.:, act as cofactors; conversely, their 

actio:i ma.y be modified by other cofactors. 

PATHOGENICITY IN MAJ( 

The proven or suspected effects or asbestos 1ninera1s on hUlll!lll health 

i nclude nonmalignant changes, s uch aa pulmoniary and pleural fibrosis , 

1111u several types or malignancy. notably or 1the lung, pleura, and 

peritone um. Nearly all the positive evidenc,e of en association betveen 

aabestos and hunan disease has c0111e from occupational groups. With fev 

exceptions, these have consisted or vorkers •~ngaged in the mining and 

milling or ube11to11, the manufacture uf asbe1stos- containing products 

(such as textiles and cor.struction materia~s), and the application and 

removal or a.sbestos-conte.5 • 1 ng insul 'lting materials. 

Asbestosis 

Asbe■tosi11 • or aabestotic 1 ,cumoconiosis, vas the tirst clearly demon­

strated adverse ettect or a.sbe11to1 1:, man. It 1s characterized by a 

pattem or roentg,enographic changes in the 1mg consistent vi th· diffuse 

interstitial fibrolli■ of variable degree and at times \;1th fibrosis and 

caleit1cat1on or tbe pleurai cl1n1ca1 change1s that incl:ide tine rales, 



\ 

tinier clubbing, and 1hortne11 of breath, each or vhi cl! may be abaent in an 

individual cue ; and phyaiolosic changea consistent vi th a reatrictive lung 

d.horder . 

'nle tir1t publ11hed mention or a cue, i n a man vho had vorked tor 10 yea.rs 

1n the carding room or an 111be1tc1s factory, Villi by H. K'.lntft8Ue Murray in 

1907. lll Cooke reported a ■econcl caee in 192420 and in 1927 provided a 

110re detailed de1cription, 21 in ,mich the l e n11 "asbes tosis" vas 1'i rst UBed. 

In 1930, Merevetherl05 revieVl!d 1;he sal lent reatures of the diseas e and the 

environmental. exposure a of vorke1rs, including data derived rraa an epi deciio­

logic study reported in !'lore detail by Merevether and Price .106 'nlis led t o 

the promul.&ation of regulations for environmental and medical control i n the 

United Kingdom, vhich became e fftecti ve in 1932. 7 Cases vere first reported 

110 141 . in the United States i n 1930, • and gui dehne s for acceptable dust 

concentrations vere proposed by Dreessen et a l. in 1938. 32 

Industrial experience indicates that pulmonary fibrosis sufficient to 

interfere vitb respiratory or cardiovascular function con be prevented 

by reducing asbestos dust concentrations to 1evel11 that are still far 

above any likely to be encountered in coD1Dunity air. 

Pleural Calcificatio~ 

Calcified pleural plaques occur frequently in vorkers e xposed to 

ubeato1.5161 43 ,103 ,lOB,l30 When cultiple or bilateral, they arc regarded 

b7 ICIIIII! as UJDOst diegnostic or asbestos-related disease . 43 • 71 In 

ube■tos vorker1, calcified pl~ues rarely appear until 20 years arter 

tint expoaure 1111d do not neceuaril~· correlate vi th parenchymal fibrosis ,91 
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Calcification appears t~ ditfer in frequency in different occupationally 

expoHd groupa, but atudiea are inadequate to veri f'y or expl a.in such 

di rrerenoea. 

Bronchogenic Carcinoma 

Bo teaturea or bronchogenic carcin011a usociated vith asbe stos are 

pathognomonic. Primary si tea are more otter in the lm-er lobes, in 

contraat vi th the usually higher frequency or upper lobe tumors . 

Peripheral primary sitea are COCIIIOD in asbestos- related lung cancer . 

All. cell type• are represented in most series . 

The first suggestion that asbestoa might be! causally r elated to cancer 

or the lung ve.s made in 1935 by Lynch and Sm.I th ,Sil who described squamous 

ce~l carcinoma in a South Carolina textile vorker vith asbestosis . 

Dea pi te other isolated reports , an e.ssoci a~; ion was ""1- ti 11nly supported 

by epidemiologic evidence until 1947, vhen ~lerevether, Chief Inspector 

or Factories in the United Kingdom, report1~d 31 instances of cancer of 

the lung in 235 persons knovn by his department to have died with asbestosi~ 

betveen 1924 and 1946.104 Tbat constituted Ill! incidence of 13.2%, compared 

vith 1.32% (91/6884) 1n persons ce rtified I.IS having had silicosis during 

the aame period. Glayne in 195150 reported on the pathologic findings in 

1205 lunge from vorkers vhose cases vere being evaluated for pneumoconiosis. 

In 132 asbestos vorkers , he round 121 vi th asbestosis, o1 whom 17, or 

14 .0% had cancer of the lung, compared vith 55 (6.9%) of 796 persons who 

had silicosis. The study vas done, hovever, in a hospital to vhich 

auapected tmor patients vould bave been referred; thus . there may have 

been an overestimate of risk . Doll in 1955, 31 art.er analyzing the causes 
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or 4"ath aaong 105 men vho had vorke4 ror at l eMt 20 ye ara 1n areas or 

ubeatoa textile planta 4eCincd u duaty, concluded t hat the 18 cases of 

lung cancer that occurred indJlcated a riak about 10 t i mes that in the 

general 11&1• population. 

Other atudie1ll,13 ,l5,18,23,24 , 33,34,31>-40,59,70 ,7~-76,8o-82,87,93,94,98, 

10l,ll2,13l,149,154,155,161,l69 have confirmed an asso.=iation betveen 

occupational exposure to aabe11toe and a higbter-than-expected incidence 

or bronchogenic cancer. Scne studies13 have demonstrated differences 

in the degree of riak among differ ent occ•ipationally exposed groups, 

probably related to dose. aa ve!l o.s to oth~ • f actors. 

Meaotheli al Tino re 

Primary malignant ti.Dora or the pleura and peri tonewn h1we been regarded 

u exceedingly rare by most pathologists; unt,1 recent years, some even 

questioned t~e!r existence . There are still differences of opinion as to 

diagnostic cri teria.18• 70 •98 •1"9 Therefore, statistics on prevalence or 

incidence in one geographic area cannot be safely compare d vi th those 

from another. ~dberence to strict diagnostic criteria, including en 

autopsy complete enough to --ul.e out other primary tumors that could 

metutuh:e to or involve s erosal surfaces, is a difficult ,.oostraint on 

a retrospective series . 

It vas arter 1960 that serious consideration vas first given to asbestos 

u an etiologic factor in mesothelial malignancies. In that year , 

Wagner ~ !J:.· 161 reported 33 cases of pleural mesothelioma in a part of 

South Africa important for crocidolite mining. For all but tvo ot the 

pat~ents, the authors discoVt~red likely asbestos contacts tvo decades or 
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ZXJ!!rimental Aabe1to1i1 

AlbHto le pulaanary rtbroal11 hu bean produced experlmentally in varioua 

1peciH or ani■al1, including rat1 /i5 ,5B , l56 • 157 guin"a pige ,29 ,45 ,69 ,l57 

b ... tan,
55 rabbita,157 and axiltey,.157 In 111.111 or the stud.lee , the 

41HUII NH■bled early ube1totic d.evelopunt ~n 111U1--e. g. , it vu 

■ultitoeal. Dirtuae tibr011II bu allo been produced,157 but to do 10 it 

vu nec:ee1ary to uae very high coooentrations or a.nbl!stoe dust. and laig 

period.I or exp01ure or ob1ervation atter exposure. ( In contra.st, experi­

mental 1illco1ie can be produced vi th l(llller cumulative exposure.) In 

the coune or the investigntions, it bas been nsked whether the fibro­

genicity or ubeetos dust 111 mostly confined to fibers longer than 

5 11D1;45 ,156 the question is still unanswered. 

Experimental Neoplasia 

Lung cancer tram chrysotile due~ ha,s been produced experimentally in 

rat.s58 and in mouae lung implcn1;1, l4o Other investigators who used 

aitterent 11etbode tor introduc1118 tine dust143 did not find lung c!lllcer 

in the sniaale they studied. That some ~bestoe dust hu an increased 

content or trace metals-particularly nickel, chromi un, and cobalt-­

ma.y explain these differing experiences. Rats vhose lung clearance 

had been artiticially impaired had tvice the lung cancer rate of animals 

with normal clearanc~.5B 

Canct:r of the pleura.i. surface (meRo't,heliome.) has been reported in rats 

and hamsters that received intrapleura:i inJect!ons of the three most 

c:omaon types of asbestos .l.39,l59 •160 The amounts o r aqbestos dust introduced 

into the thoracic cavity vere very large, and translation of results to 

hUllllll inhalation o r asbestos is unc~rtain. 
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Experlaent&l Aabeetoaie 

Aabeatotlc pulacnary rtbroai■ hu been produced experlcentally in varioWI 

■peel•■ ot anl■al•, including ret■ ,45,58,156 ,157 FU•~~o pi ge,29 ,45,69 ,157 

h ... tera,55 rabblta,157 and IIOlllley■ , 157 In many o r the studie■ , the 

di ■eue rHelllbled early u~■totic develori:u-nt i n aan--e .g., it vu 

■ultlfoc&l, Dirt'U:se flbroa l■ hu •lao been produc,.J,157 but to do 110 it 

vu neceuary t o uae very high concentration11 o r BSbcstoo du:it and loog 

perioda or exp'lllure or obaer•ation arte1 ,.xpo11 ure. ( In contrBllt, experi­

mental ■1Uco■1■ can be produced vith louer cw:rulatlvt" expo11ure .) In 

the cour■e of the lnvcs tigotione, it has been BS~ed whether the Nbro­

genicl ty or asbe11tos dWlt is mo1tly contlncd to tiber11 longer then 

5 um;45 ,156 the question ls still unanswered. 

£xpert11ent&l Neop ~ 

Lung cancer from chry110tUe dus t haa been produc"d eiqll' rl= nta.lly in 

r ata5B and i n mouse lung 11:1p!onte. 140 Otl,er 1n,estlgt1tc.rs itho usecl 

different 11ethoda for introducing the du11t143 did not rind lung cancer 

in the 1ni11al■ they ■tudied . That 110mt. BS~st oe dWlt has on increased 

content of trace met&le-puticularly nickel, chromiu:i , and cobalt-­

Ill&>' explain these differing experiences. Rots vhose l ung clearance 

had been ortiticially impaired had twice the lun g cen~ r r ate ot animals 

vith normal clearance.58 

Cancer nf the pleural. s urfoce (mcsotheliooa) hos been reported in rats 

and hamsters that received intrapleurol injections of the three most 

c01D1110n typ,'!s or asbestos.139 •159 •16O Th.e omounts or asbestos dus t introduced 

into the thoracic cavity vere very l uge , s11d trnnslst.ion or results to 

human inhalotion of osbestos io uncertain. 
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pol.yvtnylpyr1dine N-oddt', 11 ■acrcnolecu.lar chemical thnt is effective 

in preventing the cytotoxic damage caused by cryst.lLlline silica in experi­

•ntlLl 0cnd1tion1. 

Although the foregoing type■ of 1tudy have no knovn relationship to 

flbrogenic or c&rcinoSenic effects !!!. vivo, they provide syatems that may 

prove useful in determining mec:hanialll9 of action o.nd approsc:he11 t o prophy­

lacti~ or therapeutic measures. 

INFLUENCE OF M/IJOR VARIABLES ON PATIIOGEHICITY 

When c:on11 i dering the import.a.nee o f type or ube11tos , fiber size , 11nd 

cofactor11 on biologic effects, it is necessary to emphasize that o given 

attribute miiy infJ.uenc:e in differing ways tne respirability , deposition, 

r etention, clearance, trsnslocstion, ond biologic reactivity . Although 

some !!!. vitro nnd laboratory studi c s y ield different responses to different 

types of asbestos , the r esults do not Justify d rnwing firm conclusions as 

to the relative pathogenicity of the different types . lier do epidem.iologic 

studies conclusively s upport such differences . All the c=rciall y used 

forms of asbest.os can produce asbestosis . In only relsti vel y few studies 

has the incidence of malignancies been determinen in groups with exposures 

to a single asbestos type. Whe re the re ore data that s uggest a lower risk, 

as in the c:hrysotile-producir~ areas of Canadal3,100 and I~s ly,154 there 

are possible explanations for the difference othe r than ~ uestos type. 

The high incidence of mesothelial tumors in the North Western Caoe area 

of So•Jth Africa has l ed to the suggestion that c:rocidolit• i s unusually 

hazardous, but mesotheliomas have been rare in the Trans .11111, where 

crocidolite is also produced. 49,138 Although Seli.koff e t s.1.1 32 found 
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polyvill,)'lpyrlcline If-oxide, a 11ac:r0111olec:ular che:aic:a.l that h et't'ec:tlve 

in preventing the cytotoxic: damage caused by c:ry11tuline slllc:a l n experl­

•ntu c:oncli tlon11. 

Althollgb the foregoing type• or 1tudy have no kncvn r lationship to 

tibrogenic: or c:arc:in06enlc: et't'ec:ts !.!!. ~. they provi de syatems that mey 

prove usetul in determining mec:hanl1111111 o t' action Wld approaches t o prophy­

lactic: or therapeutic: meu1.1tts. 

INFLUENCE OP MAJOR VARIABLES OH PATJIOGEKICIT'i 

When considering the importWlce ot' type or asbestos, fiber si~e , and 

cofactors on biologic: effects , lt is necessary to emphasi~c that a given 

attribute mey influence in differing vays the re9pirabi l ity , deposition, 

retention, cleare.nce, translocation , and biol ogic reactivity. Althol.J8h 

sane i n vitro and laboratory s tudies yield d1ft'erent responses to differ ent 

types or asbestca , the results do not Justify drnving f i r m conclusions ns 

to ~he relative pa~hogericity of t he different t!'PeB , Kor do epidemiologi c 

studies conc:usively SLppor t s uch di ffe rences. All the commercially used 

rorma or asbestos can produce asbestosi s . In only relatively fev studies 

has the incidence of malignancies been determined in group~ vith exposures 

to a single asbestos type. Where there are data t hat s ugges t a l ower r isk , 

as i~ the chrysotile-produc1ng areas of CWladal3,100 and Italy,l54 the re 

are possibll- explanations for the difference othe r than asbestos type. 

The high incidence of m'!!sothelicll twnors i n the North Western Cape area 

of South Africa has led to t he suggestion that crocidolite is unusually 

haiardous, ~ut mesotheliomas have been r are i n the Transv!lal, where 

crocidoli te h also produced. 49 ,138 Al though Se l ikoff et al .1~ found 
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range, coapared vith tibera in the LM range. It ia possible that the relative 

riaka uaociated vith ribera or different •iies are diflerent for nonmalignant 

and malignant change■ . 'nle evidence that bwid.le■ or fibrils may be broken 

dovn vithin the bo~ to individual fibril• i s important.147 

A n1111ber or inve■tigaton have postulated t.hat o probable role or asbeatoa 

fiber• in producing diaea•e ia to carry toxic or oncogenic eubstonces to 

v\llnerable a1 tea. Studies bearing on this have included onalysis or various 

types or asbesto• to detemine the cantamino..,ts present, vi th special 

emphasis on metllls26 ,27 and polycyclic hydrocarbons ;48,61~ 4 studies 

or the elution or contaminants in biologic materials ;26 and the concurrent 

exposure ot animals to asbestos &nd toot.her moterials .109 Tht present 

consensus is t hat conts.minan~• are present, but a spccilll. pathogenctic role 

is still speculative. 

The vork of Selikorr et al.135 strongly suggests a synergism or cigarette 

smoking and e.sbestoe exposure in the increased risk of lWlg cancer in 

insulat.ion vorkera. It is not knovn vhether this is because of reduced 

clearance ot asbestos, transportation or cigarette- smoke carcinogens by 

asbestos fibers, or the pro1110tion by one factor o f concer initiated by 

another. 
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CIW'ffR2 

EVIIl'!IICt: OF IIIJMA!f HOltOCClfPATlO'IAL r.xro~ur~ 

Direct and incllrec:t evidence that penona other t h an t.hoo<- vorking dirl!ct.ly 

vi th ubeatos mineralll are being e11poaed to asbestos ia o~ eevl! ral t YJ•e:i . 

For example, asbeatoa riben can be demonattatr d in t.hl! lungs o r r c rr.ons 

not occupationally exposed. In a rev geographic are es , putnol oll,1 c chMgc:; 

regarded as repreaenting a reaction t o ubeotos (e.g., pleural cal ci fication) 

have been ro1md in population• vith no hiatory or occupat i onal expos ure . 

Asbestos rtbers have been demon■trated in lll!ll>ient a.ir . 

FIBERS IN LUNG TISSUE 

Structures that appear to be r.tbert coated vi th a pigmented material verc 

described in lung tissue as early 1111 1907 by Marchand. 96 Th<-se struc tures 

vere actually ribl!rS coated vith hemoside rin. In 1929 , CooY.c19 described 

such "curious bodies" in association v!. th pulmonary f ibrosis . Stevart and 

Haddow144 referred to them as "asbea,osis bodies." Because those vho vork 

vith asbe9tos exhibit them a rev months after starti ng vork, it vas r ecosni zed 

that they vere evidence of exposure, but not of asbestosis . The tenn 

"asbestos body" came to be the preferred designat i on . 

As long as the coated fibens vere found in persons knovn to have been 

occupationally exposed to asbestos, the identity of the central fibe r was 

seldom questioned, although from time to time ~irnilar objects ve re found 

in persons vith no knovn exposure to asbestos . Meurman107 i n 1966 summeri zed 

19 reports published betveen 1932 and 1962 in vhich thene objects were 

associat ed vith exposure to graphite , coal, hornblende , rutile , diat.omnceous 

earth, car~rundum, and talc (in vhich case tremolite 11.Sbcs tos migh t have 

been involved). The demonstration by Gros&54 ,56 thnt other fibers moy 
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prodllCe ■uch bod1•• in experimental aniJllal■ indicatt-11 U111t they re11ul t tro■ 

a non•pecitlc N&ction to any ■paringly ■oluble fl brow: foreign body, u 

had tir■t been ■uap■ted by Cooke in 1929. 19 There i■ thWI 1111ple Justitica,. 

tlon tor ■b■ndming 11ube■ to11 body" u I generic tenn; Oou8'J51 in 1965 

■ugge■ted the tera 11iuner&l tlber-body," and Gro9153 ln 1966 recommended 

"terruginous body, 11 

'l'hora■on et &l, ,151 in 1963, were the tlrat to show I.hat these coated 

tlber■ were present in a high proportion or lungs obtllint> d by routine 

autopsy. 'nley round that 26.4% or lung smears in 500 consecutive 

autop11ie11 in Cape Tovn shoved vhat vere ca.I.le d "asbe :itos bodies. 11 

Reports from many other areas have confirmed o high prevalence in lungs 

obtained in ■imilar autopsy serle~3,8 ,17, 3l,47 ,107,ll8,123,150 

UtidJian ~ al.153 interred that, lt a 11ut't1cient vol\Jlle of lung tissue 

vere examined in each case, nearly all persona would be found to have s uch 

bodies; thelr study of 100 lungs in Pittsburgh con!'inned their suggestion . 

Identification ot the core fibers has proved to be a formidable technical. 

task, 57 , 84 •119 Without fiber-by-fiber annlysis, all that can be said is 

that coated t'ibers resembling those in asbestos workers are present in most 

per■oos in our urb'\11 centers. Stripping the coating and analtzing the 

cores by various techniq~s can sometimes demonstrate that the cores are 

asbestos, but the process is tedious and often inconclusive, 

Attention is nov being directed tova~d study, not of the ferrup:lnous 

bod1e11 alone, but of the total fiber content of the lungs, whether such 

fibers are coated or uncoated. In a study of 3,000 consecutive autopsies 

84 in Nev York City, Langer et al. have found thin, uncc11ted , opticc..lly 
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vlaible tlbera 1n llvo- thirda or tne 1 , l149 lung f""Cl~ns In wli.ch cont <1 

f iben vier e de1101la-tnted &Dd i n one- fourth or those in vtiicn u.'lcoated 

fibers vere d.ea,n.atrated. 'ntant.y◄igllt. ccnHcuti~ ■aq,les ot lung tisuue 

fro■ the ■ame ••rle■ examined by elect ron microscopy .,,.re fot:.'ld to contnin 

£14-■iud chry■otil.e fibers . 85 Pooley ~ &l .119 have reported similar fl1,dinn . 

Evidence i ■ the rett>re 111:rcna that mOBt human l unSB harbor thousuid:i or 

mill ion" o r ribel"S . SQIIIC or these are cbrysot ile a best os , Md o ther 

types or asbestos mine:-&ls are probably there &l!s<- . rn most pe,-:;ons not 

occupational.ly expos ed to ubestos, the numbers of fibe r s a r e relnti vely 

small, ~mpared vith the nlllllbera tound in the occupationally ex-posed . 133 

The s ys tematic application or qW111titative t e chniques , mea!!.u ring both 

co11·.e<i ano uncoa1;eo 1 ibl!rs, 4.s -~ ~ .fine a gr adient of accw:iu.ln tcd 

fibe rs for correlati on vi t h incidence or diseo.se , on the one hWld , and 

hietory of environaent&l exposure, on the other. 

Although tnere appears no doubt that asbeet.JS fibers o.re pr esent in many 

28 57 humao lungs, there are sources or airborne fiber s other t han asbestos . • 

Some are probably derived frcn the burning of l eaves and p l an t prooucts , 

such as paper, vood,, and. coal. Man-raade (meetly vitreous) fibers huve 

also been identified in the se diment isolat e d l'rom 1-U?Den lungs . Talc , 

orten used generously o.s a dusti ng pO\lder, may contain a s i gnificant 

Bl■ount of tremolite asbestos fibers. 

Infonnation is sparse concerning possible incre o..se o f fibe r s in lung:; wi t h 

increasing uae oS' asbestos and concerning the exi s t e nce of signi ficant 

diff'erencea between urban and rural populadons . Sclikoff and ll ammon u133 

compared lU1Jg tissues obtained in 1934 and 1967 and f ound no s i gni fi can~ 
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lncreue in tbe pr rt.Ion,., nta.inlng fcrruginous bodl,.1 . Thia suggeated 

that, deapite incre tr.g uae or .. beatos in Ntv Yo1k City hetveen 1934 

ond 1967, ttbera or • typci producing terruglnoua bodte, I-tad not been 

increuing at a correapondlng rate. llovevt r, Chang-Hyun Uri 
3 

report• an 

increue over each deca4e in aabf'at.01 bodies In nenpl,., or l\.llga rro■ 

persona vho died in L01,don in 1936, 1946, 1956, l<jC6. 

PLEURAL CALCIFICATION Ill THE r.1'.NERAL POPULATION 

Meurnen108 in 1968 rcvteve c ritically t.he llt.erature rclat.ed t o pleural 

calciricat.ion and asbc1lo1 cxpO!IUJ"C. A '\w:ib,.r of studies str ngly suggested 

M o .. uociation bet.._ n pJ,.ural calclrication Md nonocc1,,pat lonltl e:.<r , urea 

t.o ubeatoa For exaznple, Kiviluoto19 in 19Go r cpo rt.1' l t"Dlcl t'1catlons in 

9$ of the adult pop.tlat.lon detected during IMSS rocutgcnographic tt urveys 

ln a Finn.ah C OIIIJl'l',lllC in vhich there vll!I 11n ll!lbri:toi; mine and cull ; the 

: ,t:4.a::m . .1 •ll luw ,u, ~'u: r'!IIWinder uf tne r1nnun por,w.11t1on . 

en1'1rged on these observat.ions in 1966, N-fOrtlng tt,at. , o r 633 ,201. chest 

rilm11 takrn in Finland betveen 1960 end 1965, 151b ~hovcd pleural calci!i­

cation_s; 1232 of the latter vere among 43,483 fi lm:i taken in 10 com.:1W1e 11 

in vhich there vere &.1,thophylli te mines . Rock and soil in such areas 

also conta.in much asbestos , so that the demonstrl't i-.m that airborne 

anthophyillte could be demonstrnted over 25 km fran the mines is not 

necessari ly relevant. Anspach4 reported that, of 244 sl.l>Jects with 

pleural calcification round in a chest roentgenographic s urvey in 

Dresden, 177 had either -worked in or lived near an asbestos factory. 

Zolov et a1.170 described a 5. 1% prevalence of pleural calcifir.ation in 

a rural population in Bulgaria and suggested Lhat the moat likely cause 

was asbestos in tlle 1101 l. Hwever, llromek ,12 Mar:iov, ,91 and Rou_s and 
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126 Student , reporti n1 c,n a high preval"ncr of p.e ur ! pl , 1 , :i In o r•,ral 

dht r lct o r Cr.ecboalOYellla, haVt' bHn mable tc, dcr, ()~t.ra~e II IIC\lrtl! f 

ube■toa expoaure. 'nle c an1ena W1 a t pre1en1. Is th ~t c a l :t f!C'a~lcn 11lont-

111-.y not invariably be conlide red an index oJ' tu l,e1to' c>.p->sun• !n •hr 

ge neral population, alt hougtl it 11a,y p rtllllf)t. a aearch !'or an ,.n•1lr n.'ll"f'll'il 

1ource o r ubeatoe. 

MEASUREMEIIT OF AIRBORIH ASBESTJ~ 

A mor e direc-:. metl,od .,,r obtaining nidencc on the lilll'lih J n r r xr W",' 

of the ge neral population vould be the aacpl ill£ of 4-i r tc- u ~. r,u ne tt,,. 

presence and u ount or re11pil'1tble asbesto11 fibe r s . n,erc arc , ho""vl'r , 

many uncertainties IL9 to the beat methods of sampl!nr . 11,.,,til'yin, , ,rnl 

quanU tating air't-orne u bes~ ~d i-~reting dal., su o\.. t.1<i1:• ,J. /O , ~ ~• ' i . • , i ~ 

Lilllit~d inrorma~ion has been deri ved rra-i measuring fiber~ 011 Sli.'CJ lin1; st',,., , 

s uch as that •,y Laamanen et!!_. , 83 vho s howed nsbc-slos fallout. diciinishlut· 

rapi dly beyond 1 klll from an ant hophylli t e quarry, but st. i 11 d( t.c-c t.lll,lc u• 

27 km, Counts or asbestos fibe rs collecte d on membrane filtc-r~ by hiclt ­

volume air sampling and estimated 'by light. mi c roscopic t,.chniquc-s simi lar 

to those used in industrial hygiene have shown small numbrrs ol fil',c- r.; i11 n 

rev urban sites .10 , 16 Such rettults, although .;hovin6 nl.l"lbe r ~ o f fib<-r s d,• ­

tectable ey t he light microscopt! that ve re 1011 l y orcupntiot,lll health ex ­

pt,rience, have been too rev and variable to be used vi th con f'idence. 

Alternative methods that are curr<.~tly under devel opment, inc l udinb estir.:n­

tiona or the nteber and mass or ribera in the LM and the EM size r ~ngc::, 

have ahovn meaeurable concentrations of asbestos in m~~Y s11mplcs or nmb,rnt 

air .1 ,66,l37 Such environmental measurements are in the ir e!lrl !est st&gc:. 

and provide rev c1;.e.a to the extent or significance or t he r is~ rrom tUs 

type ot expoaw-~ to asbestos or to other mineral fibe rs . 
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CHAPTER 3 

!!3Tl~TIOII or OlSK , HNIOC-:l.'T'A1 lO!IAI, 1::lCPOSlJRES 

Industrial experience hae ,hovr. th,t prolonged inhalntion or ube1tos can 

Jncreaee the rhk or neoplutic diGeue . E.xa.m.inatio· or lung t1■sue hu 

made it apparent that a auch larger proportion ot •he gen.-ral public hu 

inhaled and e tained ube■tos fibers !Ian htvl fc,rmerly been relll.h.ed; in 

tact, moat urban dwellers have soae s uch fibers in the ir lunSII, can these 

r11ct■ be related? Does the general public--rui well u.s persons working 

near occupat\onil source■, l iving in the houscholdd of asbestos workern , 

11 vtng 1n the nel ghborhoods or asbes tos plants , or having occa.siona.l 

r1111dom expoaurcs--have a detectably increased riffk o f mlll.ign1111cy or other 

JJ.seue because of o.i rborne osbest 011? 'Ihc Harl ted i n romation we have to 

answer these questions comes either from direct spidemiologic studies of 

groups with vnrlous .Levels or nonoccupational exposure ur uy .,,.L,·uvult1L~vu 

from the expcrir-nCf' of i ndustri41 poi ulations with direct or indirect 

asbestos exposures. 

EPIDEMIOLOGIC S'IUDIES RELATED TO HOIIOCCUPATl:JIIAL EXPOSURES 

Tllo general i ndices of asbestoc exposure are available for use in direct 

epidemiologic s tudies of groups not knovn to be occupationally eYposed to 

asbestos . The fi rst is based on knwledge of each member's place or work 

and place of residence; because of the l ong latent periods of e.sbestoe­

related dis~ase, this knowledge must cover each person's whole lifetime . 

The second is a quantitative estimate of each member ' s lung content of 

asbestoa fibers. There are fev such direct cplc!emiol ogic 

they are inadequate to answer the q~est ions at issue. 

udies, and 

I 
I 
I 
I 
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I 
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'ftle only 1tudie1 t ha t appear v • i■pl icat.e " t,,- i oti ln · h" d"v 101 i:rnt o !' 

1111.l.i gnancie• 1n per1on1 not oc~up1t.1onally expo,,.c or.- t,..,ce involvlna 

dl N'u.H me1ot.hal10-, a tu~ t ha t 11 uncoaaon and U,at l,11 been the 

1ubJ~ct o r 1p1c lal at.ten t.ion i n r l.'cen t y"an. Mar,y o!' t.111, ~eooU,..,lic-::ie.: 

r eported 1,y Wa8Jler e t al_ l6l 1n South .Uri el\ v rctt at.' :-!l,u• .. d to houset,olJ 

and neighborhood cxposUNtL l n a cr ocidolltc -pr.:,duc!rr or ~•· Al ho ~h no,i ­

occupat1 onal, th• e ex1101urc1 have been deacril•ed u ~ubHantltt.1.
165 

1;evhou:-:e
114 

■tudied 76 patient.I vith a eaot hcl1o• diagno1ed 1r, London llo~r,ltal f ro~ 191', 

to 196 L. or these 31 (4o . 8J) had occupat ional exr ,sure~ t. ~ nr.Lc&~os , 9 

(11.BJ) h11d a relative who worked vith aabest o:i , U (l4 .5J) liad neither o f 

those backgrou.n~ but had lived vithln a halr-llli l e o r an asbestos f ac t ory , 

and 25 (32.9%) hod no knovn contact.a. Corrc~p.>ndins re r ~ ntarcs fer a 

fU'OUp of matched control 1wiJecta (patient.£ in tht' same hospi t.uJ for ot.ii"r 

diseases) wett l0.5J, 1.JJ, 6.6%, and 8) .6,: . Stu=1J,lu." and ~yet1
4
' 

reported no mcaotheliolD&!I ln t he comuni t.y near th,. Ghipyord in Fluohinc 

( llol.iand), al though 17 of 21 aeaotheliana:i reported in the pr ovi nee o f 

Zeeland in 1964-1967 hod been in worke r s in t hat yu d . Raun 1<>1
20 

found 

no excess of pu..'monary, pleural., or pe r i t oneal malignancies in t.he areas 

of Finland where pleural calcificeti ons a t t r ibuted t o a.,thophyl llte vere 

present in 6%-9J of routine ches t survey f i .i.ms . In o serie s or 17 

meeothelianas collected by Borov e t &· ,U> all b ut. t \10 we re i n per 5ono vho 

had worked in an ll!lbestos mill, although the aut.opoy oeri es from which lhc 

cases were drevn came from an area that i nclude d inhabi t.onts or t he mi ll' 5 

environs . Lieben and PiGtawka87 found that or li2 pe r sons vith mcoothe liomllS 

reported in PeMeylvania, 10 had worked in 115bestos pla.~t5 , 8 l i ve d o r 

worked cloGe to an asbestos industry, and 3 verc members of f ami lies t hnt. 
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included ubuto1 worilera, in 11, no h iBtory o r expoaure could be obtained , 

and the remaining 10 h d que1tion11ble randoc upo■ urc•. Hclionald ~ a.1.
100 

collect1d information on 165 fatal cal1gn11nt me■ot.hel1oua knCJ\ITI to 

pathologi•ta in Canada between 1959 and l9b8. They c~nr1:ined an uaociation 

with occupational exposure to ubeato■ but concluded th11t the exce11 wu 

in the 1111111\utacture and lndustri11l 11pplication or ub~atos , r nther th1111 in 

mining or milling. It i s nppannt that no qunnU t au ·,e conclusions were 

pouible rrom these 1tud1e11 , .,hich present serlo .ia methodologi c problems 

to the epidemioloSist. They suggest o risk in hc us, hold cont -.et a and in 

residence in the lllllledlote neighbo rhood or osLc11t011 pl.,nts. n1e re arpeor 

to be d1 rrerent le~ls or risk l n different types or occupotionG.l exposw·es , 

ond some o~ theae ma_y be reflected in corresponding ho~ehold end neighborhood 

experience. 

In no 1111a.l,y!lis or causes or death in a l arge p ,,,u1at\on hos there been 

qu1111tit11tive estimation of the lung cont ent of r~rruglnous bodies Md bare 

asbestos fibers, to determine whether a detectable grod!ent of disease can 

be correlated with asbestos content. 'n1e series QO fc.r studied have been 

too small, and methods hove been too variobl?, t o pennit any conclusions 

as to the importance of small numbers of fi'oers in the lung. 

EXTRAPOLATIOII FROM 0CaJPATI0NAL EXPERIENCE 

Another source or evidence ~f the r elative riskG associated with inhaling 

moderate or small numbers of asbestos fibers is the expe:-il'nce of per sons 

who hnve had occupational exposures below those knmm to be de finitely 

hazardous. The maximal airborne fiber concentrations reca:imended for pre­

~ntion of asbestosis are much higher than any likely to be encountered in 
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nonoccupational aituationa. For example, one r ec nd '.l ri• lllldarJ vou l<J llr:, • 

th• a"f■raae concentration or airuorne ch ryaot.ile to 200C f!bers ~r liter u 

deter&ined by li&ht-rteld caunt. 14 An?ther t.llat hu bc"r. i:,ropo:iec! voul1 

l!.l..it avcrac• concentration• o r riber1 to 5000 r nu-: rer !H,,r.
2 

Occupation-related ube1tol11 clll be errect.1 vcly ccn t r l ,,·d vi t h ul rt e rr,•. 

riber con~ntration1 11\lch higher thlll are likely t c be t"ncounte r!:'d In r,or,­

occupational aituat.10111 . It 11 iaportlllt t o l\e t<·r.a.!.ne '-'h'!Url.' r V"rf.en 

vho1e exp011urea have been reduced to levels th at. pre vcnl o r g r ,.11tly <lrluy 

n.abcatosl• , u veil u othe r11 vhoae exposure11 are: indi n c~, have a l o..,,.r 

rilllt of lung cancer t.han those vi th higher und more di r ,.c t cxr<>surr" . 

Worker11 vho began employlll!nt in a Brithh textil•• !'\ill af t.e r 1931, vhcn 

implementation of the Asbestos I ndustry Regulatio ns o f 1931 r e duce d (l,.it. 

did not abollah) duat expo■urea, vere reported 1n 1968 lo ohov no ex css 

of neoplasms . 82 'llre long latent peri ods or o.sbestoo-n lrlt.!:'d lune: cancer 

and mesothel. ,u, vhich vould probably be even longer at lover dose l evel s , 

are such that it is too soon to drav rlnnl conclusiono uc to the evenlu!ll 

incidence or these malignancies. Hevertheless, reduced t"Xposurc seer..s t o 

be having an errect . Another inaication of reduced inc idence or delayed 

cnsat of di sease vith lover expos ure is in the obse rvntl ons of lle1o1house , 
112 

vho found that, al though there vere more deoth!I froo lung cance r ond chronic 

respiratory disease among those vho had henvy e xposures many ye ars previ ous l y 

in a London asbestos- product s plant, this vas no t true 81110ng t.hosc \lhO l,od 

101 
lov or moderate exposures . McDonald~ al. recently reported th~ 

mortality experience or men vho vorked in chry!.otile mines and mills o f 

Quebec. There vu a alight excess of l\llll! cMcti r among the 21,57 de nthG 

i n vorkers bom 1890-1920, but al.l could be explained by the excess t.hat 
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occurred in tho•• vho had been a&Xiaally eitpond . Thi• auueat■ that, 

ln1oru u ch179ot1le &lnera and ■lll rs an concerned , the risk drop■ 

ort rapicll,y vlth cSacreulng acc.aulated do■age. 

Mo■t 11rl•• or cue report, or ■-■othello■a Incl ude ■cae ~r■one vho 

have vorked in tbe con■truction or 1hipbuilding l ndu1t r le1, but In tradee 

not involving direct contact vith a■be■toa.102 Such p<" r■on■ u plwabere, 

electrician,, and -tal vorkers often have ■ore re rruglnou■ bodlea In 

their llDlge than do vhite-collar vorkers.134 Although Dunn Dlld Weir,
33 

in a atuc!, or occupational groups in California that l'f'Vealed an exce111 

or deaths Crom lung cancer In in■ulation vorkers, found no excess lung­

cancer death■ in other construction trades, :.he croups they stuiied vere 

di luted vi tb !IWlY peroons vho vere unlikely to hove had exposures. 

Heverthele■s, there me,y be a derlnllble gradient of effect vi thi n the 

con■truction trades. Mon thorough studies 01 groups wiLii i ,,Jirect. 

exp01111res are certainly 11eeded. 

We cannot extrapolate from the morteJ.ity experience or those vho are 

directly 111\d indirectly exposed t.o asbestos in their employment to the 

general public vho have had moderate or slight exposures from ambient 

air. There is evidence to suggest a gradient of effect from direct 

occupational, to indirect occupational, to f11111tly Dlld neighborhood 

situations, in all or vhich dust concentrations are pro?ably high by 

comparillon vith most comnunity air. 'lllis suggests thot there 

are levels or asbestos exposure that vill not be associoted vi th DllY 

detectable risk. What those levels are is not knovn, but there is no 

evidence that persons in th~ general populat,on--vithout occupational, 

bow,ehold, or neighborhood exposures--have ony increased risk of neoplasm , 

even thougb there may be rerruginous bodies of fibers in their lungs. 
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CllAP'JtR 1, 

IOUIICES o, ASIIES'l'OS FLBtRS Ill hMIJI \IR 

Preci•• inronutJ.on 1a nol aT&ilable m tcmnage■ , nwrb«-r of fili«-n . f l er 

■1:r.e■ ant\ variet~e■ , •~•r1c di■penicm, 1u:u! ult.iniate rn~ c;f the 

ube■t.o■ eaitted into ul>ient air. Although t.here u,, no r, 11111:.- d t b 

to Juatirv extrapolatioo trca the ■ore coarpletely nudicd occu;,11tionol 

expo■ure experience, infor1Mt100 regarding actual and potent.in] sourccn 

or 1!1111U1 on• or ube■t.011 tiben 1a or value both for di rt>c t inR f1.t.ure 

studies and for undent1uuling the atep■ that might. be tn;.en nLv 1.0 :;afe­

guard the he&l.t.h o f the public. 

NATURAL SOURCES OF AIRBORIU~ ASDJIS'roS FIBERS 

Several var1et1e■ or ubeet.01 ore and counterpnrt r ock (containing EJ.!- :.izcd 

ubesto■ fiber■) occur u outcroppings or are Just b t-low the s urf11ce o f the 

earth throughout the world. Allbesto■ 1'1.bers can becane airbo rne fror:, the:;,. 

ronnationa during road-building, construction, e.nd tilling or the soil , 

u veil u by landslid.ea, er05ion, ~d venthering. Talc , mined 11nd used 

exten■ively in the United Stat~•. exists in fibrous, as vell as platy , f o nn. 

Like ubeatoa ore and rock, talc exiBts on or close to the earth ' s s urface 

and ill subject to diaselllinating forces. Such naturally occurring t alc , 

u vell aa the large quantities used as a diluent nnd carrier for pesticides , 

can add to the background fiber concentration in the ambient air. 166,167 

It 1a thought that studies of fibers in glacial and polar ice nov under 

vay vill permit comparisons of recent deposition vith ~hose in the pll!lt 

e.nd thereby provicSe de1'1nite information on the relative contributions 

or natural. and induatrial sources. 
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KlllIIIO AIID MIU.1110 OP A9B!8'1'08 

Minlna and llilUna or ube■toe provide■ another ■ource ot ub11■to■ ellll ■■ion■. 

Int.ht United State■, ■uch activity 1 ■ pre■ently contined to a tev mine■ 

in Cali tomia, Veraont, Arizona, and North Carolina . Fiber■ are eai t ted 

durin1 ~oval ot overburden and pNparation or th, ore body tor open-pit 

■inin1, Purt.her Nleue occu.n during d.rllling and ore-breaking. Wute 

d1111p■ rrca llining and ■11Ung are expoeed to vind and to di■ turbance by 

bulldoain1, Piber■ are emitted during drying, crushing , grinding , and 

■craening ot the ore. Ir du■ t collector■ and 11ir-cle11ning devices ue 

u■ed, di■po■al ot the collected dust provides 11 potentilll source ot fiber 

emi■■ ion. 

TRAHSPORTATICJf ClF MA'IERIALS CalTAIHIHG ASBESTOS 

':' ... ,-vu,·L11L.i.u11 ur 1&11be11tus ore , milled aaoeetoii riber, and Mbestos­

containing product■ and vute■ iB an emiuion source or vnrying importance. 

Movement or asbe■tos ore from mine to mill in open trucks contri'iutes to 

the overall cmisaion . 'nle shipment of milled asbestos fiber, usually in 

bags, can result in emissions. It bags are r eused, either in the asbestoe 

industry or el■evhere , they vill become a source or fibers. Occasionally, 

bags a.re broken and asbestos is spilled during handling. Similar emissions 
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occur 4urlna the ahlp•nt o r product.,. Tran1pc rt lne a.'lb•11 t r, - conta!rilni:: 

10114 vute1 in open vet.tel•• throu!VI urban a.n,a: c-1111 b,. a ror,. irr:r -., 1·1.011I. 

1ai11ioo 1ource. 

NoUUFAC'ruR! OP PRODUCTS OCIITAIIIDtG ASBF.9'l'OS 

In4111triH that -t provida ftrltilat1on and other dun -coot. rol IDl"IUIW-<• ~ 

ror the protcc~ion or vorkera •q eatt u be1t011 fibers i nt.o I.he surroundi ng 

envi ronment mle11 errective air cleaning 11 applied t o e r r1u~nt.s . Fibers 

removed by ventil ation 11114 rilterlng device■ and not rclntroducrd into 

the productioo proce111 and ube■t .. - .:oot.ain ing vaste pr oduct!! o r t.he 

11anutactw-ing proce11 ultimately are di■pc.,11ec1 of out11lde t he pl ant . 

USE OF PRODUCTS 001'1'l'Allfl](G ASSESTQ; 

Man1 product■ , at ti■ee unknoirn to the uaer, coot ain asbes t os o f onr ki nrt 

or another. There are great vari ation s iunong such product.!: "ith respec-t 

to the chance■ or riber releue during the use o f the product. . 'Ille l ik~l i ­

hood depend!! predominantly on the e u e vith \lhich t he fiber6 ce.n be di s ­

lodged by the application or energy and on the degree to "hich t ne 11ppl : ­

catioo ot energy actually de11troya the ribers during the u~e of the product . 

Almoat all the ubeatos fibers u■ed in the United St at e ~ for manufacturing 

products becomes tighUy bound vithin the products and undergoes litt. l r. 

actual abrasion or vear before being dis carded. Asbest os cc.ncnt. pr oducts 

(accounting for ■ost or the asbestos used in the Uni t.ed St ates) , shi nal cs , 

and floor til e11 are in this category. Some asbestos - cont ai ni ng products , 

auch as braltelinings, are subjected to high ener gy , and their rate of " ear 

111 considerable and at times almost complete. In the case of bro.ke l i ning:J, 

the application or energy ia so intense and the heat created so great tha t. 
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_,,t cbry1ot1la rlben are de■troycd by being conve rted to 1111other 

1ub1tance, llhicb ia nonfibrou,.65,68,89 "everthelesa, 1111 appreciable 

percentaae (lJ-3$) re■■in, u fibrous ub1111to11 . In soce products--

tor 1x&111ple, ube1t01 cloth, paper, and sprayed fireproofing materiala-­

ube1to11 tiben; are not tightiy bound o~ mixed vith other material that 

holds the11 in place. Fiber rele118e rrom these J'"'Oducts occUI'l!I pri.11ar1ly 

during application L'ld remov&l. The spray fireproofing ot bui:dtns■ vitb 

ube1tos-cont■ining 111terials 111 a case in point . Tt>is ~~eration ~an be 

a serious source or emission, i'I that it usually occw s in densely pov,i:..ate4 

e.reu. 'nle total wnount or asbestos fiber used in such procedures, hov­

ever, is relatively small. 

To.le is mined 1111d willed and Wied in greater quantitles than is asbestos 

in the United Stntes. Because it contains asbestos fibe rs, its uses vill 

add to the total number of fibers (including nono.sbestos fibers) emitted . 

The use of talc in dispensing pesticides over vide areos or the country 

and its \Ille in cosmetics are tvo examples of hov this material ma.y act 

as a source of a.sbestos and other fibers. 

mKlLITION 

For years, asbestos hos been incorporated in building materials . I n 

sane forms or insulation and vallboard, the amount present is less than 

20J or the total; but other mate r ials consist mostly or entirely or 

asbestos. When a bui.1.ding is demolished, nreas of loosened asbestos are 

open to the ambient air and fibers are emitted. I r; general , singl e - fam1~ 

residential structures contain only small amounts or asbestos insulation. 

Demolition of indW!trial and commer cial buildings thnt have been fireproofed 
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vith ube■tca-containing uteril\l■ vill pro,re to be 1111 eiriuion ■ource in 

the tuture, requiring control 1aeuurH. 

80LID-WAS'1% DISPOSAL 

Solid vute■ produced during a■nutacture ot ube1to11-containins products , 

u■e ot ■uch product•, and dmolition can be ellliuion 1ource11 . The11e 

vute materialll are uaually di■po11ed or vithout regard to their potential 

u emi■sion aources. Alternatl! methodll or dispo11al often re11ult in 

CCIIIIDingling or ubesto■-con~aining vaste■ vith municipal vaste11 in open 

d1111p■ and thus create a long-term e•isllion 11ource . 
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CHAPTER 5 

?RtffCIPLES OF CONTOOL 

The naturo.l bacJtaround level or ubesto11 fibers is difficult. to quantify 

or modify, 'nle maJor ■ources er local ai:ibient-air contaml.nution 111th 

ubesto11 are industrial proceuin:; 1111J use of products containing asbe11toe . 

It 11 reaaible to identify ~he sources or emission, select those to which 

pre11ently ava.ilable control procedures c1111 be 119plied , 1111d point out areas 

thot need further atuey 1111d development o:' new methods or control. 

NATURAL SOURCES OF AIRBORHi ASBESTOS FIBERS 

Natural sources or ssbestos ~~oers nave been identified in many areas or 

the United Statc11, It is ass1m1ed that emissions o f fibers from these 

res ervoirs through eroeion and vind mllke up a naturo.l background of 

contamination rran natural. sources, variation with geographic location , 

I 
'and seasonal var! ation. It ia desir able to have informo.tion on the 

natural background, because it would assist in evaluating the effects of 
I 

control measurea and pennit some estimates of the lower limits of con-

tamination that might b~ achieved in different areas of the country . 

tf"NING OF ASBES'roS 
' 

The standard techniques for dust control in underground or open- pit mines, 

if not o.lready in use, can be applied in asbestos m~nes. Roo.dw~s in 

open pits should be treated with dust-suppressive a.gents; truckloo.ds of 

ore sho!lld be covered 111th tarpaulins while ~ei~g transported; handling 

or ore shoul~ be minimized ; ore storage piles should be m:::istcned tc 

reduce vind erosion; and waste dumps should be treo.ted with dust-s uppress! ve 

agents . 
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MIU.ING OF ASDESTOS 

An in-plant d1111t-control program ~or protect ing vorkcrs in o.:,~entos null~ 

includes exhaw,t ventilation Vith efficient d1at- collcctirg ar.d alr- cleanins 

equipment , holation , enclo■ure, vet methods , and good housckl'er,tr.s and 

111aintenance. 

MANUFACTURE OF PRODUCTS CO."iTAIHING ASBESTOS 

The element■ of duat control :recuamended for the milling of asbe~tos or 

also apply to the manufacture of aabe!stos-containing product n . I• is 

important that a dust-control system be specific to the operation for 

vhic!l i .s Wied and t hat it be teated to ens ure itn cffectivenens. 

Only persons especially trained lllld experienced in du5t control should 

be Wied to devel op and institute dW1t-control procedures. 

USE OF PROD~CTS CONTAIN.illG ASBESTOS 

An important emission source is the use of insulating materials contcining 

asbestos . This constitutes only a 3mall fraction of the ll.!lbest os used . 

But the asbestos in aorre i nsulating materials is not bound as it i s in 

cementitious products or tiles; construction nctivities usually arc carried 

on in urban area:s vnc.-~ many people are exposed to contominat t:d air; end 

control of dust during construction , although feasible , i c difficult . 

The most effective approach in reducing exposures of the general public 

to asbestos fran this source involves controlling dust produrtion and 

release at its origin during const ruction vork . The generation of dust 

should be reduced by changing material-handling methods, vork practices , 

and cleanup procedures. Local exhaust systems should be uned for dust 

collection at points of generation; for exB111ple, dust colle~tor s for band 
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aalfa -.re available, and hand- powe1'9d tools supplied vith exhaust sy11· di 

are beiug aacSe. Much d11vclopment.al.. vorlr. 1a needed to produce portable 

air-110viag and air-cleaning sy11tem11 tor uae in tunnels, cravl spaces, and 

other confined apace•. Thia 1ubJec·t has been neglected by induatrial 

hyg1en11t1 and ventilation engineers, and no satia factory equipment ie 

available. 

DEMOUTIO AND WASTE DISPOSAL 

Demolition and waste disposal are likely to be emi:ision sources if 

appreciable 11111ounts of asbestos are, used in construction , unless operational 

procedures are strictly controlled. Isolation, enclosure , and vetting 

1Pvn are useful. Caution mU!l t be c,bserved not to deaiulish during high 

vfnds and t.,, keep sludge from dryirng out and becaning airborne later 

through natural forces and from being introduced into sources or orinking 

vater. 

MEASUREMENT OF AIRBORNE ASBESTOS_ 

An important consideration in the development of a etr ategy for control 

ia vhether there are methods for me,asuring airborne concentrations ot 

ll!lbestos that are sufficiently seni,itive, specific, and r eproducible. 

Present methods of sampling, identi.fying , and measuring airborne asbestos 

are not entirely satisfactory, espe .:ially if one is dealing vith low coocentration 

and unidentified or mixed sources. Only vi thin recent years have methods 

tor determining concentTat• .. ms of fibers for industrial hygiene purposes been 

standardized;14 ,35 they use sample~ colle, •ed on membrane filters in vhich 

fibers are counted vith phase- contrast illunination. Electron microscl.lpic 

methods give a much more complete 1.ndication of the total fiber content 
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or the air; but vhen the need ro r fiber identl fie•• ion I included , they 

are ted10111 and expeneive tor routine W1e .l,66 , 137 The relative biolcglc 

1l1n1f1canoe of dltrerent 1he1 of fiber■ 1 ■ not. kn0\11',. n1.-r i6 t.he rclatl ve 

importance of fiber nWllberi. and fiber mu■. There appenr to be no publii:hed 

data on the efficiency or air-cleaning equipm,,,1! u r ela1.cd to N.ben of 

di tferent 1hea. 

In epit.e or th• difficulties, it is poss~bJe to aomple ai r, deter.nine the 

approximate concentration or airborne 1':ibe , s , and ! dent! f'y t.he major t.ype!l 

or ube■ta.. It 1 ■ not desirable to limit environmental measurements t o 

a single method witil there is a clearer definition of the cr itical 

variables in tenaa of health. Beca\llle of methodologi c and other un­

certainties, it is not yet feasible to base control on numerical ambic11t 

air quality standards. 
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CHAPTER 6 

RESEA, ' CII H&eDS 

Two recent report•25 , l6T have d.hcu■aed in •ome detail the many kind!! or 

re•earch needed to en■ver pre11ing que1tion1 concerning t i e errecta or 

ubestoa en heal th end the degree and nature or neceasary control!!. 

Inve1tigation• &long the roll011ing lines should be given high priority. 

Study or the mechani■m of action or the 11.11bea tos ~inerals should continue , 

vi th particular attention to ca.rcinoger1ic effect s . It is important to 

leam more about the influence of asbestos type and fiber size en 

respirability , deposition, retention, trans location, 1111d e ffects at the 

tissu~ , cellular, and molecular levels, vith and vithout cofactors . It 

is especially important that the role or fibe rs belov the LM range be 

cladfied. 

Methods of sampling , identifying, and quantitating a irborne asbestos need 

continued development. Coordination vith studies i n animals and man is 

essential to ensure that environmental data vill be b iol ogically relevant . 

Simi larly, methods for identifying and quantitating asbes tos in biologic 

tissue need development and application. 

Quantitative methods for measuring llirborne asbestos should be applied 

videly to det ermine the natural backgrow:d and the concentration and 

dJ~tribution or fibers in the air near various sources . Conventional 

LM methods and EM methods should be applied simultaneously in selected 

occupational ~r.d ·0D111unity situations . 
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N0 epidaiolopc et"41H a.re nH4e4. Population, in u~ral d1f'f'erent 

expot1ure ranpe ■hould be ■tll41.ed, 1nclud.1na occu;,at1onal, houaehold, and 

aei&hborbood apoaure■ . Special 1tudia1 of' •110thcU011a are needed to 

4etandn• vbethar the lJlcidence hu been increuina c,d to detemne the 

currant pattern ot 411tr1but1on. A lara• ■er1 .. , of' routine autoplie■ 

1hould be atuclled to detenline vhather ce.u■e, c,t' death can be related to 

aa,1.11t■ of' ubea .... .t in the l1111p &'Id other orp.n1. All the abovt! ~ 

uraent 1 f' a re.op of' 11.f'e upoeUNI 11 to be eat.e.blllhed vith conf'i deflce- . 
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\ CHAPTER 7 

CONCLUSIONS AIID R£COHMEIIDATIOHS 

PATIIOG&IIICITY OF ASBESTOS MIH£RA!.9 

Any ot the coaercially used ubestoa minerals , vhen lnhsled ln s ufficient 

numbers, u in uncontrolled occ~,pational exi:osures , co."l cause 1isabling 

fibro11a ot ':he lungs. An association betveen ocCUJ:atlonal exposures to 

a.sbeatoa and broncho6en1c carcinoma has been eatablished , but t he dose 

relationship and the role or cofactor• have not been defined . Evidence 

or a causal association betveen some but no t all expo~ures to asbestos 

fibers and diffuse malignant mesotheliorna.s or the pleura and peritoneum is 

substMtial, but evidence of such a relations hip vith othe r tumors ls 

inconclU5i ve. Althougn the different. types o r ube:it.os d1 ffe r in some or 

their biologic effects, no type can be regarded as free of hazard . The 

hypothes is that asbestos fibe rs act as cofactor s or c~rrie rs of c&.rcinogens 

is attractive , but as yet w1proved . 

EVIDENCE OF HUMAN NOIIOCCUPATION,,,. EXPOSURES TO ASBESTOS 

The demonstration of rerruginous bodies, similar to those foWtd in 

asbestos vorkers, in a larg~ proportion of randomly selected lung 

specimens in maey- parts of the vorld is presumptive evidence that 

persons vi th no occupational contact me_y have inhaled e.nd retained 

asbeeton . Proof has come in some areas vith positive identification of 

chrysotile asbestos fibers . Analyses or community air for asbestos have 

been t oo limited to define the sources , concentrations, and distribution 

ot fibers in the en•,ironment. The fiber concentrations that have been 

demonstrated in ambient air are small, compared vi th those in indus try, 

but data are inadequate for definitive comparisons . 
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'l'I)iafiOff 01 IUSJC Ilf ll.lNA11 IIOIIOCCUPATIO.NAL EXf'OSIJRES TO ASBESTOS 

'nle 11101t h1portant que■tion in the cue or penon■ vi th n-,noccupationa.l 

■llJ)Olure■ to ube■to■ 1■ vhet.be r there 1a an increa■ed r hk ot aalignanciea . 

lnduatrial experi■oce indicate, that. there 1 ■ no likelihood or ■ignifi cnnt 

f a■be■to■i ■ in noooccupational expo1ure1 . rtie major i,otl!ntial lo: r hk 

appear■ t o 11• 1n tho■e vi t..':. incUre ct occupational contacti. , hou■ehold 

)
contact■ , or re■1dence int.be i11111ediate neighborhood or o.sbe&too s~urccs; 

and even there, the actual ri1k 1■ poorly defined . But the fac t that 

there appear■ to be a sradient or effect in ■uch groups s uggests that 

there are levela ot inhaled aabe1to1 vithout detectable risk . lt i s 

not knovn vh1\t range ot respirable airborne ubestoa fibers lfi ll ult1111ately 

be round to have no meuurable effe cts on health. At present, there 111 

no evi dence that the amall nmbe r s or fibers rowid in most. members ol the 

general population affect health or longevity. 

NEED FOR AND FEASIBILITY OF CONTOOLS 

Asbestoa is too important in our technology and economy t or its essential 

uae to be ,topped. But, because ot the knovn serious errects of uncon­

trolled inh&latioo or asbestos minerals in industry and unce rtainty as to 

the ah ape and character ot the dose-response curve in man, it vould be 

highly imprudent to permit unrestricted additional contamination of the 

public envirooment vi th asbestos. Continued use at minimal risk to the 

public requires that the major sources of man-made asbestos emission into 

the atm:>aphere be defined and controlled. In the absence of s uch controls , 

local tiber concentrations might at time■ approach those in occupatione.l 

■i tea. Analytic methods •~d epidemiol ogl.'c data are inadequate 

tor the develoJDent or ,..abient air standards, but emission controls are 

needed and appear teaaible . 
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FOREWORD 

This report entitled "Aebestos Air Pollution Control" 

is issued as a final report on IITRI Project C821~. The report 
haa reviewed the subject of asbestos and the air pollution 
cauaed by the production and use of astestos containing materials 
The research program was sponsored by the Institute of Environ­
mental Quality in the State of Illinois. 
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ABSTRACT 

ASBESTOS AIR POLLUTION CONTROL 

Aabeeto■ ie every widely used meterial for which an 
eetimeted 3000 ueee have been found. Indiscriminant use of 
this material may constitute a hazard to the health of the 
general populace. 

Thie report reviews the many uses of asbestos and the 
extent of the problem with regard to airborne emissions . The 
efforts which are made to control these emissions are dis-­
cussed and detailed. sections include manufacturing the usP.s, 
disposal, alternatives, monitoring, storage and transportation. 

The report contains considerable quantities of up-to-date 
knowledge from which the substantiation of proposed regulations 

on the use of asbestos mey be baMed. 
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ASBESTOS AIR POLLUTION CONTROL 

1 . INTRODUCTION 

The term aabeetoe applies to a number of fibrous mineral 
eilicates. They can be divided into two groups, serpentine 
(chryeotile) and emphibole. Amphibole contains anthophyllite, 
amoeite, crocidolite , tremolite , a nd actinol1te . 

Asbestos is untqu~. ~s a naturally occurring mineral, in 
the fact that due to its fibrous nature it can be woven. Its 

industrial usefulness is baaed on its non-flarm,ibility , flexi­
bility, tensile strength, low density, resistance to acids and 
alkal1es , and hiQh electrical resistivity . 

In Appendix II, the properties of asbestos have been 
summarized . 

Unfortunately, this unique and useful material is known 

to have adveroe heulth effects. The subject of this report 1R 

to review tre soui-ces uf emission to the atmosphere and t o 

consider the reasonable ness and the rationale of the ways in 
which the emiss ions may be curbed . 

2 . SOURCES OF ASBESTOS 

Asbes~os deposits of commercial value in the United States 

are located in Vermont, California , Arizona , and North Carolina. 
Although not exploted on a corm,ercial sca l e, small asbestos out­

croppings have been reported in many other states. A list of 
such sources is given in Table 1. Samples of ore from each of 
these sources are to be seen at the Chicago Museum of Natural 

History. It is noted that no commercially viable sources are 
to be found in Illinois . 

United States mining of asbestcs has increased 180% over 
the past 10 years with a high percentage of this increase credited 

to California producers (California now outranks Vermont in total 
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Table l 

A PARTIAL LIST OF ASBESTOS OUTCROPS 

Location 

Clebern County 

Dahl River } 
Kobak 
Shanak River 

Yabapia county 

Garland county 

Duval County 

oscaloose County 
Habersham 
Pine Mt . Mine . Robin 
Sall Mt. Sautee 

Washington county 

Buchanan County 

Greenup 

New Orleans County 

Penobscot 

Blue Mt. Quarry, Baltimore 

Suffolk coun':y 

Sturgeon Falls 

Huron county 

Jackson County 

Douglass county 

Lincoln county 
Humlx:ldt county 

Cumberland county 

State 

Alabama 

Alaska 

Arizona 

Arkanasas 

Fl orida 

Georgia 

Idaho 

Iowa 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Michigan 

Missouri 

Nebraska 

Nevada 

New Jersey 
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Tabl e l (cont. ) 

Location 

Royal John Mine, Grant County 

Dutcheas county 

Vance county } 
Bakersville county 
Mason County 

Cuyahoga 

Multnomah } 
Adam Gordons Place on 

Branch Creek, Grant county 

Josephus county 

Lazerne County } 
Brintons Quarry , Char 1.er county 
Easton, E. end of Chestnut Hill 

Lawrence county 

Davidson county 

Bexa county 

Weber county 

Blue Ray County l 
Bedford County f 

Berkeley county 

King County 

Albany county } 
caster Mt., Natrona County 

Encampment 

State 

New Mexico 

New York 

North Carolina 

Ohio 

Oregon 

Oregon 

Pennsylvania 

south Dakota 

Tennessee 

Te::as 

Utah 

V.:.rginia 

w. Virginia 

Washington 

Wyoming 
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production) . Total US pr oduction (1969) wao 125, 9 36 t ons. 
valued at an e s timated $10,648 ,000 

The United States ut i l i zes about o ne -fourth o f the world ' s 
production of asbestos , practically all o f it i s i mported from 
Canada and Africa . Figure 1 graphica lly il l ust r a tes domestic 

supply and consumption. 

3. ASBESTOS EMISSIONS 

3. 1 Non-Industrial Sources 

Bef,re entering into the main source of asbes tos emissions , 
that is , through commercial manufacturers processes. it is 
worthwhile to consider briefly other less obvious b·Jt i mportant 
mission sources . These may be listed as: 

• Rock outcrops 

• Farming 
• Construction 
• Talcum Powder 

3 . 1.1 Rock Outcrops 

It has been pointed out previously in Table 1 that asbestos­

containing rock outcrops in very many areas of the United States . 
It is interesting to note that in 1920, Staten Island was once 
considered a large enough outcrop that mining on a commercial 
scale was undertaken there . 

Emission from such outcrops will occur due to the natural 
eroding processes of earthquakes, tempeLature, wind,ar.d rain. 
Thus.wind and water-borne erosion products will inevitably 
contain asbes~os particles . 

3 . 1. 2 Farm~ no 

Farming of the soil in areas containing asbestos rock 

will cause the emission of fibers. such uctions as tilling of 
the soil are always dusty operations (unless , of course, it 
happens to be wet) , the exte nt of the emissions will depend on 
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the concentration of asbestos in the soil. 

Studies have been conducted on the effect of such emis­
sions on the health of the local population(ll. The evidence. 

though not very conclusive, sugge~ted that asbestosis could be 
caused by agricultural employment. 

3.1.3 Construction 

The outcrops of asbestos-containing rock will give rise 

to emissions henever constructio·n is undertaken. Hence. such 

activity as excavating for housing. pipe lay1ng . and road 
making, mu~t be considered as a source . 

3.1.4 Talcum Powders 

Talcum powder is a mineral rock dust very closely related 
minera logically to asbestos. The main differenc~ lies in the 

fact that talcum powder has a platy morphology, while asbestos 
is characterized by its fibrous nature. 

The fact that talc is very frequently found with a signi­

ficant fibrous content now leads to a very import~nt situation 

since the total quantities of t alc mined in the U.S. exceeds 
that of asbestos . 

It was pointed out by Cralley(2) that the majority of cos­
metic talcs contain significant quantities of fibrous particles. 
Virtually everybody, from babies up. is exposed to cosme~ic 

talc and so are exposed to the threat of asbestos bodies. 

Apart from the cosmetic use, talc is used very consider­

ably in industry as, for example, a filler and as a lubricant 
in the production of pharmaceutical tablets and rubber goods. 

Anothe r large use is ds a carrie= for pesticides in the spraying 

of crops. 

On a more exotic note, t here has been recent publications 
on the use of talcum for polishing rice{3,4) and its association 

with stomach cancer because of its asbestos content. Even more 
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e,cotic ia the quote of Nader thot children may be endangered by 
the talc uaed as a lubricant in rubber balloons. 

The above diacuasion on ta l c has been included for com­
pleten••• in thia report concerning asbestos. certainly it 
ahould not be neglected when considering the health effects and 
hazard of aebeatos fibers . 

Other s tudies discussing the presence of c sbestiform fibers 
in the mining of talc are t hose of Siegal(Sl and of Greenberg( 6) 

3.2 Manufacturing Processes 

3.2. l Introduction 

severwl tasks p~eliminary to the manufacture of a sbest os 
products ere P')tential emission sources . These are cormton to 
ell asbestos processing. They include such functions as un­
loading and storage of mill ed asbestos, subsequent transport of 
t he bagged asbes tos to the bag opening area , fluff ing of t he 

compacted fiber s , and d mixing process where asbestos fiber s are 
dry n,ixed with other materials. 

The bagged asbestos i s us ually unloaded from ra ilway box­
cars , moved to storage areas, and finally transported to bag 
opening areas by fork-lift trucks. Opportunities exist during 
each of these operations for bags to become damaged and spill 
fibers to the atmospher e . 

The amount of emission from the bag opening and dumping 
processes depend upon the degree to which the ta sks are enclosed . 
in some instances, the bags ar~ cut open with shsrp knives and 
the contents dumped into a container or onto a conveyor bel t. 

The compacted fibers, from packing at the mil l, are fed 
through a 11willow11 or "Moody f luffer" which f luffs up and 
eeparates the fibers. This operation may also be employed as 
a blending atege wherein several grades of fibers are thoroughly 
mixed. 
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Emissions will be very bed duri ng thi s ope r a tion if the 
fluffing is done in an open vessel. 

Once separated . the fibers are ready f or incorporation 
into the manufacturing phase. Here the fibers are usually dry 
mixed with other materials. Fiber emiss ion to the atmosphere 

will occur where the process is nut adequately contained or 
vent i lated. 

Each end product requires a unique series of manufac-
turing steps, any one of -hich may constitute an emission s ource. 
These are discussed indi'. _Jually in the fol lowing paragraphs. 

3.2.2 Asbestos-Cement Products 

The largest user of all grades and varieties of asbestos 
fibers is the asbestos-cement products industry. The largest 
segment of this industry is the production of asbestos-cement 
pipe. This variety of pipe has been utilized to convey a 

number of fluid and gas products among which are: water 
supplie i, (potable, drainage , and irrigation) . se,-rage . indus­
trial products. and air/ gaseous products (heating, cooling, 
gas venting). They have also served as conduit for electric 
and ► ~lephone cables. Pipe sizes range from 3 inches to 

48 inches and up in diameter to 13 feet in length. 

Other products of the asbestos- cement industry include 
roofing shingles. insulation board, marine board, laboratory 
bench tops , etc. 

Willowed fibers are dry mixed with fine ground silica and 

Portland cement. water is added to the mixture forming a slurry. 
Once in slurry form, the problem of emission is reduced. 

The end products of this industry require finishing steps 
which produce ~mission problems. 

Completed products require finishing steps which involve 
one or more of the following OFerations: sawing. turning. 
drilling, and sanding. Each operation produces large quantities 
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of ssbestos laden dust. Some of this dust clings to the surface 
of items being worked on , they, in turn , becoming emission 
sources. 

3.2.3 Asbestos Asphalt and Vinyl Floor Tile Products 

The second largest use of asbestos fibers is in the manu­
facture of asbestos-vinyl floor tile and asbestos-asphalt road 
paving compounds. 

Relatively small additions of asbestos (2 to 3% by weight) 
to asphalt paving material permit the addition of increased 
amount s of asphalt (7 to 11% weight of total mix) resulting in 
a pavement coi-.iound of greatly improved quality. Application 
of this mixture to roadways is by standard paving equipment. 

California has been a forerunner in utilizing asbestos­
aspha l t pavingr however, there have been applications in many 
other areas of the country. The George Washington Bridge , the 
New Jersey Turnpike, and the Trans- Canadian Highway were con­
structed with asbestos-asphalt paving. Their use in Illinois 
is limited at this time. 

Asbestos- asphalt and asbestos-vinyl products are pro­
cessed as wet mixes and as such the ma jor emission problems 
are limited to the handling procedures prior to processing. 

Emission from installed paving compounds occurs due to 
the normal wear of the road surface. There is no information 
available at this time as to the nature and extent of these 

emissions. 

Emissions associated with the tile manufacturing irclude 
the calendering process and the dest~uction and reprocessing 
of reje~teu tiles. Cutting and stamping operations also cause 
minor emissions. 

3,2.4 Asbestos Paper Products 

Asbestos paper products have perhaps the greatest variety 

and range of use. A sampling of the variety of application~ is 
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given in the following list excerpted from "Asbestos Fact Book" 
(Tabl e 2). 

Table 2 

USES OF ASBESTOS PAPER 

Air cell & other pipe covering 
Boiler j ackets 
Asbestos felt roofing 
Aabestos built-up roofing 
Asbestos-protected metal roofing 
Gaskets (plain & metal reinforced) 
Wick in oil-burning apparatus 
Tubes for electrical insulation 
Electrical insulation of wire & caole 
Insulation of hot-air pipes 
Linings of stoves & heaters 
Linings of filing cabinets , cartridges , carpets , auto mufflers , 

drum controllers, cookers, electrical appliances , armored 
car roofs, motors, etc. 

In enameling ovens to catch drip 
Insulation of ovens & dry kilns 
Table pads & mats 
Heat - and chemical-resistant reinforced pipe & other laminated 

products 
Diaphragms in e l ectrolytic cells 
Tank covers 
Reinforci ng aluminum foil for insulation 
Filtering 
In window-glass machinery to guide hot sheets & to shield hot 

glass from flying fragments 
In welding & other processes for prote ction from heat 
In annealing (crumbled paper) 
In chemical & physics laboratories 
Insulating exhausts on automobiles 
Clutch facings in automatic transmissions 
Baking sheets 
Hot-air duct.s or lining of paper ducts for hot-air service 

The Asbestos Factbook, 1970, p. 27. Published by the Magazine 
"Asbestos." 

The pre- processing of the fibers and the mixing of the 
asbestos paper i ngredients are an emission source. The paper 
is made utilizing a slurry simil ar to that used for wood-pulp 

paper . A mixture is prepared in a pulpin£ mill from approximately 
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80" asbestoa fiber . 18% c htna c lay .~ nd 2% starch or 'Sodium 

silica 

Finished stock . 6-10 feet 1n width 1s fed through a 

battery of knives to slice the sheet 1.nto narrower s ectio ns 

This cutting action releases fibers to t h e atmosphere 

3 2 5 As bestos Paint end coat.ing F1. ller s 

The paint and plas t1.c 1ndustri,es make use of asbestos 

"shorts •• or ••floats ·• recovered from the mill1.ng process The 

fiber s increase the strength a nd 1.mprove the durabi lity of the 

e nd product A further desirabl e character1st1.c of the tibe~s 

is that they are chem1.cally inert and d o nt.tt "age '' Their 

smell physical size suspended in a p a int o r plastic matr1.x 

increases the density or opaqueness of the coat1.ng 

Once the £~ber n are dispers ed 1.n the paint base the maJor 

source of emiss ion is the s praying·ope ratio n from whic h emis ­

sion may be c,nsiderable r he wear1.ng or flaking of the paint 

cue to aging allows the asbest os t1 ber s to be released t o the 

atmosphere and thus cons t1.tutes an em1ss1.on sour ce 

Spinning grade fibers are ut1.li zed in f abrics for bo th 

friction and gasket material s Mul t 1- layer er uae bands are 

1.mpregnated by lmme~s1.on in solutions o f plas tics oils or 

bitumens ; dr1.ed ; hardened (cured) · and sized Mo lded fabric ­

base frict1.on mater1.als are produced by impregnating mu lt1 

layer fabrics or str1.ps w1.th h1.gh temperature therrno~etting 

resins They are ~hen mo lded under pressure and temperature 

(140 -170°C) to give the desired shape . 

Apart from the us ~a l em1.ssion created during component 

handling and mixing further emissions are produceu during the 

finishi ng of the molded asbestos/ matrix product The molded 

blocks are cut . drilled , and trimmed to shape Occas1.onally 

extensive trimming 1s required 

produce emissions 

Each of these operations 
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3,2,7 A9bestos Text ile Product s 

Milled t1berJ are received in a compacted or semi-opened 

condition These fiber s plus the fibers separated st the 

textile plant are fed through "Willowers" or "Moody f luffers" 
which fluff up and separate the fibers 

Once s ufficiently separated the f1 ber s are blended with 
small percentages (us ually less than S% but up to 2S%l o! 

organic ft her s euch as cotton o r raynn wh1cr act a s carriers or 

supporting agents to improve spinning properties The blended 
fibers are given a final openi ng and cleaning process by act.1on 
of the carding machine which combs the fibers into a relatively 

parallel arrangeme~t formi ng a tenuous web . This web , or sliver , 
when sepdrated into ribbons rubbed mechan.1cally a nd condensed 
i nto untwist ed strands , becomes the rovi ng . Roving 1s the 
asbestos textil e pr oduct from which yarns are pr oduced The 
var iety of products which a r e then produced are shown schemati­
ca lly in Figure 2 

Blended f1bers are carded in mach ines where the operation 
is essentially cpen prese~t1ng a ser i ous em1ss1on sour ce due to 
the combing action of the machine Roving 1s the output of this 

operation 

The design of mach i nery u t i lized for ~p1~n1ng tw1 s t1ng , 

for ming , and subseq~ently , weaving , bra iding . plaiting . and 
knitt ing 1s such t hat multipl e s trands of asbes tos t 1bers are 
pr ocessed exposed to the work area The multipl e strands 
present an extr emel y l ar ge surface a r ea from which emissions 
can take place . 
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FLOW CHART OF A TYPICAL ASBESTOS TEXTILE PLANT 
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3 3 Product use 

3 3 1 Sprayed Asbestos Insulation 

Asbeet~s 1nsulat1ng maler1als are applied utilizing 

specially designed spray guns operating on one o f two basic 

principles Either e prepared asbestos/ ceme nt s lurry is pumped 

to the nozzle of the gun and s prayed directly to the surface or 

a dry mixture of asbestos/ cement 1s pumped to lhe gun and 1s 

mixed with water during the spraying operation F igure 3 shows 

the latter type of spray gun 1n operation 

Typically ~he materials form1ng the asbes tos 1nsulat1on 

are asbestos , cement. and rock wool 1n proportions of 30, 15 , 

ard 55~. respectively. These 1ngrP.d1ents are mixed (usually 

away from the construction site) and stored 1n 3-ply . 50-1~ 

paper ~gs 

The most commonly used fiber 1s amos1te because of its 

superior thermal properties If color 1s required, croc1dol1te 

fibers may be used for b lue and chrysotile fioers for wn1te 

Occasionally a decorative f1n1sh 1s desired This may be ob­

tained by tamping the material in the desired pattern before 1t 

sets A coat of PVA or acrylic paint 1s frequently ~ppl1ed to 

enhance the appearance and pro~1de surface strength 

Among the unique properties associated with astestos cement 

insulation are: low therma l conduct1v1ty inflammability . and 

high strength . Also the material provides good acoustic 1nsula­

t1on. Installation feature s include low cost . easily controlled 

thickness of application . and the absence of Joints 

Extensive use has been made of his material for f1re­

proof1ng of buildings and for thermal anc acoustic ins ulation 

Emissions - The dry m1x1ng of t he a s bestos. cement, and 

mineral wool presents emission problems similar to those dis­

cussed in previous sections care n,ust be exercised d uring the 

storage and transportation of the l:.agge1 mixture to prevent 
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damage to the beg s . At the ccn s truct1on s 1te t he begs are 
opened and the dry mete r1al empt1 ed 1n hoppers : see F1gwe 4 
Emissions occur at these opera tions . 

The spraying operal1on cause s em1ss1on. Studie s have been 
conducted to determine tne extent ot this em1 s s1on. Evidence 
shows high dust concentration can be both seen and measured e t 

construction sit es ut1liz1ng ast.estos B?raying methods . Emis­
sions are also created during removal of sprayed asbestos that 
missed the target area and accumulated on nearby surfaces. 

Figure 5 illustrates the buildup of asbestos insulation material 
on surfaces surrounding the target are~. 

Emissions are also !)Ossible from finished surfaces , par­
ticularly if the surfaces are abraided or subjected to extreme 
vibration . 

Control Technigues - Air ventilation systems can be 
employed to minimize emission during t he mixing of asbestos-

cement firepr,,ofing/ insulation materials Hoods can be provided 

at bag-opening and emptying areas The mixing area , it not 
totally enclosed , can be ventilated Conveyir.g equipment . to 

and from the mixer , can be enclosed Bagging of the mixed 
material should be done under suction hoods . 

On-site contr ols needed include enclosing the area to be 

sprayed and employing good housekeeping procedures both before 
and following the spray optcation . The fill1ng of the spr ay 
machine hopper must be done careful l y to minimi ze dust. When 
the machine is not in use. the hopper should be covered to 
prevent the mater ia l from being blown about . 

Severa l states and manufactur ing associations h ave pub­
lished guidelines for emiss i on contr ol . A summary of their 

findings and recommendations follows : 
1. Al l areas used for opening bags containing asbestos 

insulating mater ia l s a~d/ or charging of hoppers 

should be e nclosed . Empty bags should be properly 
disposed of. 
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2. Floor areas should be swept broom clean before 

s praying operations begin. All unnecessary 

objects in the spray area should be removed or 

covered with plastic o r plastic coated tarpaulins . 

3 . The entire area to be s pra yed s ho uld be enclosed 

with plastic o r plastic coated tarpaulins . An 

enclosure will be considered satisfactory only 

lf visible insulating material cannot escape 

from the closure . 

4 Wet asbestos-containing mater1aJ that fails to the 

floor should be swept up immedlat~ly a nd placed in 

approved disposable containers . 

5 . When spraying is completed in an area, the entire 

work area and the materials ~sed t J f o rffi the 

enclosure should be tho~oughly vacuumec. The 

vacuum cleaner should contain 3 qtrong, s1ngle­

service , disposal inner bag which shall be removed 

from the vacuum cleaner and sealed . Disposal is 

the same as f o r other bagged waste materials 

6. Any plenum or other s t r ucture coa ted with asbestos­

containing insulation and ~ntended for circulation 

of air in the bui lding must be thoroughly c l eaned 

of debris a nd waste. Asbestos-containing insula­

t ion i n a d uct or plenum must be coattd with a 

sea1er to preclude er~sion of cne insulation by 

c i rculating air . 

The rec~mmendations state also that workers are tu be 

informed of the t oxi ci t y of asbestos and be provided with 

covera lls and Bureau -of - Mines appr oved res pirators Further . 

t he recommendations s t ate that adequate ventilation of the 

work area shall be provided to hold the concentration cf asbestos 

below the maximum threshold level as r ecommended by the AJT1er1can 

Conference of Governmental Industria l Hygienists. This level 
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has been established as 12 fibers per cubic centimeter. 

It can be seen from the above that the spraying of asbestos 
containing fireproofing requires "'ery elaborate procedures . 

These procedures are difficult to police since they are scattered 

very much throughout the state. F'urther the onus placed upon 
the average contractor is very often beyond h is desires , skills 
or i nclinations. 

Alternat i ves to Asbestos Fu·eproof1ng Mater 1als - In tumes­
cent paints are being increasingly used as a fi r eproofing ma­

te::ial. A recent application o f these paints was i n the con­
struction of the McCormick Place Ehcposition Center i n Chicago. 

These paints contain polymeric substances which expand 
upon being heated to form a heat- s h ielding and fire-retarding 

s ubstance for the surface upon whi.ch they have been painted. 

Other substitute materia l s £:or asbestos are mineral wools 
but the toxic hazard of these and other materia l s has not been 

fully evaluated. 

3.3.2 Field Fabrication of Asbestos Pr oducts 

Examples of asbestos pr oduct: application and the form 

applicable to the usage are given in the fol lowing paragraphs. 

Preformed asbestos sections or blocks containing materials 
wh ch , 'by nature, are very dusty .,,re used for i nsul ating pipes 

and/ or boilers . These applications may be used for either hot 

or cold temperature extremes. Ex.,1mples include: 

Molded asbestos 
Molded ca lcium si l .:.cate/ a~be!stos 

Mn 1 ded magnesia (85~) 

Molded high temperature i nsulat ing block 

Another group is made up of ma t erial s which are applied 

in a wet, or slurry state. Frequemt l y these materials are used 

to seal joints between the blocks or sections discussed in the 

previous group. When used this W21y, their composition is sim1lar 
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to the 111atertel being sea l e d a nd they a re mi xed wi t h wate r Just 

prior to use. 

Calcium silicate as bestos cement 

85" msone111a 
Herd-setting asbestos cement 

Asbestos skinning plaster 

A third group of a sbes tos mater jal s cons ist o f the asbestos 
cement products . These products have sealed surfaces which will 

not dust easily. Considerable energy is required to cut . drill, 

or break these product s . Examples includ~: 

Roofi "lg shingles 

Building boards 
Drain pipes 

Finally a group is listed in which asbestos consti~ ~tes a 

large percentage of the materi 1. Gene rally the asbestos fibers 

are loos ely bound and the material does not possess a predeter­
mined shape. Examples include : 

Asbestos paper 

Asbestos blanket or clothing 
Asbestos rope , tape , yarn, and sealing compounds 

Source of Emissions - EmissJ.or.s whJ.ch are created during 

fiel d fabrication of asbestos containing mat~rials will va ry as 

to: type of material being fabricated; the amount of fabrlca ­

tion required (cutting , sawing , sanding , etc); the location and 

nature of the fabrication site; and the quantity of materia l to 

be fabricat~d. 

The form that the as~stos 1s 1n will .ave an obvious 

effect on emission as free powdery materials or materials in 

which the fibers are loosely bound will be mor~ prone to emis­

sion than those in t ightly bonded composites. 

&niss1ons during fabrication will vary according to the 

amount of cutting, d r illing, or sanding required . Each step wil l 
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induce more emission. ~utting ma? be done utiliz:ng either 

hand implements or mechanical devices. There 1s no distinction 

betwee n the emission when using either system; however . it 1s 

easier to fa shion emiss ion control hoods to mechanical devices. 

Allied to the degree o f fabrication is the quantity of material 

tc oe handled. Large quantities represent ~rester potential 

emission so~rces and thus r equire more adequate control. 

Last ly. t he nature of the fabrication site will have a 

strong bearing o n the amount of atmospheric emission. The work 

area in a closed or partially e nclosed structure can be ade ­

quately sealed a nd ventilated with relative ease while installa­
tion of asbestos products in open , exposed a r eas may make emis ­

sion control impossible. 

A side aspect to the installation or fabrication of asbestos 

products is the transportation cf these products to the site and 

the handling at the site. Emissions can occur unless sufficient 
c are is taken to protect t he material against damage. 

Control Techniguee - The basic control techniques employed 

by the constructiun industry cons ist of isolation of the work 

area and the arrest of emiss ion a t the source. 

Isolation of the working area can be accomplished by use 

of prope rly installed tarpaulins or plastic sheets. Howeve~. 

even a completely enclosed work area has some shortcoming: the 

work area requi res some ~entilation which may propagate fille rs 

unless the air is fil tered , dust from cutting , drilling. or 

sanding operations may collect on ma ter ials or cl othing of 

workers which then become secondary emission sources; r espirators 

may be require d ; and strict housekeeping rout ines are required 

which practice has shown to ~e difficult to enforce. 

For these reasons the arrest-at- the-source approach should 
be employed whenever possible and used in conjunction with work 

area isolation and strict housekeeping routines. Power tools 
such as saws, sanders, and drills can be equipped with vacuum 
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ettechmenta ■uch that the dust crested 1s arrested at the source 

end collected in filtor ba9s. Corrrnercidl devices a re available 
but normally firms with a sincere interest in pollution control 

desi9n and febr.1cete their own devices Two ~xemples of such 
devices are ~hown in Figures 6 and 7. These control hoods work 
on the hioh velocity . low volume principle and can be readily 

adapted to industrial vacuum cleaner systems. 

When errest-~t-the-source systems are not possible , tech­
niques simi'er to those employed by the asbestos spraying 
industry 11l8Y be utilized. Rules which relate more specifically 
to te~rication of asbestos products may be found in such publi­
cations as: 

1. 11 Recoll81lended Practices for Fabricating. Handling 
and construction Industries," Health and Safety 
Council-Asbestos Cement Products Association . 

2. 11 Recoll81lended Health Safety Pract.1ces for Handling 
and Applying Thermal Insulation Products Containing 
Asbestos ," National Insulation Manufacturers 
Association {NIMA). 

3. The Asbestos Research Council - Control and Safety 
Guides {London , England). 

4 "Recommendations for Handlin.,, Asbestos." Engineering 
Equipment Users Association (EEUA) , E E. U.A. Hand­
book No. 33. 

3.3.3 Friction Material Appl i cations 

Typical friction materials contain 30 to 50% asbestos and 

may be up to 70%, and the industry that manufactun,s these ma ­
terials is ranked third (1969) in the consumption of asbestos 
fibers. Crysotile is the preferred variety because ~t has 
better frictional properties than amphibol asbestos and doe3 
not exert so much wear on the opposing surface. 

The major uses of asbestos-containing fri ction mater ial s 

include brake linings, brake discs and clutch facings . These 
product s have been applied to a wide variety of industrial and 
commercial products. 
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Source• of Emission - Em~aaion of asbestoa from friction 
materiel• reaulta from norllllll dlly-to-dey usage. Ari idea of the 

acope of thia source can be gained from the e a tillllltion that the 

average automobile wears out 3 to 4 seta of brake linings , and 
l to 2 aeta of clutch facings during its lifetime e nd thee 
commercial public transport vehicles wear out meny more sets . 

Data concerning motor vehicle brake linings for the whole of 
the United Stetea ere given in the following: 

Vehicle miles during 1968 l,010.000,000.000 
Mileage life of brake lining s 27,500 
Brake lining aets on new vehicles 10 ,718,000 

Pounds of asbestos per set of 
brake linings 3 

Teats performed on brake linings have indicated that 
under conditions of normel usage, considerable alteration of 
the asbestos occurs. It is reported that most of the dust 
collected from brak~ drums appear s non-fibrous and 1s SLmilar 

in appearance to thermally degraded asbestos. The suggestion 
iR that hLgh te~~eratures at the brake lining/drum contact 
points actually =each degradation levels. 

Tests on brake linings, br ake discs and clutches have 
demonstrated that t he quantity of fiber emitted is some f unction 
of the severity of the braking conditions (see Table 3). How­
ever, even at the level of 1%, the total emissions must be 

considerable when t he total tonnage in use is consider~a. 
Further, the emissions are l ikely to occur at places of high 
density popul ation and restricted ventilation. That is , in 

busy main streets of towns surrounded by la4ge buildings. 

The effect of different braking conditions and different 

types of friction materials on asbestos emissions is the s ubject 
of a study being sponsored by the Environmental Protection Agency. 

Other studies are being conducted in Cal ifornia and some work 
on roadsides has been done at Mt Sinai, New York. The EPA 
study will establish the extent ~-d nature of the asbestos 
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I ASBE9l'OS !MISSIONS PROM BRAKE LININGS 
(Teet Reeulte by Electron Micrograph) 

I Teat No . of Condltion1 Preunce of t Free 
Product Brand !:!.!:!h~ __ja~r l 1111 Clf Tr•t · F Fr c:-r Fiber~ Fibi,r* 

I 1. Autoniobilo A Frict ion 6 300-600 Fev <1 
drum brake■ 

I 
2. B Friction 6 250-800 None 0 

3 . " C Friction 5 300-700 Few < 1 

I 4. " C Friction 700-900 Nu111e rou1 - 10 

5. It D Fr iction 5 300-800 Few < 1 

I French 

6. It E Friction 5 .,00-100 Fev <1 

I 7. It F Friction 5 300-800 Few <1 
Cannan 

I 8. C Friction 2 100-500 Few <1 

9. " C Friction 1 600-700 Nu111erou1 ..... 15 

I 10. It II Friction 2 100-600 Few <1 

I 
11. Automobile J Dynamometer nonnal None 0 

clutch driving 

12. Automobile K Dyncmomet er 1 norma l Few <5 

I disk brake driving 

13. Bus drum L Oynamomet er 1 city None 0 

I brake driving 

14. H Frict ion 2 450-550 None 0 

I 15. Truck drum F Friction 10 300- 800 Few <l 
brakr (1 i ght) 

I *Weir.ht est imated from fiber volume. 

I 
I 
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emitted from brake drl.lJll8 , di s c brakes a nd clutches of vehicles 

operating under reel conditions . Hopefully the situation will 
be more clearly understood a t the end of those btudies. 

!mission control Techniques 

Emission at Overhaul - To avoid blowing the accumulated 
duet into the etmosphere at the time of overhaul devices have 
been suggested for extra~tion of the dust from brake and/ or 
clutch housings 'by auction. Of the devices tried , a simple 

hand-held vacuum cl~aner has proven to be the most flexible 
unit. Changes to the original design have been limited to the 

addition of a disposable paper bag inserted ~n the original 
cloth bag. The paper bag may be easily sealed before removal 
to prevent emission. 

Substitution - Beyond the adaptation of better cleaning 
practices during brake a nd clutch maintenance, as mentioned 

above, additional controls seem to be limited to improve des ign 
of brake and clutch assemblies and/or substitution of other 
materials for asbestos. 

The high temperature properties and except ional tensile 
strength of asbestos have resulted in very compact and economi­
cal design. These same unique properties which make asbestos 
applicable to friction materia l s also make the application of 
substitute materials very difficult. The tensile strength and 
modules of rigidity of asbestos as compared to several candidate 
substitute materials follows: 

Tensile Strength l bLin. 2 Modulus of Rigidit)::'. lbLin. 2 

Asbestos 550 ,000 30,000,000 

Fiber yarns 180,000 3,000,000 

Steel wool 50 , 000 100,000 

Mineral wool 25,000 60,000 

There is no doubt that substitution of other materials for 

asbestos is possible, but the design changes required to accom­

modate the stresses and temperatures involved would result in 
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leroer, more expensive component• . 

Sr•k•• - Th• rece nt adoption of disc brakes by the auto­

motive industry make • material s ubsti t ution 11Y.1r e plausible. 
Diec brake■ are capable of oreater energy dissipation than 

aimilar aited drU!II brake■ Lecau1e t he de11gn r e sults 1n con­
aiderably lower heating rates. Thi a 1s due to the fact that st 

any one time the friction pad contacts only a sect . on of the 
disc 1urface. The lower opereting temperatures permit the use 
of friction material • which do not contain ~sbestos. Another 
feature of di1c brake design which ha s reduced the need of 

asbestos material• is the lower strength requirement of the 
friction material. 

Clutches - The ,ubstitution of other material for asbestos 
in clutch facings of traditional design could only be done by 
changes in size and design. Two changes in clutch design which 
have reduced the requirement for asbestos-contai~ing friction 
materials are the advent of the automa~1c transmission and the 

redeaign of manual clutch friction surface. 

The clutch surface of the automatic transmission is im­

mersed in an oil bath which virtually eliminates airborne 
pollutants. Further, the cooling affect of the oil bath 
reduces the requirement for high-temperature capability 

materials. Automatic transmission c lutch facings may be made 
from either sintered metals or fibrous cellulose materials . 

Many manual clutches have redesigned friction surfaces 
""1ich consist of numerous small circular pads or discs attached 
to the clutch face as opposed to the standard annular ring 
fricti1>n surface. These small pads act i.n the same manner as 
the disc bra~es friction pad . Thus, l ower stresses and oper­
ating temperatures associated with the new design reduce the 
need for asbestos-containing friction material s . 
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4. CONTROL TBOfNIQU!S IN MANUFACTURING PROCESS ES 

Asbestos emissions are likely in any process in wh ich 
asbestos fiber is handled or asbestos-containing materials a r e 
cut. drilled , or tri1T111ed. The quantity Qf asbestos dust g~ner­

ated by these operations :an be qulte large. Since it i s im­
practical to completely s.ial a factory or a work area. industry 
has adopted an arrest-at-the-so~rce technique for capturing 

this dust utilizing a complex ventilation system coll'prised of 
capture hoods , ductwork, fans, and filters. Benefits received 
from this system include: 

l. Reduced atmospheric emission when plant i s 
open to ambient conditions (i.e .. doors and 
windows open). 

~. Reduced exter~al emission from fibers being 
carrie..'\ outside on work clothing and ma m• -
facturr.d products. 

3. Greater e ff iciency in plant operation because 
of reduced internal housekeeping chores 
(vacuuming, etc . ). 

4. Better personnel attitudes. The ventilation 
system may eliminat e the need for personal 
respirator units which l imit efficiency and 
are ge~erally disliked by workers. 

Air Ventilation System - The air ventilation system is an 
integral part of the emission control system, the following 
several paragraphs are devoted to a discussion of the system 
components. Examples have been drawn from •rarious asbestos 
industries. 

Hoods - Two types of ventilation systems are employed for 

dust/ emission control; low volume , high velocity; and high 
volume, low velocity. Each requires a specific type o f hood 

design. 

The low volume, high velocity systems i nduce an extremely 
high captive air velocity , 10,000 to 12,000 ft/min .. at the 
dust source. The air volume , however, averages only 10-250 cfm. 
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ASBESTOS AIR POLLlITION CONTROL 

L. ASBESTOS lN BRAKE LININ~S 

In this report on the use of asbestos in brake linings, 
consideration has been given to two aspects. the extent of the 
emissions, and, the elimination of emissions. No attempt has 
been made to estimate the medical oignificance of the results. 
Further, neither a detailed cost analysis nor an engineering 
feasibility study has been attempted when considering systems 
to eliminate emissions. 

1. 1 The Extent of the Emissions 
*l 2 The ~est information avai lable at the present time • 

indicates that the percentage of asbestos contained in the 
dust normally emitted from brake linings is of the order of 
17.. However, under conditions of severe breaking, this may 
rise to 157.. 

The average brake friction material contains of the order 
of 501. asbestos, thus an exploration is necessary to explain 
the discrepancy between the measured and theoretical va l ues. 
The most likely explanation resu lts from known facts with re­
gard to heat generated at friction surfaces. The ~ork of 

-lrlr 
Bowden and Tabor has shown that when two surfaces are placed 
together they only contact at asperity tips and thus the true 
surface area of contact is dramatically less than the apparent 
area. This means that very large energy transfer takes place 
at these contact points and extremely high temperatures are 
reached, 

2. 

Lynch, J . R., et al., Jnl of Air 
12, 824 (1968). 
Unpub l ished Study Referred to by 
Res.~. 166 (1969) . 

Polln Contro l Assn . 18 , 

Spiel & Lei nweber, Env. 

** Bowden, F. P , and Tabor, D. , "The Friction and Lubr i ca­
tion of Solids, " Pub . Oxford, London, 1950 . 
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In the case of brake linings, some evidence of these 
temperatures has been generated in unpublished work by the 
General Motors Company. In this study, a small hole wati cut 
through a brake show and the radiation collPcted from the ex­
posed shoe surface was monitored. The results suggested that 
under light braking te1uperatures or the order of 800-900°C 
were found, white during heavy braking the tempera ture reached 
1700-1.S00• c. 

The significance of this date to the presen t case is 
* tha t it ls known that asbestos decomposes above 500°C to give 

foraterlte (Mg2Si04), talc (Mg3si4o10(0H) 2) and water vapor. 

Acceptance of the value of l o/. of asbestos emitte~ allows 
an estimate to be made of the effect of this emission on the 
qublity of the atmosphere . 

t.2 Estimation of Urban Concentrations of Asbestos 
from Brakes 

Assumptions 

a . There are approximately 10,000,000 motor vehicles. 
b . Motor vehicles have an average ap~roximate weight 

of 4 lbs of friction material, when new, of which 
50% is asbestos. 

c. The average motor vehic l e will require replacemenL 
of the brakes after three years of use at which 
time they will have los t 50% of their weight by 
abrasion. 

d . The dust emitted wilt conta u \ l o/. of asbr;stos fibers. 
e. Of the wear dust, 80% is emitted and 20% is lodged 

within the system. 

Calculation 

The total weight of brake linings in use is 

10 10006000 x 4 = 20 000 Tons 
2 00 ' • 

* Bowen and Tuttle, Ceol. Soc. America, Bull. 60, 439 (1949). 
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The quantity worn of f these linings per year fol lows 
from the assumptions made inc 

88 20,000 X ½ X t8-rr 
• 20,000 Tons. 

6 
This wear duet contains 11. asbestos, hence emission is 

zo,goo x rfrcr •~Tons . 

Allowing for the fact that 20% is not emitted, the totcl 
em11sion is thus 

~x¥&•~ 
• 27 Tons/yr. 

Cffect on the Atmosphere 

There ar e no facts relating dir ectly to asbestos on 
which one may judge the effect of thes e emissions on urban air. 
Howeve1, studies have been made on the diffusion of carbon 
monoxide and of 1 ead exhausting from automobiles. The figures 
used here were developed by GM for lead emissions and rela te 
to average city street cond i ~i~ns P.t street l evel . 

They suggest the followi ng factor : 

Avg . copr , asbestos 
in city air from * 
automobiles 

Quantity of 
asbes tos 
emitted 

x 2µg Pb/M3 city air 
1. 2 Sx 105 tons Pb 

from cars 

Applying this figure to the present case and assuming 
that 20 tons are emitted in city areas, then we get ~hat: 

The avg . cone. ~ 20 x 
2 

asbestos -A- 1.25 x 105 

-4 / 3 3.2 X 10 µgm 

or ~ 0.32 x ng/m3 

GM also suggest~ 0 . 32 x 10 c 3 . 2 ng/m3 
a high of -
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1.3 The Slgnificaqce of Thls Value 

The questton of whe ther as bes tos containing brake linings 
constitute a signlflcant source of ambient a ir background, 
asbes tos leve l s can now be cons idered . 

Firstly, it i s pertinent to review tht available evi­
dence on as~estos Leve l s in ambient a ir . Perhaps the most 
up-to-date information is reported in a recent paper by 

* Thompsor and Morgan of the EPA . The i r data suggests that 
value s 0 . 5-15 ng/m3 are appropriate to urban 
0 . 1 ng/m3 i s to be found in nonurban sites . 
figure of 0 . 01 ng / m3 for remote sites. 

sites, while 
They give a 

The California State Health Department i n collaboration 
with the School of ?ublic Health, Berkeley, California, have 
tes ted ambient air =or asbestos. Their results suggest thet 
va1ues of 0.06 ng/m3 in remote sites and 3 ng/m3 near a 
sourc e . 

Nichol s on and Rohl.,,... of the Mt . Sinai School of Medicine 
have a l so been active in the measurement of asbes tos in ambient 
air . New York City 6ir w~s found to contain 10-60 ng/m3 with 
mos t va lues in the 20- 30 range . This value r ose significantly 
to t he 45- LSO ng/m3 l evel in the downwind vicinity of asbes tos 
fire - proofing ac tivity. 

* Thompson, R. J . and Morgan, G. B. , "The De termination of 
Asbestos in Ambient Air," Int . Sym. on Identification & 
Measurement of Environmental Pollutants, Ottawa, Canada, 
June 1971. 

ttNicholson, W, J. and Rohl, A. , "Asbestos Air Pollution in 
New York City, " presented at Second International Clean 
Air Congress, Washington, D. C. , December 1970 . 
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All 1f the workers have been at pains to point out that 
the reeul t•: are to be cone idered preliminary. Thus they should 
be regarded not as final de finite figures, but rather as good, 
conaidered,preliminary findings. The similarity of the figures 
reported by the various workers does sugges t that a t l east an 
order of magnitude has been established. 

Consider now the estimate of 0.3 ng/m3 calculated pre­
viously as the contribution from asbestos brake linings. 
Firstly, it should be stated that this figure is a conservative 
estimate and allowance has been made for the many factors which 
could reduce this figure. Secondly, a lthough there is no 
evidence to doubt the diffusion figut e supplied by GM for the 
diff usion of lead, it should be realized that this figure is 
an average value for the whole of the city air. Consequently, 
much higher concentrations are to be expe~ ted in ce~tain areas 
of high brake usage. For example, near intersections, toll ­
booths, etc . 

1.4 Summary 

In the light of the evidence here presented, one must 
conclude that asbestos emitted from brake linings may be a 
major contributing factor in the overall ambient air concen­
tration. 

Further work is necessary tc establish more definitely 
the major contributors to urban asbestos concentration levels . 

2. TECHNOLOGY OF ELIMINATING EMISSIONS 

from asbestos 
it could be 
In the 

The emission of asbestos to the atmosphere 
containing brakes could be prevented in two ways: 
banned altogether, or, the brakes could be sealed . 
former case, an alternate would have to be found . 
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2.1 Alternatives to Asbes tos 

For a replacement to be as suitable as asbestos, it 
would have to fulfill a lis t of des irable features as : 

• Resist high temperatures without degradation 
or loss of frictiona l properties. 

• Combine excellent friction characteristics 
without severe abrasion . 

• Provide great strength - asbestos fibers have 
a greater tensile strength than steel and yet 
are more flexible. 

• Have relative economy. 

Of the materials which have been considered, sintered metal 
with ceramics and fiberglass have been the most likely candi­
dates thus far. 

Sintered Metal - This material has been used and indeed 
has the desirable quality of being fade••free, for this reason 
it is still used in some racing cars. However, it has seve~al 
disadvantages. They tend to be noisy and brake screetch is 
quite a problem. They suffer from what is known in the trade 
as "morning sickness", this means that the first stop is very 
severe, or, that the cold friction is high. Wear is higher 
than with asbestos and thus the brakes have to be replaced 
more frequently. Replacing the brakes is more difficult since 
all brakes are honed to fit the drum. Honing metal is more 
difficult than asbestos friction material. 

~eramic Metal (Cermets) - A sintered metal and ceramic 
composition has been developed and tried, Its use at this 
time seems to be restricted to the clutches on heavy- duty 
vehicles (tractors, etc . ); in these cases it is usual to use 
buttons of the material ratl.er than a complete annulus. 
Although to a lesser degree, it suffers from the same complaints 
as sintered metal with respect to noise, wear and severe first 
stop, and in addition, it is relatively expensive. However, 
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ita anti-fade characteristics have led to extensive testing . 
For example, the Ford Motor Company put inserts of ceramic 
metal at the position of maximum brake wear on their 1958 
Thunderbird. The concept was abandoned, reportedly due to 
uneven braking leading to a directional pull when braking. 

FiberglaeR - Attempts to us e fiberglass instead of 
asbestos have been attempted since 1938. So fer, no design 
has met th~ exacting standards re1uired . As with the other 
materials, the first stop is harsh. Apparently the design is 
better for disc brakes than drums. A problem is the sensitivity 
of the brake to moisture. 

Owens -Corning are undertaking development research in 
this area. They are very guarded with regard to the status 
of their work, but state that they are actively engaged in 
developing a product. To date, no vehicles ere known to employ 
fiberglass in their brake friction product. 

2.2 Sealed Systems 

Sealed systems have been experimented with. Normally, 
cars rely on air coo l ing and the movement of air round the 
brake caused by the motion of t he car. However with high 
performance cars, more cool ing is r equired . This is achieved 
in a simple ~anner by fabricating a superstructure which 
scoops up air and directs it inside the brake drum . If a 
fil t er were added on the exiting side, this would cause a 
subs t antial reduction in emissions. 

A more elabor ate design which has been used is to liquid 
cool the brake system. This enables the braking system to be 
complete1y sealed and thus no emission are possib l e. The one 
problem area with this design is that the oil seals must be 
extremely reliable. 
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2,3 Summary 

At the present time, no alternative to asbestos containing 
friction product■ ia developed to the stRge of finesse required 
by tho industry. It la difficult tc, believe that modern tech­
nology c■nnot overcome the problems presented by the use of 
alternates, No information la available on the cost or the 
time factors involved. 

The use of ■ealed brake units is a second posstblllty. 
Again there do not seem to be any unsurmountab l e technologica l 
problems, but no information ls avaf.lable as to the cost and 
time factors. 
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With th1• ayatem it ie essential that the feed particles be 
carried by tl•• air atreern. The entrainment force must exceed 
the orevitetional or projectional force . 

Low velocity , hioh volume air ventilation systems. on the 
other hand , ere utilized for operations Where localized capture 
is not possible. For such hoods to be effective, the air 

velocity to the ducted area must be at least 150 ft /min a nd 
should be such that the air flow direction is always toward the 
collection eystern. 

Ducting - A cons iderable amount of ductwork i s required 
for a large plant havino a central collection point. Circular 
ducts, having no sharp bends, are recommended. Inspection 
ports should be provided near bends. 

Collectors - severd l types of collectors have been util­

ized by the asbestos i ndus try for dust control. Baghouses 
represent the most frequently used filtering system. Wet 
scrubbers are also used. Cyclone precipitators may be used as 
primary collectors preceding baghouse filters. 

Conspicuously absent are electrostatic precipitators. 
These units have been tried by the asbestos industry; however , 
they have several deficiencies. Asbestos is an insulator and 

builds upon the electrodes reducing efficiency. Installation 
costs are higher than for baghouses. An electrical failure 
would remove all emission contrJl. 

The most commonly used filter system is the fabric filter. 
This device is found in a wide variety of forms from highly 
sophisticated systems containing thousands of bags to crude 
devices containing homemade burlap bags. A typical unit is 
shown in Figure 8. The baghouse is compartmentalized to allow 
continuous operation by alternately cutting off sections for 
cleaning while other sections continue their dust removal func­
tion. The bags are "cleaned" l:y a mechanical shaking action, 
either by a shaking floor or , more commonly, by a shaking 
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Figure 8 

SCHEMATIC REPRESENTA~ION OF BAGHOUSE SYSTEM 
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support. More e laborate cleaning systems such as reverse cycl e 

sir jets or sonic systems have not been consider ed worth the 
extra compl ication. 

The bulky baghouse unit is frequently located outside t he 
factory building, to conserve space. us,~lly the filter ed ~ir 

is exhausted to the atmosphere. In some cases ~t 1s returned 
to the factory to conser ve heat. This air contains some 
asbestos fibers s:.nce no control technique .1.s considered to be 

100% efficient. Waste products collected 1n the baghouse 
hoppe r are removed by helica l screw conveyor. Design of the 
hopper emptying mechanism should provide as foolproof a1 opera ­

tion as possible. Severe pollution can arise if the mechanism 
has to be opened for repair. 

Other collection devices used either i n combination with 
fabric f ilter s or alone are various types of cyclone separators. 

Low efficiency cyclones are used in the asbestos industry 
as first stage separators preceding fabric filte rs. They are 
useful when the waste product is r eusabl e and there 1s a con­

siderable quantity pres~nt . Thus , the l oad on the fabric 
filter is rel ieved . Further the removal of heavy abrasive 

waste material will prolong the life of the filter bag. 

High effic! ency cyclones are generally employed in multi­
ple units . They are used where high efficiency is required and 
where no ~se is made of backup fabric filters. 

Wet cyc lones are employed as emission control devices in 
some special instances where wet processed are used for pro­
duction of asbestos products. Although generally not as effi ­
cient as bag filters , they eliminate the pr oblem of filter 
blockage caused by condensation. 

~ - The fans which provide the air movement through the 
dust collection system may be mounted either upstream or down­

stream of the fi lter system, the most common arrangement being 
dolfflstream. This places the ventil ation system under a negative 
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pressure as suring tha t ambi ent a ir wi l l be dr awn into t h e system 
in case of leaks, rathe r than dust a nd fi ber s be ing e xhaus t ed 
to the atmosphere . 

5. STORAGE AND TRANSPORTATION 

All asbestos product manufacturers are faced with t he 

problems of storage and trans portation of ~agged asbes tos 
fibers. Emission controls for these operations depends to a 

great extent upon the conscientiousness of the individual user 

Manufacturers should provide clearly defined . clean , dry 

storage space for the bags where thP.y are protected from acci­
dental damage . A rotation system should be employed to ensure 

that older bags are used fir s t . Damaged bags should be placed 
in larger slipover bags and resealed . Small tears in bags 
should be patched with tape . 

Jute bags are permeable a nd will allow fiber emission. 
Kraft paper bags are liable to tearing when handled roughly . 

The best compromise at this time seems to be bags of coate d . 
woven polyolefin. Following is a tabulation of commonly used 
bagging materials and their relative cost. 

cost per 
TlQ:!e of ,Bag 1000 Bags. 

7 oz Jute Laminated 336 . 00 

10 oz Jute 290 . 00 

7 oz J ute 210 . 00 

5-Ply Kraft Paper 200 . 00 

4-Ply Kraft Paper 170.00 

3-Ply Kraft Paper 130 .00 

Woven Polyolefin (Coated) 245 . 00 

Other 
Note: Begs are 100 lbs size 
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Bag storege and the bag opening a1eas s hould oe as c l ose 
es precticel. Fork-lift trucks e r e us ua lly empl oyed t o trans ­

port the begs between t hese arees The r oute used cy the trucks 

should be smooth surfaced end free of obAtrJct1o ns which might 
~ause dsmege to the bags . 

The begs should be opened 1n a hooded a r ea using a sharp 

knife to slit the bag. Pressure pac ked fibers •.rill hold to­

gether as a unit and can be slipped into an encl~sed conveying 

system where they are transported to a fiber open~r (willow or 

fluffer). All conveyor systems tra nspor ting ast.estos fibers or 

mixtures of asbestos and other materials must be completely 

enclosed. 

Bag Disposal - The emptied bags also present an emission 

source; thus, to prevent erru.ssion, steps must ~..e taken to dis­

pose of them. Since there are few manufacturing processes 
which will accept paper bags as part of the process . asbestos 

paper being an exception . they are usually bundled into l a£ge 

polyethylene bags and taken to dumps for disposal . Plastic 

shipping bags can be similar ly utilized in some man,lfactur1ng 

processes ; the floor tile industry , for example. 

6. WORKERS CLOTHING 

A possible source of emission from manufacturing processes 

is the transport of fibers outside by the workers themselves. 

The contr ol of this source of emission to date 1s not very 
prevalent. At best, booths are provided where workers may 

clean fibers from their clothing . The bo•l~hs are equipped with 

extraction fans in the ceiling and a flexible pressure hose. It 
would be preferabl e to have flexible suction hoses . 

Figure 9 shows a proposed workers c~ange r oom. Workers 

woul d store t heir work clothes in lockers pdSS through a 

shower room, a nd then into a "clean" r oom where their street 

clothes would be stored in a second serifs of locker s 
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PROPOSED WORKERS CHANGE ROOM 
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7. ALTERNATIVES TO ASBESTOS 

Thermal Insulation - Gl ess wool rock wool and slag wool 

ere possible substitute materials all of whic h are available as 

flexible mattresses and rig id or semi-r1g1d sl•bs and p1~ 
sections. Other materials available as rlgld slabs and pipe 

sections include cellula r glass (max i mum t emperature 427>C) and 

polyurethane foam (maximum temperature ranges trom llb ' C t o 

149°cl . 

Loose - fill materials containing no a&bestos are exto liatea 

vermiculite, e xpanded perl1te . and the mineral wools mentioned 

in the preceding paragraph . 

Tables 4 und 5 list materials commonly conta ining asbesto~ . 

together with suggested alternatives and comment s on each. It 

is emphasized that the alternatives are not equi valent in a ll 

r espects to the asbestos materials they may repl ace and the 

service conditions in each case should be considered before a 

subst itution 1s made . 

Packing Materials - Tape, rope. and sheet of various 

densities, made from refractory fibers are ava ilable rhty a1e 

expensive but have higher limiting t emperatures than asbestos 

Heat-Resistant Protective Clothi ng - It has not been 

possibl e to find a non- asbestos substitute for protective 

clo t hing normally made f r om asbestos cloth . The alterna t 1vt 
approa ch therefore has been to t r eat the asbest os cloth to 

minimize the risk to the wearer . The most s u1t aol ~ treatment 
appears to be alwninized asbestos cloth wh1~h whe n made up into 

suit s, and properl y l ined , creates no dust hazard 
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8. DISPOSAL OF ASBESTOS WASTE PRODUCTS 

8.1 Gener al 

I ndustries that use asbestos fibers o r asbestos products 

have many waste disposal problems. Waste materials may include 

materials collected in baghouse-type filters where dry-mixing 

is required. Also the asbestos products may require cutting , 

drilling, or sanding operations which create dust. some parts 

will be damaged during fabrication and these items may consti­

tute emission sources. Spraying asbestos-cement compounds 

produces large quantities of waste material. And, finally. 
the emptied shipping bags constitute an emission source. 

Fiber emission may occur when filter bag collection sys­

tems are emptied into trucks and subsequently unloaded at waste 
dump sites . Damaged or scrap materials are " l so Jis~arded on 

dump sites. Weathering of these waste materi.: l:s may ca·1se 
emission. Emission may occur directly from some manufa,;turing 

operations which are difficult to ventilate. Asbestoe, shipping 
bags may become emission sources due to fibers remaining in the 

bags following bag opening and emptying operations. Emptying 

of dust collection devices (baghouses , etc.l can cause atmos­

pheric emission if done exposed to the wind . Shields should 

be erected around the dust hoppers. 

Frequently, waste material from dust collection devices 

is carted away in trucks, dumped, and buried. Tarpaulins are 

used to control dust emission during transportation to the 

dump. 

Large waste products (damaged or r eJected production 

products) are sometimes fed through c rusher units and broken 

into smaller pieces . This waste matEr131 may then be buried . 

Shipping bags present a particular problem since some 
fibers will remain in them after the asbestos has been emptied. 

Burning the bags would release the fibers to the atmosphere. 
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The usual practice is to put the emptied bags into large poly­
ethylene bags and bury them in dumps. 

8.2 Water Pollution 

Water becomes polluted with asbestos fibers during several 

manufacturing processes. in particular a re the paper and cement 
product industries. A further stage is the water used in wet 
cyclones in cleaning exhaust gases frorr, the factories. 

The slurry is dealt with in two ways. It is either 
directed into settling ponds and the water recirculated , or it 

is dumped directly into convenient sewers, streams. rivers or 
lakes. 

When dumped into settling ponds, it presents a problem 
in its own right since the settled slurry has to be dried out 
before being shoveled and transported away for proper disposal. 

Although it should be stated that a dried out slurry normally 
contains approximately 30% water and is not too dusty. 

If allowed to drain away into streams and lakes. then a 
conniderable amount should eventually sett l e, but at l east the 

problem of air pollution is solved . It does create a potentia l 
water pollution problem though. It is not known whether stomach 

cancer may be induced in fish by floating asbestos fibers. 

With regard to the harmful effects on man. this would 
depend on the filtration potential of water treating plants . 
A recent survey has indicated the presence of considerable 
numbers of fibers in drinking water and beverages even aft~r 
filtration (see Table 6). Until the full potential of th2 
effects of asbestos in causing stomach cancer are known , this 
area shoul d be treated with caution. 
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Table 6 

ASBESTOS FIBERS IN BEVERAGES AND WAT!R 

Sample 

Beer 
Beer 
Beer 
Beer 

Sherry 
Sherry 
Sherry 
Port 

Vermouth 
Vermouth 
Soft drink 
Soft drink 
Soft drink 
Soft drink 
Tap water 
Tap water 
Tap water 
Tap water 
Tap water 

Tap water 

Tap water 

Tap water 

Melted snow 

River water 

• 

Canadian 1 
Canadian 2 
USA 1 
USA 2 
Canadian 
Spanish 
South African 
Canadian 
French 
Italian 
Ginger ale 
Tonic water I 
Tonic water II 
Orange 

Source• 

Ottawa, Ottawa river (Fl 
Toronto, Lake Ontario (Fl 
Montreal , St. Lawrence river (Fl 
Hull, Quebec, Ottawa river (NF) 
Beauport, Quebe~ . St. Lawrence river 

(6 km below Quebec City) (NF) 
Drummondville , Eastern Townships, 

Quebec, St. Francois river (Fl 
Asbestos, Eastern Townships, 

Quebec. Nicolet river (Fl 
Thetford Mioes, Eastern Townships, 

Quebec, Lac a la Truite (NF) 
Ottawa, top 30 cm (2-3 weeks 

precipitation) 
Ottawa river , at Ottawa 

Filtration plant used. 

NF - No filtration plant used. 

No. of 
Fibers_1 

X 106 1. 

4.3 
6 . 6 
2. 0 
1.1 

4.1 
2.0 
2.6 
2.1 

1.8 
11. 7 

12.2 
1. 7 
1. 7 
2.5 
2. 0 
4.4 
2.4 
9.5 

B.l 

2.9 

5.9 

172.7 

33.5 
9 . 5 

Cunningham and Pontefract, Asbestos Fibers in Bever ages and 
Drinking Water, Nature, Vol. 232, July 30, 1971. 
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9, MONITORING CONSIDERATIONS 

9.1 Sample Collection 

The aim in sampling is to obtain a representative sample 

of the total air mass in sufficient quantity to make quantita­
tive assessments statistically significant. 

There are two main sources of error when taking particu­
late samplea from an air mass. They are : (1 ) errors induced at 
the point of e ntry into the sampl ing device , due to changes in 

air velocity, and due to misalignment of the probe with respect 
to the air flow, and ( 2) errors due to loss of sample in the 

tube conveying the sample to the sampling device. 

Sampling should oa c~-r-~d out isokinetically, that is, 
the velocity in the sampling tube should ideally be the same 

as the gas velGcity. Isoki.netic sampling is important for 
particles larger than 5µ in diameter. Errors due to misalign­
ment of the sampling probe can lEad to significant large p3rti­
cle losses. This will bias the collected sampl e in favor of 
the smaller particles. Not only will the effective cross­
sectional area, seen by the incoming particles. be reduced, but 
the larger particles which manage to enter the inlet will impact 

against the far side of the probe. To minimize this error, 
sampling probes sh'>uld be aligned within ten degrees of the 
wind direction. 

When sampling airborne particles, eddy currents and wind 

gusts can lead to significant sampling errors. When designing 
a sampling probe, attempts should be made to compensate for 
change in wind direction or velocity . 

The second source of error is "line loss," that is, the 

deposition of particles in the sampling line l eading to the 
collector. The following precautions are recommended to reduce 
losses in the sampling line. 
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(el Aa short e sampling line as possible should 

be used. 

(bl The line should not have sharp bends. 

(cl The tube should be at least l in. in 
diameter. 

(dl Low velocities should be used. 
(el The tube should have a smooth surface. 

(fl The tube should Le electrically grounded to 
prevent the buildup of static r.harge. 

The accepted apparatus and practical methods of stack 
sampling have received adequate coverage in previous publica­
tions.* For the particular case of sampling from baghouse 
filters, it is important t hat there is a s uffici ent stack length. 
This is not always the case since in many instances a ve ry short 
stack is used. 

9.2 Membrane Filter Technique 

Of the several techniques available for emission sampling , 

the membrane filter recommended by the U.S. Industrial Hygienists, 
has become the standard techniqu~ for envitonmental asbestos 

emission sampling. 

Air is drawn through a cellulose membrane filter where the 

particles are entrained. Although the effective pore size of 
the filter (0.45µ to 0.8µ l is larger than the diameter of many 
of the asbestos fibers, the surface charge properties of the 
filter and the asbestos fibers , plus the circuitous path through 
the filter , result in collection of virtually all of the parti­

cl es and fibers to which the filter is exposed. 

* 1. APCO , source Sampling 
2. ASME, Power Test Code 27, WP- 50 , 1957. 
3. Air Pollution Manual , Part I, American Industrial Hygiene 

Association, 1960. 
4. western Precipitator Corp. Bull. WP-50, Los Angeles , 1968 . 
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9.3 Analyaia of Collected F1bera 

The collected fibers have to be analyzed. This may be 
accompliahed by us1n9 a microacopic or a photographic or elec­

tronic technique to count the fibers resulting from a known 
volume of air. The fibers which are counted are seen at a 
given magnification. The number will vary. T~ble 7 shows the 

number of particles observed within a range of magnifications. 

Table 7 

EFFECT OF MAGNIFICATION ON OBSERVED FIBER CONCENTRATION 

Mi ..... oscope Fibers*> 5 
Instrument Objeetive mfpcf fpcc 

Midget 16 mm 0 . 11 4 Impjnger 

Membrane 16 mm 0.06 2 
Filter 4 mm 0 . 37 13 

2 mm 0.48 17 

Thermal 16 mm 0.31 ll 
Precipitator 4 mm 0.54 19 

2 mm o. 5, 20 

Royco Particles 
Counter Counted 0.12 4 

5µ 

* Fiber defined es a particle whose l ength ~ 3x width 
mfpcf = million fibers per cubi c foot 
£pee = fibers per cubic centimeter 

Addingly. C.G. , "Dust Measurement and Monitor ing in the Asbestos 
Industry," Ann. N.Y. Acad . Sci., 132, 298-305, Dec. 31 , 1965. 
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Th• ■tandard practice 1n industrial hygiene i s to use a 

pha■e contrast microscope at a magn1ficat1on of X430 . The] 
fibers counted are those having a leng t h of greater t han 5µ 

with the ratio of length to breadth et least 3:1. 

The use of an electron microscope would allow all the 
particles to be :ounted. However, the expense , time end 
oxpertise necessary to count all the particles makes this pro­
cedure impractical. 

Optical Methods of Semple Analysi s - Light scattering 
automatic particle counters ere very rapid and have been widely 
used to determine concentration and size distribution of air­
borne particles. Their inhere nt drawbac k is the inability to 

distinguish between particles of different shcpes and chemical 
composition. Therefore, the use of automatic particle countP.rs 
t~ determine atmospheric concentration of asbestos fi~rs is 
limited. 

Addingly has carried out comparative tes ts between a Royco 
light scattering automat ic particle counter and the membrane 
filter method to determine number- concentration of asbestos 
fibers. Addingly placed a membrane filter head in the exit 

line from the Royco counting chamber a nd cuunted the dust parti­

cles in the same sample of air, by both methods. 

The res ults from the Royco counter, set to read particles 
greater than 5µ , were 25% lower than the count on the membrane 
filter of fibers > 5µ in length. The disparity being due to 
the varying alignment of the fibers presented to the light beam. 

Lowering the t hreshold of the Royco counte r to > 4µ and 
again counting fibers> 5µ on the membrane filter, resulted 1n 
a 15% higher count with t he Royco counter. 

These results show that it is possible to obtain corela­
tion between light scattering ?article counts and membrane 
filter counts . 
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10. ANSWERS TO SPECIFIC QUESTIONS 

10.l hSbestos Brake Linings 

Information on the enussions from brake linings is still 
J neufficient. At the present time there is only one study 

wnich hes been published. IITRI hes been given copies of two 
unpublished reports detailing experiments made by Johns Manville. 

The reason the results are unsatisfactory is that they have 

been done on laboratory test rigs and not on roadways under 
normal driving conditions. Tests currently being made by the 
Bendi~ Company for the EPA and further tests being undertaken 
in California may well help to solve this question. Tests were 

performed at Mount Sinai Hospital. New York . by the Selikoff 
group. These tests measured the asbestos in roadside dus~s near 

heavy brakinQ areas. such as toll booths. Conversations with 
Nicholson of Mt. Sinai make it apparent tha t although his re­
sults were generally higher than ambient. they were still within 
the limits of experimental error. The fact that they are not 
being published tends to make one doubt their scientific cre­
dulity. 

Other conversations with the Motor Industry, namely, 

John Kaplan [Exec Director of Laboratories at GM Detroit 
(313)-575-5286) and John Damian [Head of the Engineering and 
Materials at Ford (313)3~2-0450), have been inconclusive. They 

claim not to have made tests of their own. They cannot see any 
possible substitute for asbestos that will meet the con~inually 
exacting requirements of government regulations. They say they 
do not try to develop their own products but rely on outside 

researchers. They gave up using sintered metals for brakes 
because they were inferior and would sometimes break up under 

stress. 

Ralph Nader and Associates were contacted but they have 
not entered into t •-is sphere of automobile safety. 
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J.o.r~ve s 

In understanding control techniques and their efficiencies, 
it ia important not to be confused with efficiencies quoted on 

a weight besis and those besed on a particle count basis. 

Firstly, considering efficiency based on a weight basis. 
it ia relatively easy to get a very high efficiency with parti­

cles whose size is in excess of 5µ with a va riety of control 

devices ( see Figure 10). However, the e fficiency does drop off 
considerably with decrease of particle Eize. for example. see 

Figure 11 for l µ particles. (It should be noted that these 

graphs refer to spherical particles - information on fibrous 
particles is not presently available.) 

Now consider what these apparent high effiriencies mean 
in terms of numbers of fibers. It can be assumed that 103 

average fibers of asbestos weigh approximately 1 ng . 

If 1 g of asbestos material approaches a filter rated at 
even as high as 99.999% efficiency , then the quantity passing 
through will be 0.00001 g, o~ 104 ng. And since 1 ng _,__ 103 

fibers, then e total of 107 fibers will pass through the filter 

for every 1 g of material impinging upon it. 

This is a situation not frequently brought out, but is very 

significant when exposure levels are monitored in terms of 

fibers per cubic centimeter. 

Thus the quoting of efficiency in terms of mass efficiency 

is a "red-herring" sta t ement that flatters to deceive. It 
bears no obvious relation to the number of fibers being emitte 

~• %ased on tests which actually measure the number 
of fibers being emitt ed, it would seem that both fabric filters 
and high efficiency wet scrubbers are capable of reducing the 
fiber counts to acceptable levels. British experience is that 

0.2 £/cc is routine and Johns Manville finds that 1 f/cc is an J 
acceptable value when the resul ts are averaged over a time 

period. 
Ill RESEARCH I NSTITUTE 

47 IITRI-C8216 



,I>, 
CD 

H 
H 
~ 
::0 
H 
I n 

CD 

"' .... 
(1\ 

- - ... ... - liil liiil · - - - ~-- ... - - -- - ill -

e ... 
"' 
" >, 

' <> 

.... ., 
0 
(.) 

.... 
Ill 
:, 
C 
C 
< 
.... 
CJ .... 
0 
E-

2 

3 

4 

5 

6 

7 

8 

9 

61 

s 

4 

30 

I 

20 1 

I 

l:[ 
50 60 

Hig~ Efficiency cyclone 

Multiple Cyclone 
Fabric Filter Shaker 
Fabric Filter Envelope 
Fabric Filler t<everse Je~ 
Wet Dynamic Scrubber 
Low Energy Venturi 
High Energy Venturi 

0 
2 

70 80 

0 
3 

90 
EFFICIE!,CY 100% 

Figure 10 . TOTAL ANNUAL COST VERSUS EFFICIENCY FOR 5µ PARTICLES 

07 

9 

6 

8 

4 
5 

100 



- - - .. - · -.-! - - - Iii .... - .. - · - - -

140~ 

1 201-

l\lOr 

lOOr 

~ 9°1 

i., 801 
>, 

' <> 

4' 70 .. ... 0 

"' u 60 .... ., 
:, 
C 
~ S() I 

~J 
0 ~-

H ~ : 
H 
➔ :u 

20t 
H 
I 
n 
(D 

"' I-' 10 °' l 

JO 20 

l 

2 
3 

4 

5 

f, 

7 

8 

9 

0 
2 

r - ---r·-~ 

Medium Efficie nc y cycl o ne 

High Efficiency Cyclone 

Multiple Cyclone 

Fabric Filte r Shaker 

Fa bric Filter Enve lvpe 

Fabric Filter Reverse Jet 

Wet Dynamic Scrubber 

Low Energy Venturi 

High Energy Venturi 

0 
3 

70 

0 
8 

90 

30 40 50 60 70 80 90 EFFICIENCY~ 
Figure 11. TOTAL ANNUAL COST VERSUS EFFICIENCY FOR l µ PARTICLES 

0~ 

04 
05 

l 

10 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

The medical evidence ss to th~ size of fiber responsible 
for adver se health effects is no~ positive nor is the question 
of whe ther f ibril s of fibets are most h~zardous. ~nt! l th~ 

mecical questions are fully resol'\ed, it would s«-em i:,remature 

to impose inflexible or overly rig d regulations. 

Thia hss been the view held b the Federal .:iccupational 
heal t h sutho!ities in assessing t h 1r s tandards. It would seP.m 
that the?Yapprosch in limiting expo ure to that which is possi­

ble using good mooern technology 1s ensible . The same may be 

ssid for their monitoring techniques . 

10.3 Water Poll~tion 

Recycling o! waste ~~ter ~& poss ible and 1a pract1cea in 
certain segments of the in~ustry. The question of the damage 
done t o streams, rivers, and lakes n1 indlscrlminan~ dumping 

of at1bestos containing waste waters neecs careful study. One 
must remember it is a natural materia l which will appebr i n 

water i~ any case. On the other hand, there i s evi dence that 
asbestos particles ingested into the stomach may c3use stomach 

cancer. 

Again , until medical evidence is clear, i t wou ld seem 
sensibl e to r ecycle water wheneve r this can be accomplished. 
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APPENDIX I 

ESTIMATES OF THE NATIONWIDE EMISSION QUANTITIES 

FROM VARIOUS INDUSTRIES 
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APPENDIX II 

THE CHEMICAL AND PHYSICAL PROPERTIES OF ASBESTOS 
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APPENDIX I II 

INDUSTRIAL COMPANIES USING ASBESTOS 

IN THE STATE OF ILLINOIS 
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Accurate Felt and 
Gasket Mfg, Co. 

1015 s. cel1fornia Ave . 
Chicago, Illinois 
Tel: VA6-3532 

Acme Asbestos 
Covering and Flooring 

141 w. Jackson Blvd . 
Chicago. Illinois 
Tel: WA2-8220 

Asbestos ana Magnesia 
Materials Co . 

2616 Clybo1.irn Ave. 
Chicago , Illinois 60614 
Tel : 348-4554 

Blackhawk Gasket corp. 
216-T Mill 
Rockford , Illinois 

Chambers Gasket and 
Mfg, Co . 

4701 w. Rice St . 
Chicago, Illinois 
Tel: 626-8800 

Colonial Kolonite Co . 
2232 w. Armitage Ave . 
Chicago, Illinois 
Tel: 227-3400 

Daigger , A. a nd co . 
161 W. Kinzie St . 
Chicago , Illinois 
Tel: 644-9438 

Excelsior Leather 
Washer Mfg. Co , , Inc . 

726 Chestnut St . 
Rockford , I llino is 

Farnam , F. D. and co. 
8405 W. 45th St. 
Lyons, Illinois 
Tel: 277 -3515 

Fel - Pro , Inc . (A Div . of 
Felt Prod.) 

7 480 N. McCormick Blvd. 
Skokie . Illinois 
Tel: OR4-7700 

Fil1p~co Industries . Inc . 
Filter Media Div. 
3837 W. Lake St. 
Chicago, Illinois 
Tel: 722-2200 

Gatke Corp . 
228 ~ - LaSall e St. 
Chicago. I llinois 
Tel: ST2-0081 

Geraghty Gasket & Mfg . Co . 
2940 s. Laramie Ave. 
Chicago , Ill inois 
Tel: OL6-356 1 

Harnisch L. E. & co . 
218 N. Elizabeth St . 
Chicago, Illinois 
Tel: CH3- 3883 

Herman, John Mfg . corp. 
1828 s. c anal port 
Chicago, Illinois 
Tel : TA9-4945 

Industrial Hermetic 
Materials, Inc. 

421 E . Illinois 
Chicago , Illinois 
Te l: M04-0220 

Kopel Filter Paper Co . 
2512-14 s . Darnen Ave. 
Chicago , Illinois 
Tel: VI7 - 7174 

Luse- Stevenson Co. 
Melrose Park . Illinois 
Tel: MUl-2010 
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North American Asbestos Corp. 
200 s. Michigan Ave. 
Chicago, Illinois 
Tel: 922-7435 

Sall Mountain co. 
176 w. Mama St. 
Chicago, Illinois 

Singer Safety Prod . , Inc . 
444 N. Lake Shore Drive 
Chicago, Illinois 
Tel: 222-1860 

Steel Grip Safety Apparel co. 
1013 Garfield 
Denville, Illinois 

Tapecoat co. 
1521-27 Lyons 
Evanston, Illinois 60204 
Tel: 328-5220 

UNARCO Industries, Inc. 
332 s . Michigan Ave. 
Chicago, Illinois 60604 
Tel: 341-1234 

United Gasket corp. 
5107 w. Ogden Ave. 
Cicero, Illir;ois 
Tel: 812-2590 

Western Slate Co. 
875 Industrial D1ive 
Elmhurst, Illino .. s 
Tel: 279-6660 

Wilson Grant, Inc. 
316 s. LaSalle St. 
Chicago, Il l inois 
Tel: 922-8220 
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leter etudle■ . In 1947, tho Chlo! ln•poctor of Fectoriee in Dritoin 

found lun1 c■ncer in 13 per cent of doath• l n which aebo•toele wee 

proeen t. 

To brin1 u e up to d■ to, 70 yoars ofter the f1r■t 1o,owled10 of os-

beetoe dleeeee, and to cocploto tho picturll of orcupauonnl ,;-iek rrom 

oxpoeure to eebe1toe , let nio present somo dot■ obtained by Dr. Jt•vlng J . 

Solikoft, Dir ector of tho Environmental Sc11lncoe Loborotory , Mount S1noi 

School ot Med1c1no. llo hoe rollowod e1nco January l, 19<13 tho 632 

mombo r s of tho No• York end Now Je r sey Local• ot tho asbestos worker s 

union, tho Internetionel Association of llrot ond Frost l nsulato,·s and 

Asbes tos Worke r • . These mon opply tho insulation to hi gh temporotur e 

pipes a nd boilers in e por tmen t , office building e nd indi vidu al p l onts. 

Somo o t t ho material they uso contains o sma ll amount of osbostos - - 7 

to l !l per c e nt, ueuol ly. Often it con to ins nono . In compnri eon to the 

fo ctory exposures during eerly decodes of this century, thoir exposures 

are rela tive ly light. 

ltnowing t he ir a ges in 1943 end using etondard ta bles , it was poss-

ible to colcule te t he expected mor tality experience o! t hose 632 workers. 

This was done ·by Dr. E . Cuyler llorrmond, Chief Epidemiologist or the Ameri­

con Ca ncer Society, ond tho results, a l ong with those octuolly seen , 

oro given i n Toblo I tor the yoors 1943 •hrouch 1962 . 

From oll causes, 20 3 deaths wore oxpoctod of those who hod wor ked 

20 yenre . In tact , there wore 255 . Moro thon 50 men who d 1od should 

not h■ ve died. Looking 11 t tho tobl o , we con sec tho causes of these 

"excess 0 d eoth": 45 d ied o: concor of tho lung , t r achea ond pleura whore 

only ■1x or aovo n woro oxpoctod : 12 diod or n 11bosto11ie oltho11i;h nuno 



■hould h■vo died; thr■o ti-■•• ■any died of cancer of tho G. I. tract 

•• wore oxpoct ed. 

3 

Rc ■ult■ of c ontinued ob■arvatl on of th■ group throu1h Jun■ 30, 1971 

aro ■bown ln Table■ 11 ■nd 111. Thay repr■■■nt • cata ■trophe . over half 

of the death ■ weN fro■ ■o■e form of cancer or asbe■to■ l ■• Ne•rlJ 40, 

could be teraed "occupation■ l" de• th■• 

In the•~ l■ttor data, ■pocl al r o foronco s hould bo ■ado to tho hl &h 

dea th r■ to fro■ moaothello■a . TWenty-■ovon c■ ao■ of thl ■ , •• Jot, ln­

cur■ blo diNa■e were ■eon . A dlffua■ cancer of t ho llnlng uf the che■t 

or abdo■en , it l■ 10 r1re th■ t it h■ ■ yot to be separ■ toly clo ■■lflcd ln 

the International Cl■ ssific■ tion of Causes of De■th . It■ occurrence 

in tho sen•~•l popul1 t ion uy be ao infrequent •• to c■u■o only one do■ th 

ln 10,000. Hore, it w■■ the csu■e of do■ th ln one of ever y 16 individu­

als . Moreover, in other ■tudies, its appoorence in i■.:re11ed ■■aunt■ 

h■ s alway■ been 1saociated wlth asbeatos expo■ure . 

TWo othor aspects of the research by Doctor Selikoff ■ ro l■portant. 

The first 1, the evidence of tho long l apsed period between onset of 

asbestos exposure and the inci dence of disease. Lung cancer uau■ lly 

■ppesrs between 20 and 40 ye■rs afte r firs t exposure to asbestos, and 

■esothelio■a most often after• 35- year lapsed period. 

The second aspect is the atrong aynergls■ found between ■ab■ sto■ 

exposure ond cigarette smoking in the incidence of lung cancer. DJ 

personnl interview in 1962, the a■oking habit■ of 370 of the 632 -n •■r■ 

eatobliahed. By following the ■ortallty experience of these 370 ■en,• 

1pecial ri&k of cigarette saoldng wa■ established. l'rOa Janu■l'7 l, 1963 

thl'lJUgb February 1, 1971, in 283 ■en with a hlatory of clprett■ --.Sas, 

40 lun1 cancer■ were obHrved. 1hla is nearly t■n ti■e■ th■ nuaber ea-
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peeled in en eqwrelent oi1ar ette ■■oklnK popul■ tton. In 87 non- ■■oker■, 

only one lun1 cancer••• •••n. Thu,, it le not a■beatoa olono , or 

cl11rett e .. oktn1 alono, but the c011btnat1on of tho two that produc.od 

thoeo 1rrl11 data. In t■ct, it le colculntod thnt osboeto■ workore who 

•1110ko run ■oro thin 90 tl■o■ the rl■k of dylng of lung c■ncor than mon 

who nott1,er ••ou clprott•• nor work wlth 1■beetoa. 

'n1e■o data I havo pre■onted to you wor o fro■ occupattonol expo■ures 

t o 1ebe■toa. At moet, 300,000 aen and womon i n the United Stoto■ have 

4 

suoh ••po■ur•• · Hopefully, 70 year• eftor the first ••reno■■ of oabosto■ 

di■o■■•, workln1 conditions will bo lmprovod to r educe their risk of di ■• 

■■o. Dut we" thl■ tho only rt ■k of a sbo■tos exposure , lt would not 

be gor■■n• to the r•1Ul•tlon■ under conaldoratton horo. Unfortunately, 

ln recent ye■r• tho evidence ha ■ accu■ul■ ted that the problem of as­

beato■ dt ■eaar ha■ dia■amln1ted fro■ the occupational are• into the 

1ener■ l e nvlron11111n~. 

Bvldonco u aocumulotlng that 111osothollom■ ls rapidly increasing 

among aon who worked in the vicinlt) uf ■ 11bo11tos appllc■ tton. Recall 

thot 11011otholto■a 111 virtually none xistent In pooplo who have horl no 

oxpoaurc, to ■■be■to■. In Holland, 22 00 11011 were found during a 6-)eor 

porlod ln worker• nf tho de She lde shipyard. These cones occurred, 

however, not lo ■ sbeato■ workers, but in mombora of othor trodes , welders, 

carpenters , or pointers, all of whom only wonkcd in on oreo where os­

bo■to■ ln■ulation wa■ applied or removed. Similar doto hove oppcProd 

fro■ Groat llrit■in. Hore , 80 ca■ee ;,f mesothollomo were found in a 

■urvoy ot the uterl■l in the pathology departments ot Scottish hospltole 

and Mdical achoola tr011 the years 1950 through 1967, An inveatlgatlon 

ot the occupational bacqround ot the■o c■■oa revealed• strong ■ssoci■tlon 

-



with ahlpbuildin1 or ■■rine work. Hero apln, howevor, the c■e•■ •eni 

not otton found in inaul ■ tora but in othor trade• work1n1 n•er the 

■pplic■ tlon or ro■ov■ l of ••be■to■. A further dl ■concortln1 te■ ture 

of tho Scotti■h data ta the r■ptd rl ■e tn the r■ te of occur"nce of 

■o■othol lotH; 51 of tho 80 ca■e• wore ■een ln the ye■r■ 11184-87, ■p­

proxtiutoly 30 yo■r• after the oxtenalvo ■hipbulldln1 undert■un durlna 

World ll'■r I I. 

The spectru■ of dl se■■o ■ ssoci■ ted ~1th ••be■to• now extwnd• even 

to onvtron■ent■ l expoaures. In 1960, ll'■ illor, Sl e11• ■nd M■ rch■nd de■-

cribcd 47 c■■e ■ of ■csothelto■■ found durlnc • four-yHr period ln the 

northern Cape province of South Afrlc■, ■n ■ro■ •ttb exten■ivo crocido­

ltte ■ sbo■tos ■lne■. None were soon in the nelpbortnc Tr■nav■el Province 

or in 10,000 ■utopay c■ aes of workors who h■d died wlth known expoauni■ 

to ■i lic■. Of the 47 cases, epproxlutoly h■ lf •eni found to b■ ve bad 

either lndustriel or ■lnin1 oxpnsures to ••bo■tos. Vlrtu■ lly all of the 

rom■ tni~~ c■ses were in individuals •ho si■ply lived or worked in the 

vicinity of the ■abestos mine■ or ■ills. 

Contira■tion of the possibility of envlron■ent■l ■abesto■-••■ocl■ ted 

di . ~■se soon ■ppe■red. Newhouse and Tho■paon revle1"9d •11 -■othelt-■ 

case■ at the London Hospital. 'Ibey corrobor■ ted the close ■asoct■ tioo 

with asbestos, 31 of the 76 c■ses h■vin1 h■d docu■ented occup■tlon■ l 

exposure. Of the reminder, ll had llvod, d~c•d•• 'before , wltb1■ ODe-b■ lf 

nlle of ■n ■sbostos factory. A si■l l■r distribution of c■aea wa■ fOUIDd by 

Lteben and Pistewk■ in Pennsylvania. Ono tnsldtou■ fora of lndlrec:t 

■ sbe■to■ el[J>osuro is that of f■■lllea of ••besto• worker■• In tlle pNYt­

ously ■ent1oned etudiea, 9 of tbe Lond011 •soth•U-• .. re ta f■•11' 

•■hers, •• were 3 of ~• 46 Pllnnayh■ni■ c■N■• 
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Unfortun■ tely , tho■e d■U on tho Incidence of ■01othe llo■1 fro■ 

onvlron-nt■l or Indirect occup■ tl onol cxpo■urc to 1sbosto1 ore ■cvcroly 

ltll.ltod. Tho oxpo1ure1 1n que■ tton took pl ■cv bo1tnntng 20, JO, 40 or 

■or• yo■ r■ ■ao. Ko knowlod10 oxi■t■ of tho o■soclotcd osbo1to1 du■t 

expo■ure l •vel 1 . '01u1 , we h■vo no do10-rc1pon11c Information on l ow-

8 

level 11be1to■ eapo1ure. We only have know lodge of ■ potonti■l ri■k of 

cancer, • t o,rpo■uro■ much below occupa tiono 1 onus . Obviously, oddi tional 

ro■earch and conUnuod s urve il lanco ore highly dos troble . 

Lot u■ now turn to specific items in your r ogulotione. Firstly, t he 

iDnera1 roquire■ent■ o! Soc tion 2 oro excollont, porticulorly with regard 

to rc■ponsibility ond education. We find o groat problem to be the 

i1P1or■nce o! • potential h■zord ■mong marginal users of ■■beatoe . Such 

ignoroncc con cosily r~ault in lox procedures. 

Socondly, tho banning of usboatoa In s pray Insulation is entire l y 

opproprioto. In Now York City wo hove round this to be o mojor contribu­

tor to ambient oir ■abostoa leve ls. For tho past 10 yeors, during which 

■pray fireproofing come to be extensively used, lt woe not uncommon to 

■oe ext ensive snowfolla of ■ sbeatoa-contoining material over widespread 

orcns or New York and other metropolitan centers . In some coses, the 

liroproo!ing woa oven done with no attempt to enclose the spray oreo by 

to r11n11ll11 H or othor monne, 

'l'o vvrlfy l hnt HIICh !Ji•cp1•uu rtng lljlUl'OtJu1111 Wl'l'U D ,ol1111lflrnn l 

source of rospirrble osbestos libor , air sampling woe conducted in lower 

Manhattan ■bout construction sitQlwhemextensive 9proying of osbestos­

contoining fireproofing was toking ploce. This work woe done by our 

l•bor■ tory in conjunction with tho Department of Air Resources of Now York 

City. The result■ do■onstrt ~ed thot spray fireproofing c■n i ndeed con-
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1lcnltio•nt11 to 11be1to1 1lr pollution. 

1/p to¼ •111 •••1, l1v1l1 excoedlnc 0,1 alcrocr••• p1r cubic •ter 

ob11orvad , •htch 1xcoed1 bJ 100 t.l•• back,iround lovf'l • found In urban 

dl1t1nt troa con11tructlon 1lt.o1, Whlle 0 , 1 alcro1r••• ••Y •PP••r 

to be• aull ■aovnt , lt could r1pr0Hot aoro th•n 10 atllton alnute 

fiber• of •ebe1to1, Moreover , the l■rp cluap■ of ••be■to■-contalnlns 

a1t1rt1l aov1rln1 the 1ld1W■ lk ■1rv1 •••continuing ■ource to bo dlapor■od 

hy PUHr■by, 

A• I aent1oned 11rll1r , l ■ck1n1 • do■o-ro■pon11 rolatlonshlp, •r 

c■nnot 1t1to th■t 1nvironaont■ l ox-po■uro lovel ■ fro• thl11 proctico a ro 

certain to produc, dho1■0, Howovor, it h herd to l1U11ttno factory 

oata■lon■ , even 40 Y••r• •10, bein1 aoro exc• ssivo . Slnco tho cxton■tvo 

1pr■yln1 of ••bo■to■-cont■ inin1 t l roprooflng 11111torJ• l ho■ only exl ■tod 

ln th• •·on■truction industry for tho hat 10 yoara , dhe■so caused by 

tho oxpo■uro ro■ul ting from thi• proctico ls 10 or 20 yoors owoy . Uow­

ovor, cont1nuln1 tho uncontrolled ■pr■ylng practi ces of tho past docodo 

tn the face of tho mounting ovidonco of ri sk to all motropolitan rosidonts 

woulJ be pl1yin1 11bostos ro~lotto with tho livos or millions o f people. 

This method of Ure protoctlon for high rise but ldings presents on 

nddl tlonal, contlnuin& rlsk to t ho occupants of those bui ldings. Often, 

tho spoco botwoon the folso room col ling ond the under sldo or tho floor 

above , which has boon sprayed with asbestos ,, servos as o r e turn plenum 

for tho alr supply syst em . After f1ltrot1on, inac'equute to remove most os­

bo■tos flbora that moy hove eroded in to t ho olr str eom, this r eturn oir is 

recirculated throughout tho buildi ng . The magnitude of this problom hos 

yot to be defined. Until rec~ntlv 1n New York City, we have not been 

allowed t o analyze tho o1r in build i ngs thot h■ s boon in direct contQct 



'. 

, 

wilh ••be•to•• cont•1n1nr tn,u l etlon . 

r1nelly, thl• • prey prooedur• le1vo• • l opcy o f potontlal rl ak to 

future p ner•tlon•. 1110 ltfotlH of ■odern offlc• bulldlnK• 1• ahort 

a 

•nd the procedure■ for tho nto futu re do■ol!Uon of bulldtn11• that could 

con tain 110ro then 100 ton• of ••be•toa a• f1reproofin11 h•vo yot to bo 

devloped. Perh•P• theH procedure, •I 11 be round and porhepa they •I 11 

bo followed but we hevo no auch •••uronco o t thl• tlmo . 

Unfortunately , •• f• prooodure• dovolopod for tho a proy nppllcotion 

or e■boato■-cont,tnins u toriah havo not boon followed oithor voluntarily 

or untlo r control rosulat1ona by contrectora. Docou11e of lhill foilure 

ond bocou■o eltornative procedures or motorlola •ro evoiloble , action 

bannins thi ■ u■o of ■ aboatoa l a indeed appropriate. 

Moreover, bocau■a of uncert■ in kno•lodSo ot tho hool th offocts ot ox­

poauro to 111noral ! lbora olhor than ■11boetoe, it la ontlrol y opproprioto 

t h c\L etri ct conti·ol be oxorclaod ovor other aproylng of such s ubstl tuto 

motorlol a . While somo form• of "minoral wool" ond othor minoro l fibers 

have boon in u.,, ainco tho 1930s there nro s till no dof1n1 tive s tudios 

on expoaed populations that would, ot this time , provldo ess•1ranco thot 

r■■pir■blo mine ral fiber■, othe r than asbestos , ore biologlcolly inert in 

hu11111ns. In tho • b 1111nce of such 011aur■ce , caution ls warronted ond I 

aupport, in its ontiroty, So~tlon 3 of your rogulot1ons. 

On tho other items, in Section 4, you m!ght wi s h to odd o qunU tying 

atotomont that •hon there l a potontinl r e l ease of osbostos to the oir, 

a 1poclol enclosure , hall be used. Mony osboatos products u sed in con­

structl~n can be in1t■lled with no release of fiber. Asbestos-vinyl floor 

tile 11 one exaaple. In t■ct, with prope r procedures, oven asbestos 

ce111■ot c■n bo 1ppllod with mini11■l release of fiber. 

\ 



. . . 9 

I cannot oaphaaizo too atron1ly tho nood for ■trtnirent control ■ 

durtn1 daaolitlon, Thoa• lial od here uy not be, ■doqunto ond c lo■o ■ur­

veill ■nce ■hould be 11■ intatnod t ~• vorlfy thotr adequacy , For eu■plo , 1 

a■ not ■ure I.hat any aabo■to■ should bo tran■portod vla chut oa to truck■ . 

It i ■ hard to i■a11ne that I.ho debri ■ would be completoly wottod. 

In referonce to Soctioo 6 A, I would Ilka to ratae soma of tho proble■a 

a■■oca tod with air monltoring whlch ■ay bo aovore. In omblont alr aomplea, 

it 1 ■ difficult, 1nd often i■pos■ible, to 1dontify osboatos fibers by 

optica l ■icro■copy alone . Thero oro uny b1ro!r1ngont !Ibara with o ■imi­

lar appenronce . ~ven the sompling of s tocks cont.ainlng only osbostos 

ho ■ its problems . Such anmpling doos not evaluate ony emias ions from 

windows, room exh■u■ts or uncontrolled ■ourcoa . Mor eover, tho use of 

optical microscopy can mi sostiute octuol concc ntro t ions , even oss um1 ng 

accuroto counting of all fibers longe r than 5 microns . Ol ton os mony os 

100 timos more fibors shorter thon 5 microns moy be proscnt . If those 

countod •ere • constant f raction of tho total present, this would be no 

problom. However, such is not the coso . In diffe r ent use'! of chrysotile 

•c have found the ratio of tho numbop of fibors l onger than 5 ~icrons to 

tho totnl number to vary from l / 250 to l /20. Since bog 

houses hove o size dependent efficiency , the r esults obtained by optical 

anolysis may be misleading ond not c omporoblo t o other somplos onalyzed 

by simllor moons. 

Tho only way to occurotely osses onvlronmcntol exposures is by 

electron microscopy. Here, however, on on11lysls may cos t $200 - $300 

ond be very tlme- conaum1ng . You moy wish to ~onsldor proccdurol controls 

•1th tho requirement of no visible emissions of osbostos from any buildi ng 

or site. If the facility inspected questions the judgemen t of an inapo~tor 

they could pay for adeq1111te air analyeia by electron microscopy. 
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I enoloM ln Ttbl• IV det■ fro. our work 1n1l1zln1 t■IIJ)lo■ of •■blonl 

■ lr fro■ neerbJ 80 U. 8. citioe . 1'10■■ d•t• ■how thtt • back1round of 

tOIIO t ■be1to1 f1bor l■ found 1n al l cltl■■, but occ■■lon■ l po■k• appear. 

ho■ thlt occ■tlon■l occumnce and fro■ tho fibor tlze dl ■trlbution on hl1h 

■o111plo■ , it ■pp■■r■ th■t th■ contrlbutlon of ■o■e ■peclflc ■ource 1 ■ 

1■porttnt 1n t.h••• hi&h l■v•l•. 

Finally, one co-ont on tho propo■od ban of ••bc■toa in brako 

llnlnir• aftor lll75 . Tho probl .. horo 1t thoro 1 ■ • dearth of information. 

We have ■om■ very prol1■1n■ry information t hat ••bo■to■ air level■ near 

alt•• of exton1tve br■ ktnir ••Y bo 3 tl■et hllfhOr than background. Slnco 

wind condl tlon■ ■re h11fhly varUblo , much more an11ly■h of thh quo■tion 

11 roqulrod. All our d■t• roolly ■how 1• thot brakes ■re not•• obvloua 

n problem•• ••be■toa-containlnir fl r oproooflng spray in No• York City. 

Porh■P• you may with to qualify 7 D by tho worda "Unlost ovtdonco of 

••fety 1 ■ do■onatr■tod t he u■e of o■boatos .... " 

In ■u-•ry , your r oirulation• in ironor■l ■re e:m::ellent, your intent 

t■ proper , ■nd I am pl••■od to aupport you . 

l 
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Table I 

ObHrved •Dd Expoctod li1111bor of Ooa: ha 
Aaonc 832 A■b•■to■ Workor■ Elfpo■cd t o 

A■buto■ Dll■t 20 YHr■ or LD~or, 1943-1962 

C;au&o of Dooth 

To1,,1l, :ill cause■ ........... . 
Obaorved (oabcato■ workora) 
Expoetcd (US wh l to maloa) .. 

Tota l c0ncor, all alto■ . .. .. . 
Obsorvod (a abo■to■ worker , ) 
Expoet ed (US •~lte • •l•• •• • 

Caneor ot lun; and ploura ... . 
Ob1or vod (a1bosto■ workor■) 
Expoc tod (US whlto moloa) . . 

C~ncor of ■tomoch, colon and 
rec t um ........... . ...... . . . 
Observed (nsbcstos worker■ ) 

Cxpoct.cd (US 111111 to mole1) .. 

Cancor ot all othor ■1tcs com-
.bi nod .. ... . .. , .. •. •.•...... 
Obaor vcd (asbcato■ workora) 
Expcctod (US wbi to malos) . . 

Asbcsto■1s .................. . 
Observed (asbestos workers) 

1943-
l9'17 

28 
39.7 

13 
5 .7 

6 
0,8 

4 
2,0 

3 
2.9 

0 

Yoara 

1!>48- - 1953-
1952 1957 

54 
50,8 

17 
8 .1 

8 
1,4 

4 ' 
2,5 

5 
4.2 

1 

85 
56,6 

26 
13.0 

13 
2,0 

, 7 

.. 2.6 

6 
8.4 

4 

1968-
1962 

86 
M .4 

39• 
9.7 

18 
2 .4 

l'1 
2,3 

7 
s.o 

7 

Total, 
19'13-
1962 

255 
203 , 5 

95 
36.5 

45 
6.6 

29 
9.4 

21 
20.5 

12 

Do:>th r ates as r eported annually by t ho U.S. Notion:il OU ico of Vltol 
St:i t1stics . A fivo year ovcrnco la c ivon hero for ,~ch period. 

Death rates in~lude cancer of lune, bronchus, plc.;rn, modlos t inum and 
trachea, assicned to intornotlonal list code No, 47b- f prior to 19'19 
and to lio . 160-164 thereafter. 
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!lc'poctod and ob■orvoc! deatb• a on, 370 :i1bo1to1 
1n1111lot1on worker■, Jan. l, 1963 - J1D10 30, 1971. 

... 
Totcl cancor (all a1to■ ) 

Obacrvcd 
"4loaths 

9:l 

C£ncor of lune, pleura, tracb1a, broncbui 

Lu~ c::nc■r 

Ploural cosotbol1ma 

Por1tonool ~osothol1CXDa 

Cancor ot ■to=och, colon and root1111 

Cancor all other a1t•• 

Asboatoaia 

All otl'.or causoa 

., 4 

l!i 

12 

14 

20 

51 ',\ 

.,163 

:E:Ki:;cctcd 
do::tha• 

lS.l 

... 
+ ....... 
+ 

3 .0 

7 , 6 

+ ... 
63.S 

7S,G 

•:::icr>.:ictod dootha ::ro based upon ::co spcc1!1c rates tor U.S. 
w:U to males in lCS7 . Slllok1n::; h::i>1 ts a.ro dillrccardcd. 

+l/n1tcd St:itcs d:it:i not :iv:iil:iblo but :ticuro shou·ld bo only 
•: ~llcht ly less th:in '1,S . 

;united Statoa dota not avail:ibl0°but thoso aro r::ro causos 
o! doatb in conor:il popul:ition • 
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Asbestos lnforn~ation Association/ North America 
22 Eut 40th Sire I 
Now York, N. Y. 10018 
(212) 661-8208 

ASBESTOS INFORMATION ASSOCJATlON/~on111 AMr.R lCA 

In the pai l ftN year■ , the 1ubjccl of nccl\lpationnl and po11oihfo pub! f c 

heal Lh hazard■ a11ociatocl with the lllllnu!ncturr nnd use o( 3&beatoa and 

111bo1to1-containinn products hna hl'corue n topic o ( wldcspr l'.'.:id intereat 

and concern. Many mialeadlng or erroneous i rnpr r s sions of the true 

nature of this problem have been voiced. 

TQ corrt>ct the se erroneous impressi ons ond to co11TI1unicotc to vorious 

i:itcrcs trd nroup1, both publfc 0111I private , t he- true fn c ts about this 

problem and about indus try c !forts and accomp li shmcnt s in f dent i fyi ng 

manufac turing industry hove joined to~c thc r to form thr Asbc- s los 

Information Association/North Amcri co (AJA/NA). 

Tho member companies of the AIA/NA ar c : Atl as Asbes tos Com~any , Cemen t 

Asbestos Products Company, Certain-teed Produc t s Corporation, Fl i ntkote 

Company, GAF Corporntion, Johna-Manvi lle Corporation, 1;.1ticna l Gypsum 

Company, Panacon Corpora tion and P.aybcstos -Manhotl.:in , Inc . 

Basically, the objc.ctives of the Asbestos lnform.1tion Associ.:itlon/North 

America are to (1) Provide on autltoritnttvc c-honnel of co11TI1unication to 

all publics, (2) Public}:,• rebut irresponsible .111d uninformed criticis~, 

and (3) Disseminate information on the ·indisprnsable uses cf asbestos 

in our modern technological society . 
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AUD wc1:1Ecr.11iG CCllTER Date June '1, 1971 

11110: ASBESTOS-CEMENT SIDED FRl\llC STRUCTURE - 1\mbicnt Air 
Sampling During Demolition 

SUMMII.RY 

On March 11, 1971, a three story building was demolished in . the 
Easton Redevelopment sil:e at S . 4Lh fJLreet and Washington Court , 
Easton, P~nnsylvania . Air samples were taken the previous day , during 
demolition, and after demolition. Samples were also takrn on 
March 22 , 1971. 

The building was or heavy frame construction wi th three stories and 
peaked a tlic. The 25 x 38 ft first slory was faced with brick veneer 
and the remainder of the walls were faced with asbestos-cement shingles . 
The inner wall or the second floor , rea r porch, was al so faced with 
asbestos -cement shingles . Small quantities of other asbestos-beari ng 
materials were also present for a total of: 

Asbestos-cement siding Shingles - 2390 sq ft 
Asphalt and Vinyl Asbestos Floor Tile - 7'10 sq ft 
Ai,--r-,-.11 Pip,-. Tn,ml;,H c-,n p x l in . ) - 1/i Hn,,;i,- ft-. 

lleavy visibl~ dust and much s hingle break~ge were noted during the 
1 hr and 25 min. elapsed time of de~olition, of which 1 hr was actual 
working time. The wind varied from calm to light and was variable in 
direction . 

Air sampling for asbestos fiber gave results as follows: 

-yfl5crs ,er cc 

' Time >s u Tota l . 

March 10, 1971 0. 19 o. '12 

March 11, 1971 
During demolition 0 . 29 0 . 56 

(0.19 to0 . 3'1) (0 . '1'1 to o. 80) 

11.mbicnt measure * o. 08 0.29 

After demolition 0.30 0.'16 

March 22, 1971 0.06 0.10 
(0. Otl to 0.10 ) (0 .OS to O .1'1) 

*160 ft west of house and 15 ft higher than other sampl ers. 
Samples taken during demolition. 
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The air sampling figures show somewhat high background values on 
the previous day when no demol ition was in progress. In an overall 
cormnent, it may be said that no ei11nificant increase of airborne 
fiber was noted during this operation, according to G. L. Swallow 
of the Environmental Control Oepar11:ment. 

Contents: Summary, Investigation , and 1\ppendices I and I-I . 

R1eported by ~ 
Materials Evaluation Section 

jr 
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INVJ:.STIG/ITION 

On March 11 , 1971, a three slory building wns demolished in the 
Easton Redevel opment site at S. 4th Street and Washington Court . 
Air samples were taken the previouu day and during and after 
demolitior.. Photographs were also taken . 

The building was of heavy frame construction with three ·stories 
a nd peaked attic . The 25 x 38 ft first s tory was bric~ veneer 
and the remainder of the walls were faced with asb~stos - cement 
shingle& . At l eas t the north f ce had J-M No . 107 CEDARGR/\IN, 
wavy butt shingles . The inner wall of the second floor porch had 
painted wet-machine shingles of similar design as did the south 
wall . Asbestos contents are believed to be 20 - 25 per cent. The 
shingles had been painted years ago and the paint was half 
eroded . The roof was slate . 

The 8 x 25 ft second floor rear porch was f l oored with 1/P x 9 x 9 i n . 
asphalt tiles with visible asbes tos f iber . Two , third floor bed­
rooms, each 12 x 10 f t, were f loored with 1/16 x 9 x 9 in . vinyl 
tile with visible fiber . In the ground floor was a 25 x 12 ft asphalt 
tile floor and 12 sections of asbes tos Air-Cell pipe insulation . 
~stimatca areas were : 

Asbestos-cement siding shingles - 2390 sq ft 
Floor tile - 740 sq ft 
Air-Ce ll Pipe Ins ulation - 36 linear ft 

Filters were operated prior to, during, and afler demolition at 
l ocations shown in Appendix II. 

The previous day had be~n clear with 47 per cent Rll at 36F as of 
10 : 30 AM a nd l ight (1- 3 mph) wind . Light rain fell overnigh t . At 
8:50 AM on the 11th, the weat.her was cloudy, 82 per cent RH at 36F 
and c a lm. At 10:30 AM conditions were 41F, 83 per crant RII with 
light (4 - 7 mph ) north , northwesterly winds . 

Demolition down to ground floor l evel t ook 59 min. wo·.king time 
with l hr 25 min . elapsed time . A clam shell bucket (3 tons) on 
a crane was used. 

The following is a detailed log of observations : 



JOHNS-MANVILLE RESEARCH 
·aND ENGIN!ERING CENTER E Report No. 

Page 

404-81 

2 

Time 
r1ocV. Flaosed 

9:23 0 Min. 

9:24 1 

9:25 2 

9:2 7 4 

9:29 6 

9:45 2?. 

9:49 26 

9; SG 
.,., ... 

9; 51 28 

9:52 29 

9:54 31 

9:57 34 

9: 59 36 

10:00 37 

1 0 :01 38 

10 : 0:; 40 

10:08 45 

10:10 47 

10:14 48 

Observation 

North chimney li fted off and deposited on ground. 

Dropped bucke t 10-1 ~ ft t hrough west roof s lope. 
Repeated three times . Cloud of dark dust . 

Gripped nortr wall peak, lifted and l owered, then 
dropped 5 f t to ground . Very light SE wind . 

Dropped bucke t on top of west wall. South dormer 
s till in place . 

Tried to li f t north wall . Cable frayed and stopped 
for repair. 

Gripped NW corner, tore out, and dropped. Studs 
noted 2 ft o.c. and 3 x 4 in . 

Dropped bucket on floor of third level. 

llal f shingles of ui;pe ;: ·,.·est 

Large section shingles fell to 4th Street. 

Working on center of N wall. NW corner split open 

Picked off S chimney . SE dormer gone . 

All of roof gone . 

All of S. peak dropped in building center , 

Ten by fifteen foot wall and shingl e section 
dropped in r ide house. 

West wall dropped in 4th Street . Heavy dust 
toward sampler. 

Southwest wal l pulled up and into building. 

Al l of attic floor gone. Chimney sec tion 5 ft 
l ong dropped in cente r . 

Rest of N wall dropped in parking lot . Heavy 
dust moving to east . 

Crane engine stalled . 
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10:15 49 

10:18 52 

10:22 56 

10:26 6C 

10: 29 63 

10 :35 69 

10:38 72 

10:41 75 

10:44 78 

10 : 45 79 

Top hal f of S wall dropped inside . 

'Entire third f loor wall down . 

West half of sou h second floor wall down. 
One half on street and one half inside . 

Dropping bucket through ceiling of ground 
floor. 

Coffee break. 

Back to work. 

One third of second floor south wall down 
inside. 

East porch wall and rest of north wall into 
lot. 

Inner east porch wall (A-C shinglesj into Aot. 

Work stopped. Rubble down to ground floor 
brick walls . Plan to cave in wi t h front 
end loader and t r uck away . 

Walls origina lly had wood clapboard . Interior plaster on wood lath 
up to 1-1/4 in . t hick. Organic fiber . 
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Hea■urament of airborne fibers collactod under the direction o! 
R. D. Hindmarch of the Environmental Control Depan.ment , was 
conducted and reported in hi• lettor1 of March 17, 1971 and 
MArch 25, 1971 . The following results a~o abstract ed: 

The ■pecimen• were collected on 37 mm 0.8 u pore size membrane 
filters at the ■tatione indicated on the diagram. Count va lues 
wero •• follow■ : 

-
Sample Result11 
Nwnber Date F/CC "> 5 U TofiiT Remarks -

1 3/10/71 0.17 0.41 Before d~molition 
2 3/10/71 0.21 0. 42 Before demolition 
3 3/11/71 0.31 0.54 During demolition 
4 3/11/71 0.31 0.80 During demolition 
5 3/11/71 0.19 0 . 44 puring demolition 
6 3/11/71 0 .08 o.2q During demolition but 

160 ft away 
7 3/11/7! 0.34 0.5~ rcr:;on.:.l suwplc ur,d ulsv 

mounted on cab o f crane 
8 3/11/71 0.32 0.55 Taken starting 2-1/2 hr 

after co~pletion of 
delll\J li tion 

BA 3/11/71 0.27 0. 37 Same time as No. 8 

l 3/22/71 0.07 0.12 Taken l ater when trucking 
of debris but no demo-
lition was i n pr ogress 

2• 3/22/ 71 0.05 0.08 Same 
3• 3/22/71 0.04 0 .05 Same 
4 3/22/71 0.10 0.14 Same 

•samples taken on 8 x 10- i ,: ., 1.2 u pore size membrane filte r ~. 
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USES OF ASBESTOS 

1, Constru~tion Indus try - Major Uses 

A. Locked-In rroducts or Uses 

1. Aabestos-Cemcnt Building Products 
Corrugated Sheets 
Shingles 
Plat Sheets 
Decorativo Panels 

2. Asbestos-Cement Pipe 
Pressure Pipes 
Sewer Pipes 
Irrigation Pipes 
Conduits 
Storm Drai.r.s 

3. Caulking and Sealing Compounds 

4. Floor Tiles 
Asphalt 
Vinyl 

!> , Papers 
Pipeline Protection (Saturated) 
Roofing (Saturated) 
Flooring Backing 

G. Plastics 
Filled Plastics 
Re-inforced Plastics (Fibers, Felts , Papers) 

7. Roofing Cements 

B. Not Locked-In Products or Uses 

l. Acoustical Sprayed Insulations 

2 . Insulating Cements 

3 . Insulations 
Calcium Silicate (Blocks & Pipe Covering) 
Magnesia 
Air Cell Paper 
Calcium Silicate Boards 

4. Gypsum Joint Cements 

5. Textiles (Not Sa turated) 
Lagging Cloths 
Welding Curtains 
Protective Clothing 



USES OF ASBESTOS (Con'l ) 

II. Con•truction Indu try - Minor us~• 

A. Lockod-In Product■ or Uses 

1. Asbo•tos-Cement BuildinQ Products 
Electrical Pane l a 
Ta ble Tops 

2 . Paints 

3. Weld i ng Rods 

B. Not Locked-In Products or Uses 

1. Stucco 

III. Non-Construction Industry - Major Uses 

A. Locked-In Products or Uses 

l. Brake Linings 
2. Brake Blocks 
3 . Clutch Facings 
4. Chlorine Ce lls Usage* 
5. Drilling Fluid Usage* 
G. Electrical Insulations Saturated Papers 
7. Gaskets 
8 . Packings 
9. Plastics 

10. Textiles (Saturated) 
11. Automobile Undercoatings* 

B. Not Locked- I n Products or Uses 

1 . Millboards and Papers (Unsaturated ) 
2 . Textiles (Unsaturated ) 
3 . Electrical Insulation5 

Rovings 
Cable and Cord Insulations 

I V. Non-Co nstruction Industry - Minor Uses 

A. Locked-In Products or Uses 

1. Asbestos-Cement Molded Articles 
2. Catalyst Supports 

B. Not Locked-In Products or Uses 

1. Filtration or Filter Aids* 

* Hay not be locked-in at process mixing s tations , but locked-in 
in actual usage. 



•• 

r.rootV ~llll l,11 II.l.DIOI!i POI,L'TW'li, C 'r.'OOL HOA ,;J ,ll1.JlfLl,':'101lS 0:1 ASI' STOS 

lfo oo-ro1Al activity, not. ot.herwil'lo ht>reiMrtor prohibited , involving the 

pot.cmU.a.l duoh.argo or vi,oible nnount.n or anl nt.ou fi~r int.o the environmont from 

the conat.niction, alteration, rei-f.r or dorolit .on o n 11tructurc or rror.i t ht! 

procoonna or llllUlufacturi.ns or aaboeto• - cnntJtinin.· J "'O lur.to , oh.all be con ·1uctod 

unlo•• the peraon or entity in charc11 or ouch activity conplieo with tho following 

regulationa: 

20l . (tlo roconnmdad chanpo) 

202. F'acilitieo t1hAll be provided 1111d proce<lu.rel'I i nntituteJ and aupervieed t hat 

prevent the removal or viaib.le nr,ount11 of Mbeotoo- contllinine netl!ri.nl froi:1 the 

11ito on tho clot!-.!.ng or ecrployce11. 

203. (tlo rocor:aended ch11J18ea) 

PARl' III : 5PRAY rl.;.F.P,!OOFIHG .. ,m l11S11LttT10ll 

301 (Ho Tl'OOIIIICndod oh1111gcl'I) 

3()2. (Ho re ool!E!ended chanaee , Sectione (a) th.ru (r) 

401. 

(g ) llny plenu•~ or other structure coated with 01· contuininci nt1l,..oto· - c:inteL'li:-,. 

inoulation nn:l U!lcd in the circ1u ntior. o! tu~ in a bui:!. !:'..,,., ~h.a.11 b" 

thoro116hl.y cleaned of nll dcbrio and \lastc intsulntion . f..11 npplictl ar:bcotos 

fiber- cont~ i noulation within r, plenun or duct. shall ~ co1tctl with 

a ooalant which precludoo exposuio of the usl•eRtos fiber- containinc 

material to the ci.rculatinc ni.r. 

I ART IV : COIISTllUCTIO!I , f.l.T' ... 11J,1'ICII /,!iD iGPAiil 
Oi-' f,';'J!IIC'm:U: 

(a ) Visible emissions from the- cuttinc , tril'l.':rinr. , fit.tinG or striJ,ping o f 

o.sbostos- containing l.lllteri.tl in an area on<'n to th, ntnosnhere .:tro 

prohibited. 

(b ) Visible er.ri.esions of osbentoG- contoinin~ n~rticulatc Mtter irto the 

atmosnllcrc from tho conutruction1 alterntion or r enair of a structure 

arc p1"0hibited . 

402. Looeoly- bound asbestos- containing i nr,ulation rnatPrials used in the conotruction, 

al.teration or repair of a titructu.re shall IX' ce&tPd 1,ith a sealant , provided wi.t.h 

a cover or installed in some other manner so ns to preclude oxposure of t ho 

asbestos fiber to the circulating air. 



501. 

PAm' V: Dl"'lOllTlCXI 

Wh•re the riak or public exr,oure to nat-l'to'I fiber from the dalo lei~ 
ot ube•tOlt-cont.ai.n.ing i.nzrul.Atinr; or f1 r1tproo. n ~ mt11ri11lo il preoent , no 

dol'IOlition ot • structure ohall t,,. inJtinted unlesa nll noror,wu,ta n~croll&J")' and 

practical to prevent tho or.daaion or vinib' r nnountn o! dUJ1t are takon. 

Such proceduraa ahnll include, hu• nrr not necco11nr11;, linitt'd to : 

(a) Doilora , pipoo and nt,.,-1 ,,,.,,\,..rn inr111lrtc-d or f ri-nroofod with 

ubeatoo- cont.ninins Mlorinl ahnll be wetted nnri etripf~d before 

toppling of walls io begun . Thin procedure ohnll bo follow!'d , where 

practical., an to all other nobcntoo- cont•inin5 '_0 Jlntin~ nroluctn. 

Aabcatoo waatt' tron nuch rirodur ta ahull be irnMc11intcly hni;ried und 

dinpoocd of in ncceirdancl'I with ooction ?.O~. 

(b) (Ellm:inate thia nection llll unneceosnry ) 

( c ) Betoro the dcr.iolition or tonpl!•ie of ony nection ~ of the structure , 

adequ.ato wettinC, to nupprcao the dnat nlv,11 be cnployrd . 

(d) (!lo rccoamcndcd ch4nse11) 

(o ) Wo roconlll!ndod chnnr.ro) 

502 . ( llo recomended chnncon) 

6o1 . 

.t'lllfl' VJ.: , .. u,ur /\l..TII ti"'' 

(11) Em:i.t1nioll!I to the atnoonh"r<' frnn ony fnctory , plant or enlrr]>riae whic:. 

ongnge:, in the procconin, or nnnufncturinf of an:, ru;bcstos- contoinins 

product ahoJ..l be controlled on follown : 

(1) All direct forced rnz ntrrru:u, contoinim: pa•·ticulnte 

1Mtter Ntsu.ltin" fron lht- f'\f'nufficturinr or nrocessinr; 

~bestoo- contnini.nr· uro luctG i:;hnll l ,!' trcntcd in fubri.c 

bnl} filter inst"l.1.lotionn o.· 1 whc-rc sn,,ci ul oroccsn conditions 

exiot 1 in hirh c-n,.rr;,· \/l't co1 lcc tors . 

(b) Viniblc emissions of nnrticu1nk n:1.ttc-r fron m,-, ,~mufnctunr,; Qr 

fobricntinr, t.1'1£!._!ttiom, in nn o.rcn dii·cctl·· oncn to the at□osnrere 

ai·e pruhibit.ed . 

602. ~L'liminatc this section as unneccssnry) 

6o3. Vioible eniasions from waBte sludr,o cont'l.in:inc ncbcstos coll ected from 

settling ponds are nrohibited during trnncporL. Such wnnt~ r.lurl--;e shall bo 

dispos ed by burial at an approved site . 

PAm' VII: ASBl::STOS- CO!ITAllllllG PflCJllUC"r.; 

'701. No product which m:i.y emit aabcston- fibrr during it.s trancpo!'tation shall 

bG tron.eported u-u.cas ouch product ie cncloccd in ourh n r«'UUlcr ns to preclude 

tha vioib.le emission of aobcstoa fiber into thc- nnbicnt cir. 

702. . (Eliminate this section os unn'!ccssory) 



'I 

'I 

I 

11 

I 

I 

'-leh II. l\fnch 
Noli01111I Cento, lo, 

Urbon c:nd llldutlrlOI , INhll 

Brake Lining 

Decomposition Products 

A IWl!lbu of ln• .. t lgoton ho.,. lound o,bulol bodlu "' the lung, ol urbon ,uldents who were not oc­
cvporlonoll\f upoud to 01buto,. A relotlonthip botwHn tho connogonic proper!••• of olbe,101 and "'• 
urtion uceu of lung concer ho, bHn tuggutod. The decompo1ltlon products of brnh l,ning1 hove bHn 
dHc1tbwd 01 o poul!,le 10urc• of the1e flbel'I. Brak• te,lin; laboratory method• were uted 10 tut fiber 
enillion f,- o •arlety of friction products. Only o ¥Ory unoll frocho11 of the otbuta, e,cop•d 01 free 
Abtr whf1e b tefft01nder wo1 tran1formt1d 11\to IOffll other, nonfibrout, minera,. A 11;rurcont releos.e off,,, 

ftber oc.curred 01\ly under condlt,om H lrom• enough to produce broke fo,lure. 

TeMe I, Albel lal bodtal in hum1.n lun11. 

l -tlon Yur " ,allUvo 

C.poTawnm ltO 21 
Mloml (1) UM 21 
PlltJburah {J) llfl 41 
Jahonnnbu11 (4) 1115 JI 
F1nl1nd <') UM 51 
Mantroal(J) 11116 " Son rron<11eo (I) lW 42 

r.~,o 11. e,1ke lln1n1 compot•Uan 

lncredltnl Automobile Truck 

Alb411toa " ll 
Aoalna ond 

palymora ZI " 0Ud11and 
plan,1nt1 15 

M1tal1 l 
Carbw,, 1rwphl11, 

otc. ' 1 
Tiiii ~ 

,-------------, 

DI 

)Ir. L),iob is C"h..r .,r 1hr !.,h ... 
oratory ot EnJi11"fflna, t .,.. "l"l· 
t ional ll•hh l'ncram, Pul,lt, 
ftNhh ::iitM«\ l )i•Jtnrll1ll'ht .J 
lfNlth. K•lntahou, anJ \\ r l(11A", 
101• l:.kueJ•AY, ( 'utMIUlAII, t U,111 
4,~20J. 

Th~ orrumn"" of roell'fi fib,r, ,... 
!erred IO a• "~he.too hotl,N" ,n 11u! 
lunp ol urban IMIJ>Uiltio,,. nol or­
n 1r-11onalh ~qi( .,..1 111 a_.1,..,oa bu 
httn nOINI ti, w,,ral 1u,f"'t1pton 
The rwulla or tit, rral autop~, wnr,, a, 
aummariartl IJJ roo1'-"r, 1 art 1111m II m 
Tablo 1. 1 ◄ 11,omp•on.' in •up,..lmg 
JlO'll•bl(, mod,.. of UJIOIUl'I' ,1 .. , rnuld 
arrount for thr-.f' bod,~. alot,d 

The aHna, pn•al11 mn1or • th,rlft «tar. 
out t hrN: nr four .rt• of hrftLe l1111nr anrt 
one or two rlu1rh hu1np 1n 11, l1rt11m.,., anJ 
com.marnal ind rml,hr 1nri•pi11, ,·rl111 le 
••rout m1u, mr,N' Thf°'f' l11ut11"- r,,n~,., 
lar.,ely of ••h~11 ... wh1rh 1• gn,1111.t ,,. ,J,1,1 
u the l inmr •tar. anll m,,-.1 ""',r "', nr,,i 
in bu1ll-ufl ,,.,..,. T iu, al11nt 111 m-, .. • ,-111,.. 

wnuld 1nw1h" I"" d1•rharwt' 111 n H,11\ 1°111• 
or s,i,he,,t,.,. th1,t lfl I htwr .. Ill I ht tr~, .. 
nch~·Hr. 

Since ubeot0< ha• l.-t11 1111phratr d 
u a rartino~n- 111d l u11~ {a1urr h.a.• ::1 

h1ghu i11 r1 lrnrr• 11nv111c mh:111 1.npub· 
llOfU, 1hr rau~ or thr a.,IM .... l rt-- \\Orll from 
brake lm111(l"' h,•romM .. 15~111fw.111t. 

Brake Lining Compoalllon 

The a,·,ragc wn11M.-11t1011 of I q ,1ral 
bra~o linina"' or l hl't l~ pc ........ ,r,1 , .... hm\ n 
in Table JI 111111, 1tlunl m,w~ n,u~ , 0 1, 

coll!id<,rahly lrom 1ht-.e a,crs;t• 
Each or thC:lif' '"k"""ltt111- pcrl11n11> :l 

pertu:ular fonct1h11. Thr ..1-IM',1,1, p rt1• 
,·1de- ~lrr.111;,1h

1 
hoAl n-,,~tmit'(\, :11111--<"h.•,• .. 

tl\ l'- drrnmpo. tJ inn urnlt•r .. u r -... The 
""'"111111 and 1,ulJmtN hold 1h11 otht•r 111· 
g~d1t-111, t~tlhrr. , ·annu, n\lill ... nre 
nd,h•tl n • 1111.t1nc11t" 1 1111 10 1111pro, r t.hc 
grip or the Imm~ on the ,lru,n. :infL 
tmUllt auch a..~ Ir.tu.I ,1111I hra .. .. 1111p ru,·e 
W"C&r wrhile airbo11 a111I i;rn11l111t ~rve 

aJII rnrtaon mod1fit~ 
Jira~, lm,n• qUAhly dc1lt'111I• to 3 luLo 

t"'Cltmt on the ,, pe or l11111lcr u-~1 
Linllftl(I 011, nhirh Lieklll• t11 tlrcomp•••r 
at a.hout -&50 F. l• u~l f,1r 11~!.t &iirn 1i-r 
hrt1krt, ,111rr drntantl111c ..,.n-,ce rr­
QIII~ liralr.r"4 nU1dr frnm rn--t1r• 1, 1~· 
ff'111n' ur ni l rno..hfiNi l'litnohr r'l"• IH•. 
The"(" mJrt' l1rnh ON! m,, .. ,I. f'1lhtr dn 
or \\Ith A ~ohr11t atMf"fl rurmr.:l i ll lll 

ehatM', 1ml , ut'1.'(l III an m r•1 l'ht 
luu·d,.nN.11111111.111--i lhtn rut, K1t11111d, 1111d 

•Amlt<l tu thr 1•rr11"'(' r l11111"1l .. 11J11, ,,1 1hr 
h,u,',r I l111uuc" Tl1r du,1 1•rn h11T- I ti, 
thr al,n:ul1111t opN-01:,111• 111 a•IM"•I••" 
fnr t1on ,m .. 111,·1 far fmi,-.i,, I r,i:i:mf' I i 

l ' tllllllf\' rrtt..• 0.."llf'"o-l A'I hl ...-r-- 1lu1 :11 ... 

,11mlar 10 1ho-,r 111 1111111 .. ,n,-. \\ha 11' •~11• 
u•r L .. L. !101\ 11 10 h,, .. m rv,...... l 111• 
t1UMt1on ff) I~ rt-ohNI 1hr n •l•11f' 1• 
~hrthH 1hr ,111,t prn.l11N'<I h, 1hr 
nnrma.1 \\C"Dr or br.,J..r liu11,11~ ,111110111• 

1111. "lllff'it' h II(' oi (f"'l'(' 11 .. hr~11~ hltt"1 

Te1I M•lhod1 

I n o.n m1ttal cxplnmtnr,· cu:--,·••y, thr 
dwt obta111rtl from 1n•ul,· n111n11111lul(' 
~rake drum, rt"rnm NJ ror hr:t.L.t" u •l111111~ 

.. .._, tQmmr'f l hy r ltttron nurru•:r:iph 
F1c,urc 2. "Inch ... t) lll l"31 or 1hr .... m ... , 
tlN'°' uol rfl\'<.'!11 :111\' (rt'(' fahrr.. llo \\• 
c,rr, tl11~ fintl111~ duJ 1u,t r l11u111:lh.• the 
po,,1h1h1y that fl"'rt' n,lw• ... l•"" t hr•, .. \\\'rt' 

rt"lea..-c<l a1ul 1hnt thr) hlld 1·"'":'\1at"• I 111111 

thr ftlnH ... 11hrrr. To r,n,nrnr ti, .. Ji,. 
IH•tl1l'~i" o. :-t"riC'; of c, 1"'nnv•111, \\O~ 
Jr, •""-'ti 111 11('rn11t ...arn1'l111s: ,11•1·111111~, .. ,. 

t11111 prot l111 I'- ,,r 1hr 11111111-: u111ln .. IIIIU· 
I.Jtcil n1w•r.111111.; rowl,t 1n11~ l'h,• ,,. .. l,. 
( l oLle 11IJ \INC ,,.,r .... u.-1 '"'" 1h,· 
l,mkc 1c:,t 111i.: mnchinc.11 111 tl1r b l u,ml111 , . 

01 B ma,jt' r Lmkc llnini; IIL"lnuf:.arlun.•r 
:'lln,,l of the teal$ ,rere pcrloruu,,J v11 B 
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f'tt•rw L Dteh 11"1n1 fectary du 11. 

frict1011-1c,1111g 1T1J1th11,e "h1ch UJfCl 
on~lnch .. 1111n, Nmp!N ul thr 1.-.1 

lintng 11 .. t ,111 11111 ''"'''"• •1•11t1ra1tl' 
perm1t1NI rontrol of 1ln1111 i,m1ttmtu~ 
rrom tho. ,11rou 11IN1.""ll \\tt h intrr .. 

mit~nt brole ute u, the ma\lmum 
lfml)• raturc n hu h ntrum-,1 onh 111 

t: \ t rrmel~- rspul f"\r 0 111111r'' t top• (mm 
h11h l t'IC'NI 0 th~, IN I • 11rrr 1ttrfnnnr,I 
on a b raLr-1("4;l tnR <l~ n1nininrtt r "h1rll 
1ubJMtNI o roml'lrh• bralr tt•'f111hh tn 
& aenes or , tnl)I IIHI , 1nrt• rn,m cl1ffn,•111 
11-11 a111l 11 d,11' rent tlr1't'ltro1,on 
ratca, to 1nnul4tr lt'IUOi l dn\ ,na ron­
dlt,on, In th,.... tr.it 1hr ,lrum tr,n­
peraturN , ft n N I D('COnt mg; 111 the t in\ .. 

ln1 c0111htH1n a1mul11r,I. U 11n11~ uch 
run at • t~t comhl1011, a ~mplf' "o• 
caUtctttl 1111 •" 0 ', .. port •11,. n 1t111l1ra11r 

tihtr 1.IN"IN>II n11t1011ra1,h• or ,1,...,. 
&hen "'re rununN.I to ,t,1tm1111r 1hr 
p,-nc,, ur htt aalJNtn,, fo l1t11 ft 11, I 10 
quant1h thc-e filttl'I II ht n 1110n, thau 1 

f•,.-urrcd 

. .... 11. 

The object or the 1.,.1, ",. 10 rlt1rr­
m1ne " hu proport1u11 ,,r thr a"'br-,t0:, 
kno" n 10 lf!C 1,re-.e11l 111 t h~ 1111111~ a, .. 

pared u ln,e fi hcr in 1hc ,lrro1111•,,1· 
l ion protlucL :So otttm11l " "' 11,otlr :ll 
• mo..., b•lonce hc,t11 ccn 1hr mnlrn•I 
worn Imm the 111110; 01111 1h• tlcrom· 
pollLIOII 11rorluct since II \\U noL JIO>­
liblo to collect all ol the d~o1111)()';1 l1011 
product 110111'1 er, tho perccntugc,, 
obtained 1n the lroct,011 nl 11l'fo111p(a1-
1Jon product cum,nod are apphcohlc 
to tho total matc,riol worn ln,111 tho 
brake and may he c»mr111tNJ t" the 
r-rwntog,, ol ubeat.oo onJ11U1lly l'"'""'"L 

In all but I few tetll the 1utomoh1lo 

OeCllmbe, nu Volume II, No, U 

drum It L~ lirrntp •'•""""' If"' tit.an 
l 'c. frt"f' filttr 111 thr 11~,.,,n,1• l ,nn 
11mcl11d a-rom1 .. n ,J tnahn,Jl !ft I m ti 
lm111• \n rt., tm11 n11n1,~raph 1>1 11,r 
dc,dn,p,., .. ,11011 p1,wlt1rl t11 ,uunr•I (r,,m u. 

•~111ral '"t m tlu• 11:r,u,p 1• h1m11 111 

l 1~U1t3 I n th,..,. 1t-•• \\)u•:-f' D ••1,;.• 

1t1f1r11111 m,,. of '"""' f1h1·r l\ll• ,,.1, , .. .,( 

4} 1lturr 11, tlw tr111p1ut1111r ""' ,11 ~11 
, ,tn-n1rh luch n,,~,• (111 11,_. 1111111.., 11 
qur,.'" , , , ,tl.-.1,-.•il I,, rru11,I ,lr,,a, 111 
th,. rotthrw111 111 flu 11011 If I I 1111 ... ~ 
111111111,1111 1~11 111,11·1 lf'iJ lu l1Lt I i1t11ht .,,, .. 
rn n. \f'lurlA-, thr l1raL,-. 1111111.1 111'1 \f~ 

fo1k·d 
:--111111.:ir n-,1111 .. \\Nr 11ltt:1111,·, I 111 1111• 

hu• n111I t r111 Irr. ,Imm hml,• t• .. ..., 1111,I u, 
lht' tlutt.h1,-...1 I ii• ,.,1w-11r,,r11l ll ,,,,,t,1 

1lt ... L hf"lll..c Ir 1,,,1 d11I n Ii, '""' 
I >5t; I JCT~ n, ... , liul lilt 11,111 lu- "" 
t.""\11 ~ , l na,\11 t.11111 o. .. ti "'!If' -..:11111,lr 

Dl1cu11lon 
E,ttpl in nll h, ,t ti,. 11,1 .. 1 , ,trr,- ,. 

dn,·ing crmt1.1,.,,, 111,h o ,,.n "'11 ,II 
(ract.011 ..,( tl 11• .'\O 1,, ""tit r ,.1,,.~,11" pr. • 
t11 I 111 a hrah, 111,, ,.:, ,...-11-4· 1111,, ti, 
111111,.,..1,hr,-.. a, fn·•· hi• r 1111· •1111 11 .. i. 

nmuu11, \\ h~l h.!ipp•·1,,..,I 111 11,r . 1 • 

hr,v,-.," \ ,u,., alf'ut tlu·or,· ot Iii ,t.,· 
opt1:il1on ltnlfl .. th:tl \\r,r o,, 11,... 11111 

h, :iilrtL•IOII or •ht· 1111111~ "' •Ii 1l1,1111 

hut h\ ' ' "' prodtH hull 1,r 11;1111111• Jfl , .. 

lf 1111r11...e hci!ll a t tl1r i,111111 11( • 1101 "1 

l<'l"N'fl tl1<- dr111u 01111 tlw 111111,i: I•• 
et,m,Mt-ol\1011, 11111 11111\ nr tl1c l,111ilrr liul 
.,r 1l1r a, .. l,r,,.10. u .. • rll, 01 r ur Ul 1111 .,. 

locstions ,11u t.• thr lur.1~tlrm 11 1r ,. 

lll'ruturc of u .. 11("-itu ... , nh11m tMJO I 
~\ CCCilr d. l>C!i-nmp<..J"11l1u11 prod11rl"I \\ 1II 

rnd111lc not rl"J'"f' 0 .. 1,. .... tl.h '''"-"· l,111 .J 
ci1tTcrent m111rr1I rr---ultm~ h,1111 1l1crnul 
fflt l:t.m Oq tlic.,,,h or (l"i~(0<11 

L---' ,~ 
r,,un I D• · """"f'nt,1,0<'\ p,oou ·t hom """'· 
..... , ••• , (1 1 ti••·· ,,,, • . 

.. 

r ,1u , e t D• omoo1.1,on p,Oducl 1,u,,n bn•• 
I, "I •I ta ,.,. 

m 



Talllelll, Te11 ••••• tr, etktton mw::,ccrapr, 

"""'""' 
Au-

dN'" .... _ .. 
z. AulDmobh 

drum 
braklt 

Aulomobolo 
drum 
bfall.1 1 

AulDm-
drum 
twe,u 

!I. Au-
dNm 
brall11, 

I. Automoble 
Clrum 
bt•k.et 

Aulomobio 
dNm 
brtlln .. Automobi e 
dNm 
bfakts ,. Aulomobi e 
drum 
bf"1lc11 

10. Automob,. 
drum 
btaket 

IL AulDmobile 
dutch 

12. Automob"• 
d11.k 
btlkl 

u. But d,um 
brake 

u But dn .. n 
brake 

15. Trudl drum 
br•kt 
(h&hl) 

Somo independent r , 1 ... ru11t11h ,lnor 
at a brake lining .-.n-h lahnm1""" 
hHe aho,rn tlu,t all of lhc 11111~11r-1um 
preent in the chryto11lc 11.-1..,.,,,.. nng• 
inally in t~ lining ran he an•,.11111e,I for 
in the decomJl()'1llon pro<lucu. ll111•­
e,•er, the ch1rartr r1Jt1c X•ra\ d,fTrn, -
lion pat~m of chrywotile a.,h,, 10- lu,,t 
,,nished. Thu,, 11 I! •l•lr&rt'III rhai 
undrr condit1011, 111 "h1fh a,.1,. .. ,n" 1, 

worn lrom the lining of B hm~, 1hr 
ube,,1,. it destroy,d. 

Conclualon 

Only a vuy •mall proportio11 ,,r 1hr 
lllbealol worn from brake h111111<· " 
releueol as r,.., fiber; tho n:m1111,lr r " 
coov~rtcd into 10mo othor r,,1nrml a., Ii 

ftllull ol the extn:mc tem1,emturt11,r11-
rrated at amall SflOLI on 1ho h111na: •Ur• 
r-. Thu,, although urb411 air m n­
WIIII & l11W lrec libero ... a result or brako 
linin1 w.,, thoy rcpraent a , cry a,nall 

, .. , No •• Coru,,•....,, 
lr•"d Mt1l'Mld l•.,,Po oi Tell r 

,. ,.,.cttan la) IOJ 

I ,,chon • 110 .., 
C , ,.ct.ton IOO • lllO 

,; frchon lOl) , WJ(l 

D r,ict..,, JOO IOI 
French 

E f nct,an )00 700 

r,~ JOO , IOO 
Oerm•n 

0 rncuon 1(1). ,00 

0 Froetion 6111 • 700 

H r 11ction 1 100-6111 

Oynamom111, NOffl\OI 
d t1vtn1 

K Oyn1mom1te, No,mal 
d lMOI 

L O,,n1mom111r c ,1y 
drlVinl 

M Frtcllon tlO - 550 

F rncll'on 10 .IOll • IOI 

pro1tt,rl10U or tht tntn1 L"'IK"'i lt u .... d II~ 
nurnuf1u.·lurt tif hrak~ ~Inn, •-.uurrr.., 
n( re--111rohlc fi~r- nut ~ ..... "'1:1tr1I 
w11h a.,IJt..,fM pr,wlurt naq• llf'eu ,d,.1111• 
fi rd," anfl frtt filw-ra from br.'lL.r l111111'-! 

" r !lr IIN."m to ht- nn inrtm~qu1•ut ,al 
h t'flhh far ror rn urhau rur p<,llu t1nn. 
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r .. .. 
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2(,2 /IRII/.\ // Jfll II\ II 1/1 /\/JI \.'/U 1/ 1// /l/t / \/ 

l "nt1 I r,111,111. 1t , ., h.111 l n 1,tur n d tt, tht ','l: I 

A(,f At 014111 01 •• r,111,t ft\ 11tl '" IUlllll\l n,, u111. "'"''' ur ' "" 'l1,,11., , If .al l h ~t\Kt. 
_________ ,_1_,_10_l tf1' " ' l t• II \ ._., ( \ ,1, l1n 1e,I \\t lli,n r11t: t1oJ t'f I t('C --------

A .. h• l f 
,, .... ,~ C 

.... ~ 

" J •• I '. n ' t ' I • •• I ., II , .. • :, . ,, 10 =·· II •! • ., 
' II I I ,. " 

w moun, the Cflntnh>nc,t p1«.tn11n • \)lllpt,u n \,ii, 

the rnr,J 00\Ct or e, t,cn>,, llttlrlOd\ , ,r b•r•lh Jue 
to 1hc form:alillll o( ,l ll\11 \ \j \(' rlrur.,I ctlU\ll'O r .. ,n 
-..u J pror 1111cn1 fcJt Hr, Miter dL ril~ J J\ • Juli 
ache, somc1imc-, dur hl m,:1,1on nf 11 c nil\ 01 
,crrebrac. or sl'mc1,n1"' •hMr anJ r.111,, rrnr. \IIC· 
a« •m~ nrnr m,ohcmcnt Tuntt,u,,, 1n 1hr chc,1 
w~ll "en:- not unC'\. ... mn~c,n. l'C'CtHrin~ r1Ihrr ,n 
prc,iou1 or,crnrmn )l.:Jn or h) J11fi l in, Jc.iun of the 
chest 1\'311. The S)mruom3tolui;~ or the pcrorone•I 
tumours '"nl ,nurc \3ttct.L In son11..· r :u1<"nh 1hr pre• 
scnlini: S)mpron, "3' pa,n o n 1kfo,-.:J111,n or 
mic1uri11o n o,rru,e urrrr Jbdom,nnl p3tn \la\ ICI) 

common, and s"ellon~ or the abdomen due rr, a..:,rrs 
was Jh•n~ prc.cnt tcrnunnll>. 1 he merhoJ , or 
1rr:11mcn1 ,ncluJed pneumonccrr,my, J tenrt,car,on 
ol the lunG, deep , -rn> rherar), 1ns11lln111,n nr r•Ll•o 
acthe gold, and C) IOIO\IC J ruc< Thcv -.ere u<c,I 
nlonc or in comb1nn1,nn b111 had l111lc :fTc.:1 on rite 
course or the d,sca«: ' ' " ' fo r the pJ l,_nlS <ufreroni: 
rrom pleural mcr.nrhcliomn died '"''"" <>nc )CM of 
the onsel or S)mprom<, 3 rur1hc1 thtrLI ",rlun l\10 
years, nnd onl) one pnrienl sun iscd for o,nre rhan 
three yen~ . The course o r those "irh r<-flloncnl 
tumours ,rrru::,I 10 be cqunlly rapid. f-, g!H o r rhc 
paticnrs died "irhin SI\ monrh< or the OMcl of 
symproms. 

Sources or tnrormallnn on OcrulJJlion and llcsidcncc 

In add irion 10 the \\Ord norcs, somr nr 1, h,eh s;i,c 

aood oceupnrionnl histories, there "ere 1nrrc ot~cr 
sources or information: the pa11cm·~ ge:icr:il 1unc•,. 
t ioncr ; the r.-corJs o r nn nsbc,ros factor) rn the arc•; 
:ind pe:rsonnl inl<"r\ ic\!,S \I. i•h patients or their 
sur,,hing rcl3lht'. 

As a first , rep. general prac1i1hners \\Crc circularc,J 
wirh nn c~plnnator) ICllcr os~ma them 10 c.impletc 
a form gi,ina deloils or the occupations or r•11cnts 
a nd their immediate relnll\eS. \\'11hon l\\O month< 
65¾ o r the doctors had repl,cd. In 11,0 CJ,cs • 
hitherto unl.no-.n c,posure lo asbestos "•' re, eJlcJ , 
in o thers the name and address ora sur,11rni; rda1i1c 
were gi«n, but in the mnJOfll)' the docror "" unuhlc 
10 gi,e informo1,on because. on rite dcJlh or 1hc 

~('.If 

In 11fh. ,,I II ut~,h"" l ,h , l•'•1n ., f1h." "• lq 
\f1,,1.l1l1..,I , ... " ,t 11( ,.11 r l)r'•'J'C"l'"'t ' llH"' ll 'J1t 'fl"I 

l 'H l 1 1 nJn\4., i,f 1ll 1,111r11u ,,\,c dlC'\.·lcJ 1tl1 

•ht,\ r,,.. '-1ru .. "''" l I n111c Ill.I 114J \-1+ (I\ J"rr 
lh<'u "1 l t 1.. 1 n ,11n1.·\ h 111 t,c,,., a ot.unc-J rh,m 11i.l:1 
" "" ) \ \\' fC ,d .. ri1 1h,,I \\1 f l111u1 J 11f ,"1ilh T"'k- t\...hl 
dilrc, .-,r c1n1,lu~ 1t11 ,,, ''•" 1! IS r,J1: -.:n1 - Ji rt 
JUI Ih~·, h ,,t J,·rnc "'' ' " nb1,1,nc1J (nun 1h1,,.• rn.o ,h 
"'' lh~• IJL l , .. 

I he luur f'.ll1cn1, ,ii,,, JI 11tr tl\.·"'°1n1unr L'( 1hr 
•nH,IIA;.111(\11 \\(r(' 1.11('1~1\\'ICJ f't"1\00JII) \ (c ... 
rd.lll\C'" "CIC ,1.1m.u. luJ t"h r'-'''• hu l tfM" rtl.ll1'""' 1.11 

,,s J',111('1'\ I' \hh tnh.:f l(""C"f' h-. L'"' ('( us ( If 1 ',, 
lhrir hun ... , ,11u~)l1,,•J nH"" th 1n lie I :hi I nJ C"1 

I on1lun ~ 0 1 ,,nl) \'IJ, Jfl (~\.UftJfll°'"'' l11 h' ,,r11tc 
ru IIcm. th.: , p.,,u\C'. ~,,,, :tnJ dJurh1t r, .,,,, J f.;111~ 
1.1L.t'n, l1u1 pJ,1 :,Jd,c"\C 1 " l:'C llhll 1tl.,1rJ'"J 1 he 
in,~, \ 11:u ., l::a,h I f1..,r .u k,I\I Jn hour T ('I te'1:JII CHn h 

o r JO or ~O •" a~,, ,1 "•• ofrcn ncn-,.\lry 10 
<",plo,r lhc 1<",1l.Jtn' 1:il ,nlt "-: ... uf'Jlll1"31 h1u1,11("' "r 
all mcml-cr, or I he r,101111 

L,posurr to \ \~IU\ in Thrlt Grt>UJl~ or r.t1 irnh 
Surrrri11i; froni O rhtr Dl..-~,r, 

J-:or comp3tt\t'n \\ 1Ih Ihc mc-wIhc-l1on1i> r..11~nt4, 

lt1rtc further L'h'ur~ C'f p,l1 1C" nl1 , ufTtnn, frtJn, ,-.1t ~• 
lh"i(' hC~ \Ii.Cf(' ln\('lflJ:,, l (',f 

The tir,1 f'OUI' IIJ1 selc.:1cLI rrom lhc r ,1tcn1, ,n 
the m:,t,:,1 •nd ,uru,,.1111arJ, or the ho,p,ral du• •ni: 
t!ic CJrh ,ummr or 1%-1 t'tn·rlltrnt" ~ r,e-) l1eh 
r Jti('nt Ill 11~ m('~orhc1•om~ )rr1u \ \ ho hJJ been 

UJC't,I \l,J, m.1rdu:J \\1ln :an in-r-.,r,ent or 1hc ,:UT(' 
se~ horn 111 the \Jmc fi\C~•)C'.lr r,cnoJ A• thcr(' \• ,, 
• dcarrh c>r rnalc pa1,cn1, o,er 75 ) Cln of•&• ,n lhc 
hosp,tJI, J ,ample of '" pa1,cnr, of 1h1\ J G( and 
older "'' to~cn rrom a ne1£hhour- , rrr1,1r1, 

hosp11nl. 
T>ic =nnJ Group l\cre tho.c """ h.!J on111n.tlly 

b«n r,1, 111 rhc parho'oi:) J cr,r1men1 or chc 
hosp11r , a, _,.,cs or mc;othcl,omJ bur ,n "ht'm the 
Ll,ni;no,, ""' sut-scquenll> rc,c-crcJ on p.11lwt.,,,.-,1 
ground , hi HourohJnc (1 9<--l) l'rcJ«trJ \Crr"'') As 
11 had p,mcJ C\l•cmcl> J,n"uh 10 l<'<'Jlc the rd•· 
1,• e, nf 1ho;c -.Ii<, drc-J b.:forc 1950, Dllcmpl\ '-'Crc 
made u:~I~ " -' tr.t~c the thrc:c sur,i1.or,, m thl\ 1roup 
an,J the I-I \\ ho J,-d J0cr 19$0 

The m-po11cn1 leric,. •lrcJd) dc-.cnbcd, ,.ere •II 
adm111cd 10 ho,p,rol m 19(,.1 The r>,11tcn1s -.,1h 
mcsorh h ,, na "ere adm,11cJ 10 1hr some ho,p,:;! 
o,,, a period o r -17 tenr~ dunn~ "htch there m11h1 
ha\C hero a ,11bs1an1,~I clun~c t-..,1h ,n the ~1Jcn11~I 
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1111iitl<"III~ h11hl~ 1,an1fh..1nt , \ ! ~7 11 • r 
0 001 ). Th1t rc,ult IS unl1l,.ch u, tic:' unJuh mtl11cn~tt.J 
b)' the t~O arours of ra11cni, not t,,c:,nii:, milli.hrJ fl,r 
year of 1dm1u1on 10 1u,,r11JI, ,,n.;c- 1t1erc "J' nu 
111n1ficant d1fTcrcncc c,tr~r ,n 1'1c ,1,c.1\ of rc,1,kn1.c 
or 1n the occ:up.ation, or 1hc p:111cn1 .. ,u.t11111h:J in l 'U►t 
■nd those 1dm,11cd b.t"«en 1917 onJ 19' I c 11 ,, 
par1n.; the confirmc:J and rcJ«ln.l p.11,cnt, ,n t'ir 
mno1hcllom1 ,,ou~ v.h,• do<J nf1c1 19,o. Jf, 1 <o . 1 
r f the c,onrtmlCJ >nJ none or lh< I 7 r<J<-:lcJ , l'C\ 

p , c I histo') or c,po,urc ICI a,0010 11 at-le 11 
Th,s d,rrcrc~ I\ Slllt\\lC~II.. .,,,hi) \1r:nil11, 1n1 

tx' 11 u. • 00011 
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Jo11h '''""''"'' \' 1lh ""'·'" ,111HH11lh of dll\\,Ol, C .inJ 
fiol 111111,J,1.-., 1 .UlltH, Ir in tt,~h f lc,tn ,,.1r1 .. ,I 
"'"d t,·f,,1\· t'J" 11hr '"·" "'htn 1lic ;1,",10 .. r1;i,.ut1-
11on Ltllll•11llu, 1'1, Ill llhtf,tllllfC t'll :,,1,~I("'\ io-,~1 

unit the rrn1c, tn"1 ol J"-t"-<,u.,., "'1r~r1, ~ ·Jm(' 
r:rTC'\:h '-cl. anll ~,en :111nr1cJ "',rt,. fxh, ·n 1h1; 
b<ronn111~ or 1q1J •"J 1hr cnJ c,f 19~: f h< ,-;,ur,>· 
11,m .. or 1hc..c \\t\tL..c,, anJ 1hr t)rc of .i-sbnto, the) 
u\CJ arr ,111,\,n ,n l :at,lt J \ 11 or 11,c 1· for l.l.ho1 11 
Jc1.1,h \\,,:re .i, ,111.aMc had u rJ \7f\.'1.1~1,li1c :1-.1-,t,h,, 

I 1\t l'f th1. '"''"urlll<"ll!. l1tlc,I arc .,ot ...;hcJulcJ 3\ 
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rcqu111n1 rt\\:Ji.~I , Jf'T\1t.1 11 urtJ , 1t, .\1h,; , 
R t 111IJlll'II\ 119111 

r our p.u11 •. -n1• "trc .,.,,rl1nJi •• rthu ta,tilrk., 
m..l"lr11 Ill 1,rc,1 11 ( .,l1rt,,.,11tt s,111.'11 0 11r f i.)J l"-C' 

cn1r,l")td In • "''I"" "orL., u,\lnt .1,111:\t •• n 1h\'-rh 

for raruc,on, I , .. q,t ,.,, w,t .• -OOl,.H1 Cl'\trli,)N.1 

10 1ruul111n1 clc,.1,..,-k, \\llh "'"~;J'"'"IC", 0 1'" l)l"", r 
11hc1H'I uud ,n II~ 01hr, (jLlnflt, .lh. lh•I L.1w,-n 

T~ e11h1 l><~tonc ens">«" anJ l1,rr11 ,.,·re •II 
mrn. Thrtt had httn tn1rlo)tJ rn d )~,J• 01, 

1h11' n;p.1,n. 1\\1) In \:lfl(lU' l\ f"n or'''''"~· (,i'l(' rn 
• powtr 1111ion, C'nr 1ntt.1lhns: 1t~h1"11t.11 .iltril111 1 
cquirmcnt, and oc m,1111111& e<mul hr:i1111t \11 
"nc conu11cntl) cn,rll")'-·J o!'l 1hn hl"C' ,,r "''''- h 
more= thnn :o )tJU\, ~uf, in ''-,•He, f\f"lnurc 10 

asbn10, "IJ in1crn1,ucn1 

DomrJllc L,rounr, l hc ,rnu(I of n,n,. SC'\~n 
women and 1'410 nwn. "'"''"'" rtlar,,c, "l,rJ..N """ 
aibn101. ■re nr f\UI ~u~r lf\lert'\t The "''"' U\U111 

h 1SIOt) \\fll lh:'lt or the ,,,(c \\hO "J\l1rJ her hu-. 
band'1 dunaarcc, or \\Or~ do1hu In one 1n,1iim.r J 

rcla1i,,: Litd th>t 1he huil>Anll. a docltr. came hM1c 
'v.hnc '"'" a,t-ntN' t\tl) r-enon, (<11 1111« or fom 
) e1r1 ond his \\trc t,ru,hrJ h,m dm\,l 1 lie h\C\ nK'n 
i n this a1oup, "'"" bu). or 8 (Ir 9 )CM\ " 'd. h,,t 
1i11crs wl10 \\~re ,,r,rl..1n, 11 :rn 1,hc,1N, ral.'.IOr)' One 
of thac 1irl• \\OrltJ •s • spinner [1 0 111 1?1< lo 191b 
In 1946 •he died or a•bts lo\lS 1 he P'"'' 1rror1 or 
the rnqucst s111e1 • "She uS<.·d 10 rel urn hc.1mc:- from 
work ' " ' " duSI on her elolhcs' lier hrolhrr hnd 
apparently no 01her e,ro1urc to a,bcstos; he S1,r1cJ 
v.orL. a, a shor, o,,1)Umt, 1hcn bt(-3mc a Jl\\\Cr or 
iron ,orden unlll I9-lS "hen he "orled ., • io,drr 
or aroceru,, in lhc llo<:ls for r.,c .)COr> ,~111 nt,cr "" 
dusl y caraoc.s) and then rC'lurn~J 10 U\\ m.:, iron 
airdtf1 lie d,tJ 111 19,6 of o rlturnl mr>o1heh,,n1J 

ln-plllenl Serie\ 

Orcupatiunol aml n umrJt1r l:..\pnsm,, T"'o or 
this series had "'or"cc.J in a,bc~IO> r,11:1C1nrs Jnd four 
hid been cmplOJtd •• tos,crs The hu,band of 
ano1her \\IS cm111o)td 31 3n :i,bc-scos rJ\'IOr) for 
three )C'IU, anJ l\\O doc"crs m 1hi1 srour £,:t\C' 

hostones or honJlon~ nsbc,ios C>rQOCS frum 11me 10 
time: throu,hou: 11,etr "orlong tore 

The d ioanose< of 1hcsc p31icni. ho<e been groupc,J 
into SC'<n ca1esoroc. (Tobie 51 T he r•1tc111. ,,.1h J 

pcnitl\e h11Iort or e,rosurc ore ia11c1cd Ihrou11h<•uI 
chc \'~n ous di:11;nrn11c 1rour,. nnJ 1hrre 1, no 1ndu:.:1-
1ion that «posurc 10 a,bc11os could be rd.lltJ ' " 
the di>nSC ,.h,ch had cau\CJ 1heor odmo,\oon 

Nci&hbourhood l ., posuru or l\tnollor lionou ontl 
ln-patirnt 5-e'rir\ . - The 3(, 1"3licnh "''" mc,o• 

I ••1 ~ 

01\1 \ I I• I\ t'\ 01 ,41H... I' JI ii • .._"\Ill .. I ., . ., 
.. 

I 
A 

:, 
• 
I . 
' 0 II I 

II ,. 
l hclo,1 J .,nJ lhc- 67 ~l,ml\ 1n ll l'C' ·in f\Jlit· l 
K r1~. It,, f 1J nc-11ht1 an °''ur:11,on.JI c '"'' 11c: 
nor • 1C'l.lll\C' li-.,n., 10 1hc- h lllllC' "'-'rlm~ \~.,~ 
lh~et,,, ,,u,h1 ttJi-.e lxen c,,,.,, iJ to ,ub-.."'\h" dL ,: 
t'IC."C;111, II t) 11\cJ m the unmcJ1i1tt -. 1c11111 <'f u, 
ia,t,in11'" r.1..1or. • 

One r:,"14,~r~: "hr,c morL 1h.1n one-fir111 nr 1hc: 
mC\01hd111111J ""1t1t1111o "c:-re cmr,lo~cJ. Ol"(nr-J 1n 
1913. h.."'\\IOJ: ~n S11Ui11Cd OC'MC'f l hc C'tOlh." nr 

I onJon fri1 1he prc\1ou1 -'C:\cn )CJn There \\Crc 
1hrtt orr~1«;J fcmJlc: f'-.ll1cnh 11,mi.: ~•Ihm h.ilr a 
nulc or ,,~ rJchll)" Jurin, lhc lime It \\:\Iii ,n rul.lJuc-
11011 II ,, .. lir,t ltlC \ Vhrn It open~! lhc '-" C'fC 
ch1ld1cn !i<h,c..:n 5 and 7 ~"'t,lf\ old . .Al 11,c ('HC\Cnl 

111c. lh(rc "ere c••hl f1Jl1cn1, li\lnr \,11lun ,1 h.ilr• 
mile ,.,-.tau of tlic (1i:1nr) Ont m,1n \\JI ~orn "•Ihm 
3 quJricr or o1 mile of 1hc r,:u.lllr)' and rc:-m;i,ncJ :11 
the \4111C' :i,.Mre-,.s for 16 )C.ln. The other scHn \.\Crc 
,,omen, :Intl :111 c,crpl one "ere ch,hJri:n " h("n thr 
ra~ton f'("('neJ The SC'\Cnlh \\:I\~) )C:IU o( Jt"C. ,d 
rc01:11ncJ an the umc hou~ unt,I shr J ,cJ •Hi )CMS 
l11cr 5hr u. lhc onl) p;st,cnt "h" t•JJ nr11hcr 
OC'Cup.c11C"1nal n\,r hou\.d10JJ c,r,osure bul in \\horn 
3sbc, 10, ~l,t\ "-er,· founJ m th.: lun.:, :u n«rors) 

Amon~ 1hc ' 1:1-r.11,cnl' srrac•. one:- raticnt :"cd 
near the fa1:1or) al 11, rrt\l("U\ sue :ind four ,,1hcr, 
11-.c-J nC'M lh r,rc\C'OI SIIC One ("JIIC'nl \':IS 1: )CJl"1 
old ohcn she "10\CJ 11110 lh~ nr11hbourhood 1n 191~ 
ShC' d"h'-cJ 11 3oJ. \\hen 1n1c""c:-"rJ, ..:omr l,11ncd 
1mr:u11.1II) a1,ou1 1111: Juu fr::-m 1he "bt-sto-. IJ\.h,"l J 

3nd 1hi: rJf\ ,n the- housc-

l Allt 6 

R('lllf ,r-1 01 PATIL'1,f\ \\1111 ,n OC'f"l PA110'Al Olll 
OOMUTIC r,ro~l Rl TU ,inu,os 
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TI1u1. IOl<'08 lhOK '"111 n o m,up;,tiC'n,,1 Cir 
dom(.tliC: C'\~ 'hUft"' 10 a,t-._,h,,. 1111..1~ :111..· 11 not,•., 
p11icn11 rn 1hc moothcl1oni:1 K m,.-; aml fiH· t ? ,,• . l 
in the '1n-p:11irnt' l('ri,"1 "'"' ll\t'\I \\1tl11n l1:\lr .1 n11k 
of 1n a,l>NIOS fat lOI) in Ilic aru (Tol•i. '- l he 
d,fTcrrncc In the prc,ror11on or r n1icn1, on lhe t1>0 
series "hn 11,cd ,n tht \ICIIIII) or the r ... tM) and h, J 
haJ no other c,pC'ISUrt 10 :atl'-"''" 1s sti\ll \t1c:111) 
sl£nific,,nt <x' 7 85; r • 0 01). 

Uott of l'lr>I f.•p~surr nnil lntrm1l llcforr IJ•~lh 
In !\lr>othrllom11 Strlr1. I ofl ) •Olle men and \\Ollltn 
had Ix-en ,,ru,-1 10 osml.,,. indud11I£ the,..: \\ 1 .. , 
h\td nrnr t he n" n 11b<s10, foeior) . The durllion 
or c,posurc ,ari~ v.itlt"I) . ran~in• '"'"' t,\l, mC'lnths 
to o,rr SO )<3rl> The 1111orvnl h.:h,ccn 1he fir>I 
·~posurc anJ dc31h ,,ricJ l'<'"e<n 16 01111 SS >••rs 
,mean 37·5 i on) Amonr , loc £four of foclol) 
~orlcrs, v.hcr\! c,po,u1c- wns rrohably hc:;I\ icsl, the 
in1cr, al w~s shorleil ll \\3S lon&C\t :,n,cms 1hc 
Erour lh ins in the nciahlmurhooJ or 1hc asbc,1os 
factoric,, " here exposure 10 duSI '"" prob,My 
lo"cst. Table 7 •ho\\s 1hr mr•n nae or each croup 
al firsl exposure nnd 1he mean or t he inler, al before 
dcalh in c~ch group. Ahhou~h lhc lcn111h of rntc1, ol 

TAIU 7 

JllflATION DI T\\I [?"- lYPL OI [.'(,0.)l,1Rt ,.. • I f'GTII 
Ot- 1:-.,tRVAl UI rnRP o r ,111 IN JI r AllL .. 1 5, IN 

MU01 tlll 10\I \ SCHl[S 

T,rc o(E.lr,otwn 

------ -1 
FatlOfJ •orL 
Oomnhc 
t.,,..,, end f1Uwl.&1or, 
Lhl" I In nc11hboWI• 

b.ooJ arr.nary 

:.:::rt..::.::. 
(.)urtl 

::' .,. .,. 
l IS 

Mun l ntunl 
bcl • ccn Firu 
U r,o,\l,fC , ,.,J 

Dn•b 
()on> 

29 . ,, .. 
)I . ... 

111rird b<l\<ecn 29 4 ond 4S 6 years. 1hc mean oge 01 
deo1h sho"cd lrn ,-;irio11on; 11 ""-' SO 6 icars 1111hc 
group of fo..iory wnrkcrS and b<h,cen SS nnJ 57 
yearS in 1hc olhcr £roups. 

Asb<•los Bodlcs and Asbcs10,b in 1hr \lcso• 
thtllomo Serics.-Of 1he 8) pnlicnlS in lhc mcso• 
1heliomn series, luni: 1issuc "°' a,niloblc for 
CJ1omina1ion in rorl)'•threc In four other policnls, 
all ecrtified as sufTcnni: from osbcs10, is, "''" no luns 
tissue a,·ollablc, c,nminoiion or spu1um 1.lurini; life 
rc,aled 1hc rrcscnrt: of asbcsloS bodies (Table 8) 
Bolh asbestos bodies ond his1ologic,I e, idence or 
asbcs1o•is \<ere founJ in IS of 1hc 14 faclory "'or~cri. 
i nd 10111:crs. A furl her r.,c sho"cd r, ,dener of either 
11Sbc•tos bodies or osbcs1osis 

I UIW I ' '"'.: \\ ,I :,, .111 ,M\,· Ill nr,h f,, ,u p .1111.:nh 

t , r,c ""'' \ tl h~ tl11 ,11:11 , I 11th"' n r t,)' lnttll" in the 
n~1.:hl1,,ud,l"'1'J l'f :i,h ,11,, r,1\.1tirir, In t"o· 
:,,t,· w, h,~l1C', "'''"' 1 u. 11t in h111~ ti,,uc t-ut 1hcr,· 
\\~~ ntl C"h.lrn\'(' 1,f ,.._ t. 11,\IS 

I\IOl'CI 0 1 "-'l•I\HH n1 IHI\ OK A\lif '-l f'\t.l'.. I~ 
41 CA\1\ ('II '\U )•1flll l lf\\l \ \ \ 11 11 l l,1 , 1 1 l L Oil 

\Pl ll \I .\'\ \ 1l \blt I OM. I, \'\ti' \ 110 ' 

" "'\,)!'' .,, I 
c~"'"'' . ,,,, 

A 1W•1 1 

, .., ... , .. c 
, , , .-11" 
Unu.a.eJ 
~-

Aml'nf, thc I~ r:.1i~111, in \\.hOm "" J dinih: cont.1ct 
\\ith ~d'k:\IOS \.C"Uli..l N n 1.,bh~hcd, 1hcrc \.\aS onr, a 
rncrchan1 sc:1m::m from Sou1h ,\f1 k.s. \.\hoi.c lun-1 
sho\\rli l,01h asbcs1os l>odics and osb<,101i•; he ma) 
hau: h.:ul con1:,c1 c11hcr in S0111h Afrn:.1 or DI sea, 
bul his corly his1nry roul,1 no1 t-., c.-<lnhli1hcJ . Thrrr 
were 1hrrc 01he~ on 1~is , ,o ur "ho h~J a1bcs1ns 
bodic-.s ,n hrni: ll\!tUl' \\llhout t\ld~n C or ~h"-'")lO\iS 

or the SC\CI\ r :uienh " hO\C hi•itor ics couM not Ix 
1rncrd, three hJ1.I J \ b.!SI0S bodi.- onJ hoslC•lo,ical 
C\idcncr or :1stx-, 101ij :111ct one h:,d nshc,tc,,is alflnl'. 

Oiu u,sion 

ln the mcsothtl,omJ series there arc 1S r~111c:n1, in 
whom no c, idcnce of JO) C',ro,urc 10 a \ b ~'ilOS coulJ 
be fount.I. A chief source of inform:11ion was a 
his1ory 11kcn from a sur,1, ins rclJti\.C, A surpriiing 
ontol1nt or infom1:u ion '' "s obtJinc::d, bu1 in some of 
111osc inl c" ic"cd chc mc:mor)' mJy h,l\C tk."'Cn dcfcc• 
ti,c or they may not h3\C' knO\\O of short prrioJs of 
c,posurc during 1hc you1h or 1hc dccr."eJ. For 
e,amplc. one or the rJ1icnts \ \ :a e\cn1U:1lly idcn•ificd 
•• ha,ins \\0r~cll 01 a lore• ashes10, foc101y for 1"0 
monlhs in 19~1. This""' before he onarroc<l. and 
his -.\it.Jn\\ did not lnO\\ or this c:rusodc. It is of 
interest 1hat asbc\ln~ Wd1c.,, in the luns , \Hrc found 
,n onl) four or 1his s roup, and ii seems prol>ahlc 1h01 
among khc rc:maimkr lhcrc \\ere those ,,ho h:id h:uJ 
no c,posurc to od,cs1os. 

In the me\othchon1J sc:.ri~ or r :u icnts, both in• 
dustrinl ond non-1mJustrial c:" r,osurcs \\en: rccos• 
ni,cd. Amon& 1hc men the c~posurc "as pre• 
domin:rnll)' indu\l ri:11: !! \\Orl..cJ in asbestos 
factoric i. or o~ l:1cs~rs. t\A.l1 ,,ere r,r"Mt'd ou home, 
and one ll\c:d near the :1sbcsws rJclory. Amon; the 
\\0mc:n onh 10 \\t,rl..cJ in ai lx:i tos factories, and n 
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rur1hcr 17 tuu.S non-indu111 t..ll ,.-,r-..,,11h.''· \C,~,1 '" 1h1.: 
home ancl 1011\rng ntar ;nb, .. , h ~ f.1ch•1": 

1 hcrr i1 no C\ldcnrc t h.11 tl'f J',111o•1,h \H lh 

pcriton~I IUIUOIJf'I tl1fT'n1." Ill 1hc-u I) ~ nr nr,,,"rnt 
r,om the r~1icn1t ,,Hh plcmtt; t unHHII, 1 he: l'"'PlH 
t ' n or p0s,iti,t firtthn'-' (\( n1bc\h I hoJ1r, "' 
a,bd101i1 ,,.u similar in hr-th '"'up,. , \ luphc, pw• 
portion of "omen. p1uuculnrl) u1110111 1hc r,1l'W t ) 

,1ror'-:tu, wn1 nlTt'cird b.) prrihmenl lunu ,u, ._, h111 lhc 
d1fTcr11occ bcl\\rtn the sc,n "·'' nCII ''""'" '"II) 
S1&nifi~an1. 

The r«-ent tRCTCI~ in 1hr nuin~, l"f ('tJ l 1cnt~ 

di1gnr,scd at 1hc hosr i1nl m .. 1} ~ fl..'' 11~ ,lu" IL" ~" 
mcrc1ucd inlcrt"Sl m mc.so1hcliJI tumour. oml fllrll) 
10 1hc Iona intcr,~I bc1,,crn lir\t c,rt,,ur~ onJ 
dc,clormcnl of the 1umou1. Tho\C r,,,11(1.:,I 1, 1,, C\'.n 
1915 nnd 1925 nii,hl be '"l"'CteJ I<' <he (10111 J l'lllll 
19SO onwurd,. Asbc!los 1nipo11, tn 1he L n,ted 
Kin,dom hl\C moun1cd Sl<epl) '"'"' 193: (I e.ihall, 
196-l) ond its uses ore n•orc ,.,dd > d,,,n,ficd on 
indu11ry. The increasing ,,rn,'IOrtion or the po(lul.3• 
lion exposed 10 ubc,10, d111111~ the poll 30 )CDr< 

n,1y be cipcclcd 10 &:,he rise co nn incrc:nin& 
o«urrcncc or mciothclinl tumoun. 

The choia: or ,roups for comr:arison ,,11h the 
mcso1hcliom11 series or r,:u ,cnh \\JS not 1Jc:\I. The 
numbtr of pa1kn1s it ,,:,;s p ('l\)11'1c hi trace in the 
'n,jc,:tcd' series proved to be , er, sn10II l he ·on. 
patient' series, olthou, h matched for dntc of bor1h 
and sex. d iffered from the mcso1hcllomn scric\ m 1h31 
all "'ere odml11ed 10 ho, ;,itnl durong 196-1. N,·,1hcr 
of 1he1e aroups could be in:cr,ie"cd "ilhnut kno\l • 
lcdsc or the disease [ran, \I hich I hey \ICTC . ~rrerini;. 
This could hl\c kd to boos "ilh under-repor1inc of 
exposure co asbc51os in lhc in•pat,cnt scri~. 1-lov •• 
ever, in the 'in-patient' series the ac!tunl p:u icnt ,,as 
intcnicwcd, and more dc1ailcd ond rcli:tbk 111\lt.'rics 
were obt~incJ thnn wa( pos~1 blc r,om chc rd:uh cs 
o r those" ho hod d ied of mcso1hclinl 1un1ours There 
w.a.s no evidence that, bccnusc or their mor~ r~cnt 
■dmiHion to hospita.1, lhc in-p.iticnt scric" " ·'" lc:u 

M cl~ 111 m llu m, ,,·hdH11t1., '4.1 h .. lfl \\Od t11 1 '" 

1.1\.l \\tlli .I ,, 1,, •" ,,, h H hi t.l,1--.:-1 r o,111111~ "' 

~ • ('1:,.h' r .h 1!1· h. 

Th,1c ,h.nh I u lc <lu,1!11 th.11 llo .. • u,L. (I( ' "' .,, 

1hl'l1011,.1 nu- n 11'M.: f,0111 botl, '"'"'11fl.i l111u:,1 .11ul 

d oml"(I! .. c ,r,.1 .. u,4· , f\1 ~,I, tn \\ .,~ncr :11111 otl,.._n 
(l?C,01 "'" ""11h,:,t pa1, .. ·11i-. \\ ll h 11" nrmrnc: f• th.:1 
1h:111 II\ 1n1·- "' ,1 l' h1lll tU l h\; \ h.:11111 ) nr 1h .. • ,, l'-!,1n, 
nlH\ \; \ " lur h m .. ,J .. rt ... ·l· or il,l 'C'\ II"• rlnquc. ,,r lht· 

pk111 1 h.1, 1--.ru fou1Hl in the popu!Jtron l1\11t~• 11rJr 
nn :rnthof'h~ lhh. n1111c m I 1nl:tml ( h. i\lhU.'h', l''f,U) 
\1o,c c, ukfl .. ,• ,, u:q11,rl·,I 0r nn 10\ h. cJ r, L I n 1' c 
p('IJ'llll.lltl'lfl II\ in~ 10 ti ,c, nci~hl~11 lm,,J or .,,tx,,lh 
r.,r torn.:, or 01h .. ·r :ircJs, sud 1 a, Jocl~ard,. ,, h .. ·1c 
a ,t-..-.:,,10" ... ,,wd Ill qu:tnlll). 

\\ c ,IIC'ulll 1,L..c 10 1h.,n l llr n o·n ll0011hrn1. (1 1 

tu, C<'•"l". ' •11 , .,n .,n~I for m:i\.1n, 1h: rciuhl <'r h , 
1mn11c:,11,,n .. :l\lld., t-k lo u , 

Our lh.rnh .1rt •h\l J ue 10 Pru lcHN C \\'1hnn 
Prorl:"\\Of , . \\' 01\, f>r N L n.u .. b), .wJ M , Ci 
n .1HII. I ll C" , or 1hc I ,rnJun U o,r1t., I and 1)1 r I ' 
S1h:cr or S1 M.m hc" ·, I fmri11:1I for P"rll""""" II ll' 1n1<'r · 
\ It'\\ 1ht1r r..11tt nh IC' the J:l'ntr..:1 r r.1cl1l1lmcu \\h O 1.<'l· 
bbor:.tcJ in thl\ t1111111r) : 11., 1hr ma,u~cmrnh of lhc 
J,bc-ilO\ f,Cloric" for au.1ni;inc iC"C'\."U lo lht1r rcx,,,J.,; 
l o M i\\ JC',ln \\'.1lforJ for \lllll\hC.ll 3' )1\IIUK'C', anJ h> 
Or J. C. G1hl"n, Prnfc,101 R S f S,h1llllli, anJ n, \\ 
Snulhcr ro, lhtir nh fl.."'C 30ll help 

T he conl t nl\ of tlus r :iJ'Cr \H'rc commun,r:ucJ 10 1hc 
Confcnn~c <'n the U1olC1i;icJI Efkcli o r A,.t,c:,10,, 
11,r:mi;cd b) .ht N't" Y o1 L Ac.,Jcm) or 5'.ttm:t, ,n 
0.:1obc1 196-l. and \\ 111 be p11hhi.hc1t in J ,honer frum 
in the procccJ1n1J'- C'f 111.u confcrcn .. 1· 

Ruut:,,.cu 

Appe11tl1.\· oprosi1,• 
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• L1u J • llhut 1 m,lc or """""' 111e 

I o r HbnlOI r~ l t'lfJ' 

" I 1uJ •1lh1n I Mtk! o r f',lhtnl I ll~ 
o ( u bt-11 0 1 r .u-10,y 

I) 
1

1 "rJ • 11h,n 100 tJnh of r rrwnl 

II L1~'!,J°~~~1)!~f;':J olJ u w or 

I 
u t-ft•"°'f41ttl'lr) 

• Loc-J "'i1h,n ) m il• or r,rr~ t u tc 
nr .nbc,10t r., 10., 

16 L1,t-J •11b1n ! 00 ,,,J, or proc,11 
t.l lC (l( U bnl,,._ f~to 17 

' I 
L1,rd • 11hu, t o ,'c or olJ u 1c or 

I! 
ast-nt1n (6C1ory 

t un! • ulun I m.lit o r old 111c " ' 
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, I "~,'~~ J-'o~~:'i~ t~:: r=::: 
a,brucn 1n1uU11on ule\J 1n ,.n,\• 

' I 
Shouh;:inJ•l)PIII and h.(h.U• • lk. 

h,cJllforJ,,u 
I OJ\ n "• t .)UnJ,m.in. armr, 1tnrul 

h bourn. ~ bho:Jn fo r JO ,un 1.11 
r..111 [ nd or L onif011 

' I 
Mu.n.11iQIU • orL. bcfor~ nurr1a.r, 

then Jw,..u•1ft , lu nl \I, .1llh;:im 
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Mort.ali t.y in t.he chry■ot.ile 1,roc:ucinc ind11r.: ry or Quebec : A progreu report 

-------------------------------------------------------------------

J .C. HcDonald, C.E. Rossite , G, !':yucn, A.D . !-lcDonnld , 
Depart.ir:cnt of Epide11iolc.,ty t. lleal':.h, lf.cCi 11 Un1vcr:11 ty, ►lontrt'al 

Some 30,000 per11ona hnve been cmploy<'d in the Quebec nsbestos 

mines and productio:, r.1illr. r;ince the ir inr<'pt.ion nt the end or the lnst. 

cent.u!'Y nnd vork records in fair detail hnve c eno·n J Jy been pres erved. A 

cohort vai. &elected for st.ud,y o!' mortality c o:npri:;ir,c ell thcr<' horn 'tct.vecn 

169) nnd 1920 ( ll, 760 in nw,be1· ) '1:ho verc t'r:iploycd bc f oi·e l>ovc ,bcr 19G6 f or 

,. ___ " ' .. 
'"' """ VUI.. ~t l ~U J1>J UUU 

findi11cs to tha t. dntc hn,•e been r eported ( l ) A cun11lative inC:cx of du~.t 

exposu::-e vas cnlc ula t ed for each nnn us i11n the obrc::-ved or estir:-.at<'d dU!.l 

l evels for each job throi:ghout the period hnd the t ime vorked in eocil (2) , 

Efforts verc made to trace all el.-c:nployccs and the· C<'rtificd cause of <lt:at.h 

vas soucht for thos e vho had died. The t1·ncinc hus been contin~ed and ve 

intend to maintain thi!. for so,uc years . 

Thi s i nler i m 1·cpoi·1 concern: mort a 1 i t y t.o 31 Dc·ce:nbcr 19o9. 

The size of the ori ginol l a~); of traci ng 9,3011 cx-c::1)) Cy<'er. , sc.-ie employed 

as much os 50 years ;irevious ly, hue LV"011t tht.t nllt,O!.l£li1 clei.t.t. s '-'Cre fully 

inves t.igat.cd and certificates obt1tined ,,. 9.:;~ , ii. vos i m;:,c:.s:.ble t o corroborate 

thorouchly all re;,o::-t.s oboul. sw·dvi11c pcnoll!; . Iii I.h i:. Lccond peri od , 

tracinc vas easier and more cf!"ort. coul d lie put i nto chcc~inc; nnd oblnininc 

correct. oddreHes . Thi s has cnoblcd r.tricter c1·it.erio of s urvivol to be 
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applied. For cxar,plc, in the eo.J'licr t.racinc period it vns O.S bwued that 598 

men vho vcre rcgi1tered vithin the previous t~o yenrs in the Central Jndex or 

the Un~i.plO)'l!lent Jn■urence Cor.r.iiGGion o.nd vhose death hod not been r eported 

to the Index, vcrc at.ill elivc. No 11uch esG=ptions hnve been made in the 

pre1cnt follov-up. 

Ao employees vhosc firot. nll.'IICll had 11ol been recorded could not 

be identified vith certainly ~·e decided to exclude 50 persons in this cntegory. 

In the previous anazysis c~cry effort vas made to bring together the records 

or men c::iploycd in r.iore tho.n one co:n1,e.r.y , but n further 166 motcnings hove 

since been made in vhich e cu:-rcnl and in general lone-tern e::-,ployee hod hod 

on earlier and usually short period or cnploymer.t r ecorded elsewhere . These 

Despite st:-iclcr eri~erio the proportion traced to the end or 

1969 (87.5:;) 'Jas similar to that obtained lo llovcmbe:- 1966 (8B.4::). A hich 

rate of follo-.·-up jn persons uho vorl\c-d for 10 or r.iore years in the industry 

(99%) and in persor.s in the hi ghet.t 3 or the 6 dust. exposure groups used ( ry8% ) 

Rive assurance thot risks or exposure in thcr.c gro~ps hnvc not been undcrcst.i ­

motcd. In all , 3,270 (32i) of the 10,120 persons traced (Table 1) had died 

before January 1970, Death certi ficates were ob1.oined f:i:· 2,950 ( 90:;) ond 

relio.ble informati on on the cause of dcot.h in o further 10!. (3%). In 216 (7%) 

the cause of deoth has not. so fnr been fou~d; 51 occurred before deoth re&i s­

trotion in Quebec vos co::ipulsory in 19;,(, , but. effo1·t.s ore oeing continued to find 

death certificates for the othe:- 165. Cau~es or de~th were coded according to 

the 7th Revision o~ the W.H.O. Internatio~ol Closs it'icction or DiGeoscs. 

Equivalent average deeth rotes vcre colculoted in 5-yeor cohorts by date or 

.I. 
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birth in 6 duat-inde.: i;roup■ oncl 11 group, b/ duration or et'p]oyme,,t. . Thia 

11othod or age 1tMdardiaat.ion ur.cG oqual nU111bera in <'och cohort. (3) 

]'n tho previoua report (l), bared on lhe 2,t,13 aale deaths 

that occw-i-cd before l Noveaber 1966 , t'it' 11se-1tandArdi1.cd rat.e in the highei;t 

dust catego1-y, COlll?ri1in& 5% of the cohort., va1 20% higher than int.he other 

Roc.j)irat.ory, cardiovucular and nnl icnont. di&ce!;es in eqU11l propor­

tion1 accounted for the excess. Much or t.he respiratory excess vas ~scribed 

to pneumoconiosis and respjrnt.ory cancer accounted for most. or t.he excess in 

mali0nant disease. '!'he difference in rat.cs or rcspirot.o~y cancer for thos e 

maxi.r.ally nnd cininall,y exposed vns rive-rold end , nlt.hough perhaps en 

overestil'IDt.e, Vll8 apparently determined by both nccurnu lot.cd dus t exposure 

and du-ntion or employment.. 

Findin5s to 1 J nnuorv 1970 

The nwnbe1· of men "hose dcoth vos cert. ified os cancer of the 

trachen, bronchus or lung (I . C. D. 162-3) to 1 lloverobcr 1966 ·.10:; 91; . , 

these tvo vere stated ,o be mesot.helio~as . One nddit.ionol malignant. mesot.he­

l i oci11 had been coded as a benign tu:r,our . 'l'hus in nll there vere 95 mele 

denths f r om respiratory cancer includinc 3 fron mesothclio:nn . Thirty- seven 

addi t.ionnl ct!rt.ified cnncers or thC' lw,e or bronl'l1u!; vere round U;J to the 

end or 1969 und 2 CllH' !i or mcsot.heliou,a r, iv:ing n further 39 deaths fro~ 

respiratory cancer. These cn&es v i ll be vci·irietl by i;eekins pnt.hologicol 

inromotion and a study of oll declhs in vhich n po5t.- ~ort.cm exMinntion 

has been perforned is presently being mod<' , rn thiu l'eport. the cnsco otudied 

are as certified. 
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J'n Table 2, 11t11ndardi1.ed mortality rotes- to Novecber 1966 ore 

compared vith those boscd on the lloli mile denths which hove occurred since 

then. The trends arc very sirJilar in the tvo pl'r:iodi; in all cotecorics 

except circulattiry disease vhich shoved m decline rather thon an iner euGl' vi~ 

rining duct index. In particular, the rc:lotiom.hip \Jet.ween exposure ond 

reopiratory cancer, and all respira tory diceose vns unc~ongcd, 

There Yere 465 \.'o:r,en in the eohor t; li28 ( 92. 0%) \/ere traced, 

or these 51, (12. 5%) had died. The cert.ificd coui:ei; or death Yere tuberculosis 

11, malignant disecscs 13, circulL',ory discoscG 13, respiratory di senses Ii, 

trn\L'llll 1, other cause:; 11 e.nd cnui;e un);novn l. Only one death vos ·ascribed 

to lung cancer and none to pnew:oconiosis. llovevcr , only 79 vor.,en had 

'.'otnl rne.lc mortality up tc, the end or 1969 incorporatinc the 

ne\/ dnto is shown in Table:;. Rates ror oll cous eG sho\l o rollins trend in 

tl,e first Ii dust index groups, which is revers ed in the hii;hest d11s t sroup. 

• Near~ halr or this excess Yns accounted ror by respiratory disease ond 

nearly hol!' or the respiratory disease Yes pnewnoconio:;is ,,hich vos concentro­

ted in the highest dust i;roup. Halicnnnt disease account.cd ror about o 

third or the excess and circulatory diseai;es or.e i;ixth, It vns previously 

.. ho\lTI l•y a paro.metri c e.n!llysi:: ( 1 ) that r c-spiratory cance1· depended on both 

years or exposure and cumulative dust ind ex . This type or analyGis hos not 

y~t been repeated but the figures in Toble Ii us inc equivalent overoge rotes 

give smoother trends Yith both indices . 



Cont-lu,ions 

&ta for t he rurther thr e yenrs, 1967-1969, confirm 

independently the rinding• of our rint ourvey vhich in turn verc i;im1lor 

to those of Kosan ~.!1 for the t-n:-y~otilc- produt-inc in~ust.ry or the USSR (Ii) 

and or Viglie.ni ond his colle11i;ues in lt11ly ( 5 ), The t-on&.istency or thio 

co:nbined cvi~cncc ad~s vcicht to the conclusion thnt even heavy exposure in 

the mining end ~illins of t~is type of asbestos carries only n modest ri Gk of 

.J.uns cancer ~nd less still of malisnnnt ~e~othclionn. The extent to vhich 

J.ung cancc-r i• deten~ined nlso by sr:iokini; hnbi ti; end mcsothclioma by other 

cnvtronocntel factors requires investicntion, 

These findi11ss for men end \IO:-ien e>,.Jlosccl t o a single fibre type 

under relnt.ively "ell-defined condi tio:is conl.ros t s sharply with the much 

higher rates of malignnncy, part it'ular ly of mesothclio::a , cxp,;,r i enc ed u/ 

the coho1·t of Ar.:cr i 'l:!rn insulation vorl:ers stud i ed by Selir.off et al (6) 

nnd of London crocid:,li.:'! factory \:Orkers studied by Nc·.1hous e and Wagner (7,0) 

The explcnetion of this dil'!'erence , \lhethcr due to fibre tY'J)e cs isugscstcd .. 
by the vor~ of Trimbell (9 ) , or to some unidenti f ied rector , is urgently needed . 

Definition of o sore level for chrys~tilc production vorkers 

cannot be besed on ~ortolity nlone ond involves nl so questions of vhat ri sk 

is accepteble encl t he certcinty that i s required. Ta~les 3 nnd Ii suggest to 

us that any increased ri sk of denth f ron respirr.tory cancer or pnew:ioconiosis at 

dust-index levels below 200 vould not be detect.nble and still in doubt 'bcl ov 

400. To accUJ:1ulate a dust index of 200 n mnn could vork for ho yearG at an 

averase dust concentrntion of 5 milli~n particles per cubic foot. Assuming the 

r , 



fibre content or duat to be nbout 10%, thi& is cquivo.lcnt to nbout 12 fibres 

per ml. But to p, event lc&G 11eriou~ decrees or asl,cst.osi& cuch strict.er 

atandards vou.ld be required . 

Thia vork vas aaaiated by a ~rnnt froD the lnGtitutc or Occupational and 

Environmental Hcelth of the Quebec A1bestos Minin;; .hGsociation. 
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Table l . Subjects or study and resclts of tr~cing by ~ge 

Year of Per.socs Traced % Dead Sor 
birth traced persons 

M F ~ M F Total traced 

1891-95 1,535 11.i 1,5li9 1,191 13 1,204 11.:1. 788 ll0. 
1896--00 1,973 31 2,004 1,583 26 1,§<>9 80.2 867 .a!l 

1901-05 1,999 51 2,050 1,692 li5 1,737 81.i . 7 68l ~ 

190&-10 1 ,851 98 l,91.'! 1,685 86 1,771 ~ l.i37 1!::-1 
1911-15 1,783 117 1,900 1,671: 111 1,785 2.U 296 16.6 

191&-20 1,966 154 2,120 1,867 1117 2,011.i 22.:9. 198 ---2.:A 

ALL 11 ,107 465 11,572 9,69, 428 10,120 fil..:.1 3,270 ~ 



Table 2 , J':quivalcnt. avcro4c dcAlh rates per 1 ,000 men by 
eau,c and dual index in previous and nev follov-up 

----------------------· --------------------

Defore l NovcNber 1966 Fr011 l Novc~ber 1966 and 
before 1 Januny 1970 

Duat Jndc!_ Dust. Index 

_!QQ l.QQ....::. l100 - _.!.QQ lQ.Q...:. ~ 

Jfmber or nen 6,1114 2 ,150 1,i.11 6,139 2,131 l,)j22 

NUJ:1bcr or ~r-olh• l,~2~ 4J.2 }16 ~42 1~6 28 

Tuberculr ~ is 19,3 27,9 28.1 5.0 3,5 1.3 
( l.t.1>, 001-019) 

All 'l!l&licnant ne~plasna 38,8 29, 7 51.2 19,3 18. 3 l!O,l 
(J.C.D. ll.0-?09 ) 

OastrO:intest.inal 10.0 ..1.:..1. .!Ll ..hl ..1..:2 7.8 
(I , C. D. 150-t.) 

Bronchus tra.:hc& t. luns• ...1.:.2. )0.0 .!.U -1J!. ~ _u 
(I.C.1>, 162-3) 

Other 12..Jl ~ ll:Z • .!!:.2 _§.,g 6.2 

All circulAt.ory discuca 82.7 75.!) 101.8 36.1 J.2.5 26.8 
(J . C. D. 400- 409) 

All rcs?iralory diseaats 12.l 18. 1 28.5 3.8 6.2 7.1 
(J. C. D, lq ~.~29) 

TralllllA 32.2 36. 0 25.3 9.0 5.li 2.li 
, (I. C.D. 800-999) I 

Ot.her C'.'&Ulel li9, 4 1,3.2 li8.l 14.1 n.9 1lc.8 

Unknovn causes 26.3 ll.2 5. 3 3.7 4.7 2-> 

All CAUIC!I 261.3 24? . 2 288.2 91,3 94 .2 73.1 

• includ:ng me.lignonl m~sothelicl lUJ:Jours 



Table;. !:quivoJ.ent avere.ge decth rate~ to l Jcnunry 1970 per 1 ,000 ~en °b'f dust index 

Dust Ind~;,; 

_.1.Q. 1.9....::... 100 - 200 - 40:J - 800 - ~ 

l'l=ber of ::1e:1 2,810 3,329 1,124 1 ,007 637 565 9,692 

Tuberculosis 24 . 7 25.9 37.7 25 . 1 28. 6 26.5 27.0 
(I .C.D. 001- 019) 

All calignant neoplc~s 
(I.C . O. 140-209 ) 

57.9 60.8 53. 8 4o.6 67.1 79.3 58. o 

Gastro-intestinal 18.0 13. 6 lo. 7 11.6 26.3 28.7 11..:.Q. 
(I. C.D. 150-t.) 

B:-onchus, trachea & lu.~g• 10.3 13.l 1).1: ~ 21 . ~ 32. l 14 .2 
(I .C.D. 162 .• 3) 

All circulatory tise~ses 122.6 118.8 117.8 ll6. 4 118.3 134.8 121.5 
(r.c.o. i.00-469) 

All re~~irato:-y tisea~c~ 
(I.C.D. 470,529) 

13. 6 19.2 24.9 24 . o 21.0 48.9 20.5 

Pnec.:,-.oconios:s -1.& ...h2 0.6 --1:.;1. --1:.;1. 23.6 -1:.1 
( I. C. D. 523-11) 

Tl-au::a li6. 6 36.1 41.3 41.1 33.7 18.6 39.5 
(r.c .D. Boo-999) 

Other causes 62. 8 66 .6 59.0 55 . 3 48."8 77 .9 63.1 

UnJQo,,n c~sea 34.7 25.6 19.4 10.8 5.5 6.6 211.0 

All C&USe5 365.0 354.9 353.9 313.2 323. 1 394.6 353.7 
I 

• Including aalig:nant ciesot!1elial tU!:IOurs 



Table 4. Equivalent evcragc death r at es p~r 1,000 ~en to l Ja~ue.ry 1970 fro~ r espiratory c1111cer• 

Years or Dust Index 
M0lov::X!:i"' 

--1Q l&...=.. 1.Q.Q....::. 200 - 400 - 800 - All 

l 8. 2 5.2 23.8 o.o o.o 0.0 8.0 
(20) (2) (l) (0) (0) (0) (23) 

l - 17.3 13.9 14.o 10.7 1.6 0. 0 13.8 
(12) (22) C 5) l (2) (1 ) (0) (42) 

10 - o.o 17.7 1.8 11.3 20.6 25.3 17.8 
(0) (13) _g_ (4) (5) (8) (7) (37) 

30 - 0. 0 15. '5 18.0 24 . 1 19.0 38.5 2ta.7 
(0) (4) (3) (7l l (6) l (12) (32) 

10. 3 13.l 13. 4 . 15.5 21.4 32.1 14.2 
(32) (41) (13) (14) (15) • (19) (134) 

• 129 ce:1ccrs or tho t:;,achea b:'onchu.s and lung and 5 cialigne..-it mesothelial tUJ:1ours . Total respiratory cancers 
uc •hO'.rn in parenthesis and the 5 mesothelial tu."!loun in italics . 

. .. 
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Mortality in the Chrysotile Asbestos 
Mines and Mills of Quebec 
J Co, II II /Jonald .\//) Ali,on I) Mr/Jt1nal,/ 1//l 

( ;,wit.om U C, 1l,h1 At!K- Jori, ~,,m101,C'l1 nr, I 
1t.,1r/,., F 11,..,,,,, ""· \lontrr ,t 

0111,711 pe,w111 bom belwffn 1111 and 1'20 
emplo,ecl In th• OuebK .......... mining lndUI• 
try, 11.4"- _,. ,,.ced. 01 the .. 2.457 (23.1"- ) 
heel died. !Jrpo,u,. lndHN tor HCh workor -r• 
calculated tro,n job du11 t•••l9 and du,.llon at 
1mploJfflenL Th• Oftflll mor11IIIJ wn lower than 
Hpected tor the popul1llon ol OuebK but In 
lhe hlghffl dull celegory, comprl1lng 5"- ol lhe 
cohort, !he 1ge-111nd1rdlud ,.,, -• 20, higher 
lh1n In lhe olher groUJIL RHplr1lory, ClrdloYII· 
culu, and mallgn1n1 dlaH .. In equal proportlo,11 
aecounled for th, IICHI. Th■re • .,. 101 d11lh1 
from rnplr1lory cancer Including lhrff from m■-

llgn1nl mHolhellome, 1n Hllm11ed Hcen ol 
lboul 15 dHth1, The dlllorence In r■IH tor re-
1pl,.lory cancer belwH n lhou ma1lm111, and 
mtnlm1lty erpo1ed -• lfY1llold and, !hough pet• 
h1p1 euggoraled, wn 1pporenllJ dolermlned by 
accumulated dual 11po1ure end dur■llon of em• 
plormenl. 

THE REMARKABLE qw,litir-; or 1hr ,u.. 
belloa group or fibrous m inrrals hn,e bN'n 
N!OOgnitt'd s ince an liquily. but nuning ~ml 
millins on an intlus lrinl iCllle hr~on onh· ot 
1hr md or 1hr 19th rnntury In ,1,.. E~ l••111 
Townahipa n!Kion or Quebl'c, drrx-it,; or 
chrysolile ft hmtoo In l!l'flll'n linr rock wl'I'(' 

~hm1lttd for 1,ul,hral100 Aue J7. lt"in, •""1"'1•1 
l'/OY 10 

""'"' lho D,portm,nl ol Epidomlolon arul 
Hallb. M«:111 Unl..,.1)1, Monr,-J lllr n-,,., 
,. i--nUy •Hh Iha M•hc•I u ... nh f"tl\lll<I I 

~ 1/ol~ r.n.,,h, :;,.,th w .i.. 
~l f"Wluala to fflr• t 'niv"-11¥ C...t Mm1lu.il 

112 <Or l !' M, Oon•~II 

notrd in th<' 11117 l '.111n1hnn 1;t~1lo~1rit .Sur­
,rv TI,e n ... , mine'"' t>J,enl'<l nt Thr llonl 
,., 1117!l, nnd v. ilhin 30 Y""r& thr rr11ion WIIJI 

produc,n~ mo.I or 1hr worlrl'~ n lw"lloo. 'Thr 
pmr,ort ion rell o~ Hu inn, Sonlh Afrir.11n, 
ond llnlion min"" ('11"1ll' 11110 opcrnlmn. hut 
Qurbec • lill pro<lnrt:'"> nboul 4G<>; or tht­
world's supply, now ,...,ima trd ol nhoul ,J 
million tnnB n yl'ftr 1 

1111'11' orr lv.o 11111in minin~ n=•· onr nt 
Till'tforrl Mm"' nn,I nc •~hh1rin~ lown.• or 
IJlnck Lllkr nncl Tlmu~hlon. nnd th,- ollll'r 
nt A, l..,.lo!I. 1,,,. 1i1rlfnr,I orm wns d,,,.,.,. 
oJl('('I by m1mv ,1,ff<on nt mmpnnir<. hul l\ith 
,1mnl1111mn1ion Ill<' numhrr hn.• now brl'n I'(' · 

rlua-d lo , ix. Al A•h .,toc, th<' minin~ hns 
htYn c:mit'cl oul sinrr l llq2 by nnr lnr~r 
rom1,nny which nlco n1X'mlr,; n $011111 fnc­
torv in Un' lown for the- m.1nurnct11r<' or 
mixrd o<brslOA pm,lurl• ' li,r rr is n mUJII 
minr ow11C<I I" ,mol l~ r rom1~1ny n rrw 
m·'~ nwnv. 

C-onn•m r11r thr h,0.1llh r fTccls or n,l,·slo> 
Isis pn rallr l<d ~mv.lh in ils procluclinn, oml 
th,--. mnin n\nilnbli C'\ iilrn(."(' \\!I< r<'\ il""NI 
rnllv l"' \\'riRhl 111 l!lli'I. The lin<I en""" or 
<lifTusC' pul111nnnn: fihro-.,4 nftcr prnlonJ{('ld 
r•XflC'¥'-Urt" wrr,• noh d ltv ~1urr.w in 1907, 
ond b" 1910 n>bt'<10,.1• """ rrtol!l'1i1('II ns on 
1m110(1nnl nccu1m1ionnl hnu m l. C-ontrolg in­
lrnduC<'<I •inc,• tlM n 1~111• n-,lul'l'll roru, iclr r­
ohly th.· dll-..1 f'fHh,•HlMl ;on lo \\hich worken 
in tllf' min,· nul! :inti prin11tr-v m!lm1fnc-
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Table I .-IMt /Kr1 or 1111<11 and lloaulU or Tricing br Ag• and Su 

,. ' I .. 
••Hat ,..., .... 
···" .. ·- , ... Dou ' ... . 

lltl lHt I IU •• lU 11 . I 1• • I •II II • 
iiiiT~ ,, .1011 I ia• ,. I ttl• 10 i ... • u ~ 
1901 190t ,0 1 o,, I ti• .. ... .. . .. ;. J , ,,.. • ... ... ! IQ 1ao 

I 71J 111 I ■•"' ,. ~ Ill II I 

I ••• ... 1 ,. • • "' 11 I J .. • I I .. , . 
Ttbl1 2 -Sublacr, or s rucr, t nrl IIHihla or T,acJng br Ou11 Ind•• 

and YHfl or Emplorm111r 

v •• ,. 10 10 --.- ... 100 ~;.-
1', ,,. •ii 1, • -~ 1 • .. -.~------ion 1 . ,,. 
,,,. p i) a, I •• • 

10 ... --n I 111 
'C,ha UI IOUO •• - )0--;;;- 0 xi• 
~ ., .. , 1000 

A ll N • -..,, ~~ 
~ t , a c • t ,. q ••• 

Thrrr wa• or ("0Uf9C aomr mo"'fflf nl or lnhor 
rrom ono m 1n,n1 romponv lo nnoth,.r Thi• 
n..--1i.1«1 hn nJin,: loJ<lhor and molrhmc 
thr rN:Ordt or nlf thfl rompan1N In obtain 
complete work h iAlonN. In thr rour.r or t rnr• 
ing u-rmployC!e, thr ma lc-hin1 proc·rw rould 
oll• n IM! ronOrmod or am•nded In a ll, 27 ,66'1 
men i nd wom■n WtN!! r rc1J1trr,.,1. mr1uc.Hnl: 
6.41& rurnmlly c,mployed on Nov L l <lf;/; nr 
thiJ: tota l. t .0-10 pc•T• m• luul IN'flfl , mplnvNi h, 
more than on, comran, 

Ullins thl" OC'CU1lrllfiona1 hialortf"I. a li■ l wna 
C"Ompilod of nll na mNI j oha in ,wrh ('OfflJlllnV 
from tht' : l'Slnnina or i i.a n11M11llon A d("S('rir,­
h on o r Nch or lhe 13,'l,46 joho l11lod ,n 1!111 ,...,. 
waa obtninC!C.1 from rxi• tin1 rvnlunllon ay1fm111 

end by inl, rvlawinc rmployrN wilh lonr .. , . 
,'1«. Jobi with HYeml N!fflM hut :nvolvin1 thr 
u me work i nd d 1Dt t'lpotnirr wrro romhrnNI 
and lhe codm fonallv nre<l«I for daaificnlion 
lhuo roducod l o 6,783. For N1rh of lhC'9D nnd for 
&ch year of opel'flllion, thri avr-ra1e du1t ,.,no 
aum wu cetimatNI on a 13 point sc■tr 
Throuihout tho inc1w tn in thr clrvrn. rnuh­
rra, end m1ll1, lh('II ronrrntrat1on1 o f du.at at 
worklnc pl.rm,o had bttn mouur•d annually 
, ,nre 1949 by Mourorr Larhnnrr. Enr. and 
ainCG UM6 by wrioUI in,·NtiJatnn in the 11m.all 
f1 o rv. All m..,_.rt'!fflc•n t■ wt"fr mnll,• with t."i­
th,r a mld1•t impin,, r or f:rrr11hur1-Smi1h, 
imJ}inl("'I' and 1'N'flrt"l,vl in m1ll1on11 of du■l parti-

100 • 
)I ) ,.,, 

" 1f, 1 ., •• ill ~· • )OO 
1• I •o > " ••• ,,. u ... ,,. ;, ,,. , 
• •• HO . , ' s> I .. , 
Ill ~"'0 10• •'. I lOl 

IOOO uoo 10, .. 0 ... ••• 
I )]a. I Ol• ~~ '" ' I , .. .. ~ .. ... • •• 

t J,.... Jtt r I ultu foot (mJM h 1,,-vf'II o f r11N1■11rf' 

in m in1n5: unil mn1nl l"MnN' Johe nnd in 1llh1 r 
Ol>f"f'lllion• ~hf"n no tlu,t mNuurMntnl • 1,nrl 
hrrn mndf' "'·rt• rshmalnl hv m vcwti,:nttnr 
pnwmt -dnv rlu,t It" ••I• ond ndJu•lin1 lh 1..,. ,u ­
ronl1nc to t h.onsc• 1n o~rnL1n1 pnx-Nl1Jrr rr . 
1,ort ,..-I hv m 1m nt nn,1 marnlcnanre JH'.'nonnrl , 
A ru11 dNrn phnn o f 1rolo1ir0:I and r n~1ron• 
m, nlnl fraturf"• omJ o f lhr method, nn,1 rNul LI 
of ,lu•I mt1,.url'm1 nt nr<'" ro h" puhli111lw,t h , 
G \\'. G1ht•. MS,., nr;d Mr l ..n"1inn1·r 

OdC' rf" JO.Jf'I, frw duat mtnrurMnrnt■ Yvrr<­
'"' ·orrl,-d. nnd ratim.ntcs or t'SJX'l'U(' for lhnt 
r)f'n od orr, llWr('forr, onh• npprnximotr l ntrr­
\lt!'\u '41th rmrln~N"a of long lf'rvitt- enahlrd 
~om 1lDri110n• of ch.!'lin,... lo ht" mndo nilh ron ­
dit 1on■ 1inrr J'lJ() The dotl"I of instnllntion or 
mod1fir-at10n of d u,t control natr:n• wrrf' ol.10 
t.,kr n into ,u.·rounL 

D umtion n( , 11w11urr Co ... 1-od 1 p••n-on wn11 
,-,1u~ in \Nlr- n r (n1C'l ion1 or , ·oon n(lcr 
,uhtrnrt1on nr nil JJNiotb n r IM1v1•. nnd ,,-n• 
, orr.'('t('{) to o Y.orkini: \\-N'k of 40 houra. A 
dutl ,ntll"'X- wt1• r . 111 u lnlNI for C'lh h rmplnH-c hy 
■dtltn,: to1rtl11 r thr procl11r t1 of llmr l'Jl('nt on 
Nrh job ond , -timnlNI n,rr:.cc dutl ronrrntrn 
110n. r or nnmplr 11up1lOlll" l hl' dutl indes for n 
m., n ~-.• CM 011" mis:ht ml'tln thnt hr hnd 
'4orkNl Cor fh, ,,J r~ nt 40 mJ}("f. 15 yoor, ttf 20 
m(l('f, end :!O } • ..... nt fi ml)('f h f". 200 + 3(K) + 
1()0) 11 \1to111tl h, 11 dul 1f 1t rn11M lir "'°"'lmNl 

Arch J;nd,.,,,.n llrollh--\ 'nl '!2 Juur ,~; I 
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t .. d i_.,, lndll<l..t l,....,rr..,tly, 47 -•• ,on 
ftrnwd paU"'l"J1t11IIY, 1-i,ilal d..,.....,. 
_,.. p,-,m.,J N>rTWi. and In I' no f.,rt1,.., 
,nronnallot1.., obi.1ntd 

The foOow1111 •• • ..,.. &akon ,,. doorovn 
, - ol l"nf tann-r INI had nr,I t,,,,,-n m,,n 
11on,od .... , hon LI• ,1. u, ••rtlft,alr. 

1 A ,.u. ... -- IM\t "' , ..... tflll(¥11\1 .. ,,,. 

( i■M •hmn, r ti ••• •l.lCN"J thet an auto1 
hail 1-, nr would t,., IJO'rformod ,i,..., num 
hrond JOI! on all d•lho ....,. N'rtiJINI u du• 
In lunt ... flt rr •nd m •• du• to fllhn • Al.llif"". 
In Ill r,pll,- 11 •H olatf'fl that LI,.,, h•tl tw,,. 
nc> nulot»" In '7~. lhal th• rtrllft!'d dl•f"OO 
-• ronBnnl"<I •• au101•Y· and 1n 111 that ,, 
- lnN>r""'t 11- I~ Yioldorl ft.o •dtlolloMI 
t"Ml'W of lun, ran, 1 r 1llr d1.a1n,_ fnr th,.. 
hail IIN'n ,.-rtlftf'<I a, r,11111 tumor flrD ll'Ol 
111r,-11ou• 1,,,,_11111 tlrD OOIII. r,ulmnnan. 
nbroet, I 1rn 11101 , ............ (ICD :llllll an I 
a.t,,.,.,.;, ti C D &t:n 

2 We aucNI th• phtwlriana on rhars• of th• 
lnduolnal , Un,., al Thotlord Mn..,. an,I A..i.. 
" '" for l•la of ■II INlha known lo br dur •o 
luna mnr.r Thnr rN"'flrd• ,nr-ludr-d onlv "" 
olo" ... -.t,., had ••",." up work t~KWu•• ot ,11 
hNllh. II,_ •ho wrrr poNionrd. •nd tl.­
• ho had •Pflhtd for •tnkmtn'• romP('n-at1nn 
Th•v h•trd 24 of th• !Ill luns ram IT dNth 
found bv t hfl mrthod1 alr,..J, ,t,....n;,,,1 ,,Ju• 
thf'N' addtt1onaJ .....,.. n,,..... th,,.. dreth• l1a1f 
'-n rort, O,d H du~ to tuhrrrul,_,. 1 IC-0 0191 
atlwtc»IO IIC'D ~2.'1 antl ,.,,,,..,. hrnrl d" 
N•fl (IC"O 420l an1f thuu,r:h th,-,,. h1irl ht-·t>u 
autopaiu fo r th• flUl'JM"•• nr ,-omiw-Nlfltion, nn 
mmllon or thi1 •u madt- on t ht· d,.th ,-,.,1,f 
1n tf"i In ndd1hon. thr rr ""''" 1hr«" nuto1N11N 
for roml'N'nehon purf-.n.f"'I in "'hirh n ■m.,11 

lun1 nn~r WIiia notrd a, an indd~nt.al flndinsr 
Tho r,athnlori1I had ool conud, nod lh,..~ r,rn 
rr,. to hnH• l"'OntrihutNl to 1lt-alh nnrl lh,. 
t•au.r, C:"etllRN:1 ¥rf"l'l' n•lw-•1oai. nr n 6211 m 

!won.•,. end rerdiar 1nf,u, llnn HC"O .C20) inn 
thlnl. 

3 A ,Nrrh wu m■dr, for a nv c-as.- ol prim11 
n mal1,-n.11nt m,..,thrhal tumor of thr Jllrura 
that m11ht hai\·,. bN--n Ji.,,...,n a c-odf" othn than 
102. Onr 11rld1honal C"llk ,--od NI ■, • hm1«n 
plf"llr■t tumor wa.a found 

4 \\'• ff¥1l"WN1 l"'a#• , ,,_..,,NJ hv pall,0111 
1uU 1n th• national au·vl"' o r r,nman mal1r 
nant mreoth,11.111 lumnl"I in C"•ut•dn tv-11'-t-f'n 
10,.0 ■nd 1'l68. and 6 \•f" ,u•r«- ,n ml'-n who llllcl 
workNI '" lh• Qu.i-- ul>nli»-producins in­
dllllry 'lwo ,..,. born in 1022 and,.,.,., thn• 
for~. N>l in our rohor1, nnd lwo d 1f'CI in 1%7 
altar th• pr-nt 1tudy hod tndNI A firth n,or, 
dl.q.-..1 bv b1opr,·, "''' rli()hl• fnr both 
111\ldla 

J ,, 111m.muu, 1),,.. ,,....1, r.r aU ,...._ mqm, 
1,-. tt,,,..,. ._. •• r• rm rn , I r,-, ,n tJ,r ~Ur> or 

mahrr~nt '"-'J•!. ■m• "' th, Lrnnrhua. t.n 
, I Nt CJ• ''-'"I t If I) lt'il •n-1 I' 1 anJ n•rw: ~f' 

ail,tnl n1;.1k1nc 11 I '" 111 , 11¥1 mm an-I on• 
•-o.manl fNlurlt'III 1r1 U, t., 1111 ~t-T• th. folllJlllt 
thl •• ~ • .,. ., ,,,, , , .. I, I Ill ••fl•. fflJlh 

n.an' rT11 .. tlu•h.tl lu1w,, th t},,, 1!ltl "•"' r r 
1hr l,run, t 11• 1 ·,,,., u ·• 

h ....-ull• 

frmalr l\tortallt~ -TJ,..,.. """ onl, lh~ 
\\ntn,·n 1n thr rohort "h,'°"'t 111 hul •hnrl 
""""""" ,ml ~II hul .L1 -.rr..- on lht- ,,.,., 
lov.rwl rh11ot ind••• , ,1,gnro<"' In nll un 

!14 0"',, ,. ... ,(' lm<'f'<I nml nr th°""', ◄ '> hnrl 
cl1NI ·1 ·u1.-rC'ulo- ,, 11 . 1nnli,rnont fl(VI 

p lftlJM 12 • 11n ulnlnf\ n,nel on<I rt'· 

r,ir11ton· orw I rliM·~~ nncl trnumo ont" 
Y't'ro lht' all> uf 1lro1h on 34. O.-Oth wrui 

dur to olhrr nm on ,-,~hi -. anrl 11><­
Cftll~ of rlmlh wn unknr,v.n in lwn lht-rt' 
"·" onl' olNtlh from 11111, atncrr A11nrl. 
rrrhnp,, Imm luht•rrulooi· lht•<(' (,~ ftN 

nnl unw,11,; :m,I \\Ill nnl ,~ et1n"'irlf'lrNI fur 
lhl'r 

Ma ll' lllorlnllh -Tn I"'"'"' '""mpor, on 
or morL'll11\ 1". dtt' I trvfr• nnri \Tll,,. nr '"'"' 
Uri'. rlC'ft lh rn l<'ll v.rrr t'1'1lrulntm in fi,r , r.ir 

rohorl~ lw clnlr nf hirlh f"rinhnknl ,.,.-rntr 
rlMth mlr,1 "Nr lhl'n ,·,1lm lnlNI m inR n 

lnnrlarrl pnp11ln11on ,.,1h c•')tllll numl,c,n. in 
rnfh n~f' 1m11p !--inn· 1hr 1w1u.nl numN'r .-.r 
r1 '-k in 1,1rh m1111r t \\ .1 ,-i1111lnr lh1 rnrthot-1 
nf n~l' ,111tnmlnnl11.al1nn "" J'-Ortit11l11rh ,1p 
proprinll' ·n ,r t.l.lnda r,hn·d ra1r- On"' ... htl\\O 

lw ,l,1ql inflr'< .11trl m.nm cll'•r,1'-<' ,:ro11 pmJ..'"!-- 111 

1 'nblC' :1 In tl,r im,rr lhe <lu,1 tntr~nri~. 
l'(Jui,ah•nl n rr ,gr rle~lh ,111<"- for "all mu•• 
r-i" \\rrr 11pprru:in111lt'h tl1t- ....,,me hut 1n th<-
1011 cntf"JWrv n 1111111nin,: !","0 of thr 101.11 

rohort. mnrwl11\ \\ill; nhout 20'',. hi~hl'r 
lhnn 1lw n:-,.1 Mnh ~nnnl nroplncm, circuln 
Ion: d it-,-C'nqw::. nrnl rt'<pirnton cli-.enc.,rq, in 
n11pn11im.,tf•I, N1Wll rnoportinn,;. oC'f'Ountr·,1 
r,,r tht' r,N't- ... T\,\n .:rnup ... 1-hm,, -<I thr opon• 
c.11r tn·ml 'tmuma." p rohahh N"<"'Ou.."-l' rnt~ 
fl'II 'A-ilh n,hnnC'ine n~l". nnrl "unkno\-.11 
C'1ll-.(" .. proh.1hlv hN·.u,....,., rll'flth certifimtl"'­

\\'l'rt' thfficult to find I . o ldrr mm "'ilh 
1hort f)l'riocl• 11f cm11lorn1~nl 

Tohle 4 ,ho"" lhnt 1hr mnin contribulion 
lo thr r~C<'°" m m,1li~nnt rl1lllf':l~ wns from 
rnnet-r of thr l1r,,nch1L• lrnrhl"O. nnrl hml? 
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t11r1n1 lndi.lrlr,i era c-•ix-1 ' lllOlllh tlu­
Pl'f'YMlkm of ubnotmil la fer ln,m , nrn11lrt• 
111 0- lndt•lrl It 11 11111 ~l'llt'rillv ,,.. 

11.-1 U111l tJ,t. am bl! ochlt"Vt<I '" morr 
1trlct mvlnmmMllnl oonlrol Annthr r ll'JlN"I 
of ti~ problMTI OPJ!Mrfoll In JOii whm 
Mr....,alhrr' showrd o Hnlc llt'IWN'n a•l 
lot H 'JIOIUl'O an,1 l11n1 ainrrr •n 1r polrntinl 
l'll"nl of !hi.a haunt wn• lnc--1 hv "'­
pnr .. of W1111rr amt olllt'rs1 clurins thl' ln,t 
ll'll Vf'AUII that mall1n~nl tumor■ of thr 
ploo ra 11nd J)C!riton•um nrr rrlnlrd lo n rlll,n 
IYJ'l'l'I or lnduatrl~l v.1.1rlc onrl prrhofl' n!Jln tn 
11rl1hoorhood l'J(JXWUl't'. 

Tiie o.-ooiatlnn hl'twl't'Tl Inna ainl"<'r nnrl 
■abeltca wu n 1111 round in 1hr Dritl•h tr11 ,1,, 
in,h• lry. Ml'rt'Wl'tlk r'1 inquiry aha-I nn 
1mduly hiah proportion of lun1 a,ncN• 11 
nulo(lly in ~ or uix.10111. 1111d Olhrr 
oi.rvauona omong textile, \\Orkl'rs l,11,r 
oonRrml'd lhe aaociolion.• • Two 1tudi.-. in 
p,11rlicul11r which tokl! 10,m occount or thr 
degree of CXJ)OIIUl'I' 1u11goo II doee,rrcpon<e 
relationship. t<nox rt nl• found 11 ('(lT1Si1lrr 
nhlc l'XCC!II ol lun1 a ull'('r in Jl('Tl'IOl'II rxpocNi 
hrforo 19:13 whrn n.ol lo- mnlml rr~ul,, 
lions wen, onlon:e,1, hut nonr in pcnkln• 
rl<Jlllll'(I for tr n Yffll'II or mon, in thr mc,,t 
1l111tv 1111'.n~ ainoo lhrn. Thi",() finrlin111 mt~I 

ha reviewed when n lnnger period or owr 
vation h1111 clnfll(.'<I, • incel Ncwhow:c• folAo in 
o IOlllile lnctory) found on <'ICNII nr lunR 
cnnccr in IX'r8()n• hl'llvily r:<JlOl'('(l 20 Y"""' 
earlier for pcrio,lo or ,_ than two yrn"' 
Workrr11 rxl)Ok'd to liRht r>r mndtmt<' rho•I 
concrnlrnlion• showerl , . ., <'ICC'IM or bnmrho 
tlllnic concer t'VCn nrtcr 2n vmrs nl rxpocurr 

Selilcorr ond hi11 collcnRucs• loun,I on 
clRhtlolrl incroo•I.' in lung conCl'r rompnrr,I 
with notional figu res in o rohort ~lurlv 
nmong Ilic members or on American insuln• 
lion workers union who had brrn r:xJ)Ol'l'<l 
for 20 )'Mrl or mon- HI' olRO found n ~ros• 
Olrcelll .,r pleura l nnrl peritonm l m~thr 
tiorna.1. On 11'11' oll'll'r ha nd, in n n,Linnnl 
1111rvey or oil known rnesothcliol tumors in 
('m,orln. 1000 to 1!168, McDonnhl nm! lwr 
colJl'tl8 Ul'!ll1• rouncl O h istory or occupotionnl 
contocl will, ubestOI in o rclRtivC'ly smnll 
proportion of alllCfl This apo,nrrr wns main­
Iv In inmlation and ollicd tradl-l, mthrr 
llian in tho ullC'l<t.,..producin1t inrl11<trv 

or tho four main types of nabmt08 flhl'r­
chry10tile, CTOCirlolitl'. omosltl.', nnrl nntho-

ph lhlr. th,. two lrxl tlr h<'tori1 rr!crrf'd lo 
,bn , ...,., nnmh rhr\· ,.,t,lr nl>t,r to1ath 

, Vt 11• 11111 , rn('td1,l1 h ' ind III onr nl th r-
111110 omr nm• 1 tr ,\ 111 nlO' I imlu1tri , I 
1r,plla,l1or1, d1ttrn-n1 hllf" nl lll:v Ill on> 
m 11l ..-I tlr l 'ft rf' lfVJ 11K , fTN'"t.i <'f o 1n11r 

m ... r h 'f l(' Ill p rntlHf' c:,n nnl\' '"' aturH.'il Ill 
1111111nN nnrl 1111 111111 t hn -01111' floor •• nl 
l[rMlt,-1 11111,.,rl 11u,• 1,... "'"' nf il,i q1111litir 
1nd rah R-1\r 11 ~-• Tiw onh· hJth r Cl( 

hm1 r:,nn r in c hn 1111lt- minr,... :nul millr,~ 
WMt' rrrnrtl'CI In llmun 111111 'I'n111n in 
lt\'; 11 nnrl b, 1(11&:,in ,.. o1 i 11 )qf,6 1 Jn th, 
fi r<I of 111 ..... n,nr ,, .... 11 .. rrom hmi,! NllllN 
,.c·rr nl.,r\l'd 1n thr Qu<'b..- m,h.,.lr\ rom­
r,.,r,.,l wilh ~i, op<-<: lf'fl from pro, incinl 
rnlcw 'flw ~ n,I ,,1111 in th<' Sm,irl ttnion 
om! , hoWNl lhot rnmporNl with 1hr gcnrrnl 
prrpul:Uinn 1hr mor1 tltl\ fmm lunll rt1n l.Tf 
.... . 1• incrMIINI bv n lnrtor or 1 0 !or min""'· 
3 l lor mill<'r,o, nml !! 3 fur foclor\• \\Ork!'"' 
Thi' pn'Rt!nl imf'l liRntion rnm l'< Jlllrl nl n 
romprrhrn~ivt- t'J)irlrmiolos;:im l sunf'y or fh(t 
rnlrrr Q11<'l<'C n.h(,..ln••Jlrf.,Jurinl,! inrlustrv 
•in,.... il~ ion-plion 11, inl,! thr con• i1!1'rnhlr 
voh1111t"' or ,lotn n"nilnh1r. our prirnnrv nim 
hns l'll'C'n tn rll'finr n• nc<,rrntl'h n• r,,-ihlc 
lhl.' q1111ntitnliv<' rf' lolionship ""' ""''" rxpo­
"'"" to rhrvi:oli l<' n•lx-lOll 11nd tho inci,lrnC't' 
or lung mnccr. Tho rcsulls rrom pnrnlld 
shulics ronl"t'm <'<l wilh lhf' rt'lotionsl11p or 
du.st t'll flOl"lll'I.' In rn1!1ogrnphic 11ppc11mnce,, 
pulmnrutrv !unction. nn<I rr,;p imlory S\'lllf>-

1oms \\ill h,• rrporlNI F<'pnrnlcly. 

Moll'rinl• nntl Mf'lhml, 

Rrsiatrntion - A r r(1• lf'r wn• m mpil tcl i n 
th<' prnonnr l d r r"'rfmru t o r Mch MhN101 min• 
ina ro1111-.o n,• i11 thr F.a.•trrn T o"n1hiJM r<'c:ion 
n f QurhN" l"lin1t 1111 prr.-.n" n1rrcnt1y or prr . 
vinullv r mplM, .. I n, nr N ew I, 19GG A C"orrl 
,., .. ~, mndr nul (11r f"D1 Ii rmplo\ N' on which wn.s 
r1't·nrdf'tl h, . nom". d nff' nr l11r th. m li.lrf'!lt, nml n 
1lr lo 1fr.,I \\flf'k 1,i"'ln rv \\ hi, h indu,tf"d thr dr• 
l'Orlm, nt owl m ·nr . d !ll""II n( 1111tn rling: nntl 
fini•h101t, (nr f"\C rv wh t ,d nll , wrin c141 nr IN'I\'(' 

I n o n t' or t he" •I I minin1: r('lmpnni,, ._ r1 p rN<.'nt• 
r el in 011r 111u rv,~,. fh r rN'Orm nf nl lre,t 5C.O 
I>'-'"""' l1 n1l hM n ,1,-.troyNI 171"-<" ,,rrr or 
ct 1•mplnH v.,. 0 1111 o thC"n nnl trarufNrt...-1 .. ,hrn 
O\\'Tl tnJ'lip or thr r on1rnn,· --hnngNI in 19&-1. 
T h r \\ork h11torit'4 nr a !'moll number o r oldt"r 
m, n who ho,) ' "'' n , mr,lo\'t'(f J'll'rlh in t hi8 
, nmp lln\ nn,I p trfh in n1i1rn wr,rr ,11!11"1 in<"om • 
plr fp 

'. 
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that •n Ind• of f'W'IJ ...,. al N11..11veh•nt t n 1tt, ••• ►h1"l h, rrl.t llY,... t r1 thr o lhM 
wvrldn1 llfr, of .fO ,Mn at I mp,rf lr111 lhi,1 •t4'1 ,, tl1• 1 Allff- h f ct,.a,h ..... , nbtam• d from ■ 1 

'-

would entail ·-lfflfthnn,- wh ta ~, or ma, f • .. u .. IIO\UC-r A "" Ill ..,tin,..., .. ~""''' ' not hfi, 
no& b& fu,tlJtd ti ~ ""t r r 11.r r -mA1nin1 1,r, 4- fia,J «r-

s.a.-tion of C-ohorr-Thf. ll(urlt ,,f mortal11 , u,, .. 1 l.,.f r 1 •Yi , ,141 I• •"l .. ,.,.,. ,J .. •rt,, nu'-rlr-
wa, ba,.td on , nwl,,,,,,_ In ■tt ••, 1roup t.)urr..-. , "' , r.1101,I,, , '41na,Ja TI11 " " of 
thouaht ltlcrh, to \'trkl th, m,., wfuaM• ,nror 11 1111 "'··. o,f,..J. "' " " ' " 1hr ~.~,.nlh n..- I 

malJon "'"'· roht,rt WIN:tfd rnmpn►..,, 11 ""AA ll1 r f th,- l"ltrrr1 ift•HUll ( ' 14 ,n1 ■IM'ln nf 0 1 
~,.,M born bll"tw,.., tllqJ 1rrd 11.-.lfl ,,-.. lu110 ra.., 1• fl I ,\r,d 1 If 11h Or an,1al1nn f ,, "" 
•ho had t,..,,n Nn(llO\'"'ll fnr nnt n11•n•lar ,. J••l.,), I h•• •• ct .. n. ' " na,,, n-clrr of 
month o r man- 11, horn . ,,,... l fl.lfl •nuld th, t,."1 rtrrc.-r,t "'' n m ,,r1111h ,-, f (J,1 h,..,. •hn 
Nlvre had J)f1'ioJ1 ot f'TIW19Urr -.ill ,ho t uf 1 t,• I , ...,.,.,.,h , -s4ir,• I 
worldna ur.um.,. .,.,1 '"mid till nnt ha r 11'• p,,.., .,,,., !t ,f 11,t,,,. ·t. 1r.t1. It•\ .,,. .,.. 
nerh..J an ,,_. of h11lt mort.alih Th1-,_, tw,rn .,..1 , ah t'fl' .r .... r •• ,,,.. 1 J,,.., ~ 111 TahJ,. I 
1:wro,. lf'q J wnultt h,nc· t- n -. ,·r d1ffl, ult ,. an I ' "-itJ", ■ m tr,, "' ,t, 1 " Jt~J f1"1.41 10I\' '"'" 
t,.,-.._ ■nd. Ill fflNllJttn,..,J a l-.1'\>, rnr nf lfu H ,I irat m ,f ,,,,., mrnl f•t' nf tho-,. tffl· 

worlc h11lon"' wn,, tn,-ompl.-lfl' nr m, 1n1 Th• • .,"1 t ,, 1 r .. , mo,, 11ncl mtr ?le; nf 
1efw,l«d n>hort rampriw<l amnnc nth, n t ?n oll lh vm1 ,, 1 I t .. , trn • u u nr mllf't' "'"''" 

PfTl(tnl who had ...,,Ju•d fn r ~ \;t-:\n 'l r morr trn. I ln(11rn,:,'1nn '40 I, uil •ahdortnr; ,n 
3.788 who hatl workctcl fnr J,... 11110 r'I , 1r J•r r..,,n J.nrn 1 .. for,. l'l(W) an,1 1n thm.- r m ­
and 1.080 ""ho h.u l ~"ftrkNt fnr mnr,• rluin a,, •r 11111\NI r ,r I, • lh•n ,,n1 ,, u Thr p t1nr1rol 
but whoea job had nol inwlud a n, •l•I"""' 1111'1, , •-'n for f.i1l11n "'"' , I on r, lnt1\.r or 
rsrx .. urf' lo dwt Tltu•, tht-n- w1u a •uh4t•nh:il h rn. l 1•111ltt Ii In,, a1,-.i ,n rh nr11hhorhrvwl nm1 
1roup wllh mimm• I '"'PO•tar,. ft\f,Ula hlt" for n,m 1:?l 1n11t.1ffi, 1, nt 1tlr n11h '"• 1nfnrm1hnn "'hirh 
llttr1aon with oth, rw who h ,ul hrf>n """' ' ,h ,.., "'"''!fl lift\•· r·n ,hl,...f u• 111 ma~, " r,,qu,-1l fo lh,. 
()OIIN'I 1 nrmJlln-. m,•r,I I n1uron,·r f '•1mmiu..1nn nr lo 

T,.clna Jlnd A9N't'i■inmf'nl-Tht r ,, fo r I, ~fr II,, "lit, r, rtin, , , . m Q11d,N' Tiu,,. 'W('U• 

r s -nnplO'tt"f"'I "'-a.• mn,nlv 1n1tlatrd rn 11 T11 11 nn ••I>,,, , I ,,,. rrft• .on f••r li1n• t n .... :,nl• t.11• 
,n1 townA. Ttl..,.1hnnf' or , ,..,..,., 1nqu1n, '''"'" , m, rin1t ti, 11\10,: nr thr , INd hul thnc1 
madl'l nr1t fo f'lll nhlt•h 11.h11lh1•r th, prr■,"I Ill f ro,f'll'I ,IN1rl o r nlt\t' .• ~ h krh · tn hf\\.f" N'fln 
qum Uon WU 11hvr ot drnrl on Nnv I 1Pf,Ji ff lr,n~ lflrm ri1 thrr lh tn lrnn•umt IN 1rlrnl• 
rrported dNld, ltw ,...art rl ,,,. nnd 11lar, -."• O ia1n0ti• or tunJ C-anN'r-Tn mnkr nur 
t0u1hl from ffla fl "'' fr11~nd11, ond pan,h , ,.,,. fiJU,.._... for lun5: * 1nf'1'r n• 1rn1r:1lr n• 1n .. 1hlt 
l r r1 For thnar- not l rarNI h,· lhr-ro mf""-1n•. o \,l,I• in~, .. 11,nlt .. t ttntl '"1r\\,1I nll c,.rhfird r-:s•,.. 
•VIII m■llr Hnn h ,~n• mad,, in th" pmvinr ia l n111I •1,qn lwd a l,m fnr r-n.,.. nn1 d1"'W rihf"fl " " 
d Mlh rN"Ord~ 11n,I t f"rhftratf't nml a hou t 200 .-111 h un 1hr d1•ntl1 1 ••rhfirn, ,. or 'Vi ,lr n1h, 
lltffOM werr lm1ntl in lh1, \\a\ In r11ld1flun , ,00,.,.1 n■ tfu,, In lune 1nn,tr fl( 0 l fi2 n nrl 
INITI"'h on our bt-h1U wu mnr.11• 1n t hr 1mlri: , f 1•,l\ nn, "' , ,, ri.fi,...-1 n• rlu,· fro :1 '1Hlrnnr­
tht C-Aruidinn ttm mnlovmrnl ln•ufflnna r ,,m ohrrtm, 1rn<I 11nn1h, r •• tlw· In Jlulm '" 1n 

mi• ion for ony perMn nnl fnun,1 b\· rTM" ,n,. nf fihro t hofh 111 nl11• h hotl h,"f'n rnd1"I u ror­
l001I ~nquiri"" Thr nnm~ of (1'1R Jl4""9(tn• ,i.rrr , ,... rh l nquir11• nlM"lul 1l1r r1•mn1nin1: rn rn•~ 
fou nd who h■rl rrc1• trr« I nr rr· r4,.1111t rrNI h1 \llrNt" m tu l, fr11m hn-p11nl'"'. ph,•it 1.an,. nntl 1111 
lwN'n J!)G.C and Nov I, 1066. and !l() morr hnrl 1holr.»t6~h nnrl ,nformAh l'ln \\n• r('('t'iwrl 111 7fi 
rf'•~••• lr r«l a r«rr tfu.U d atr All (j'.!,~ """'C'" pr, In fi\.r of 1lw1u- 11 u .,, rl'rinrl,'<I lhll l lhrr<" harl 
tumrd lo ht- nl1,'t' fnr 1hr JJUrfl(la(' of our , l wh lu'f"n nn m1to1-...., l,uf "" ",.,,. uMhlr lo ohta in 

fnlorm■tion wat ohloinrd rnnr trninir 10 "~ l p,1tholn1irnl d, 1n1I• In nnothrr fi""· thou1h thf' 
(88 ◄e.; ) of 1hr 11 ';,~ ne.n.on1 111 th1 111h11rt ,Jin r nnci11 llfHI h, , n m1uh• in th e hoqut■ I . nn 
7,965 wttre at ill nl ivt" ( inr ludinr 2.1fl-l I urr, n lh : d,nu nl nr JMlthnlns:u nl r t·• nrd \\rll lnund ~ M'· 

f'mplovt<I ) and 2,◄f.7 (2.1 fltt"._ nf H,..,.t• frni ,. 11 , nlr, n morr Imel hn n • t•rltfi1,I '" fnm1lv ph\ 
w,tt Tf'Porttd dMd C"o1Ji" of d,'1th rrrhfic .11, • •h ,nn• hut \\ • ,luJ nnt • 11• • t NI in finrl1na nut 
"'fr(' oblainf'lfl f rt1m C"an,uhan P m\.,ndnt nn.J ,, hr,, .1n,l l1n\\ ,11,. rli:umo 1• hnrl hN-n mnrlr 
US Sia Ir R rc1, traT11 fnr 2.21 1 (00""' , ru r in• I n 011• r, n1.11n1ni; ,~ Mt•rc. rntholo1i1 nl , ,.. 
For 61') morn f2 ".-tt >. nn arrt)lll'lhlr nl 1inrt. \-.N,• roht.11n,..I '2~ nt nurn,,,., nnd ~:1 n l 
dt•lh wa1 n bt111nNI hv otlwr m1,nn t11· :1() wrn lunp•v ,\ d,n,m-■1.- ,.f I un 111nm:1 or IIH' lrnl'l1r 11 
n:cridmfa l dreth 11 in lhl' mrnr-1 nr rlurmt nrltv1 Y..lll mnclf' in o nr . nl f1ronr h u1 nr lunJ: in 4•1. nn,t 
wrvrr~ witJl lh!' nrmt'd foN r« a nd 2'l \\-rrr nr mnh1n11nf mt..,.ntlwlinmn n( nlMJr,1 in lwo In 
1-.ua,d by diM'lllt" 1\1.enh ' "" nf thr 2rt hn,1 11nf' flat' l"w h,"111!111, ~::111 thnt of n mdnnn~, , 
°'n,rrrd hcforo lht rntrodu1 l ion of 111-ilh tt llt '-, ,mn um) tl,r p11l11N r.nrv lumur "'UJI 1l1ou1h1 to 
tralion in Quclt('I(" IO l'l2tt, nnrl th1• M llllf: o r lw m• fn,t:,1,, . , ho . ,,r l)r, 1 t ·r l1fi1'C.I f',lflN, tlirff 
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Table'·~"""'"'"'' A•w•o• DNlft ,. .... ,,., 1.000 111 ... br Dual /adu 

' .. 
10 10 • • ... ...... " 'oo• J • I 1411 .. ~,. .... 

, .... ...,. ... It • • • ' . .. ' 11COOOI Oltt 
... .,."1,woot•~· .... • I . , .. 

CICO l•O 
~NJJ•••MI no I • • .. 

oco , oo •• ., ~, .. • " ' • . 
(11,;0 •JO ti.'t) 

1••~"'- J• • " • ' 
(tCOIOOt"l 

OI"'•' cewt tt •• • '' . ,. 0 .. . .. ... 
Uf'lti ,_.,.,c.•w••• ~t r • . ' ' . 101 

MU"M' 
... 

T•ble • .-Equl••lonl A•ot•g• 0Hlft ll•IH per 1.000 Mtn tor lll•llgn•nl 
Neop/11m1 (/CO lf0,2091 br Dual lndu 

-::--=-=:-. 
I> 

"°"''°" 10 x,o •DC I 

I .. •• " , 11 I ,. 
l 1oohaau1 & ,tome,~ 

f lCO t"iO I~)) I J2J "'-'-- 1, ,, ti ,., ••• - • I • 0 
l r0•1hroe & ,._. J;,1ffl .. .q 

IICO 151 .,., ,., I l'I 

u, .... , . ~,....,..,,.-. -;;;;-- • o JO 
(ICO 115 15tl IUJ ,., 

P,•tws' wl I ,,,ti••''"' I " . ' 
(ICO 1•1 11.IJ ,i"• ,,u 

-~me l•I,_., 'Wf ('II:;;;;;- ••• .. , 
I• 71 t-,411 

All ntal•t~"I ,..o,.._.,,..---;-- ,, a ••• 
~ ( 14010'1• ,.., ... , JI 71 

, ICD 162 a nd 163). In lhis group lhc·rr "" 
littlo difTorcnce bctwoon rntl'6 in the four 
lower dw;t aitcaoril!ll, but lhc filth nncl ~islh 
grollJ)II &howed an up,.ortl tr<'ml. A oimilnr 
trend will, yeare ol oxp05Ur0 wns louncl 
(Table 6) , but the figun!II within the body o l 
the table 6\lgJe&t a clDl!ler relatinruhip "ilh 
dmt than with year&. Subtraction ol lhc 
throo incorffl:lly cotled case& anti nrldition ol 
tha nine lun11 amccr cnscs lotmd ot nulo(¥" 
incrooa«I ali11htly tho rnto among pl'raona 
with highmt dust ond longe,;t ~re. but 
did not motcrially chongo Cho piclluC' 1 To• 
ble 6). Further nnalysee to dil;tiniru~ h Let• 
ter tho relntivo imporloncc of years ol c,rpo­
aure and dU5t index ore dlll!Cribcd llll folio.,,,.. 

Ra1811 for mnccr of the inlllllin<' \\TN' 

about one third o! thOllll for cancc111 ol the 
branchua, trachea, and hmg, but showl'<I o 
very 1imilar trend. Rates for canocr of U1r 
aaophagua nnd ■tomoch, on the othrr honrl, 

J J. 

• ., .~. ... 
• I • q 

' I ti l , 11 

II 1 .. ". :• .. 
,1m , .. till I 141 I,,, .. . ' . ~ . .., ,, ••• 
fl' I ,., .. , (I ll 

., , < ' 
., . 'I• , .. 
I l) I ,.,. , ,. " 

rlul nol 1pprnr r!'lnlNI 10 dtl!'I in nm· consis• 
l<'nl mon,,N Olh!'r nhdominnl nroplo•m.• 
wen' 1- lrl'qurnl • lill nnd nl•o 11nreloll'rl 10 
du, 1. 'I lu, ;, imporl:inl ~in<,• 11 might be 
exp<'Cl<'<I 1ls, 1 1111rc·roi:ni1Nl pNtlnnrnl """"'· 
tlwliom.l> Y.ould br found ",11,in this im,up. 

MDFI nl thr l'J:C\SS morlnli1,· lrom rr­
spirnlorv ,lisca<e wus Mcribcd lo pncumo­
m nic-.is , T .~1lr r, ThN1· '"" l,11le rvidrn<:t' 
that clu.t-asrocintro d rotru """' included in 
ollwr m;pirnlory ail<'GOri<'!l. 01 tho :?R 
dMths ro<lrd under the pnM1111oconi06Cl6, one 
"'n.• dt!'crih«I n• nnlhrnroc;i•. four ns silico­
!-i11, ond 1hr n·OV1inin~ 21 n..c, o~tosici. Th,-, 
l:l't'<IICSI rxccai mortnlily from pneumocon• 
il>'tia wna omon11 pl'l'SOM in tl,c hi11he&t dust 
group \\ho h:111 IX'<'n cmployNI bctMicn ten 
.md :?9 yoor;. 

In the circulnlory di&03SC8 11roup, then• 
\\IUI nlso C'XCMII moctnlity in the hi11hml t .. o 
,111 I ml•~""""• rnninl\ in (1('n;n1111 C!fflplovNI 

.. 
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lirlWNn IHl and .di tara It ,. • r•rcomt 
rqually in 1hr 'artl'ria.clc-rot11 ,,,, ,Ir , ,,, , 
ntivo hfflrt rt ,rour, II ll 4,111 1n 1 .: 
I .. 111C1, ,nclulH'll 1mn- th.111 thn, ''"'"'',. ,r 
all dlt'Ulatory dralhr anrl ,n tho '"'"" , r 
"other drculatorv d.- II (') 4lJl tn 
410.nrl 42.'l lo ◄89) 

Comparilon With Qur~ MonaUtv.­
Tho numt»r of dlllllha from a ll r,, .. i,kh 
would haw bNn rrprciNI ,r <11~ 1-. ,1, ,tit 
ntl• had lrfllll'<l wu aalrulai(•f in tl•r fol , 
lowm1 way A1~ne rlra1h rnt, r .. , ,1, 
provinC'O W1!nt applied ro, C'ftdl \ ""'· l'I n 10 
1066. to all tht' nl('fl 1-1 "ho"""' nl,,r 
in IOSO, with an ndj111tml'flt (or th«- whn 
,tartl'<l work arter JO[>(). Tiu, l'Xfl('ctr<I mun­
hrr of rlmlha amons mm, th111, wn• t .R2~. 
whrreu the oi.-n'NI numbrr In the rohnrt 
WR.• 1.674. 

A almilar aalculollon wn• madr for Jun 
amcrr dmtha. Thl' expected numbrr I\IIA 91 , 
whemia 94 molr d•lhs crrtifirrl o, du.- In 
thia anLIC wcrr obacfVl'!I. C'orrechon for ro,t 
ins rrrora and nclditionnl nutor-v infom-, 
lion wu not appropriall', ,inrc C'l'r tifirotM 
for the l<'ll('ral populntion "'""' uncor=tl'<l. 

Jn the s ix co1mtie1 or the pm, inCI' "hid, 
include th!! n11ni1111 rc,rion Arlhnbo• kn 
llMul'<', Drummond, Mr11an1ic. Richmonrl. 
ond Wolre l. the ltmg mncer tlrelh rale "'~ 
about two-thirrl 1hr provinci,11 mlr nrvl 1hr 
r,rpcctt'd numhl'r cl dMthi wn corr...-pnncl 
inglv lower. Hnwr,rr. mnr,v rll-('fflf1)0,1.­
...,1're no longrr hems in 1hi1 nrrn whrn th.-v 
dicil, ■nd most of thot1e "ho niul ll'W>\l'fl hnd 
gone lo cities -.hrl1' hmg cnnc,,r rlra1h ml<" 
wrrr highrr. TIil' lll"II e!<limnlr nr •xJX'Cll'<I 
cleet."5 proboblv lu,s lx-twl'l'n thr numh,,.. 
GI, deri\'cd from tho minin11 rri;ion. nnd !)J, 
from tho pro\ince. The l'XC<W of ob,er\ rrl 
over apectrd lung umcer rlMths. thrrt'lore. 
Jim &0mcwhrrr het11,.-cen Zl'ro nnrl 30 nncl b 
mogt probably between ten nncl 20 

Factor Evaluation.- Althou~h thr n11111 
bcrs or men in each cohort M"' nbout 1111• 
&amc. ll'll'ir dil;lr,bution by ~Mra of rmplm 
mcnt nnd d ust inrlo.x WIIS 1mc,rn Jn th1 4' 

circum!tanca,, NJuh·nlcnl n,·rrn~r rlMlh 
rates could be mi.sloadin(l Berry" rl'C'l'nth­
rcviewed IOIN' or the mrthoci• """'" for 11nn­
l)'%in11 the imJ10rtancc or foclu,. 111 multll\ll\' 
lllblaa and de■cribcd a J>Ol'lltnl'lric Oflfll'OOt·h 
which hu the odvant.age !hot thr nrlN11wr , 
or the model ITUIV hr chrc~Nl enrl •t1111 .. 1irnl 

Table 1.-lqw,.-a1Mt1 Aret•V, a .. ,,. A•tH per 
t ooo "'" ,., c.,.~., o, ,o"'""'· 1,,,,,,,. 

and lunQI• 

• .. 
,., . , 

I Ill "' 
(I 

~ I 1~, I H ' II I ., ,, 
• 11 I I ,., .. 1Jli ,, . .. 

"' ,., I I 14111 .. ,, 
I ~· ' ' ,., 

00 10 I 

' ' 11, 
0 1, , , , .. .. , .. n, ,. ·~ ' Pt I .. 

' . ' , e I~ a 21 I ,~ ' 
1,0, I llt f lf l ,, 

~ 
• f'~ ,&J..,, , I ... . . .... • •"'r, , • ..,, o-., <>t • 
•• t<" O If . ' 

16:lllficnnc.e l \Hlunl1"tl. Frow 1hc nu111b.•r of 
,lrnUw from nil\ p.1rtir-ulnr c:-ntl!-o(.' rn ..::rou~ 
, ubdivicled II\ rlntr or birth nnrl ,ror or 
rmploymrnt o r 1h1, 1 ,nrlr,. nr,rc1~ l r~ll"-
11111v IX' rnlculnlrd """"""II no intrmrtion 
hrtw·rrn ttJ!t nnd lhf' othtr h,n fnrlt•l"'f- Fnr 
th1< nnnl~ ,i . the romplcmcntnry log loi 
1rnnJfonnotion """' lL«.tt(l.1• .. nus tmn .. fon1~ 
tmn i'- opproprln1c ,,hrn mrrf'm::inJ: eIJK)-­
..,un• i11 OQ..odnt,'fl ,, 1th proportional in• 
rrl.''1$C'S in 1hr ng, ,fl«Ulc rlc:1lh ralc<:. 

J'he rr-ult,; or 1his pnr,,nv Irie nnnhsis lor 
n p1r.11on. rnnf'l•r T nbl<' ; 1crc"f• rr m.,r~ 
.1hl\' rl,.;·ly ,, ith thr t"fllll\.1lrnt nH•r.1J:t' 
1IN1lh mtr,. shC1wn III thr lo\\cr heir (1[ Tnblc 
.i. T he rjl<'-- fnr lhc 01'!'1 fi,c du_,t in1ic, 
ll'\el• clo not dirTrr signi[k1n1ly but tho.c 
ror the fir t rour nrc ~i~nifimnt l,· rl,rTcrcnt 
frnrn thr hi~hr,.I Cl<JlO>Urc group. Thcrr Ort'. 
hm,P\('r. nl1.n clifTrrr-nn.,., l)('lhH"l'll thl' rntM 
hy ,cnrs or rtnfllr"mrnt, thr..c for thr lo\\1'r 
1\10 m t~i:oric-; llf'i 1111 ~i,mifimnt ly Jes.~ thnn 
thnt for mrn \\tlh •hr longc,.t crposurt'. 

Tnr gcn~ml fit or thc romplrmrntory 1011 
1011 mn<~ I ,, "" j101XI In m, Cl'JI o ( thc '.!I 
,Inc,. the nh<rn ,,,t number of denll111 dirTrr 
•ii;mficnntly from rx(ll'Ctntion. T eats for in-
1, rnrlmn llf'l \\ ('<"11 the 24 Cl'III onrl thr Rill 

,n1 nrt .:, 1\1 ti (ollu"-IIIJ rrc-uJt" li«t-lihon,I 
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Table L-l!q...,1/enl A,.r•g• DNlh 111111 per I ,000 MM /or R Hp1,al01 r 
01, ..... (/CO 00 51tJ ~, Oull lndu •IHI YH,■ ol rmp1o,,,..,,, 

. .. ,. ID 10 
;;;;;;;;;:;. •• -;,, Dr9iftl"N:I.A (P(..(J .. 

< I 7 _ 1J 17(4) 

I I 1t• J + JteJ 
10 o ... ,., 
J O 0 
All-- I Ill 4 1(1• . ,. 

,._;-~, (1Cli 11 t • • 1 
.; I 1 4~1) • 1) 

I I 40t I Ml) 
10 0 2J<II 
~ 0 

HO 
~ I 4 Sf1 0J :» 1(11J 

I J 11,) I J 2'f1t1 rt Olt, 
tO D l 7lJJ ~ (II 
10 O O 
All • tf ,. • , )" 

ii fHpet■IDfy G1M■t•1 (tUJ 410 &J111 
I I. t,c70} II ll(t, 
I llJ(lf Ja•tff) J ~1 I 

10 0 112'(7) J~ t·O 
;JO n • 1ilif U 

•• • '< I 10 • 

ratio 1st, 88.!J and , · . 90 1. Nu Ii " rh ••, 
rlc11rcl'W or frol'<lom; nnd I' !I :, 

Comment 

At locc value. rhc- finclon i:-i; &U~Rl'l' l thnt 
our rohorl of workc,. m the chrv..,lih 1111n 
ing indust ry hnd n lov.tr mortnl,l\ th:in th<' 
popul11li1:-n of QucbN- or the 1:11me n~r Tl11 
is gt'Jl('mlly lrul' of Mnplo,rd I ""'"' r ,r, 
vir!cd they 11rc nol 1'l1bjl'Clr<I to nn , ...._,,, .. 
lion:il hazard 1Unicil'TII to 01T...-1 Lh rnn 
1idl'mble 11<.'loclivl' odvontllRP or IN 1111; and 
l'f'mninin11 fil for worl.. This Admnla~<' " ·' 
cloorly losl by lhi, men on tJ,c hi~hr l du+ 
index calcgorv \\hOI!(' nondord11r<I morlllh· 
ly wu about 20";, ob°'·~ lhnt or th<' r""t 
Two thirda or the rur~ mortoht, in lhi 
group WI\I probnbly due to 1,ulmo n.ir, fiho 
aia, ahown on the doolh rer1 incnt,• n• ,-,th,·r 
Mhcltosis or in the J:UillC of variou rr~pir.1 
lory or cnrtliovtU1Ct1lor diDl!JI,,,.,.. md 1hr 
rcmainin11 11,inl lo ronC<'r, mninh· nf 1h 
respimtory lmr t 

The hi11h rote or lung cnnccr on n~·n 
heevily cxrlO"Nl lo n&1-tos ,niRhl Iv <'X· 
plained if IIUCh mrn al"° lmdrd to •mnkl' 
more hcnvily tlU1n othcn. WI' hn,r no d,rrr l 
evidenCI' on thia poml for rut-<'1111, loy...,.., 
1inco infonnation on ,m,okin~ wn11 nol rm•• 

•• . 
• .. .. ... 

lt 7(U 
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• f',,111 
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Table 7 -Agt•Co,rKl•d Out.h 11., .. ,,., 1,000 
Men tor C•nce, o l '"• Sronchu1, r,,c"••· and 
l ung br Dusi lndu •nd Y1u1 ol Emplorment· 

....... 100 .NM> ,no ~00 .. , 
0 . ' 

I • .. • . ) •• ,,o ., , 
0 • • 10 • " . 1,. , .. 

I l ... ,. . I), H < " -• ' •• '" 
,. , ' 100 ... • •m ... , ..,. ... •• I .. .... •' 

IUIL'h , ., .'Onie-c l hv thr cnmp3nt{"'t or the 
11"4,.11t .1l , lmir,. 1 IO\\{"\(•r . m .i Hlr\f'\' of n 

" l<'Clr< I rnm lnrn ,-.,mple or o•<·r 1.0(11) c,ir­

~ n l t mplO\t'C"- th(\re wnc: httl~ or no rrlo• 
r,on..11111. 1111,r nllo"'"~ for o~,·. llf'twt'l'n 
rnok,oi,: t : 1h11 nml c 1thrr rh1 .. t l'XJ~re or 

dur:t t1on n ' t.mplo,mrnt 
Uur allt. 111111 l(l n~... ~ p:1rotrlv lhr 

1111pl(trl.m1 ,~ of u mwln11,r chL .... t f"Xfl<)i.llrt' nnti 

dur .. 1tto11 of f'Xpn ure 1'1 n.•lntion to lun~ 
r 1nN r 11n ,..,,,.,111,, of mC'ln• thnn on(\ inh r 
Jlrt•tation A-. ho\\O in TnblC' ~. thClr~ "" n 
fhdol<I ,hlT<'n nn· b<'t"""" thl' mortalitv for 
thfN'• with thr ln\\.,....t ,lmo,mt 011d clumtion 
or oro,-11« • ... i . nn<I 1hn1 for \h()I;(' "'ith lh<' 
ho~hr 1 :i·, 1 1111• r ronfimw<l hv thl' p:1ro 
mdrir on,11' , 'l'nbl<' i " hich fur1hl'r &Ug­
,:r r rlut 11rn1mulntro ,Ju,.t l'~potrurc one! 

\. 
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dur11tion of m,plo~nt •r anmll 111uAII, 
lmporuint in rlfotmmnln1 tl,c, d1ITl'l'ffll I 't 

fortu1111lely, 11,,,,.. n s• ,t>lr o,,um• , I 
biu and rrmr ..,1,,r1, '"'"' hnw nm1t1h11h•I 
lo bot!, llltw' elT...-

ln Tahlll !i, tllf' r11i.,.. fnr nrn with J,­
than Ollll ,.ar nf l'fflJJlovn~ nl l!n'1n n m11rlt 
ably low; IA d,etlu, w1•tt '"""""••I, ,.11,,.,. 

29 would have '-n np,...-11"1 on tllf' i-, of 
Qlll!bee ml• It wna in thi• group thnt 
tn1cin1 wu lrut •tW11r1on T abll' 2 
FailurP to ut'l'rlllin M,'t'n • wnall numht•r or 
lun11 cancrr dMthl would ho,,. m,1,ll' ·'" 
appl'l'Cinblo diff<'l'Mlro in lh1• mt,.._ !-horl 
tt'nn t'mploytW .... o "'('"' tl'llrm tmdNI '" 
be lllme who had NYNI in tl>I' nr1Khhor 
hooda .,,hc!ft,, in anv t'IIOI', lunK aint r r.,tr 
""""' much IOW\'r thnn in thl' urbon nt<'ft' or 
the Jlf'Ovin°' and t-11"wh('T'(', to •hirl, 1h01 
unlnic«I mav writ M\l' 11onr Whntr,rr thr 
cxpl11nalion, it ia difficult to nm Jlt .. ,thout 
,_.r\'t', tho low mtr <•I lun~ r~n<'t'r III th, 
1roup 

A N'COIIII IOUr<.'I' or rrror 11 n-1 INI In 1hr 
ucerlninment of lun11 <11n<'t'r n• 11 C11W<' or 
dN1tl1, It i. l!l!l'IMllly b.li1•\l'<I lhnl 1h1 di:iv 
llOlia ia gl'Olltly nulnd hy fO'tnmrlrm , 1nm, 
nation In our 1tudv. 34P • or 1hr rn ,.. 1" 
fore correction ancl ◄0°;, ortM rorreclinn h:icl 
had an auloJJSY, romJl(lrNI "ith 12°, or oll 
deal.ha, Thia might not n,ollt-r if outo110ii,,, 
wel"I.' l'\tnly d istrihulrd in ttlot,on to <'l<JlO 

l!\ltt but thi, wu nol 110. 111<' nuloJll"' rnlc­
in ucendins onlrr of du.I -ind<'>< amup ,,rrr 
t 1°c>- t t «>r,, 9"!,, J0C1,,, u ;n~. nml 22" . nncl 
by years or tmplovmrnt. 12" !l" I;• 
and 21 %. Thi• tttnd i• oleo t,hh In h:i·, 
"JIJlil<'mtoo the clifl~n,nft' in h,11~ , nnrt r 
nits in relation lo rspo,ur<', h111 I, hn" 
much 11 is impo,wublr lo •·" 

Taking all ti,('<(' ron•id<-nil111r.1 ,nto m· 
count "''C ore inrlmed lo ronclud•• thnl th,· 
true differenc,, bolw'l!tn thOli<! moximnllv onil 
minuMIIY upo(IW'd may well J,.. clu,,u to 
th,....fnld thnn fhrfol<l nnrl lhnt ,1,,. ;, pnrl-

. . .. ... . . .. 
• . • . ., 

h. cf11 1 rrhtt,iJ ,u,,I I rth 11mt n IAh•I \Vr 
~n.,1 aw> 111 futun ,1n,I ◄ v tun s lt,nJrr 
J» rt1 I uf ,,t.,rr'\ ,tirw v.11l h 1\ 1 \U·lrl,...-1 mon­

' '"''~ lo,__. 11n r , ... 11, inrh_·, t • l on thl' 
C '"" ,,t "' 1n11umt or d11 l mh·1l1'(I nn,I tht" 
tu 1t !II ll n 1iun HI Uu hm Our 
fir Ian o f If 1p u ,, .mp1l1l,I , 1th 1u, 1l 

\'I 11 rwlrl 
•n ti ('1n,ult.1n ,u,t'\ nwnhoiwd NH 

lirr, pnmnn m.nli "ll:mt ,TI(_'lti;,l'lthl'linl tumorw 
"'"'ts r-1r1'h a ,... ltc"'I '-' 1th chrv-:.otilr nVW"'I' 
It-.. I ro,h.-11011 111 Qur ll('(' 11ml 11"' p~nl 
""' h, ,.. th, out ·nm"' ,l,-,.1!1> from 

thi ,.,, .. r l\rtt rounrl nroon• nNlrl V 2,SOO 
di :1th fr,101 11II Mil •• '" IN" rohort ·n,i~ i~ 
pr,~w,hh mnrr lh,,n \\'>1tlcl t,,. t'SJl('('lffl in o 
c:,,mr m hlr numh,,r of dt Hl III tlw R"<'nrr,,1 
populntron l"J11t ~,111h out nt lif'K' \\ith thr 
firwhnii nr ~d,ku'T , t d in m~u•~1tuu1 
worlc.1·r,o. :,nci 1l111 - or ~, ,\ hnu•· m n l.nn 
tlon n•lir In. forlur> 1 h,- rnn~nitttd<' of th1• 
,tifl<·n-nrr Mtt hr ,nrrrrrol Imm lhc r.Rurt-, 111 

Tuhlr '- Thnu~h thf'O<• flr urP 111'1' nol ,•nlirr­
lv n1mp.:1r!'thlr. N"<"\u••' nr ttt-!• nwthotl, of 
1 1"t'rt.1imT\<'nl nr othrr r.wtor th~y ~UJUt<'f l 
th .. '\l 1hr r ..... uu ... nf ~f"\\hOlL...(•' , .. ore- t,;;jmilnr 
tn tJ,. I" nf N•lrkofT rt 11 1• r11r mr-in'lwh~I 
tumor- nnd. IM"rh ~p..; hmi: cnnC'f'r Tl is cll·ttr 
thnt lht• Q 11,-ht'<' rhC\<,Qlllr \\Ori,,,... hn,r h nrl 
nolhin~ hkr th· t 1'tw-rirn"\'S nf 111" i\ mrri--:i., 
in· 11IA11on ,.nr~• r or thr Lr,nclon for1orv 
\\'Ork<-1" "ill, rt (l('(l to moli~nnnl m""°thl'• 
liom._1, nm) 11 M't·II\" unlik<'h- thnt thrv nr~ 
n,mtllltil y. 1th n , pt'<"l to lu111,t t";mrt:r 

Tlw-....• fi1uhni: ... ~trun~h ~u1;u!t'""t C'ithrr thot 
, hn·•,,ut il£" 1 It-.... .. l•"<'IV to C'3UN.' 11,ali tmn11t 

dll'-I~"-<' ,,r 1l11· h111..: :iml p1(111fJ lhnn other 
fnrin._ of n, h, .... tn'- '"-llC'h 11"' rr0t"'ulolitC'. or thnt 
,u,rk,·r- rn~·n~1"<I in in-.ulntinn nn,I rr~ 
in.,: ,in • 1'pn,..('(I In rirfrhhnn,d f:trtor11 "hid, 
r~r,1nlll th<' chffrn·11rr 

n11• .,_ rli: '" un,tr1 t 1lirf" •1lh 11,,. ,. .. utnn- e "' 
• ,,.nt ffflm 11,, l11 111111 nl ~ uri,allon•I an,I 
I TI\ ufm1~!11I tfp1!t l, 1,f ti, ( ~.,..l,c-- ,\,Jr- In- Mrn 
,nr A-,r1111 11m 1 

I 11I \I f ',IP 11..,ft. 111 111,.., IM f\f tl1f' 
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,,_U.. I l.nduolrial Om,, and I l(r,pr tlrou ... 
1'ID, n,edin,I daw1ar .. Iha 1.:.-i.o J°""" M•" 
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wtalD """lh <ftll,._,.1 .. TI,■ 0..,.. lnall DI Na 
llnnol lb•ILb onJ Woll•"- Olla-. ••d Ibo c-,11 
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Or. r. L. Pund•~ck 

Proaentation to Illinois Pollulion Control Doard 

Octobor 15, 1971 

My name i a Dr. Pred L. Pund•~ck, and I om Vice President of 

Research and Development for Lhc Johns-Manvil le Corpora tion. 

I am en inorganic c!1omist with a Ph.D . degree !rom the University 

of Illinoi~ , end I have been involved in asbestos research 

ainco 1952. I am here today repre~enting tho Asbestos Informa­

tion Asaociation, an organization sponsored by nine l eading 

manufacturers of asbestos products to provide information on 

asbestos end its health implications. The members of ~his 

Association are listed in a fact cheet which I have provided . 

ln tho event that my presentation prompts questions relating 

to environmental control t e chnology or the medical aspects of 

the asbestos situation, I have aske d three experts in these 

fields to accompany me here today to assist i n answering ques­

tions of a highll' technical or medical nature. 'fhey are Dr . 
Joseph L. Goodman , Associate Professor, D2partment of Preven­

tive Medicine, Medical Unive r s ity o( South Carolina, and • 

·Medical Director , Raybestos -Manhattan Corporation; I-Ir . Isaac II . 
Weaver, Corporate director for Environmental Control for the 

Raybestos-Manhattan Corporation; and Mr. George L. S1·1allow, 

Manager of Occupational Environmental Control , Johnz - Manville 

Corporation. 



\ 
Defor proco ding, I would like to express the appreciation of 

the
0
Aabeatoa I~rmation Association for the opportunity to testify 

on the propoaed asbestos regulations. 

Aabeatos ha• nwnerous important applications ir. our modern 

induatrial society. Among these, it provides built-in oro­

tection against fire and deterioration in scores of common pro­

ducts in daily use. Through the years it has saved countless 

lives and billions of doll ars in •property damage by preventing 

or checking the spread of f i res. Asbestos-containing acoustical 

products make a valuable contribution to r.oise abatement. 

Produ~ts containing asbestos are used, among other applications, 

in the construction of schools, houses, theaters, factories, office 

and other pub l i ~ bui ldings, and in the insulation of furnaces, 

boilers and electrical equipment. 

The asbestos industry within the state of Illinois plays an im­

portant role in the economic life of the state and its people. 

The member companies of the Asbestos Information Association own 

and operate a total of eig1t plants within the boundaries of the 

state. Some of the product lines produced at these e ight 

plants include: asbestos-cement pipe, packings, gaskets, fric­

tion materials--including both conventional and disc brake lin­

ings--asbestos-cement sheet prodlicts, asbestos roofing and s id­

ing shingles , insulations, and many others. A total of 3,118 
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\ 
Illinois roaidents aro empl oyed at t hese manufdcturing faci ­

litiO•• Last year, these employees received a total of 

$ 24.4 million in wago■ , salaries and fringe be nefi t s . Services 

and gooda purchased within the state , such as water, electricity, 

telephone, service, raw ma t erial s and f r eight amounte d to more than 

$ 17 million in 1970 . In addition, stat e , county and local taxes , 

amounting to nearly a million dollars last year , helped to pay for 

new schools , roads and othe r benefits to the s tate a.nd its 

citizens. The va lue of yoods produced at these manufacturing 

locations last year totalled $ 70.l million , with approximately 

$1 4 . 5 million worth of these asbestos-containing products being 

sold within the s tate. 

As you can see , the econo~c contribution of the asbestos industry 

in the State of Illinois i s by no means small. And the figures 

I have just given you represent only those companies that are 

members of the As~estos Information Association. The r e are also 

within the state many other concerns -- both large 

and small--whose l ivelihood depe nds i n some measure on the use 

of asbestos or asbestos- containing products . Such concerns would 

include many segments of the construction industry , companiPs 

engaged in t~e manufacture of asbes tos-containing products, 

companies which use fini3hed asbestos - co11tc1ining products in 

the manufacture of othe r products , and many othe r s . The economic 

value to the State derived by t he use of asbestos by t hese other 
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concerns is difficult to gauge , however it would certainly 

doUQle or triple the figures I gave you earlier with r egard 

to the contribution of the member companies of the Asbestos 

Informatio n Association . 

The asbestos industry has recognized for many years that there 

are occupationa l health hazards associated with the excessive in­

halation of asbestos dust over long periods of time . As a re­

sult, the indus try, beginning in 'the l ate 1920s, has sponsored 

a.nd cooperated in a wide variety of s cientific research projects 

designed to identify these hazards and to e limina t e them where­

ever they may exist, not only in asbestos mines , mills and manu­

facturing plants, but a lso among fabricators and applicators of 

f.inished asbestos products. Today , the asbestos industry , e ither 

as individual companies or through the Quebec Asbestos Mining 

Association's sponsorship of the Institute of Occ•1i:,ation~~ end 

Environmental Health in Montreal , is supporting medical r esearch 

at such hig!1l y regarded institutions as McGill University in 

Montreal, Tulane University in Louisiana, St . Luke ' s Hospital 

in Cleveland, the Environmental Sciences Laboratory at Mount Sinai 

Hospital in New York, the Industrial Health Foundation in Pitts­

burgh, the University of California at Berkley , Farleigh-Dickinson 

University in New Jersey , the Unive r s ity of Pittsburgh, the Medica l 

College of South Carolina, and a number of others, both he r e and 

overseas. In addition, the i ndustry has cooperated extensively 
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in varioua investiga,.ions into asbestos-health conducted by 

agencies of the Federal Government, including the U.S. Pub­

lic Health Service, the Federal Envircnmental Protection 

Agency, the National lnstitute of Occupational Safety and Health, 

and others. In the industry's own research laboratories, 

scientists and engineers are a l so engaging in work related 

to hoalth, dev•loping safer packaging and handling techniques 

for loosely bound asbestos products and also developing and 

improving techniques for the measurement and control of as­

bestos emissions both in the work-place and in the ambient air. 

As a result of these activites , over the years the industry 

has amassed a substantial amount of medical knowledge and techno­

logical know-how in the asbestos-health area . 

Basically, the known facts about asbestos-related disease can 

be swmned up as follows: 

First, asbestos - related health risks are basically confined to 

the occupational and para-occupational setting . 

Second, the effects of excessive inhalation of asbestos are 

both time and dose r elated. This means that asbestos-related 

diseases may develop, anerally, only after the inhalation of 

substantial amounts of asbestos dust over a substantial period 

of time. 
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Ana third , there is presently no evidence of hazard t o the 

general public from exposure to the minulo amounts o f as­

beato~ that may be present in community air . 

Because the general purpose of lhe regul ations under dis-

cussion here today· i s to prevent the emission of hazardous 

quantities of a sbestos fibers into the air that the general 

public breat:he s, I will r estr i ct my furthe r commen\S on health 

to t~is area . It i s very important to rea lize jn any discus -

sion of a possible public health hazard from asbestos exposure 

that the only scientific studies we have to go on are those of 

groups of people in occupational and para-occupa tional environments. 

There is no b~sis for assuming that data-on occupa tional health 

risks associated with heavy, long term asbestos expos ure can be 

applied to the general public without taking into consideration 

the vast differences 1n exposure between the ·two. 

Despite the fact that the onl y studies in exi stence are of 

occupational and para- occupationa l populati ons, a careful 

analysis of the data available can give us some ge neral infor­

mation about the question of a possible public hazard from 

asbestos. The substance of this information i s that diseases 

associated with occupational exposure to asbestos are dose re­

l ated and that thedoses below which no measurable increase in 

disease occurs are far higher tha n any dose to which the general 

public is exposed . 
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Thi• evidenca ik based on a number of epidemiologica l studies--­

three of the moat prominent being one by Dr. J. Corbet t McDonald 

of 10,421 past and present asbestos mining and milling workers 

/ I 

in Que bec, a second by Dr . M. L. Newhouse o f 4,500 me n who were 

employed in a British asbestos factory between 1933 a nd 1964 and 

thP Third a study by Ors. Knox, Doll and associates of 878 workers 

in an asbestos textile factory, a l s o in G~eat Britain. 

Dr. McDonald, in his study, divid~d his subjects into eight 

categories, based on length of employment and severity of dust 

exposure. He noted that only in the highest time-exposure category, 

comprising five per cent of the total, was there any increase in 

deaths from respiratory and cardiac diseases, including lung 

cancer. Taken as a group, the Quebec asbestos workers had a 

mortality rate from a ll causes lower than the l evel expected in 

the general population. 

Dr. Newhouse in her st~dy in Great Britain found that workers who 

had low and moderate occupational exposure to asbestos dust showed 

a rate of deaths from diseases of the lung, including cancer of 

the lung and pleura, that ,1ere comparable with that of the general 

public. On the other hand, another s tudy by Dr . Newhouse of 

mesothelioma (a relatively rare cancer or the lining around the 

lungs) in the London area showed a small number of cases among 

people who lived in c l ose proximjty to a n asbestos textile plant 

and also among people living in the household of a~ asbest~s worker , 

who presumably brought home quantities of the material on his 

clothes from work . The intensity of exposure experienced by these 
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ao-called para-~ccupationnl populations in London is difficull 

to gauge, but there is every reason to believe that they were 

in fact higher than the low and moderate occupational levels in 

factorie& that have been s hown to produce no excess of mesothelioma . 

Those studie& do, however, point up the need for proper control 

of em.isaiona of asbestos from factories so that neighboring areas 

will not suffer para-occupational exposures to asbestos. 

The Knox-Doll study, like the Newhouse and McDonald studies , 

confirmed the fact thftt low to moderate levels o( asbestos 

exposure wil l not produce an excess of disease . It should a l ways 

be remembered that these low to moderate l eve l s in occupational 

settings inside factories were certainly higher than any to which 

the general public in this country is exposed . 

In addition to these studies , there ure several studies of the 

effect of various doses of asbestos on laboratory animals which 

also indicate that there are dose leve ls below which no measurable 

disease effect is observed. Dr. William Smith of Fairleigh­

Dickinson University studied mesothelioma cancers in hamsters, 

and his data show that below certain specific doses of asbestos, 

no cancers were observed to develop over the entire natural life 

span of the animal s . Dr. Merl Stanton of the National Institute 

of Heal th, Dethesda, Maryland, conducted a somewhat similar 

study with rats and observed the s ame type of dose-rel ated 

response . 
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The most well-known or tht' American epidemiological studies 

related to asbe stos exposure is that made by Dr. I. J. Selikoff 

of 632 members of the Heat Frost and As bestos Ins ulation Workers 

Union in the New York/Ne\/ Jersey area. These men , for the 

most part, ere journeymen-craftsme,, who work on construction 

sites and apply i nsulation to boilt" r ,; , steam and hot water 

• pipes, heating ducts, etc. , during the construction of a 

building or a power plant. They may also be involved in 

tearing off old insulation . When•one construction job is 

completed, they move to another cons truction job . 

The occupational environment to which they may be exposed 

involves not only asbestos but also silica and particulate materials . 

In addition they are exposed co a variety of fumes from 

organic solvents and adhesives with which they work. In 

short , they have a widely va ried and, in the past at least, 

a relatively uncontrolled occupational dust and fume ex~osure . 

Dr. Selikoff found that the death rate from lung canc2r 

was extremely high in this group of 632 workers, but that this 

very high mortality rate occurred almost exclusively among 

those wor kers who were cigarette smokers. 

On the other hand , those workers who had no history of 

cigarette srooking had essentially no greater incidence of 

lung cancer than the general popul ation of non- smoker s . 
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detectable ri■k. What those leve l s are is not known, but there 

ia no evidence that pe r s ons in the ge ne r a l population--without 

occupational, household or neighborhood cxpos ures--have any 

increased risk of neoplasm, even though the re may be ferruginous 

bodies or fibers in their lungs (end quote) . 

• In the ronclusion and recommendation section of the report 

for the National Academy of Sciences, the following statements 

are made: 

(quote) At present, there is no evidence that the small numbers 

of fibers found in most members of the general population affect 

health or longevity. Asbestos is too important in our technology 

and economy for its essential use to be stopped . . But, because 

of the known serious eftects ot uncontrolled inhalation of 

asbestos mineral s in industry . . . it would be highly imprudent 

to permit unrestricted additional contamination of the public 

environment with asbestos (end quote) . 

I believe that these statements from the report adequately ex­

press the position of the asbestos industry with regard to the 

health hazards of asbestos. We do not believe that at present 

the general public is in danger from the minute amounts of 

asbest~s that exist in the ambient air. However we also believe 

that it i s prudent and feasible to establish reasonable emu.ssion 

co•\!::rols that will protect the public and ensure that hazardous 

levels of asbestos will n9t develop in the community air in the 

future. 
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In general, the'mortality rate of indulation workers reported 

by Solikoff is mucn hi~hor than the rates found in 

studies of larger groups of people who work in factories 

producing asbestos-containing products,and in mines and 

mills processing asbestos . Why the in~idence of certain 

diseases among insulation workers is so much higher than the 

• other groups studied is a question as yet unanswered. 

Unfortunale ly, as is so often the,case with diseases tnat 

take from 10 to 40 years to develop, reliabl e data as to 

the past occupational exposure of these men to asbestos 

and other potentially hazardous dust and fumes in their 

work are not available . 

As a result, at the present time we have little information 

as to uhat other factors may have influenced their high rate 

of disease except that those insulation workers who smoked 

cigarettes developed lung cancer at a rate far higher than 

the general population whc smoked. 

In 1970, with a grant from the National Air Pollution Control 

Admi~istratiou, The National Academy of Sciences called 

together a blue-ribbon panel of asbestos- health experts to 

draft a document on the problem that would serve as the 
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medical baai• for thb Federal asbestos emission standards. 

Among tho•e asked to serve on the panel were Dr. Clark Cooper 

of the University of Ca lifornia, Dr. Lewis Cralley of the 

Public He alth Service, Dr. George Wright, Dr. Irving Selikoff 

and others. 

The reaul t of the il study i,,as a ti fcy- chree page document 

on asbestos/health . As a conclusipn to this part of my 

presentation, I would like to read a few pertinent excerpts 

Crom the report, which constitutes the most up- to-date 

evaluation of the asbestos -health problem that is available. 

On page 20, the report states (quote ) We cannot extrapolate 

from the mortality experience of those who are directly 

and indirectly exposed in their employment to the general 

public who have had moderate or slight exposure from ambient 

air. There is evidence to suggest a gradient of effect 

from direct occupational, to indirect occupational, to family 

and neighborhood situations, in all of which dust concentra­

tions are probably high by comparison with most community 

~ir . This suggests that there are levels of asbestos 

exposure that will not be associa t ed with any 
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With this poaition ! n mind, I would now like t o discus s the 

a•beato• regulations proposed for the State o! Illinois. To 

begin with, I would like to commend the Ill i noi s Pollution Control 

Board for its effort s t o ensure a s afe environment f or the 

State and all its citize ns Your ~r edenti als a s a progress ive 

yet fair control board are well know~ and r e spected in environ-

• mental circles throughout the ~ation. 

While the asbestos industry as reP,resented by the Asbestos 

Information Assoc i ation is of the pc sition that there is presently 

no hazard to the general public from t.he minute amounts of 

asbestos existing in the community air, we neve rtheless are in 

favor of regulations designed to accomplis h one or more o f t he 

following three objectives: 

One, to ensure the health and saf ety of t hose occupationally 

exposed to asbestos fiber . 

Two, to prevent possibly hazardous amounts of asbestos fiber ::rom 

escaping into the ambient air , and 

Three, to eliminate, whe r e possible, the nuisance of even small 

amounts of asbestos f iber from escaping into the ambient air. 

While thi s third point is not directly rel ated to health because 

of the small amounts of fiber involved, we wholeheartedly support. 

the position that the environment should be as clean as possible. 

For these reasons, we support most of.the items in the proposed 

regulations. However, we do have several specific comments a nd 
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suggestions to ~ake regarding the regulations that we hope 

will be of help to the Board in arriving at a final document 

that will not only be effective but also practical and reasonable . 

I will discuss the sections upon which we wish to comment in the 

order in which they appear in the regulations . 

• Ouc first suggestion is with regard to Part II: General Require­

ments, Section 201. This section calls for the obtaining of a 

permit to engage in any activity ~hich could di~charge asbestos 

fiber into the environment. We feel that this section is not 

specific enough with regard to which activities would be covered . 

As you are probably awar~, in the vast majority of asbestos­

containing products used in the country , the asbestos is locked 

in place with cement , plastics or other binding materials , and 

does not constitute a source of emissions to the atmosphere. 

Asbestos-cement pipe and vinyl- asbestos floor tile are examples 

of such products. Other products and activities do constitute 

possible emission sources, and under the regulation would require 

a permit. If it would be of help to the Board, the Association 

I represent would be most willing to prepare a list of those 

products in common use where the asbestos is in a non-locked- in 

or loosely-bound state and thus constit~tc a possibl~ emission 

source which would require a permit. 

As to Section 201, Sub-section B, requiring a satisfactory 

course of healt~ instruction for e~ployees in those 

j~dustries involving the ,andli ng of loose or loosely- bound 

asbestos products, I would like to point out that 
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the vatioua trade a■■ocialions in Lho asbestos ind1stry have over 

tho years produced a number o( safety practices manuals and book­

lets de ling with various sections of lhe indust.ry. 'l'he Asbest..,s 

In!ormation Association would thoreforo recommend for your con­

siderati 11 as Jnatructional material for uso nnder Section 201 , 

Sub-sec-tion B, the safety practices booklets which I have sub-

•~it-~ co the Board with my present~tion . Tho four booklets are: 

1. Recommended Safety Practice·1 for Fl andling Asbestos Fiber 

' 2. Recommended Health Safety Practice!'! for Handling and Fab-

ricating A~bestos Textile Products. 

3. Recommended Practices for Fabricating, Handling and Apply­

ing Asbestos-Cement Products in the Building and Construc­

tion Industries ... and 

4. Recommended Heal th Safety Practices ior Handling and Apply­

ing Thermal Insulation Products Containing Asbestos . 

Under Part V, Section 501, it is our opinion that Subsection B, 

which requires the enclosure of walls before toppling during 

demolition, is both impractical and unnecessary. We know of 

no suitewle method for enclosing the walls of ~ structure 

during demolition. Even more important is the fact that there 

is, in reality, very little asbestos used in the construction 

of a mo~ern medium-sized or high-rise structure. rn addi t ~on, 

dust counts taken during the demolition of a building in 
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Baston, Pennsylvania, which did contain significant quantities 

of asbestos products , showed very little dispersion of fiber 

into the surrounding air, both upwind and downwind of the 

demolition sit . Thia 3 due to the fact that most asbestos -

containing products in which the fiber is locked-in with ce­

ment, plastic or other binding materials do not readily re­

lease fiber in the atmosphere, even during demolition. Sub­

section A of Section 501 requires the prior removal before 

toppling of boiler and pipe insul ations .... tw~ asbest os­

containing products that might release dust from improper 

demolition. Since this will remove any loosely-bound asbestos 

products from the structure, we believe enclosure of the 

walls to be unnecessary, and recommend that simple wetting 

of the walls to be toppled would be sufficient to control t he 

dispersion o f dust from whatever small amount of asbestos ­

containing products the walls might contain . 

With regard to Part VI, Section 601 of the r egulat~ons , we · 

would like to recommend for your consideration a completely 

new approach to the control of asbestos emissions from manufacturing 
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operation■ . A■ presently written, the r egulations call for 

the establishment of a numerical emission standard of .5 fibers 

per cubic centimeter of air from any manufacturing operation , • 

and .OS fibers per cc of air at the boundary line of the plant 

or factory. 

We would recommend that Section 601 of the regulations be re­

written so as to substitute a control practice standard for 

the present numerical emission standard . The r easons for this 

recommended approach are varied, but are prima rily based on the 

lack of specific data with regard to safe non-occupational levels 

and the difficulty of accurate and meaningful emission sampling 

techniques at very low fiber concentrations . 

The Federal r.nvironmenta l Protection Agency s tudied this 

problem very carefully in prepa ring its national emission 

standards on asbestos, and arrived at the conclusion that 

a numerical standard was impractical at this time . In this 

regard, I would like to r ead a few excerpts from a document 

prepared by the EPA as justification for this viewpoint . 
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The docwnent statos that ideally, national emission standards 

for asbestos would be establi shed on a concentration basis 

related to health effectG and would provide an ample margin of 

protection to the public health regardless of the number of 

sources in a given geographical area. There are many practical 

considerations, the report goes on, which prohibit the establish­

ment of a numerical standard at this time . 

Foremost of these problems is the lack of a data base.This base 

is lacking from both the health-effects standpoint for non- occupa­

~ional exposure and the emissions standpoint. The majority of data 

avail able on asbestos he~lth effects is related to occupational 

exposure and t:dlll!Ot be readily excrapol ated to non-occupational 

levels. 

A little later on , the report states that (quote ) a cor.trol prac­

tice appmch to reducing asbestos exposure levels of~ers a prac­

tical alternative to numerical emission l imits. A ma jor advan ­

tage of a control practice standard would be ·reali~ed in enfor ce­

ment . Inspectors could be easily trained to certify compliance 

with control practice regulations (end qt.ote) . 

The report goes on.to describe some of the many difficulties involved 

in asbestos sampling and ana l ysi s, especially with regard to 

emissions into the ambient air, and conclud~s that present tech­

niques are not on l y time consuming .:md expensive, but that t hey 
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also tend to diatort the concentration of asbestos in t \1e sample 

baing analyzed and are hence not meaningful .. n establishing thi! 

actual amount of asbestoo being emitted into the atmosphere. 

The National Academy of Sciences Committee report on asbestos 

health, which I quoted from earlier , agrees with the EPA position 

on numerical standards . It states {quote) because o f methodologic 

a nd other uncertainties, it is not yet feasible to base control 

on numerical ambient air quality standards (end quote). 

I will not go into detail on the specifics of a control practice 

standard since they would be prima1·ily of an engineering nature, 

howtlv~.c, I will submit for yuui: c.:011sid1,n:alio11, ;,.s soon as ::hey ai:.:: 

published, the asbestos emission standards proposed by the Envi­

ronmental Protection Agency. These standaras will contain suf­

ficient information to set up a similar program for the State of 111 .: 
I 

Section 602 of Part IV o f the regulations deals with the dis­

charge of asbestos-containing waste into the sewage systems or 

waters of the state. We believe t hat this section i s un- • 

necessary. In the first place , the water pol lution control 

systems in use in most asbestos manufac turing pl ants across 

the state effectively r emove the majority of asbestos wastes 

from the effluent before discharge into state waters . 
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Secondly, sewage plants a lso r emove asbes tos f ibers from 

waste water during purification. In r eality, the high ~i; lution 

of small quantities of asbestos fib~rs in water is as effective 

and safe a method for the disposal of asbesto s wastes as could 

be devised. There is no evide~ce that the swallowing of small 

amounts of asbestos constitutes any health hazard whatever . 

In addition, studies conducted by Johns-Manville have found 

small amounts of asbestos f i ber ii) samples of water tested 

fro1 .. sources all over the United States , including well and 

spring water. The reason for this is quite s1mple . Asbestos­

bearing serpentine rock is to be found in a ma jority o f the 

states of the union, including Il . inois , and the- simple process 

of water flowing over and through :hcse rocks errodc~ a ce rtain 

amount of asbestos fiber. 

Thus, we have all been drinking tiny amounts of asbes tos in 

our water since birth, without a ny discernable adverse effects . 

In Part VII, Section 701 of the regulations, we would recommend 

the additi on of the word '!visible" in the next to the last line, 

so that the amended section would read: "No product which may emit 

-19-



asboatoa-fiber during it• ~ransportation shall be transport d unless 

euch product is enclosed in such am nner • _ :-rcclude the "visible" 

emission of ftebestoa fiber into the ambient a . r." '''ho problem here is 

once again with analysis techniques and enforcement. The EPA has gone 

to a (quota ) no visible emissions ( t!r1tl quote) standard in circwnstancos 

similar to this one, and we would recorranend to the Board that this 

also be applied in Illinois. This would also be useful in other 

sections of the proposed regulations where measurement and enforcement 

would tend to be extremely difficult if not impossible. 

Our final corranent is with regard ~o Part VII , Sectio~ 702, which 

would prohibit the use of asbestos in ~he brake lining of vehicles 

manufactured after January 1, 1975, and sold for use within the State 

evidence such a prohibition is completely u~necessary. In i..968 , this 

question was investigated thoroughly by the United States Public 

Health Service, and a report on these investigationq by Jeremiah 

R. Lynch, entitled "Brake Lining Decomposition Products" was published 

in the Journal of the Air Pollution Contiul Association. The report 

stated that (quote) except in all but the most extreme driving ~on­

ditions, only a very small fraction of the 30 to 50 per cent asbestos 

present in a brake lining escapes into the atmosphere as free fiber 

(end quote). Lynch found that the average amount of free fiber released 

was less than one per cent of the f iber present in the brake 

lining compos ition. The percentage was higher only unde7 

conditi)n• tlat would have resulted in brake failure. Lynch further· 

.. 
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reported that t he majority of t he fiber in l inings was converted 

into an inert non-fibrous material by ~ho heat of friction, and 

concluded that the use of asbestos-containing brake linings was 

"an inconsequential health factor in urban air pollution. " His 

conclusion is reasonable in light o f t h e fact that hundreds of millions 

of cara using asbestos-containing brake linings have b een stopping 

and starting in this country for more than ha l f a centu r y, and yet there 

has been no epidemic of asbestos-related disease among t he general 

public nor hav · significant quantities •of asbestos been demonstrated 

to exist in the community air . While we cons ide r this evidence to 

be conclus ive, if the Board is still conce rned about asbestos emissions 

from brake linings, you will be interested to know that the Federal 

Environmental Protection Age11cy rH:1s c:outrdcteci with t n.e uenciix Cor­

poration to do additional tests in this area. This study is dJe 

for completion in June of 1972, and we woul d r ecommend that the Board, 

at the ver y l east, await the outcome of the EPA study before making 

a final decision on asbestos-containing brake l inings. It i s our 

belief that the Bendix study will confinn the conclus ion reached by 

Lynch as to the safety of asbestos-containing brake lini11c;, . 

• This concludes my presentation on the proposed regulations . I 

have submitted for your consideration copies o f a ll t hem• dica l papers , 

r eports, booklets and documents that I r eferred to in my presentation . 

I would once again like to express the appreciation of the Asbestos 

Information Association fnr the opportunity to appear !,ere this 

morning. Thank you. 
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November 8, 1971 

Mr. Samuel T. Lawton, Jr., Hearing Officer 
Illinois Pollution Control Board 
189 West Madison Street 
Chicago, Illinois 60602 

Re: Proposed Regulations on Asbestos 
and Spray Install ation (#R 71-16) 

Dear Mr. Lawton: 

On behalf of the Asbes tos Information Assoc iation/North 
America, I he rewith hand delive r an additional statement of Dr. 
F. L. Pundsack with additional background material pertaining 
to his statement as requested at the bearing of the Board 
October 15, as well as recommended cha nges in the wording 
and conte nt of the proposed r egulations, to be included in the 
rec.ord. 

As suggested in his letter, if you or any m ember of the 
Board or staff of the Illinois Poliution Control doard r equire 
additional informatior>, or copies of any of the information, please 
be assured of the complete cooperation of Asbestos Information 
Association/North America, or any of its m e mber companies. 

HTH:am 
Enclosures 

Sincer e ly y ours, 



Asbestos Information Association ' North America 

22 Eaal 40th Street 
New York, N. Y. 10016 
(212) 661-8208 

November 4 , 1971 

Mr. Samuel T. Lawton, Jr. 
State of Illinois 
Pollution Control Board 
189 West Madision Street 
Suite 900 
Chicago, Illinois 60602 

Dear Mr. Lawton: 

As you requested , enclosed you will find background information 
and other material pertaining to certain statements and 
recommendations made during my testimony on behalf of the 
Asbestos Information Assoc ia::io11/North America at the hearing 
held in Chicago on October 15 c,mcerning the State of I llinois 
Pollution Control Board proposed regulations on Asbestos and 
Spray Insulation ( tR 71-16). 

The enclosed documents include the following: 

(1 ) A series of recommended changes in the wor~ing 
and content of the proposed regulations. I 
have underlined our suggested wor d changes as 
they apply to existing sections of the regula­
tions, and have completely r ewritten sections 
of Parts IV and VI in accordance with the 
testimony presented at Chicago . We firml y 
believe tha t the r e commer,ded changes are 
reasonable and acceptable in light of exist­
ing technology a nd today ' s medical evidence , 
and do not constitute a weakening of the r e ­
gul ations. In fact, we believe that many of 
our suggestions wi l l add to the effectiveness 
o f the regulations by making for ease of 
enforcement. Our suggesced de letion of those 
sections o f the regulat i ons r egarding waste 
water discharge and asbestos-conta i ning brake 
linings is supported by the existing medical 
evidenc e with regard to the inhalation and 
ingestion of extremel y low l evel s o f asbestos 
fiber. 

IPol'IIDNG b)- AU• ~ Co,, C.-,•1n-l.., ~• Corp , Fllnttate Co . GAF Corp , Jolvla,Maffilll• C0irCt , 
NMJGNI ~ Co , ,8l"IICIOn Coro , l\lybulOl•MlrlNilt.,, Inc and Woodwan:I Corp 



Mr. Samuel T. Lawton, Jr . 
Page 2 
November 4 , 1971 

(2) An updated version of Or. Corbett McDonald ' s 
study of more than 10,000 workers in the 
chrysotile producing industry o f Quebec. Of 
special interest i n this paper is Or . McDonald ' s 
calculations that no detectable increase in 
deaths from respiratory cancer or pneumocon iosis 
would develop at asbestos fiber l evel s below 
12 fibers per cubic centimeter of air , a l evel 
enormously higher chan any to which t h e general 
populace of the State of Illinois are exposed . 
Or . McDonald's study adds further wei ght to 
our contention that the extr emely high morta lity 
rates reported by Dr . Sel i koff in his study of 
insulation worke r s were , at least in part, due 
to fac tor s other than asbestos exposur e , or that 
the l eve l of asbestos e xposure of these men in 
the past was a r e latively high occupational 
level. In further support of thi~ position, 
you will also f i nd attached a copy of a l e t ter 
evaluating this aspect of Dr . Selikoff' s s tudy 
by Dr . George W. Wright, Head of the De partment 
of Medical Research, St . Luke ' s Hospital , 
Cleveland, Ohio . Dr . Wright was a member of t he 
asbestos panel that drafted the Nati onal Academy 
o f Sciences report on asbestos-health for t he 
Federal Envi ronmental Protection Agency. He 
also ser ves as a medical consultant to several 
companjes i n the asbestos i ndus try. 

(3) A listing of "locked- in" and "loosei~-bound" 
asbestos products. As you r e c a ll, we volunteered 
to provide the Board wi t h s uch a listing to aid 
i n ide nti fy ing those activities which constitute 
a possible source of asbestos emissions into 
the atmosphere , and would thus require a permit 
under Section 201 of the regulations . 

(4) A copy of the results o f a study undertaken by 
the Johns-Manville Corpo~ation to measure 
asbestos emiss ions during demolition o f a 
house i n Easton, Pennsyl vania, that contained 
sizeable quantiti es of asbes tos -containing 
products. The results indicate that whi l e 
precautionary measures are certainly in order 
to prevent t he wide dispersion of asbestos dusts 
during demolition, the problem of control may 
not be as serious as was onc e thought . 

MORE 
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15) "Pulmonary Ferruginous Bodies: Studies on 
their Origin ," by Dr . Paul Gross and 
Ur . Robort T. P. De Treville. As you recall, 
Dr. Joseph L. Goodman, who appeared with me 
at Chicago, referred to a s ection of this 
study in which rats and hamsters were injected 
intratracheally with brake drum dust . The 
results showed no tlhrosis in tt,e test animals . 
The relevant section of the study begins at 
the top of page 88 . 

We had hoped to be able to provide you with a copy of the 
proposed Federal Environmental Protection Agency emission 
standards on asbestos, which will contain a control equipment 
standard as opposed to a numerical standard , however, as you 
probabl y know, the publication o f the Federal regulations 
has been delayed . Nevertheless, we will send you a copy as 
soon as they appear in the Federal Register . 

I am also enclosing a complete copy of my Chicago presentation 
and acc ompanying background material . Ten copies were provided 
to the Board for inclusion in the record prior to the hearing . 

If you require additional copies of any of t he material which 
I submitted wit h my presentation or with this letter, please 
do not hesitete ~o contact us . If you require any additional 
information, or i f I personally , the Asbestos Information 
Associati on/Nor th America, or any o: its member companies can 
be of fur ther assista.nce to the Board, we would be most happy 
to cooperate in any manner possibl e. 

Very trul y yours , 

~~ 
Dr . F . L. Pundsack 

J 
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Mortality from Lung Cancer and Other Causes among Workers 
in an Asbestos Textile factory 

J. F. RNOX, S. HOI MES, R D9LL, and I D IIILL 

p,.,,. Twnu, s,.,Jwn A,.,,,,., c.o. Ltd I R«Wal,, ·"",,.,·''"'IN/ R,,u,,4 c,,,,.,r, S1a11111C1il R11nnlt Unit. 
U,.,,.,,,.r, c.11,r, u .,,,ro/ lf,J,cJ/ S,J,. ~. I ,,.u,,, W <: 1 

An aC'C'Ount b 11••n or "''11111 ,n ■n a1but01 textile f•ctnry ■nJ uf th< 11,p, t>k<n 10 ,,duce expo1ure 
IO dutt aln« the Introduction of the l'IJbntoa lndusrry R•1ula11on11n 1931. 

Mc■1urnncn11 of the amount of du11 to which mm .,ere •~ro«J in th• 1<h<Jultd arcs, N\C bun m•d• 
by nrlou1 mtthod1 1in<'< 1951, but th• Jara obtain<J b) th• • m<thoJ• •·• nor dir..-:tly comr,r1hk. 
Mcs1urcmcn11 m.ade 11nce 1960 sho" rhot the mean yurly dmr k•<I tu, l><tn r,irly con11an1 frc,m year 
ro year and hu nrt<d frum pltct to place betw«n I and I r •n1clu s "' 100 m,,ront Ions 1nJ 11 !tau 
lhne timu IJ Iona It they "ert w1d• per c.c. of Ill 

Ouysotilt was u1ed prcdomm1ml~ m the r1,tory, bur 1m1II lffll'lUnrt of crocufohtc ,, crc 1ho proccucd 
11 all relcwnt pc.riods. 

Death rates have been recorded for ■II the :56 mer. "ho ,\Cre emrl,,,.eJ for ar leau : o ye•n tn the 
ach<dulcd ■r<SJ sance the fint man comrlct<d 20 )T>n' nro,ure ,n 1916, •nJ for the S38 men •nd n ,, 
women who w,tt cmploy<J for 11 lcatt to )c■n tn the •<hcJul<J uen but \\ere n<1cr emrlo),·J in theie 
crcu before 19]]. 

The rct:uh1 1ho~' a subsranua11y incrcHcd mortahry for m<'n ,,h,, \\Crc c-• r osrJ for 10 or more )'cin 
before 1933 (48 deotht from 111 c:,u,c, •111n11 17 1 exp<ct<J'. 

The Increased morailiry amona the1e mn, ,,n be 1ccnunrru for tw ■n incr<11cJ momhty frum -2noe1 
of the lun1 ( n deaths 1p1n11 1 :. c..."Cptctcd and from duu C"' of thr rt1 r irt'O:\' .inJ cir..:u!.ahU)' i,ytt<"M' 
IIIOC:iatcd with 11bcsro1i1. 

M<n cmplo)'cd before 19]], but for lcu th.an 10 )'tor<, 1ho\\ed an 1ncrcs1ed'morrali1y fr~n, lun~ e>nccr 
Cs death1 ■11inJt 2 6 c~pcctcd), but no 1i1nific1nr 1nuc,1c from ocher c-au"IC'\, Attn anJ ,,omrn \\ho ,,:rc 
cxpo1cd only 1ince J1nu1ry 1, 1933, have hid a mortnht) c,rcricncc close to rht n:iuurul 1vcrAs:. 

An1ly1is or the rrc.nth in rnorr1.hty show, f t ) a de.;rcuc in n~o~[alu,· (n,m lunj: ~.anar ind L"' lhi.:r de.uh, 
1uoci.atcd with 11bcsros11 with rcducuon in lcnath of cmplo,mcn, ~cfC\rC' 1q33, 1nJ : ' an anGCJ.li: m 
mor11llry from luug canc:-er and other dc,1h1 -.i1hou1 a,bnt~m """ •&< 

Twenl}'•threc case• of luna cancer ocrurred in men "ho h,J ~an cmplo) eJ in the scheduled •rco 
(or at lnJt JO yc-1rs. One wu rtprdctl as a plcuul me· oth :1C\111.J .1nd 1hr rc,t {::apr,rn'll:1m.11cly 18 io 
c:1cc11 of c1pc-crccJ) appear to have been orJin,ry ~rom.:.h1!11 C'Jr ... rpnu,. 

Four other mNOthcliom.11 hJvc bc:cn Ji■anascd smcc 1963, I 1n mC'n anJ \\~men \\1lh lcn than 10 
yn.r1' txpo1urc, one with only SC\'Cn mon1h1" cxpo1urc. nJ o (; in :1 mJn \\ho tuJ l,cc:n cmplc.l~cd • ., the 
scbtdulcd arns onli· 11me 1937, 

The rcsuh1 rro\•1dc around, for bchc\•ina th.:ac 1hc occurJ11"""' hJJJrJ of brt,n,h1:i1 or...ir1omJ h:,1 bci::n 
llracly climin.at~. ba1 1hc darJ :arc in,ufficicnr "·" nun 1~ the c:,tcrr 111 1hc rt 'll- v. h11o..h may rcnuin. 

Many 11udi<1 of 1hc mortality of 01bc1101 "'DrLer, 
have been reported in n:r:cnr )Mn and 1t hn.s bttn 

Rttt1ftd for publlc11uw, \br..:"'- ::, 1961 

Rc-qua c.1 for rcrrint• ro Dr R Dtt11, Mc-J1-.;JI R,~1r-...h 
Council'• SrtlulKll Rcw.a· .. h t:n,r, Cn1".._n,1y Cou:,, 
H01p1t1I Medial Schuol, I II n ~ .... tr s,~n:,. l..cin.!.u~. 
we, 

.to n •lur tome 1:rnur,1 of \\tJrkcn hnc: suffered 
iu~ .1w:-.1 r1\i,..\ o f Ji Jt,11i t\' .1nd llt1tl1 fo.1m cardio• 
rt'lr1r:a14,r\ di .: In.' ic.:,,njJr\' 10 2tb:~rn\i~ :,nJ 
from hr"'th.hi,I C'Jrr.:-m('ln!J .mJ rtcu:-al J"J rcriMr,'"JI 
mc.101h.:liomJ !'\'c.,•, Yc.,r~ .4\c::,i.!1.:n\\' or St:h."'"\~cs, 
1965, G,'"'n. !<J66, In ,,ne ,uch m:Jy D~II rq55; 
rcportcJ 11\ .. • r,\1r• •111v ,n J aroup 0f 113 men 
" 'ho tuJ ,\nrl..ci.t !,·· JC lcJ•l : o year~ in the 
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J. F. Knot, S /1.,/,,, ,, R fir,//, .,,,J f fl II,// 

'ICbedulc-d attt1' of I li'I• 11bn101 1<x11lc (a, tnry 
In lh■11rudy the momliry expcrim « ,.. .. rcponcJ 
to lhc md or r953. Subtcqucn1ly 1hr pcn,,d or 
ol>Krvarion .,., atcnded to lhe m.J or 1961 ■n,1 r~ 
lcopc WU broe~ 10 ln.:ludr mtn anJ " omen 
who hid bttt1 cmployrd since •013 anJ h•J ,..,n,rJ 
In w 'tchcdulrd arcu' fo r 11 ln, r r yean Kn,,, 
Doll, and Hill, 1965, 1h11, Doll, anJ Kn", 1966 

In !he pracn1 1rudy we hne n1cnJeJ th• pcrr,xl 
or obternlion 10 • ,e end or June ,~. 1dJ,J 
funhn worken who bav. quallfitd for rnduu n 
in rhc de/incd aroupa, anJ r:umincd the rrcnJ• on 
mor11U1y aurlburc-J 10 d1fTn"1U nu,c v. uh a1e anJ 
with !he dun1ion and prrioJ or Clr,'1Urc. We al o 
rcpon, In rcllrion 10 thctc finJ,111 the nrmr "' 
wh.ich ,r hu bc,m pou,blr 10 hm11 e,p. 1urc ,,. 
ubn101 du11 in rhc (actor) 

Placts or Work 

In an 11be11os textile (1 rorv 1hc ~uen c ,,r 
opcn1ion1 proceeds (mm 1hr rca:1r1 or th ••" 
ISbcslOI fibrc1 10 the ru\l\hcd IC\llle rr,'<lu,.r ,n 
woven or plairccl form T'ir 1raee1 arc. 

(1) Flbcri:tln; Th, ,.,. J\l-,csr0t, " luch 1-u 
already been prcrarcd a1 rhc m,r,r b o ,l',n rhc 
rock, screcnine, 1nJ ttruauna 1hc fihrn ('\ ..,, 
currc_nu, arm·c, in hli;i. The c Jrc <'rtlU'J, rhc 
fibres ■re blcndcd, and 1hr fibre bunJlc1 arc f,r.,lcn 
down further in rnc!o cJ drum-hl;c fil:>rrrrn,, 
Ollch,nc, "'i lh ro1:ary mcul t,, are,.. The l.t :n 
■re 1.hm bawd npin for • r11 .m, , ,n ,., 11,c ncsr 
proccst. 

(2) C..rdini: T hr formlru man o! fil>r"u 
mate.rial i.J con\·crted mh, :1 ro r.1.mrr•h~: ,, "'b 
which i1 dr>idrd rnro rar e• lnJ rubl~ ,mu sh><r 
am1i11in1 of strands of sh<'rr :ibret made rar.sll,I 
ro each other (o 7 ro I o cm ,n kncr!i .\lu,h 
duJI is producrJ, and ,·entil111on .11 a ra1e d 
approxim•rely : ,sco cu fr. of air P<'• mrnurc 
(71 m.1 per mirurc) per c:m!in,: rru hinr i1 :cquo:,·J 
to arry it 1w2y throu;h ducu, 1 r.att \\h1d1 prt•· 
ducrd rhc levels nf fib·c c"unr ar ·•1c ''""' <'f rhc 
C\lchinc rtun arc sho\\n m rhr l~u l \\1..' " ,lur• "' ~ t 
Table I. D1tf<r~n1 cr •Jet nf ,1,,·,r arc p,v,.!·1,c,I, 
aomc of "hich ■re u1cJ ,n C'llht. rr: 1nu(Jdurinc 
proccnet "irhnur furth ,·r rr<raratio,i 

(3) Spinninc Mo I 1l11cr ;. srun ,n ... .am. 

(4) Wcovinc l'repo11111cn, r,f \\Jrp t-ranunc 
and of"'cft (psrn ,,ind1nc Jr~ r,rrlu;1in11 ta, ,,i:Jt• 

in1 on loom41 A \.Jru:I) c:,f ''"' ~·n Ol.lCcruh lfr 

prod rd r,"m , ,m nn11n1 from tine r>r« 
fhmn1 "'en1n1· ro 1Je clo1h1 and rncluJ1n1 
v.cbb,ns an,! !,uh hn,n~ 

~ rlalri nc R"r<' are produced ,,f J 11'feren1 
•re 1h"u ~ v.hkh arr "1m~tmt1 1m,u~r, rc-d 
•llh 1111ph11e or Nher lul •1,1nr for rhe m.1nuf rurc 
nf r•• ~,n,, 

• S.t,rJuleJ arta• are the r•ru or rhe rac,ory ID 

" h' h •h• "'JUI••''" r,,r rhc 1.1bn1• 1nJu•rrv 
ar1•I\ A,b<um ln,lu "' Re111l111on,, 1931 . 11,e• 
C •mr• ...... ~. r •r 1hr <'r<rarim .,, nnh1n1 anJ 
ortn,11r, .,,ult rrl .... c., n, · 1n,ul1r1, n (1hr. iu•~n, 
nurrrc , mahn,· or r<r•onf\i, all l\11111 anJ 1nnd 
mJ, anJ 1h< clnnms ,,1 ,haml>ro ~r •rphancn 
(<-r a be. ,,,, duH cnll.,{t1on 

111C rcr,crt 1-) ,\l,ro,rrhc: and r rr..e 19301 
IUl:I< ' J !NI 'to r r<n'lt lhc fu ll Jewel 'I'' enr r 
the J, •••• 11':-c1t<M11 ,.,,....,,, wo,ktn "11hm 1hc 
lpk:t of ■n I\C:-ISC "1,r~1n1 lifc-fltr.t:'. It I' I\('~ C" ,Ur\ 

to reduce rhe C'Onlcn1uri.:, nf JJ11 ,n ,hr 1,r or thr 
\11.nfkfC"l('l(T'I , ... I f:111r ....,, thar rt·r.ainmr (O 
spmnm~ •t th-t rune 11 ,r \,hich the cut~ I r, , 

lh<'lr Jeah " "h ,n ,,., A """, R~•r- "ert 
e1:rotc-J" Tn 1mrkma1,• ,fiC" r r1,11 JI ,rr 1-tJllM 
of tlu, run..:rrl, the .a r-,1, 1 anJu 1r 1n t ~31 
rolh,.,_ rJ[C~J \\i!h t11.: r .a,tPn1. nrr.1rtr."(nt thirn 

; ,, tli, II me 01! ,<, no,. ,n rhc Deram- rnr <'f 
r -nrk')T"'\rnt In~ P: ~fl\ll\ m Jr l IOf r.)'"1 .... ~I 
of duu ,,mtrr1J At a '"ul:, ar wu •erecJ th.at the 
c 'C'l,1i11,\flt J:-1·un1 fr\.,m t~\t'r 1r1nnina:, cut,tJ on 
v.1th~,u: csh1u11r, t-iur u"Jcr so-.J cond1tt~n, (\t 

room n·n•1i.11i~n sh, ulJ t-c u~en • 'Jun d•tum' 
for rrldh ... 1 ('Ul"J'l t- Rcr-,rr " " c,nfcrcn'7C""'I 
bct"c,n fmrlo•~· •"•I In r-·e1 ........ 19JI Tht• 
k,·cl "r Ju-r r r, Jurn,,n " J • •"'-rrrcJ I rhe 1:- , 
on \\h11o.h :1, ,a~(' a llt(' Jon'tnc \ ot ctha r: ..: 1 1('1. 

■n,1 ! ' '" of 1n:crc1t h--. :- le th.a: in 19<6 .\\c • ·c "~ 
C'I n H1 :rcJ :...~i• nQlh•n, ?;;.aJ (fflit: sc-J h1 V ··M,t the 
n«J to Jcr.a:-• f rc,ri, ,~,, rn ... , , .. 1! ,unJ .. uJ 

The rnnc,rJI r,h1h..:~, JJ,J d~\.,n ltJ ~ ..,,C"\c J uu 
ct'n"r ,t ,re 

•rr,1<1tion ('f rslu JS! dnu,hr II Ju••· 
rr ,J l'-l!iC, f"'tllf' 1> 1 

b' ·r.,:z1 ,onn ~, cn1. h,c-J mC"'i·h~n1 ii l'!'.;c1hc-J, 
f,\r h "",J "- 1n\n,1n r. 

rt!c,..:tvc r-;.."1 ,urrc,f JM,:.-rr\.'11.i"'1na ni.:: h·-i~ 
1nJ r· ,nt , .. mJ 

,J ut--,,uu: .. 'fl ,f "er mt'th..'1, r,r J" In 
suu , n ,, h :c ,~c- ~ .. ,h._-,,J, ,.--.uu\Ct 1:-< ;+,·J 
r t r1r 1 ... - ,t t'C' \\ ,m 

1 he rt"" I 1•1 ~, \.' tr .. ~ nuJ"' an 1911 h"I.: : ar:tt' 
for. l'\ , • , i!ur t JZ, "-'t' hJu·, t~~r<'\.~~. 
JC' .J j,. ! fJ "1 r\ I, I ,JJ, .U t.."~ ,"\le\."'I'IC'n,;U':► J"'C' 

f,,r "' ~' ,·r ,, • , rnt".'11Jl1n: ( ,n .,t<' rdJ",. I io :hr 



M-,.,1,i,Jr- 1..,. r_, tPC:I 0,1w, ,,. ., ..,.. 7 u 

lmprwoed Ctleldi•-• TIie I I dnTlopmcnt 
---,y t ~ 11•• ti ,. aw.uul '"fl< "' , td 
lltelf ffl.ll&blt, m rnruch and nrn•-nt 
-· ........ C,nn,pnhmsl .. Atv)WIU rl llw 
4ffelc,pmelll o/ • I tn,I bJ.. bctn fltffi 
t!Mwhnt bJ 8ambl1n ( 1911 onJ H•lh ,-,,;, 

MauuNnHnl of P.cpotur, 

The IJI'" ol II r rhor h.a, l>nn uwJ r•• 
damlntntlf h thtytotlM, wll1th tu, bffn unpvtnl 
me,nlp from lllw,Jtt,. anJ ~..-u,bnJ :-. •<Vl•n 
In lb# fa<lotf ..,. tal'(IUll u l1111tth to cro< 1-1<~11• 

lo, ,n, ('lftllJrral>lt ren or 1lw1r ,. ,. '"' hlr Ii 
cann,,i w afflrm-.J rh.at •n) ..,,. Mt "l"••d ,., 11 
ar tll , but the '"""'"' or UJ'Olurc mu,i i,.,. 1-ottn 
nlall•II• ,,,.11 

11 It DO( r, ,tblt tc> ohlttn • 11n11t cnlu,rk n of 
w toCtl MUTd 10 wb1ch th• ,.t,,k,,n h,,. ~en 
upowd hp nlau,ia lime or ••f"OIU,C rn du,r Ir rl 
ln the worl Ina 1rrt One rr.an bcpn 10 bt "l'O'' I 
Al th4 ,nd of th.a nlnrrttnrll crntut) •nJ .Ju,t 
record• IN not 1nilahlc un11I 19,1 The, thar,Jn 
m It l11et lllJ I hnt 1nulltJ in I l!Hdy 1mrnn• 
mall In ..,,rt,111 cnnJIIIOt\1, ind tho du•t n 
ccntnuon hi• not bra, con.11,n, In ■nJ eru 

Jn IPJJ, venul11lon ,.,.,rm, ,.,,, 1nunfa rJ 11, 
cordlnt and •a•inr In •9Jij, d.amJ"nl rtt n•~ur. 
~ n11bh1hed ... 1Jd1110n In lht 14U\lfll rr .. ,.-.... , 
lhe lrnpf'O\-cmr111 '""' cn1u1Jcuhlr anJ th, ..,..,,. 
dfll.-tl of thh pm..-.., luvr rtm11=l rt•"'"•• I• 
con1t1nt Crom that umr "' 1hr rr.-.cn, J•y. In 
l!MI, tllt d1111 1enh111 hambtl'I 1n 1hr •rn11l11ton 
111trm. ••re te'f')l•reJ b..- cocrnn fahri c- 11tt\C' f1lu:n 
Thu lmmrJ111cly =•rJ ,;., nttd for 1hr 
bu.ardOV1 orn-•lon or clr1n,nc OUI 1hr duml'Cr 
The JOI" lrnmedl11ely foll,,,.,ns IM"" u, m•M 
othtr ch.enact n1mpin1 ,, .. , (''CltOdtJ 10 \.llfl 

doubl1n1, 1nJ In 1hr P<'ri.>J 191J·S" the J<"I" 
orthc ClrJ tslUctl\)t'I t)Hcm "•' 1mpm,cJ Dunn~ 
tblt perloJ, olhna or 1hc ti~rc "u 1ncr,-,Ju, cJ ,u 
th• rn1aln1 uaa• "' ·uprrc Jutt Juroni: 111 
IU~Nqutnl pro«<1ina I Befort tc)SI, ftbr, h,,t 
been b)cndtd on an Of"t'T\ f10t,r unJtr Ju,, C'\h . .w,1 
hoodt, but at 1hl\ u~ a.n tnttrt>h nc" enJ t,,ullv 
c.nrlmtJ IJIICm, a,~r,n, 1hr v.h,,lc ftt,rr11,na 
procttt bcforr ctrdln11:, umc m1u orcnn n, •n,t 11 
bcamt potatblt 10 aJd 1hr ,,rumun, ••n, uni r,f 
oil n KNIU)' for d•1u •urrr<"•tttn ... h,d1 h.11t r1 ,, 

b«n p011lble M lht olJ ffll\lfl£ tluor 

,,,_ od vwd ,. • ... II< mrrwr1l frtlik OIi 1\..-. Uf'I , 111:t..11 
-.l"'l'ftt tdntJ wvh ..,_ 1.Nff'UIK .,.Oftt , ... , ,,.,, 

(a.M.....r, ),.. W< ti 70•1 • •~ 1"' rt••Ul O tit- I 

1mr1tn1 .... ,, IJwd ., 

1 1111hrn , u ne J1.11c 
r•''' •hr r, 100 "a, 

llv,m•I rr«1p1utor 
, ' ,h., unirC"I •ere 

.,,.,.d ,, • mafntt tlt(1ft 

1.ountrJ 1h11 

, n •1 tff1-.1cnt in 
I ft I Iona 1 

l('tn 1r, th.- Juu 
Jr 1 h< 1-""1 
P \1 Nllf'\:ttJ the 

u an! 1hnm•1 
r Nnt1n1 

• 1, rn.1cn1f anon 
(Ir n,n1C\., v.h, .. h .. 
I 

' 
ol th.- Ju • rc.,.•r ,.- uni\ s uth an~ ,u,tr t t,, 1h.: n: .. t 
un r "'' r ct? 1 \ ,ut• turn , tunr< ir 19,;, 
fnMTI rt r I nr Run..,tnt ll-<f""9'11 l'rn,r r,rnr h.1 
1.cllulotr mrn,t--,.nc un,r nc dul n\.,, 1n1r0Ju1.c 
an,- fur hrr ,on,rl• .an,,n, .. , ·hr rr,uln, "hen th(' 
nr..., n th -J \l"I• rr,,rt"rh c,t.ahh,l"·d \l("f<' Jirc--"tlv 
comr ~• It "uh 1h ,.c- ,t-•Jt ~ rrl"\ t• tn1, 

1 a~le I ,h ""'' a trll dull "eve:! in r■r n( 1hr 
ft1.1on "'hcrr '11ffrr .. n1 rr rnf', ,.,rrr ,:&rncJ out 
1t tht btfinnint: r~,: anJ 1hr rml tQfY. ,,r the 
< .;a,c:ll.1 11·rrm l'rc 1rir•11.•r pcnN. at the N11n• 
nin1 ( th< I or Runn r~ 1hrrnul Pr r 11111 Mr 

rcri ~. ,n I ~ t •t t ct u r mrmt•r.anc f,t,,r 
1.--a~r,rcr, .at thC' rn I ,, 1hc ru vJ unJtr ,1h ,, ,.r1 m 
l"hcrc "" , n,1~tc,.,Mr Jrt ,Uh n, horn ,1,. mtan 
61urt fr r, r, h• 1 nu-. a •,ph. I fir c '••r 1hc 
i:oc'f1.,1("n• ,,f , 1nJf1,1n in rhc- •~t,t- J,t.> be, .a 
l h" 1.---.111 m ,,1 1t r rr , , 1!,clt 'Al\ m, .. u,c, 
"h.,n•t'J Jurin, rt·• rcri '1 unJer rc.,.,c,,, and 
1amphnat f n, h.a~c .ah. , \,h.mic,1 O\Ct lhc \C' t "'· 

11 •h ll,; J Ix n ·r r t!ur ,.--r.r',na '" the l'J\I, \I'll 
, .uc-J , , the rn~ n«ru,r " ,r\. m r riJgrr , JnJ nl>t 
•r•hlr ~~ I\ f..i rh' J I 1'AJh1, .ir.. I 1C''1rr(nt or 1hc 
ha, ~ ~• hJt.tr' 

1 h( ht r, .,.,...un• t'.g1 '"' in the T~t1lr ti.,c h<cn 
rrn..in,t, t nt• • thl" n ir I lrl-ir.,. r cr 1. , 11-lc•t th,,~ 
1h.11 , •n\hl ,.~• 1ri1rr ,, ,c.nr ,,ere maJC" in 1ht 

,,, r~ , ,'.1r1nc "t11,fi 11111c 1hc l.1d,,ry 

\iu-:- (' :hC"n ,,,n4l1t ,m ha, c 
.I .:,r Eh \\l I'- ''" du~1 

fr I Jr•,.,.uln. cnr1ncrnn, 



,, . 

J. F ,..,,,,,, S Ho!-,, R n 4/, d,U I n /1,/1 

TAftl I 

Miuns ...,_ 
Opcnl"1! 
Iha 1111, 
M ttft.a. ult--an'l'II 

Cantu,' 

lpinnln1 

'Wnrin1 

Pl&lt1n1 

clunau 11 the Elcctr1C1l S liver CarJ1 and 11 
lktlmina lu••c hod 1n 1pprcci1blc clT,ct ,n rrducmi 
fibre caun11. Con1111<n1ly lo" fiauru lu>e been 
obtained II Wc■vmi, and the levth II L1111n11 
Wc■vina h,vc been th• lo"•" in th• scheJulcd 
■rcu or the rac1ory. 

Mort■ll!y Experience 

The 11udy h•• betn confined to ob1cr,·11ion, on 
men and women \\ho \\ ere cmplo)·cJ in the 
scheduled arcos . All men arc includcJ "ho " c,c 
cmplo)·cd in lhct t 1rc-21 for more 1h1n .zo \ cart I t 
any t ime since the rictory opcncJ1 anJ men :and 
women \1.iho were c:mrilo)'ed for more than ro )'can 
arc ■ho included if lhc)1 were first cms,lcwcJ on C'r 
ofter Jonuory 1, 19)], Ahn11c1hcr 878 \\ork::s ha-, 
been 1rud1cdt ■nd the ob1trv11tion1 c-.i:trml ewer a 
,o-ycu period from 19161 10 the end or June 1966 
The numbcn of men and "omen studird :1nd the: 

11n Doll'• ( ISIJS) u udr ,tu- period or ob,rnmon ,,11ncJ 
b om 19!:: Funhcr lm-c11 lsJ1lOn h;n n'J\\ 1ho,ni 1h:n ortc 
man complcrtd 10 ynn' rmplormtnt ,n •tur v.c-rr ,uh• 
wqucn1l1 tchcdul rJ 1 rc11 in 1016 

number of pc-Mon ; can obscrvc-d ■re thm,n in 
Tobie II, £rnupcJ occord1n11 10 the 10111 duraiion or 
t xrrirnrc, ,nJ durau" n of c,rl"surc- b.:forc Januar~· 1, 

1933 .\ten m group ~ f 1C'- 19 )'c1n' e,rc,sure, none 
before- 19.H "ere- tnn, fcr reJ to arour J r 10 or 
more \CJrs' cxroture. nrmr hefore 1933) \\he:, the} 

TABLE II 
r,,:l''tPJ■ OP \t'oo.1111 A,,.. S t'\1"• o , P U IO""'•Yldt AT 

RtsK '"' n,,-,.., ... , [ 'C1'0$\.JI CA110011:u 

I I ,, ........ Pw•"u · tt 

I 
•I ., ,\'o of 

GrAt I S,w F•~:"•'I E, r,..~,,.,, .\"• of P,,, 
bt/cr, Wc,1,,, y,. ,, 

Stlt,J,,l,J 19]} o1r R11• 
""" ' \J ' ll (yr,) --·-

I 
1 \\ I : ocr mNc I ,oo, CPU ! " 911 

l M f : oor n-.""'" I lcu 1h1n 10 6 ) 911 
) M I : our n,,.,c n.:,nc 1)6 611 

• M 1~19 n1mc Bl' 

I 
, ,JII 

I F 1oorm1-rc l"I ,,. J ,:6 ) 

1lncl11J1ni; th· 13'i men ,n 1rour , bc:fM c they hsJ •-orkcd 
for l O \"( . , ,n l ~C' .. , ,· Jult ,I .-·cH 
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bad can,pkl«d JOJ•r11n1hc h«Julcderu Tt,, tnit 11, uu~, 1hc m<t',.J f ,u, ,r,.,., ,n ,n u1< 
,et'l(W1•)'a&n thac they corunbu1tJ • 1l1lr ,n 1rn1J;t _. ~, rtM" Rr,t1.ru, 1 ,m,.,j, 11 rht rtlo1n1 rcrt J 
Nffllln •hh 1roup ◄,but•• (nwn thr J,,,. ol 1untf1r anJ. 1c ,'4'1t1 y, 11 rJ nr 11 1hr t "' mr,,,n ■h+ •n 
chcy 111n cvnlrobuuna 10 lft'UP J ,n,r,eJ Tht n1,,.,r .. 1>1t r,,.,.. •II""''' 
pcnai-yra., in Teblt II arc lhtrdorc eJJ111,c, -r•l•t 111 ,ho,., 1ht • .,,,.J num~" ,,( dt11h1 
but thr number or*~" lt n If 1JJ11nr un r •11 l'il, 1' ,t J ,,, rJ "' t I lhC' " till J ,auu• In com• 
th« 136 men or ,,oup J hl•c pat,,f'IJ thrtll Ch 1101.lf'i ri•ri 11h th RC C1J'IC, lf'J fr,,n, n.11 .. n .. 1 rllC'f 
4, and arr lndudnl In Ill cocal of pl mrn A, rrc,,, h rcr,.,11..J rh ,,. n •h ,.,, ,.r « I 

Thcpcnonntlrttan.b orth~(:&Jfflran)"' n..1• J ' · r t r ~unbcf1'fr , t 1r,up1 •r• •h""" 
to de..lde who fulftllcd thr CJUcrta (r'lt ,n 1u"''"• 1n hn h1J • h1sM t tt1n1' , nt o., r , ot Jr.a,~., 
Ind du: Pe.nonnrl Ocpanm, n1 urrirJ uul the fr'-"" lunJ •n er •nJ .11 , Jn,m J1· u,r, ot 1ht 
1ubw:quc,u follow up. 1'1111 ..,., ttl1t1wclt , 1mrlr cir'-"'\.ILII n ,nJ rt r1nt"r ,-..urm,. In 1hrrt 

for the m«n who had brrn CIJ""rJ frr l ycan """' c•n• r or 1hr lun1 "" d,,,o,,rcJ 
since lhr7 tither conunurd •orlun& for rhr , " ur1 ,,, bu, "11 ""' 1nc-n1tnncJ ,m rh" Ju1h 
company, c>r "'"' In rc.etipt or• rcn11on un11I 1hnr c,ruf, •rt, thru dt-11h hnc n 1H t,ccn 11u1hurcJ 
dath. FollCX\,•UJ'I or •or .. ,n ~hn h..J bttn 10 11..tn Jn tr .th ll I :-: • II ·~ r · 11 It h) J1\< (W(r 

cmployr-J In thc 1ebf'dulcd nrc'lt for It• 1h11n h,1h ., 1h, in(,•rm,11 r \\.1 rt~lrltJ It 1hr 
.20 yran wu more d,fflcult u somt had , cucJ Rr ·orr.ar ( ,en ul The 1111II cJh.ru ur druh, 
bdn1 cmploycJ by ,he c1-,mr1n) •n~, haJ n1.11 dur f111•1hr, "" r ,I m I n •C 11111,111.alh 11sn1r1t•anr 
recrivcd a ptnuon All but one min 1nJ ,inc It mu t-,f' n,,rrJ, hr,~ Hr-1n \IN C"1f1hc finJ1ng nf 
woman, ho""t'tr• _.e re: au«cufull) IBccJ l'lnth ■n r ·u.c mi rulit Ir l"fT ,, 1w ,nu: ruul on,cr an 
entric.1 tould not be found for t 1r untn1,.rJ 1nu1bu,,n " '''}:(', \\I , \,ur rq~ululy o.r,.,,cd in 

cmployro 11 Somcrsc1 Hou1t, anti for 1ht r urr,>1< u~"'"' ,n 1hr I ·ni•eJ ,, ,1c ut ,\ mmc• Srh►nfT, 
of the prrun1 1n1l1·m chey hove httn 111umcJ co C'hur1, •m1 II •mrn, nJ 1 ~I•, - 1h11 1hc r,., Jca1h• 
be llit't. \Hrr auuhurrJ rr ("l.;i.tn,h ro un,u c:if rhe 

For n 1o.h or 1he fi"t 1rnur1 a 1hrrc-•d1mtn,1on,,I atom,, h 1 , "·n!<,n : , 1111 • .t,fadJu 1 , and 
nblc or pcnon•)C"ln 11 nsk "u cnnt1rucrcd. rhc Jn01111r 1 ). 

d imrn110n, bcin1 •ac or 1hc 1uhrt"c1, calendar vru, A 111,n1hc1n, e,cceu of de:11h, from luna c:m,rr 
and duration or umc "'"" chc ,ub,cct cnttrcJ rht' i• r«orJrJ ah,, am, 111 mrn \'-ho \\Orl.cJ in 1hr 
survey, u1in1 a fiYr•)"nr amup1na: far e1-.h c.ulc ,chcJ ulcd •rl'a, lxforr 193, but for lcn thi n 
The numbcn or pcnon-yrut \,ere 1hcn mul11r,hed 10 t·cu-. lh.1ur : 1 he 1"3110 of ob,rnrd ,o 
by the rorr ttpondina nitaon•I dnth nrt1 for \1nou• C'Jl;f)C'ttcJ Jc,11h, 3 : r ,,, ho\\ C\ r,, murh •miller 
cau1tt ind 1ht rrodurn tummrd 10 lll\t 1hr 1h10 f r mrn \\h1, "'C'rC' r,r,..>1C"I.I for ro <'r more 
n umbtn or dratht cxpec,cd for rnmr~rl,nn \\ uh ,hr \t'ln ICI ! r In aJJ,1100 h"'t rht fi\ e n1rn \\ ' ,sc 
cumbcn ob,crvtd. dctth, \\Ur auriburC't.l u, lun1: r•ncer, one 01hcr 

The romrutcr proanm rn, this purp01c \\II m11n, " hn,c dnrh \\I ' rcrc1fird H due co m\ o• 
wrltl<n in H1ll'1 ( 1966) ' i\l•n Yun C:C,mpuccr nrd11I dr1rnrru1on, ""' found 10 ho\C ronct; of 
Llnau11r• ■nd the e.1lcul1rion1 " err m1J r on rhe the- luna r ,•11 m~•run:' T hr numbrr or du1h1 fwrn 
London Un,vmil)' Acla,. N1uon1I death r.11c, for d11r.uc• of 1hr circul•cnt) ,nd rr1i11utor> ,utcnl\ 
tel«ted cau,n for qu,nqucnn,o up 10 ' ll56-6o ( 11 ) " onli 1to1,1h1h £rc31<r 1h,n 1hc npcc1cd 
we.re liken from Cate anti r cunun's (1957, 1963) num~r (7 9,4', a,br,10,1, ,u1.", ho\\t\tr, mcnuoned 
cable:,. Ou11id• chc ,.nae of chc>< 11blet, quin- nn nc,rlr h•lf nf 1hc ~co,h ,wificncu (5 ouc of 
qutnni1I dnch ,.,., "'"' romp,leJ fr~m chc onnuol 11). 
ttporn or1hc Rcaittnr•Grntnl, 1961•6S r•u:- \\tr,: Amnn.-,· men anJ \\t'ltncn \\ho hiJ\r \\OrkeJ ,n the 
used 10 cHirnatr 1hc numhcn or dc:uh, r,rc-:-tc\l 1ehcd,1lrJ nrr I onh •m\c 1933 fgH,urs 3. -1, ~nd s ) 
in lhe tint hnlf or 1966. the ob,ervrJ mor ... lil\· frnm J!I c1u,n i• close to 

Jn prc, iou, 11udln the c:au,ei or death \\ere thee rr'-rcll ~y .J;.Jin,1 Jfr t'S . Thr tot:al ob,r r,•t d 
moJlly ob1iined from pon•morcrm rcporu and ihc r'tperi"n~c " 1uh,1Jn11.1l, .111J the- r<., uh rrovidC"J 
rtt0rd.1 or 1hc mrdie11I drparlrnl'nr of rhr: cnmr,3ny. grounds lnr bcl1r\ mr rh.11 rhc occur3uon1I hJurJ 
Drath cc:rcifi~tr:, • err ohuuned only \\hen ,he h:tt bi.:rn l:>rrcly chnunucd. Fnur f.Jcu, hll\\t'\l' r, 
cau.sc wu in doubt o: not knO\'- " · In the present ______ _ 
1rudy dtach rcr1ifico101 have t,«n nbmn, J rcla1inG 
to 111 dttths but one (\\hk h o...1i.urrcd 2br(1Jd\ and 
the aut.n 4.,r death hive brcn cln,ifkJ 10 tW\I \\,l\"1 • 
fint. I C'C'Ordina to 1hr cnu\r i" en on the J r~1h 

1T htt~ Jc,1h, w <" ,.,c,1'1 ,,,J h.1 lune nnC"Cr 1n ruvi\~u, 
U f'J11' l ("'l._,I!. 1-14'• ~ I w 

1 , T '~. H1ll ,t al 1<,66 
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' Ca-. .r luac • pl,un c,,,. olJ I 

• J 

I 

• Othn n,,or&,,m.a (140-JJt, uar, th t!ld ••1 I 

• 
' 
I 

' DIN.11• of drn,,brocy tl"ltm (,t00-◄61 

' • I 

I 

' Dl11aw: or rnpi.n1ory nth.m (◄"'O•SJ1J J 

• 
' 
I 

• All othn nv1n .. 
' • 
' 
I 

' Allau1..., .. .. .. . . 
' • 
' 

IUfftll 1h11 ir ia necttury 10 suspend 111dgemcn1 
about the <Xle.n1 or 1he ri 1► 1h11 moy 11111 remain. 
Fine, 11bntosi1 was mentioned on the deith 
certifia 1e in seven inst1nce1. Secondly, the 
observations on men who hive ,·,orkcJ m the 
achcdukd areu for more 1h1n :o years Cs rc,ur, 3' 
■re rcw, ■nd prcviou, experience hn shown th~, the 
risk of luna C'lnt'f'r is rclativtly 1m1II unul .Jfo~r 
20 yun' exposure. Thinll)", 1he n1io or 111 
obsrned to c~pecttd dctt►.s in men in aroup 3 
(1 ·4 :1) is the 11mc u in men who were e'll'.po,rd 
before 1933, bur for leu than 10 >••n 11rour : ' 
Fourthly, l\\O deaths from lu:,~ C"3nttr ocrurrcrl 1:, 

women-an unc'<(flttted ob,:rv:n10n in \ ,c,, or che 
rarity or rhr disruc in .,,,v,,cn m the C'Ounrry , ~ • 
whole (P 0 ·025). 
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One t).pl:ln111,m ,,f 1h1i 1~, t fi nd1r,1 mJ)" tie rh:u 
\Hm11:n \\hl, \,orl- m ra,rnrin ,ml•ke more than 
ocher \\0m ... ·n of the ume 3£n, so 1ho1 che national 
m1,rrnh1~ nu, rh' \ h.k :m uniu1:ahle sunJ.irJ for 
.auc,,mg the: C\l\tt'n1.t' of a specific occurarional 
haunl. One of the: t\\0 " ,1men \\ho dicJ of lung 
C'lnltr, h ,'J\\C\Cr, ,t.J\ 3 n nn••mokcr. 

Tht' onl) 01ht'r notJblc- finJm, H the c-:c~c-n or 
dcu h, from d1,c-~1cs of the cm:ularory sysrem in 

men ,, ho h;Jd \\orl.:cJ for .. o ye 1r1 in the- 1chc-dulcd 
■re,,. bu1 flnh ,1nce 1933 ~'J J~ths :l&il1n1t .i 03 
c,pc:-crcd' ?-,,;nnc- pf rhc- men \\CfC' kno"n ,.~ h11ve 
h.1J :a,t,~ 10,1, ~nJ the- gn,up 1hmH·d no cnrrcspond• 
ma -:,"''" of J nrh· fr .. ,m rcsrir.uory d1,c-1sc-. h 
scrm, r rob.1~lc. rhercfMc, 1h11t 1h11 i, 3 ch:ancc 
finJina Of O(l ntC'JU:.11 lmf'l•1rHIOCC {P O 022, 



-ca11 ••• ,. but tha po. •bllllJ or I 'flhnuu-, 
buanl IIMI be borne In mtn<I 

One of lht dlJlkuluca 11, rrpreunc tmu rnuht 
b thlr du1111CW1 ol amploymcnr before 19)) 11 
eloldJ CQfNl11fd wuh tlw d:,11111a11 ot ohtcr1r1•1u, 
and the lndl.Wual woitr.r'1 ap, both of 10hlth 11117 
b• rd1i.d to the ntlr of dn1l<>p1n1 datn~. An 
aA111t1t hat, lhcrdore, ti..n INde or rhc 11tnd1 m 
rnarulllJ' In rcl111on ro -h or thn, ''"'"' •fin 
1Wtdl1dl11111 for the Olbn l"I!. TM ltlllflll hit 
blt'I Umiltd 10 mm who wen emrlo7t!d r .. , or 
mon Jftll (IJVIIPt 1, 1, 11\J ) and ,ht UJ>C- ·:J 
nwnbcn or da1h1 htff been aikullud '"' n, h 
a ll or ~ rhm dlmm•IM•l rablr formtd b, thn 
upoture 1roupt (more tlwn 10 rnn bcfotr 193!, 
t0me .-rpaourc before 19)) bur '"' 1hln 10 yctn, 
and no UJ'O'Urt bclort 19)) , "~ du11111<111 or 
obt.,'Yltlon 1roupe (0,4 rClln 10 JS 19 111n 1f1rr 
complclln1 10 yun' ui-urt , end 10 ftn•rnr 
11c 1roup1 (JO-)◄ ,an to 7V19 ycar< The 
■n1lysi 1 hat bttn mtdt 1cre1111ely for r.hrtt 
c■reaorfu or durh (luna c■nrcr, other CIUltl .. llh 
ubcuoth, end other C11u■c1 wl1hnu1 11bet101" 
and for thlt purpou·--1incr 1hr <'Offlr,tri'On1 1,, 
aulrclJ' w11h1n rhe ttntl cnJ not "1th na1,on1I 
marullty d111- -.c hl•e clau,fled durh u t,r,na 
due 10 lun1 c,,ncrr ,rhmC\ rr 1hr di1<11< "u 
db,noled II nt'CIOply, lrrttl'fCII\C of 1he d .. 1nn•11 
on th• cer1inc11r The 10111 numl•rr of lun1 c■ncrr 
dt1tlu ■nilablt for 1n1ly,11 11, therefore, l) In 
the,c Tabin, Ir will be nolt<l, 1hr 'up,c1<J 
numbcn ■re derivtd from rhe npenonce ~f rhc 
workcn 11ud1td u I whole 1nJ bror no rdatoon 10 

th• 'c1<pte1tJ' numb(n 1n Table Ill -..h,ch ore 
derived from n111nn1I dt11h fllct . The rnuh1 thn" 
( t ) 1 1111 i11lc■II) tlanlfic■lll rcdu.rlon ,n mM11hl\ 

Crom lwic oncer, t<W (>(htr J,~ •nh ut>n10111, 
with rtJ1.1Cr= 1n l1n1rh r c,l'Qlur< bcror< 19)) 
1·,1,1, I\ , • • h•1h1y 111111l\un, 1ncne11t ,n 

ffll>fUlny lrc,m lunr ncu oriJ .,,iwr Jwun 
.,,~, Hbnu,u, •uh an Tf"t~ 1n ■It' at r,r, urc 

11 lc ,. , tnJ 3 no ,.,J,n.t ,,r I chan1• In 

l'IOlllhl) l;n In) nu1e1 c,f J,.,h wnh 1hr pa .... 
ol !Jffl< 1r1cr c-c,mrlt11¢n ~r l O .,., .,..,,k on 1hr 
-.!leJulrtl ■rn• T1h!r \' 

T'tlft< n1ulo arc, m t1r1c p,rt, 1h ,., that v.t1UIJ 
bt nr,«1tJ ,t c,rmurc· IIJ a,Mh,. du, r •u 
ra,,or111t:M: for 11ut ,. nnal rror,,,rtt,1n oftht Jn1h 
from h,n1 c.an1..tr an,t fr m nlhc-r c.J11"1c1 "11h 
o11tiftfV111 t,u, ~H unrclat~ ,.,, other d,~Hn "'uh• 
mr. ••bnt'""· The• lf'\11rm 1h1t thctr h11 N'cn • 
11,nil'i.c.■nr Jr ru m 1hc '""ur1t1tlnal ha u J s 
tlr'kt t9]l 

Tv. o ,,1hcr tinJ1nr•• ,all (, r '"mmrnt r,n1, 1hc 
trrnJ an th ,nort1ilU\ (r,m lun1 uncrr •nh 11c 
at tY'J'Olurr ''" orJ. \\Uh u'\mt alhtt human JJta1 

but i i cuntrlr) to the ",,ndu u11nt thit ha,•c l'ittn 
dm•n fr ,m '"unal <tq'<romentt Doll, 196~ In 
pur It mn llt dur to tht mdu,t,,n of four or fht 
C'ltt Jut "' othrr ■nd n •n•(x'"ur,auontl cau,r, 
St'7 ,nJI). 11 1 1urrn11nc,, f;nJ 1har. ahc.r ,11nJuJ • 

111ucn for 11c, ntnhrr thr mnn1ht\ from luna 
can.:tr nor the :nprul!C) rn.'f""I '"11hrr Jucuc, \\ uh 
11bntm1, tndU t ""h the 1H11111c of 11mr 1ftrr 
th< <'Omrlr11on of 10 )strt' "'"~ ,n 1hr tchrduleJ 
un, It mutt ~ rtmtmt'lfrtJ , hr \\t\tr, th.al 
t.tr()&urt to atbclh"l1 du,, hat ch1r1rd 11 1rr<i'J~lr 
1n1tl"\1l1 throuahout the ,,h,--tr r c ri~.J of ol~r,, ;a. 
uon anJ tht crudr cl.u• 1fu;J1ti t,n <'f C''<posurc, 
1nro three 1rourt accorJinr h> the lcn11h or 
rmployment hcfnrr 1913 c:Jnnr'lf aJcqu1tcl)· 1lk1w 
for thC',t ctun•e, I h.m 1111 hn bu,cJ 1hr re uh, 

TllnLE IV 
DutaJIU"f lOH llt DH1111 \41111 r u·• 11 ., 1un•1 ICJ)l 

.SuJiDo.otno POii Tnll 11,a C ,1nu,, Yu.u• f,i,.ov,u,r ·";i 
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] " J . ,, 
,..5' ' '7t I • JI ' I 4l 
U-Jf • ... . ... 10 ', . to,4' • , ,, ' l 41 ' I ,. ,,.., 

J J . , J J "O ,. l ll -· J ,.., J I )I I ' " ,,.,, 0 .... • 0 •• J 017 

-- ·-- ,-
All 11U .. ., JJOO " JJ OO •• ··" ·-- --f- --· 

• ' - IJ IJ •' • I ,6 •' • JO d 
Tnt el llaN!iaBN ol utnd D •I n • • 

I n •' 
p < O'OOI p. 0 ,, P <o 001 

TADlF VI 
D UTII IU110H 0, D u t ta wntt T IMI 1occa CoMPt.lTIJIIO JO v, ... , ['1, ,S.OYM.1)(1 

S TAMD,,UDIRD NI P'HIDD o, [l1"01\ ti A"'1> Ac;1 

.Oumlo,,..4/ 
Lt.,,C.w,r 

y ,_, If/I" c...,1111• Dt•tlu 
,. v-,· •"-' 

Ot,nwJ E1,-«t•I . 
~ • '., 
l-9 I 'o6 

10-14 1 l OJ ,,-,, I J J6 
J0-14 I ,,, .,.,, J J U 

All pc, lod, .. J] J ) 00 

··- 097 Tnl or tll"lllnn« ol tr.nd n • ' 
p - 0 J J 

la not clear, bu1 i1 cmphu ircs 1h< n« J for cauuon 
in ln1<rpre1ina lh< lr<nd, " uh •a• and dur,11on or 
ob1erva1ion. 

Type.a or Lun: T um our 

0,11111 or lhc occup11ion1I hi11orio or lh< : 3 
men who hod b«n employrd for 20 or more ) CJn 

in the achtdulcd ■rns and who drv<lopcJ lune 

Diuuh n• ,/ D,unlo,- 4/ 
01.1,,. D,.,1,, 01NT D,.,A, 

1111• A.tlit.,•• .. ,,._.,1 Ai.k•1• 111 

OJ,w,,..,J F,,,,,,J (lt.,.,,.J u ,,.,,n 

• . " I ) 1:1 9 1 
6 ••• I I J7 

• l o6 ' 7 16 
J 4 46 6 6 61 
l > It I 4 46 
J O •1 I I JI - ---------

JJ JJ 00 .. 4099 

11 • 0 J O •• • O 77 

0 • I n • I 
P • 066 P • o JI 

1umoun :uc il\Cn 1n Table- VII, alon; \\ llh rhc 
r,.11111:ito:i~•I d1:11nrhn, T \\cnl) •Oncnf1hr asu "ere 
confirrnr J a1 nc..:rOf')Y :anJ :: b) h1sroloa1c"JI c~mi• 
nation. All bur one of 1hc rnm<•un \\ ere rceardc .. l 
11 bron, hi:,I cu,1n,,m2·, mJisunsuuh;it,lc from the 
rypc of rum~iur thJt h .n l.t("~urrcJ ~ommcml) in the 
p<ntrJI r ~rutam•n J urini: 1hc J311 30 yr,rs. The 
c,ccr,11nn "n J1Ji;n~~cJ ,u 'cnJ01hr lioma of 1hc 
plcurJ' Ill 1036. The e-pr<lcJ numt-<r or lune 
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!
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lflt-H 
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,, ... ,, 

JI .,.,..,. " ,, ., C l . . . 
,,., ·Jt ,, "''"' 
,,,,.,, 

II ,, JI I . . . ,, .. -1, 

" 811arnu . .. , ... , .. ,, ,, < I . . . 

" T • nr { ... ,_,. ,, ,, )J < I . -,,, .... 
•• S,IMt, lfU· •I 16 ,. .. < I - . 0 

,, Mal..,_ l91HI ,, ,, ,, I - -
7' ,u,.,.,., .,,1-0 ., ,, ,. 

' 
. . 

6o '°' .. .., { ., .... , 16 ' J I ' . . . ,,,,..,. 
n truwr ,,,, 0 ., ' ) I l . . . 
,, sp1.,.., ,,,, ... J I 17 .., . . 0 

•1 ...... , {
,, ... ,. ,, . 
191,-4 1 

.. .. ,, 

" llrokltt .,, . ... . . 
19 6 .. < I . 0 0 

IIJJ•)• 

" Fibcdu, ,, .. "-I. .. I JJ I . 
,, Wunr IOJJ•JI JI 9 ] J • - . 

{

1,,1- 19 ,. IIUGl<f 191~)0 JO JI ., 6 . 
1911~.s, 

71 1"offr 1911•47 JS JI ., II 0 N A 0 

,, w ..... , 

1
1010-JJ JO II IJ . . 
194~ .n 

, o 

,. Wan , 19, 9-0 .. , 0 ~ A 0 
I M H J ll J H ,. Beamer 1U J• J7 JI 0 . . . 
11] 9•'9 

,, l 
61 w .. vc, •n o-66 16 0 ,6 < I . 0 0 

l\oo , c,.o.,c..11 

H..,..,,,, </ 
Arr~ T-
C#.N</ 

J -·· --
C.N•c t.,h1r1 ud !,., ... ,_ 

p.-r"'1,.,UI 
&.to, .. ._"' l!.odotlNl_,er 

pleun ,,.,.,. 
C'"-1h1nNn1 or c.,-

lone . 
C..<•"""1-1 ot , .... Cate,_ 

Caru,...,or Oal•UU ara.noma ,,... 
PullllOMll 0.1-aU tarol'IDffla 

-.arall!OOII 

A ,tw-,1011, 
,'rurl,u.c 

·-Carct!Wf!U or c,,.__,.. 

"'"' Tubt'«vJou1 O•t•Ctli Clf(IJMCD,I 

c..,,..,. -,., or A.Mo,.arana,,._. 
IU"'I 

M ,ourdJ111 c.n,,....., 

C.rnnoau or Epnlkhom.a 

'""' C.ronnnu of A dmo.:.1tCU\Ol"l\a 

lon1 
C.rc,nom, or c. .......... 

luna 
Broncboacnic Ott•aU carcinoma 

cuc.1nom.a 
C.rononu of CarCtnom.a 

fun1 
C,rc1nonu or Ou •«II orc1nom, 

l un1 

C.r1.1nom1 or 
l uns 1t1J pln,ra Cucino~ 

Carc1nom1 or 
l un1 

C,rc1nom1 or L 111t·Ctll 

'""' aJrnoarc1nom.1 
C.rnnom1 of A dmoc1rcin.>ma 

bronchu, (b,oprY) 
C.rr1noma or 

C.r etDOITU bronchu, 
Care1-..m.1 or 

1 

C.mnom, 
bronchu, 

'lacorponunc CS.u from Tablt 1 II\ Ooll'• ( 1,ss) papc-, 
'Cocnplcttd ,nn, u • 1t1uh tbc uun ofc>K toul nro,urc anJ 1M dunl1Dn ' '""' lau nrc,turt 10 Ju1h may be ltn chsn cht J1.1n1tO:, f rom 

6nt apo,u.rc to ~ •th, u rn lr 1ht period of u p>turc wn unbnllcn 



_,. It Htofflll-' 10 i.... betn ,i,,.,, I• " 
(Table Ill) or pabept -•bat mou u a hilh 
pt9p0rt- oC fflCJI • ho ditJ '""' rnp,mor, 
•JfflPIOffll - ro n«n>poy ,,. 'mun1ht) npm 
GICA' .,.,. 996 aid Doll, lfH , Th, ""'' numl>cr 
or .,._.lht fn,rn Ibis au-a 11, thncfarc, al,.nu 19, 
ot•hldl on, can bnnnblli.J 10 • pkural m .. och 
lloma and at>out ti 10 broMhlal amnuma 

Awvcnat of plNnl mnothcl-11 H a MPIUlf 

oncolotJcel IOUIJ hat , ..... ...i lkltly '" re<.tnl 
r,th, p&ruC\llarlr 11""" w .. ne,, Sieg, anJ 
Marchand ( 1960) drew 1ncn1lnn 10 In ch1racur­
ltllc ul«iatlon with clll)Olurc 10 crocldol11t 
11bte;... •. The pouibilhJ mutt, therefor<, be ron­
aldarcd 11111 IOfflt plrunl ml'IOlhcliomu hne 
been mhda•lllcd u bronch11J carcinoma, In 
our vlrw thla It unllul1 10 hive occuncd In 
ourr, ever, cue 1he tumoun clwtftcd II blonchltl 
cudnomat W<rc found 10 have 1hm or111n on the 
1ubot1ncc of the lun1 11 nccrop1y and ~re radii) 
ldtntlfttd 1-y thtir mltrote0p1c 1ppcsr1ntn 1 
Morcove, , 11 :nay be noted 1ha1 1he dlttnbuuon of 
Cllct of bronthlal nrclnoma end pleural mtto 
lhclloma II not dlnlmller from 11ui1 reported by 
Scllltolf, Hammond, ind Olur1 (11)67' ar.1on1 
mrmbcn of the l ntcrnauor.al Anoc111ion of ;i, ., 
1nd Frotl huulaton anti Atbnroc Workcn \\ho had 
lln1 been e1po1ed ro 11bnr01 dutt more tlun 10 
ynn prcvlowly, In the 11udy by Scllkoll' ind hit 

1lndudln1 tha man lhown 1n Ttb.Jr \ ' I I .. J,1n1 or 
cardnoma of 1ht lun1 and pl,un In 1,s~ 

colltt,.. h, h «>• rcJ tM ~r....t ,1)61-'1, 
:14 dM1h, •«n 1tuibultJ 10 ~n:.n chJaJ caronorn• 
1p1n,1 • J ••rct"trd 1n,I ) -r• 111nbutcd 10 
plruul muOIMhon 1 '"' or I 10111 or 1M dntht 
lr'lffl 111 , 

Sin 19)1, h,... 1ht n,., 11 .. ,h Crom tun1 can.er 
an O\lt n ratt "u rcror,rJ. rtcordt h■n alto bcm 
ktp~ ur •II '-'tlroncra • nr r •p,1tr1 on men ■nd wvmc-n 
kn,,,,.n to h1•t t-«n rmp1"ytJ at tht f1.1or,.1 

i«,,.,. of thnc rccurJ• ,.,,u lrJ four other cun 
,.h.._h IIAH bcm 1c«r1rJ u melOlh<homa of the 
plcur1 b) Dr J C. 'll 11r.cr, Ocop111onal hu10rin 
and other d111 rcl111n1 10 the fi ve mtn ind womrn 
who dnelopcJ muo1heliom1 ire 1umrnan1cd ,n 
Table \'II I Only one man 1mun1 rhnt had bctn 
c,mploycd ,n the tehcdulcd 1101 for more 1htn 10 
ycan. Thrtt dttd mNe 1h1n ~o ye1n 1(1er first 
upo,urt to ut-.. rm 1nJ ont or 1hnt hid bctn 
rmrlo)eJ 1n 1hr la.tor) 1 .. , tluin one yur From 
prt>o •u• ••pcrirncc Doll, r9s,), II 1ppcan 1h11 
tht •r«tft.c ,. ,.._ of bronch,11 1i..1r" nom1 11 rcl1th c:ly 
1mall 1<hh Int 1h.n 20 )c■ n' expoaurr 10 1h11 1hc 
conuau v.1th pleural mtt01hrliom1 1n 1he1c \Jara 
11 mar~td f olio\> •up lnformllmn hu not been 
obt1inrJ fnr 111 mtn 1nJ ~omen v.ho tuvc c:vc:r 
been emplo)t~ 1n 1hr ,.:heduled 1rr11, 10 1h11 11 " 
not n e1w fh>tllblr to 111:1kr an) I CC'\Jriltt r sum1te1 of 
morr1tity. h it tno'""• hU\\C'YC:r, that O\t: IJ,000 

'N1 .. ~••cs on 11t..rul", .. ..,,li:,n arc- orJ.,rwJ bJ 1h, 
coroner •h,no,r 1hc,, 11, tn ~" or,n,on, • qut,uoo or an 
tndunua1 ou11n of J,•th 

TAOI I! \' Ill 

Oc:a,pAtlOMAL A>nJ rautOLOGICAL D.uA , nuu1a ,o Aurn01 \t'ou1u Ov, .. ~ •n11 r1n••L Muo rnu10-.., 
Al.L f'4 PL('IYUJ 

Dw,.,,.,. .J EAl"ru'• \ ,,,,) .\', .. -,.,,., I Dtatli C,,11{,..111, 
y ,., ''"" ·-

~
-:◄,i:;-1 A,lm • • Su Al• 0«.1'.Jt•• ., [J<f,,, Fr°"' F,.,,. o,.,,. (p,) E,,.,"" r.,., Jflflt I o,,. •. £,.J .,u .,,, Au , llMrnl Ci,1i111 

1911 ,mvr• ,. ,,,,.,,., ·" '"" .J n,.,>i D,.,,_ o,.,,Ji tt_,.,d 

•n•• M 6J f 1bcr1ur 191J-J6 JJ ,, J) I -:, - Endo1hchom, of 

I pltur• 
1964 M " Cude,, l tU•J)' , .; I~ ., •• , ~ i\h h1run1 pleural 

1piMu t\lfT14JUf 

,,u F 

" 
C.rJtr, 19zC JS 9 6 40 J I - 0 0 UrciMm• or 11.:n, 

1ph1nu 
,,u M 

" 
Wtt¥Y, r l"'J'"•JI' 6 0 ,, I - . c...ranor-.a or lun1 

~ 9'<>6J 

1,a7 M " ~C'lffl { 191,t o ,; o I 13 ., 0 0 
Mrrln1 .S lcukJcrruJ 

1919-Jo (arcaooma or 
lun1 1noci:ncJ l 

1Alto fnch1dcd ln T 1blc VII 
'Aho c"'-plorcd (or tJ J\.._,. 1n 1hc' rubber dcr,1rtmcnt ' 1919-.. u ' anJ :o )Uh 1n 1hc .... . m.hi>u\.C (19.u 6-1), 
1Alto 1mrlor td in 1hc .nrchouw, 1Ql9-)0 
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,.,,. , .... ' ' "'~ J r,,W1 ., i,,,,,.,,, -, l'•ll ,,. 
Allku,, To,,U f • ,,,,,,, H \\ SO • l 0ft4iMt 

khl ,II, I I, Lh••S, I , ' "J 1111,.,, J C C. C,,._ 
Atbul ,. n :,e11.1r• • J N"Opll•U 1 f.-i t • ~ ,J A fl , 

,u.n-1• 
-. H1r,'\INllff,,J, l < , , I\J CJ\-..rs. f ,... At~°' 

c-a~lf, l fflr I &ttd ftff('IUII r 1ret Hlj ro lfw 
IC<1 ~ N J tf' , " ' l ht' C,.._.,tl &l'IJ F '"'''""" 

aw~ i,1iv, Ar r1 ' " \I J1 11 A, ·•"•""• Adal'\11. 
C,r?, J'-~, ' .. 

W'1cncr, J C, !. I C A , ,,J ~h1'~1'1J . P ' 19'0' 
0 1tfw'll' r luoul rrw ,,...., I • .J ••hnt~ n:;-ot, i,tc 
1n t.N S erJ'I '°'" rn < r, ,. , /If,,, 1 1Mll1•~ 
-'f,J , ,-. Jbl'" I 
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A stuciy of i:1e rnori.c1liiy or workers in an 
asbc.:> ~:o~ f~c.io1 y 

M l NLWt:o u~ l 
Lc, 1t' n S. t c,1 ,! 11 ne • , I 1 o;fic I I•" • , 
Or up IIOe II I• 

Tl CC ,, 1, ·•• • ot 

' t"ho,, , ,1 I fl' 4'>,. IJ ' ,, ,,,, \f,,, ~h,'ll ,, \ ,11111~ .. r tl,.111,"1,1,,,,,r11orL ,n 
In 111 "'' •'Cl t .1r11 >· "-l:, ,, ,11 ') c,4 ,, , .: fi 1, ._ ., •-.r· I , n a ,"('" 
r■1.tt"r) n • '"' .. I,, 1C\11lh ~ kJ 111, ,,.... I t ' I .. t- I 11 .. , I l ,, • 'II o# I IC 

morl Ii i) c,f,u,,h" \'llll1h"\J N::,\""n \ pril I. 191\ , ... J •1.· ,,r, 11111,1 .. , JlhHl of 1hc 

A~bUh'' lttcul,llHII\ . .,, t \I ) I , 19 I I h,,; 110 ·~11 \ .... f J .. "'h'' 111111 "' , .. ,h lc:nr1! ('I 
C\po rnrc:-, ,11 ,J Ln~1•11,\( (.,JI,,,, , r •fll.'.r ht I l,p,,c rt I I c ,,., r,, •n ,m J,tli:, ... n c 
b;t ... -c,n lh nu1nt"(' ur ... J.:.i1l1, P ( , •1 111 I~ ( "11lf \ r oru 1111n auJ •It<' JI I, ,,, 111:1 I , 

u1111l .. 111 in1cn11lf1f l f•hH~o,ln11, ... rt 11l1. t1r"'Jf1 ,11Hhr;1c,r,,, 1r,,11licf,11.•1,, l hcrrn r 
1,160 11\tll \I h,, fuhttl,J 1h,, 1.IIIC:fU'O In 1h, ~•U1Ltr lh~h.: \ ... n11 :\,,.CO fl h 1rt 11!) 10 '"' ti 
\\hO \'(\I lL·d HI J tb, \ h,r, (' f' 11 '~ \\.1, Ill'\ ,, r mt"1J~1 1' ~ t- I, ,1,l1h'II ' 1h1 ~ " '• Jt'' \\ h .. h 
tflhtilrJ I ,l\) r,~"'-urr thto. r \\t, a i,i:n1h~ 1111 ,;,t:c-,., <'r J..::11 1 .. ,,,., 11'" r ·'" , ',, l11•1; .,, 1 
plt 111 11,1n<lca~,, t1r ,11hcr\llc,,1nmcn,,1tl1Jh1,1l1 ,,~ ,f<' ,1 ' 111 1 •f,h1t1~ ,1 
leo thAn ' " '' },,,h, ,h -..tll .1, ,,111 1'11.•• """' \hU~C I f,1r 1,,n.1 I, , , ,, 1 ,l, h f1 n, 
r ~rlll,tlOI) J ,~· ·~,,.I\ o!-t ('l\ul , 111i, ;;aflHI, i t1,.h.O.:I) C'\1'4.l"-'d \\ 11: ► -.. , .. ,. 1th ,.,,, 

1 he ro1111nr r\,1,1l u .. ( l r .,,t ,,.,~ <l 11,~, rh,111 h,· I 'h.: 
r are o r 1hr 191'1 ... cmur, r v"cr-d rl\1..n m .u: l11 n\.',) 
\\ AS bcini:, 1,1p1dl~ Ji:,ch,(":'ll .1nd 1h1 ,c ,,i:,r 1nu,J,, 

ma dcn111ml, r,,r th 1, 111 ,11('(10I """'·' ' I \ J~lc:- h.1 

prcsroc hcot .toJ rr.,,1 h1i;h tcri11 rJturt, IIJI) ''"' 
c.xrior1in1 :,.,l'C, h a, t.ul} a, 18"0, 1hr ( an.1J, " 
chr),olllc mmh "er~ 1n p ,,h lth.lt('O l'I) 18"'"" "t 1h,· 
end or 1hc ccntur) .:n .. x 1Jltl1 tc .1,hc-..u,s r, 1.---im S f1u1 h 
Arne& ,,u on the m ar~ct. in 191)7 " m,,.,11c "·" 
d1stO\.'trN in the CtntrJI Tr,rn ,,J.,111nJ l flf1m1t 1 ... 1.1I 

production 1'c-11n 111 l')l r, In the l 1111cJ "-111~l!, ,n. 
chr)JOl1lc \\"' fi r,t u \.C'J ,n in.::1\..1111: 11 1'.:,11,, rh. d u1..1, 
in nhout 18S0, cr~ id ... tlilc in 1S9,. dl h l ,111u,-,11c \ 1'"" 

ancr ils 1uodu1. 1iun s1.ir1c,l 1t1 S .,u1h 1\ fn,.i 
T he ~urrtm~c or pulnwn..U) libtfl,t\. Ill J,h.:,l("I• 

\\Or~cr, wai ''"'l)¥1l1tcJ m the 19:0,, .1r,J thr 
ns.socu1t1on bct,u·cn rlu.· du, 1 ;im.1 l11\cJ,,' \\J\ 

confirmed h) 111 sun C) c,f rJt.:ICU) \"-"' l..cr, i:Mru:d out 
by Mtrc\\Clh~r 11m.t Pti l"I! (19JO) I .11c1 1h.:r(' ,,ere 

rcporh or p ulmC\n~tr) n1.,1t~n1n1:ics .a1o,<tr\:1,·uc•d ,,1th 
a,tx-.10,is (I )n.:h ond Sn111h. 19j5. Doll, 1°~<1 
\Vaancr, Slcf ,. mnJ M ,1rc li-111J (19(,0) t1..:, ... ,1 t,.,•J 

r ku, I• "l' r, .. 1 ll',., t r, ,.,,, .• 1u .. in,, • 

h.nl 1,c . 111 .... ,. 1, 1 \\I l l .. 1'-, ti 111,· .,, t- 'I ' n 
1101~ • th I u,, 1111,111 ,,,, ,, 11 < on.:, ... , . , 1 

lhnh•.,: •I 11.,,.u\t, 11r I ,r , 1111.. • , \ ,t-.c,t, f ll 
,,,.'/ -''1,r ,,, I 1111, J<., r.() 1) c1r..1r,, r' 
l1hrt'1' 1,· rr,•1 \'.l!t t•f ,J • ·, , . J 1, ·r • 
,h\.(P1to.l' 

11, i,, .:,tr. 1h .. • 111d1 .. 11, t:l'111111t11., 10 r ,r,in1I 
.. 1'l"-'\ll"I\ , .. ,I\,• d 111;r,·, I ,111 .,r ·'" tn ... h,htn.; flll ··' 

o f r ulJl,. , .. \h"': Lnn lc<l . .. IClp111ed or Ill( 
r,f 1h~ t \.'.1'1 h 11,l,. u11Jc1 1hc , ,1r~1nr c,1nJ1• ,,n, , , t 

H1\h1,1i ~ 1 111, pJ,,:r c:-, .11111 \.' 1h1..· n ,ir1, l11>- 1•f J',11, 

r.1J'l· \ t t"l ... ·" .11 ,,n ,:nl,,tt,, (.,d•H) in rtl ,1t1fln 1 
1hcir p.1r1,.:u!J r J•'l~ Ill lh(' fJi..hlf~. kn •(h l,rc-mpln 

mtnl, .,rJ th: Ju.Jl 1t111 L\ f ft•ll11\\•UP , c I r• 
r,r,,..111.: 

1 hC' r,i..lor~ 1(.HllJ p t11Ju...rr '11 in thr I ,n,1 f 11J I, 
I onJ'-, 11 111 191 ' . ,ti ri, ~, 1.:111pl,,, m; l,nl, at ,u .. 
\\l1rkr, ,. II c••h•~11II~ c,r.mJ.d I ) tl •C' l.111; l'f' 
thcr ... • \\.._r,• l '<l:f\'" 11 JOO .,nJ Mil,, i:'lri.l"r , !JnrJ In 1t 
19~0 .. thl:' p .1} r,,11 h J 11i ... ·1 ...- 1,i:J h., N, t tt , ,011 t1 
-(kl \ l"t",Hh 1c:-,11ln 111d ·11,ul.11u,n n li:fl.11 v.tr 

2Y-1 



II IT\a)Ot rtl>JIKU 111 1'1c t ti> l~IO, 1hr Ir ' 

dcr-r1menu "'" nlO\N 11, ono1hn '•·""l A 
11111 d .. cl rv,,ent "~' 1tie rn r'..,-m.:n1 cl • ,,r,,, 
ma1r1, anJ 111,outtn ,,n lnwlAt ni ,on11a "•• ,11c. 
1ny,-l11trc tn the coun11y Th11 a.:t1Hly wH ,tnclof"'I 

o• an intro, nt le f10tn 19 ''"'""" 
A~•• u •de ,. •nd chr)1011L.i: 1, , ~ •nt 

111 utiNt 1n r 1•,d~--,1ttn ll\11 uo.;i&.,111( v111 no1 111 1 
fo, n,.111,, .... 11on,1 r1rr mt,.,. after 191' ,,. 
u,. conllnutil tn , ht1 ,t p:mr " 

rct of da1, 

Th• d,11 In 1h11 , u.1, , 1,1 ,, '''"'' ti , ., "...,,_·, 
ptftonncl r 1J h d.11 ~ t, 1~11 anJ ""'" ~ all 
•ho hl,c • ,,,., h 1 1n, tt"• 1n t h .. 1,r) ll n• . 
tdJr dAt~ of"-' 1f'l1 1 ... 1ual J~ hdJ , 1th tt1, Jain 
offthlf"J,11 nwrw11 Jr1n•l1nn11ut1onorr ht 11rl1 1('111 

lntluJ\n1 1t- .. tu, , 1lh cmph1hJ ur In \I•> I, I' ~ 
Witt ab,uei. 1tJ 1', 111,-mf'( "'•• r.•dc 11, 1r11.--r 1N"IIC 
fffl('IIO)-.d r,, len ,,. " \() t.la)"\ l h, ('f\ ,,... ... ,, ., "'' l~C 

M lnl1u, c'1 S, LIi ~ . vru) 1nJ 1t-t rte11,1ru '-•crwr1I 
wa1 otM,1n-: t . ind t ,h ,...,t •'C\tL.i-r'a ,,.,11i,:ubo • fft 
Ntll nn, to l!'\c- " " :J.1 n ,anch or •• : M lnhlr} o( ~ ....... 
Secwll) 1'h,, tc-1 •· .. r "'''able ' " 1Jrn11r) -~•. {'I( ttk 
malt wt'irlrr and 1·1rt •hcll"r lh.. •ere ,1, c '" J.:tJ 11 
M l)" 1. l i,c...& T he rt ... "'(trJ, crthok Ul'\\UC"«:q(ullt Wh.nl 

11 thb M lnl\U) "ft• k'fl t 10 1h. 1' 1rj '('Il l t h.1lth Ccn1ral 
Rc1l•1n. "' t-"t: 10· or tt· rt11\11nJ(r •r...: , ~,,1,r..:,1 
Surchn or ,n, rl, .. 1or1I roll and hh)f( l.x-al r<1,a11." 
"Cff 1110 rn.ad«', t, , ,na tht 0,,,,11 •ni~ ratr ur 14."' 
19•: (N<"' ti\.~ 1nJ \\ ,11i,,m. 1 '61t 1 t.: lhsulf,U 
Ocnrral fll \1 tJ..-d , .. , t..llJ t ,,r th"tl. \\hcO 111(' rt .. ( 1nJ 
d11c or dcath h1J ~n Jc1,1m1~ 

, he 1n,r1, llC.nlt11< t'f tl-.r A,t-... -.a~, Rt. 1lt11.=-n, nn 
A11nl I, 191 ,. \\hi\;h h 'llU•re'J 111( ru\\l\h'ff ,,r , ,h.t\hl 
\"t'1\lf11tion In min) rrN'Otin. r auta.l ,c,> con"~, .. 11hk­
ch1n,n In 1tv ra\.1l'r\, lhc \\ ('ICLtn Y.C:IC' t tl('r.,:O(,,rt 

d1, ldcd lnt(I lhrN 91\.'4..lf"I 11 a~k: 11 11..-,;r J,nc t ('I 1hur 
iwriod or c•urlo) mcn1 1 he" , ,n,h1nt t'f tht .a ~9~ n~n 
"'ho -.1..uLt t cnllf(h In , ~ Jl('t,I n.,ul~th n r-· "' I. c,r 
"honi 111 t,ut ,. • t.,cr~ u,,11:t·,t. 1hc, ,,11 ,,.,,,r nr lolll rtt.o 
"'ho \\OrLrJ bt(1.1~ anJ C'lntr Arml 1. IQH, c,f ~111 .. 11 all 
bul 9• • \,l,f'rc ir,crd •nJ ,.01 -.ht', ""r~r,.I c1rnr\:h Nf,.,,c 
lhc rr111t111rtnt. or ,,t,1.lffl C'nh ·o· ~1. r \.'. , ... ~ou~hJ r,,, 

S,u\J1n ('( 1hr (in1 n ,o lhlu1' art dnc.:rit:\.:,t ,,, lfu, 

1 A Ol l I 

NU)lll tl& 01 \\"t,a1rt.ts, T iu,< to," R1 L ,110, 

10 n,u 01 f "fll'Cl\11,t or A,.,t\1P\ 
RJ (tl l AllO, '\ 

C,,,,,loJ -. "' ,. ,,. ... , r,~ ... 1 u.,,,,.,~, :•' 
•*""' I• '""' 

.,,., ti,,;' 

AOcr Arml I, 19\J 
o nl) ' ·"' !7J 111 I j ., •P'1' 

o.ro,.. anJ ,nrr 
A rn.I I, 19" 1 1 ,- 11 ,. -' ..o 

Dc(orc Arr,I I, 101J .. ,, 116 IOl :'Pt~ .I ,,. 

II 

• 
I 

" ,. 

.. , I t /, t I ) 2Q~ 

~ ~ 

"'' "' -~ ~ 
r,('( r n 
•. ,, r 
t'' Cl1011-l lf'l1f 

'I ( 11H1!,1h"'IS 

••'fk' I ,,, ,., lhc r 1,1k" ''" J,'1"1 
-cf"l,lr.a t' 11 1101 c,nl u n ,~ 

~ 1t,' .. r,flh J ('( I 1'" 1 ;' ,?)('lttfl lhln fo, men H\ 

NI,. J• bl,, t"-1 . :~ .. • N't'• •H~ he l,crn,. luJ n1,1 '" 

fh Jlt<llh bl:i;II ~11 l 1 {,I Ill I ,,r IIA<k b(foift [111tffl S 
11 IC'th;c "' th, r , . ,,lJ1 ' _ ,•r) ,1,r-r ,,( 1tw, men ,n 
t\l"-- or, 1,.t.ln I,..,· ""hJ ·,rullrl) uurcH, hen 1t t 
A,l1': •h~ Hf; l•t1('t'1 ,,r IQ' •r;J1(\t l t-c 1e1crrl, 

t,f'\ "''' "'' l1·11 t • to,, , .in J rr;a,1:, \\OJ\,.-, 
,n .,.,, \ l'('t' d ,., 111JL.. , f'r \(\;lhll'Q' '"'' l,11 "• 

OUIIC'fl.11 or t,..,, o,h • N '- · '' I. W-, 1""'0.JI r 1"':UnC,t, 

,n,t 101 11111 ,n ,1 .. t,, ''", to • .1Jc f,, elf 1.•;\,:t'WU, ,I'\ 
in1,,r111 u , ,~,L.,·r. •, ,1,1 .. .a,J matltc-t•, 1 cm, Ant 

II cn1r! """' in ... , , .>&.: I .. ,. d, ,1 afld ._,, The 
ttH •fl'lrtn• nt r( i ll • 111, •t'i\, ,.•C'\! Ji '.•n I f,.,,, 

C'1\1'1f11f\J I• 1'1. h I I ,11~n, f t,c n 11 1U .,:, I t. ,, t-,,, 
tiul nVI ,.,,,, < ''''" rc,1• He.! 1111,"rr • • ·r 1,: ,1 ,,, 1 

l lth,-,1.:1n,1 1IJnJ r '\; .1 .. ,, .Alc,.1im1n.11 , .,, 

\lrtli111I or , , ,;mJ1ln11 ,.r 1t1r ri•J.. 
1 h: n,Jm \Ill\ \\ I r 11, r rra 1fJtil'n r ., ~ r, It 

Arr d I. l'>lt "' ,, .. I l l)r., \fc'l qu.,1,h.,1 I. (Ol1 I ll>C' 

,unq h} h,,1nr I •n ti : 1o1~h1r> ·, PJ" r.,11 ft• .Ill 
,1,n '('Cnh1 .. • , IJ , 11 1111, .'1,11n.,: 1h;.11 r<:u.J l l1,\ 

tt'nl1nuC',I in the \ (\ tr ~11,, "f ,,, •lh'.r tin 
rcmJ111cJ ,,, 1hc r.,. •11, "'"' \IA) I , I '>, J l'r 11,c ,ta,~ 
o f dc111h ,rt :1d,,r 

I Cit lhc Dt' ~'•. ,, 11 , J"' u. I h' Cllt"t ,r,,i: n· ,1 h~ 1hc 
lt'ns1h of 11, .. 1h,, c, r· J in 11,i: r.i .. 11 • 1n I t-, 
1hc •~I" 1\f J•'tl 1hl) .. • ' 

II \Al\""-•<''~''' , ... 11q;,,.·: : m\n C'nh h 1!'\t1r r,ut 
l\J')(rh·n .. 'C ... ;'IU) r I, ni:,.:- l~ , ,.~ C'l'•-"fltl ,. .. • \i:t to 

C1"l!lll" II ''•" J~i.:.,t .. .: 1hocf1 ·r. 11, tpl11 the- .. ,1,c~ 1r.M 

1hrt , k:I'-''-'' ,i..1J,,. "'·ti•.__, • ~li.w n ,n T .1t· 1 h tl 
1mr,.·r1•111 h1 ruli,\ • ,u 11,l 1 t' klk, "r tn1c11ns ;.,nJ 
IC'ltllli 11 l \lulll~" ;.ftU t, t.h1t mJn 1tlJ11,J1..1,1II, 

1,C",,hlinc 111 1,., o,,n ·f ,11~ , ,1~:n lit' cri1, .. Jen rl1•\• 

mcnl II th,· (JdOr~ I I lu., ;i· .,,,~ fl\(fl c al,nJu J.1tc 

I here,, oulJ h: .1 nu: t .r ,,r ,.. 1n l' J\ h ,10.h 
If a nnn J<\I. I ,. J\ r, •,cJ a: 1h.11 r,.,mr fh-,m 

~ h,.:I ('\CC ,11,,t Ii: in 31 r - ll rT",, JnJ l'• 4 n I (,,tc, 
;an, IJh:r 1tu 1, Jl ,11 '- ,l.11 • "he., 11,c ,,,r,('~ tl'fll'I0-
11t\J , n \1,,, • 1. I'> , .,1• me, rh.:n m 1l1t iur ,,~ '"'c 

• . . 
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1 Alli I ~ 

Jou l fhf llll 1 A(tr y (;11,cuo .... Sr,tlfll\ Of t ,, 1' ., '.,,.tu"' n "~ Cl ~lllr 1'-t• Tur Ot I 1u1 

\ '1.10 1, \t ~• I I ,u ft Ill '" I 111 11.-,~J ( I 

t ,,_,/, I (ul', H•> 
lt.afT Ind·""· 

,~,- }1 1 ... 1 
~► r,I \IPtn 

.,, 
C,hh, "1•, f1rJ,aa. ,-., -lt1'1111 
C1M• n 

,,.,,. .. """' ' 
tin " I.ab ,,.,111, •tr( •~'"' 1111.i r t C 

110,r 
Mfi rut- t jc1a11r:1' He" 
J.1(, 1•..,..I .. 9' 1IJ1 bNrih' ~( 
t-1r, ttr11l• h"'1 ( 

"''· ,~ 'f \ ,,,.-1 G,.,k,., -.,,,,,,, 
l\o r-uoJ .... Mt t ,1 CUf 11 011 f•cr, !, nc.1 .alc•1m !!II.Oft 

( ll Nf, rt" Ito l •t .. ,. AllC ( It I rl re 11)0 
S«,.,,,,..i r 1r, m 1\1n1 I \ H t, .. 41 or ~""• I. .- 11 1,w., 

M11n A DC 
l 1t-.-urcn AhC' 

\ ,, .. uorc n 
A It r l•rr-"I II 

l A ,.,., on•11 l ~ It.I" ,,na11rJ, 
1'1 ,.,,w,., A.It(' 
Ce,,,, AO 

Uti11I~ 1 \11w,a l"\lh ~ul AOC ~r : C 

'A1hrt1eit en"'"'• or rn'tf-, k,, ,ts.a" :n•. 
A • Am~ill 
B • Croc:1J f'hlt 
C Cllr) l<'llw 

TADI I l 
Mn11o n o, A11 ul ,11, l# \\ .,,.t,,.u1\ tii 1111 

T 11•n S1r•hn Snm" 

[ntrr rmr!O)rtknl 11 I ~•"'11 
[n1cr tur\f) 
l:nltr IIUd) I 
Lnu tl\,J) I 
Cn1,r 11ud) 2 
Lti'f' l!Ud) l 
fn1cr tlud) 1 

10 d1,, 
1 , .. ' 
.. )UFl 

16), H\ 

u ratrd 11 bcin: rcmmrJ rn,m thcir " 'N'' ,c 11ud•h 
ror the anal)u, " r rach ,1ud) 1hr r-:11~,,11,1'1'1n "" 

done b) lcn.s1h ('I( 11111r on 1hc (\l,)roll anJ t,, ma,,m,,m 
JOb aru tr l or cun1rlc. 1r a m~n stutN ""o,li. 1, a J 
1n1r1ra1or, 1 an1dc ft Jf'b, he n-m11,ncJ 1n aral': 6 in ill 
11ud1n, C\tn tr tk: mo,cJ 10 ■ job in a l o\' er sr!lJt, ht11 1f, 
u r■rrl) harptncJ. R "o,L.cr s11r1rJ ,n a Jl'l-h '"'h lch, 
c,po&1ur araJ,na anJ l11rr he mcn"J inM 1 111,hrr 
c~rowrc 1radr, he ,~ould be- R'j,-aJcJ ,n 1ub-4: .. 1,rn1 

s1ttd10 If hr rcm11MJ on 1hc p,D)' roll '"' ;a J"f1,,J of 
months onl) flt' 1cm.:a1nrd a ~l1C1rt--.:n1C'C nYn 1n 11II 1hri.c 
11ud1t1, bu1 If he "II cmplt')cJ in 1hr factor) fllr n numl'<'r 
of )tan hr woulJ be rrJ,ral•cJ acx,,rd,n, 10 hi\ frn~•h of 
limt' on 1hr pa) roll 11 the k11nnin5, of u.;h stud) 

The ,.o,L.cn Y.ho l\l•"''N and "he, J 1t"J in u .:h ,11t,.. 
an,up or nch stud> \\trt l"'tJ b) Lomru1cr l lit uu~ ,,r 
death "•• 1 ■1..cn r,,,111 ,he Jr:11h ttr11t .. a1r i:mJ (',t\JcJ 
1«ord1n1 10 l hc Scunlh Rc,u,on of 1ht Intern. 1u>n11 
Cl■u1fk1i11on of O1\n1r, (\\'JI.O . Grnc,.a, 19}i J 

f \ II 

,, 11 I i-11\ ~, ~ ,\: ~.~:~ ~~
1
:,~ 

( r 1, •I U AO 

fl lJ ••"• AIIC 

0<-alh I ll~'\ h 1 1 n,'~ I 1 ,J \\.,1 .. , ~Cf( taLC'"'t fhK\1 11 

(J,c- l'can..,n I lli.;• Uh I f{ \l\t n rtn '"'"· 
( 1,c 1n,I lh I, .. . l"\"'1 11 1.,t :"'\ J«\(" 1 1f'IC'(•' 
dra1h ,,,c , .. , \ fl, , or, · f C'!:,, ,,1\.1.JnJ ,, .. IC:'\t., fJlj1j 

dn,c·,h,c• for f: C C ' • 'hl ;-,. (..,r qu•"-lUfnnLI r,. 
IQI I, unti l ,~, n t,\ 1 h, "' , t--., ,,r .,J,., ~ ,nu,., ,1r,l t 
Cl"l.,hn10 1n r1 .. h, I •rt,, l .:'h.hf,r·,c11pcrt1~ "i.1 
Nikul.ucJ ,111l11r ,,. ,.,, 1 ,,r th, ,un . , I n • m,,n ,o,. ~ 
ltu.· rcJc,.1n1 ,lc- uh r.att" 111 tl1c C .a\C 1\J" •, t•h1" C,Jh 
lhc r,r"'lt1J noml'CI ,,! \! .. 1t1, 1 l l ,1II . IQ<.<, I lit Cf•r1,r1J1-.r 
prosr. ,mr f,,, 1lm N . ,\. , ... , \\f1ltt:1 1"IJl1lr,11<ll, 
r,uhh,hrJJ \ /,111 ) , , · , < ""'f111, I ni· /f' 

, htlC' \\J\ l111lc ,t ,m.·,~n\.c in the 11·,,r1~1l11~ t \('(fl(n,~· 

of men 1n c,po u,~ rr ,Jc, I.~- ,1nJ 3 JnJ 1hc) f 3, • 
been 1;11,ur,J 1c,,c.:1hc1 l la. "'''"··I~ C\f1{'1 :-J \\l'\J ► l" 
111 s,1,n.•c, ~ :m,I r, , '"' h.,J o1 ,m,,IJr n1'.,r1.1I 
c,pl!ril!n.~. JnJ tl·c,: hJ,c Jil ... o t-rcn crour .. I 
IC,it'll ,cr In ,1uJ~ J. h,,\,c.:,cr. there :ir1, .. ucJ IC\ t 1;: , 

ccruin J •f'h:rc11 .. c m ti1.: ni.H1.1lu~ c,p,.:ri tnLcJ '='> 11 • 
I\\O ~c,crcl~ c,rw•,i:,· ~n,ur" l h t de Hh-. ftt 
nlJli,nJnl d,,c.,,c fl( I) 1-M-:1151 h3,c l,ccn \l11 

d1\IJ1..J onl) mW c m .. i.:, .. of 1h, lun1.• ,3nJ r li:111 

(ICD I(,~. l(,lJ .,nJ c1n\."cr, C'f 01ha s11"" \t ,, .. 
tklJtf: t l ,tu~,,- ,,r lhl \..llha\ Jr .. (C('l;,"'lrlC',1 th.(\\ I . '\ 

tNc\\ Ju"\u,\! .11,J \\ ,1.r'1:1 19i,91 Tt,c- rc,r,1rJh'' 
d1<c.,, ... , ,,er..: .11,0 £h.,u~ J 1c,~c1hc-r an1t the r,,, . 
for l hc- c,~..irJ 11un1h:r of Jc.1111'~ \\Cft 1,11 en '""' 



-t '''"/, o/ ti , , ' • J •, , • 1 • , 

1hc C-110 Pnr,,on ,~bit ,.h ... h I"" <k-••l'i ,.,,. r.., 
a ll l)'l>Ct or rNptr■IOI) d1M'■\<', 1n<lmf,,,s If><' 
pncumocon1ow., bul t"41uJ1n1 uri,,.:r rnp11ar.•,i 
diSCJ<I(, ,nnucnn, and unur or IM luns Ind ,,•,ur, 

Stud> I 
'Jhc men "er~ c11rau,11td b) lltt r \H•rl..,n1 c,I"''' 
tnc~ Ill l h t ra, 10,, durrna lhc I n .. , )011 .rec, (1111) 

10 1hc ,u,..t) II ,,,.111dtJ all ho \IAlicJ , ,.,1 
bcl"ttn April I, 19)1 anJ Apu l 10, t%l. onJ 

con«rncd l, 6' men 1 he ~><·111111, ""'"'"' • 
llel1it.C'Cn lhc tcl.Ond anJ nr,h ~+:•h .. r,c, tl'lir;:fHI I~ 
••udy 1.1 ,ho•n m T •hie 4 A mt1n1 ti (1 "uli h., 11, 

modtr..tle C\f\0\11rc, 11 ·rt ""th. 1.i Jr.a1h, ,, I "~'' 
19 l v.cr, t.11ru1cJ and 1mt'11 lhf'...,, \\Uh t<,ur 
e.>l'()fure 1(1 dc11h1 \l<IC founJ, • 11h 14 6 .-rc,.ic,,• 
There \\II no C:\tt"I\ or dca11t, rr,,m c11hc, ,. "'c" or 
the tuna and r,lrura nr 01hc, ran...,u .,, r, m 
rcsr lrtl lOr) d 11.(.11t Al 1h11 ,,11,r lht c,r,t,11.:nu~ ,,r 
1hc r1c1011 J'()f>ula11on app.:a,cd m 1-: n11•~ r1,ou1 
able lh•n 1h11 or1hc 1,-<nC1•l 1><>rul11""' 

1 l l 4 
Sn.,1n ~IORt ,un Dre,,, "c, or :!,u 10 

P,110 01 -1111 'H.\R1 

U,-,.n," I ' , "" u, PA,,,,. I 
U,168 "" " nb1ot1,lf 

r,,_,.,. 
C"-■1ro/,lrw1J, I ' .p ~ ,.,,,. s,,,, .. 

fJ/11 , ,, 
" I •• -- --

All t'aU\tl 14 ,,, .2 10 , .. ,t 

C1occr or lune 10J pkur,1 I 11 n o, 
O tlteJ c.to«n I '1 f t I , 
Rc,p1111or,, dtlC'&tt'I l\• 

clud1ns un«r ' n '0 
('\her d1wt • 9 II• • 1 

'In tht'IC t1bfn ICIO o( 111n11\c-.1nct • ~1, m.i.J.: 11) 1c(Cftfl.:c 
lo 1hr l"'o luon dl11 r1bu11on anJ HC cn1rrt'J '-'her~ p h lo, 
1li1rt O o,. 
•L1uer1' mll C'\ anJ 1hr11 l1t,o1H,r, lfC c,1.h-.J(J frNU 1ht­
popula 11on~ -.ho..r m o 11ah1) 11 drw.ribc.J tn l ~ttlc-, ~ 'I 

Slud)' 2 
In 1h1s slm.ly 1hc men \\t' rc rn1c1or11cd il) thrir 
t ~l}CflCnC'C: IO the fatlOr) Ju1 ing the li:') l fi H ~ ) Cth 111 
the Sll l""\'C)'. ha\ in, rnttri.'ll 11 n1 an} llt1i1r h:h,,1.11 

Apnl I. 1933 and /\pnl JO, 1959. The,e \\Or< mnie 
1hnn J ,300 men ,n 1hc siudy. Der<nd,n~ on 1he d,11< 
or cnlr.) , the number or )tor~ or follO\\•lll' \.Jflt'J 

b<:i.,een S a nd 16 )CdfS Tobie, 5 and 6 , ho" 1hc 
mor1:11t1y or 1hoic ,, uh lc)S rhun l \\O )CM) unJ for 

l on, rr ~ noc.h or cmplo)mrnt in 1hc f,H.h''>: 1hc 
der.c,cncr in 1he ob~n ed nunib<'r or deJ1h, h•> 
lcndcd lo d,uppear. There nre no si&n•fttJ111 findinr.,, 
but 1hc numl>er or dc11hs from conce,. o f 1h< lu11~ 

I \Ill I < 

~ .. "' 'I \I 1 ,11 ' Ur ' 11 ... ,,,"t• "' \Ju 
11• I nt l(,ffl 'I • 

l ,1 • 2 ' I..... I' "' .. I 

\, ,.,, 

'" 

I
I ',:: :, 

' • I) 

., I • I , 

"' t I I 
:,, 

:.1 I 10 JI'\ I 

I ,t,111 I <, 
~1 1 I'\\ \ 1t•lf.l \ 1n lt';tJ\I Jl l'.,1''-1'(, H !-1tl 

' " I 'll tU lf,,11 'f ~, 

O \f ~ 'I \ I '"' ll j' \ 01 l 

1"- 'JI or,h I '• 

I , .,..,.,,. 
c •. ,,, , ,II 

I '() I ""I ·' /1 OJ.1 I '•r 
All uuw-, I IQ ::•' 

,, ,, , 
c i1"'""''11ri;1 Jr , .. \ 11 
0 1txr l '"' .. I • l, 
Re r 'llf'f) ,J\C\ ' i d1 1t1"t (-t" .. c' .. • .. 
0 1ht,J1"'1i""'C\ ·~ I 

,; :. 
" .u I 

and pie ,., .>nPn~ 1th,~ \ · 111. fl,n~1.:r c , rl,,u c ... 1\ 

l11iht1 1h,m 1hr c\pc,1.:J h;o ... 

Stud) .l 

l his sWd) ,m. luJcJ 1;1nl~ 1ho,1.' \' h11luJ hren folli,,,cd 
rc,r a t fr.ht 1(1 )C'.lr~ \lfh.~ ('Oh;1+11£ 111'° r.1dOr~. 1 
d.llt"\ Q f rntr) ' "' 1hr )Uf\ C) frll f'Cl'-lC1.n \pr,I I , 
191J nnd Arni lO. 19.: l here 1,crc 4<,4 111 .. 11 \lllh 
lo,, 10 moJcr.ue r,r,' u 1C' .,nJ l,9(1 ,,,11t ~Hr..: 

t'\ ('ll\lUC, \.1.l111Pfhlll.: r5 Ill cr.,Jc ~ C\fll"-Uft:' 11..,b '\. 
.,,J 1:1 111 {! l,Hk , . 

1 111.· p.r1..nip \\11h 11..,\\ " -' riolkr.111. c-,p1.."u,~ ,ho\\cll 
" " t,~..:" 01llrlJ!1I) t11l,l·1 ,1111,m,• 1h1..1"l" ,, 1th fc,, 1h.tn 
1,,c, H.tr,. or J!11("1.11:: 1h '•I:' ,, 1th 11h1,c- lliJn l\\ 1.' )<', r~. 
1.:mph.'}nltnt 111 11 c f ,,Ch'lr ~ ( l.1hl.:, 7 JnJ ~, 

A ntl'llS t he ~·H rd~ c,r o,l.'.J t;lflltp rmrl,, }cJ .n 
l h~ r,1Ch.,n f<,r le , 1h,m l \\l.l \('.tr\ l hc1.: \\J\ J 

itJl l) l11..·,1II; SIY,lllf\..llll "11..lll,1l1 t~. C'\t..(.',\ b o l h fr1Jm 

c,incc,~ c,f 1h.: lun~ .tnlt rh:ur.\ .,nd fr,--.111 C11111.·cr, of 
01hcr s1h:, . ,\m1'''~· 1lh' ~ \\1th m1..1rc 1hJn h\l' )C ,r~ 
t n1plo}mcn1 m 1hc r.H.: tt,,y, 1hc1r "a\ ,in c,ccS,s 
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TA OLC 7 

Sn o, ) . tu«1 u11' u,o,, nu,""'\,"' 1"'101 
t o L-.o ,,, 3hr YI o 

l! ,ou, l ,t~•1r, r.-.,111,itl 
(6,99 II II u/, ,or,/1 

r ,, , .. ,, 
h• • , 5, ,,, 

c •• ,, ~.,,,,,• 
O•• C ()~, ,-.. 

\11 nutn 16 10 I ,. It I i,,, OtJI 

C 1ncn or hint 1nJ 
pleura I • • th,. ,...,-, l"llt 

O1t1cr unctn : . • : , "'" c, Cl() I 

Rc,r1 ,.11ory d, .. 
UMI t"luJ11111 
nnur I 2 l I ' A 

Oahu due.UC'\ I! 10' " 1 ! I 

TAOLI S 
Su LH J . ~ t o11. rAt.1n , au\t n, ~,,,,,o ur 1·11• 

to r,u Ill 3hr , , ... , 
O\I A ! Y t,K\ P'- r ~,anu 

trl "'"' l '· ,,,, 

, ,, I .,.., ,,( ,1,.,,, \ L -, -,._, ~. i" 
__ _ __ o&, 1 c , 1 o~, 

lh 
All c..UW\ IS II! 
CJn.."'Cr of lune anJ 1

1,1p,(Oi•H 

r ·cuu 11 II I ' P UNI 

01htr ,1Ntn I I ' : t. r 0 ,: 

Rt\r1r,unr, J,,. 
t.a\ot'\ ,,t.1ud1n1 
cancer :o 10 : , r• o, I 

01htr J11,n C1 I ! • 11 & 

In .~ 1, "~' ""' c "' Ill' t I .blc lfll I lh th~ 
,,,,re •• J CJ,lJC l,u•tpll~• •• , .. tJ .. tUll\li,111, 
,1;11 ! ,n1 c,r-c" .. ,f lk':ith, lu,ru c1inctn "'r the lun1 
. n,I rkur~ I I~ .'utln from ~ r1r.10,, J!tntc. 
Iv ,,,,. \\er< ,,K1'tn1r•1rJ Mffll'"I 1'1c men 1n the 
,,.Jc , 1lt,O<) 1n11,c ,,l:ilcf\cJ 11, I I t•l'ff'C\I 
I' 01o1111 llr ,uM\c,1,,..,.111c1,oup•••luau 
11 n, •• i:••lk h ""ul', ""h}? rne>rc I n ,.,1h •ho<I 
"""~ anJ I\ ,,,,,,.. .. ,1h I ~I sc" e. bur the~ 
111 u'1•11<' C'Pf l ,1h ,n,11~ 11rrarc-J h> t--= \Cf) 11m1tar . 
ar.l 1t,rc "~' ,, , rJ k."C lh•I 11 e kn11h of folio•• 

''" \,It CJ In ti~ 1 H' &H'Upt 
1,, J,l<ff11 re ,n.,rc I ec,tel) 11 c 1tnc1h ,,r fol(o,o. 

Hf' re I ,J •fie< (,nl c-• l re t,,;f re a 11:,,iflant 
c r<t• ..r Jcat~, r1 oo, arxcr, and rc,,r1ra1ory J, .. 
~•-c• -,•ulJ t< ~ ""°' ,,,11cJ, t,,.,ih 11:c oboe~ 1r,J 
,~. , ,,. 1cJ oum ·r ,,( Jc>1h1 o nn1 tile ,c1ctcl1 
<•rll'd CIC ;rourcJ ,r,., 11,c >'"' l'C1 It n .. 
tutl f\)J ,a~ r,,vn ,tc ,~,h ,,, the~· I) r. tht 
.c-1. nJ r, , ,1 ,, .: ~:r.J "·' 1h(':; 1h) :ar. 1nJ 1hc 1h1rJ 

ru"llU 11 (' ;61h hl ti C 11'1 ,i:-u lo 1lir 111\i1r .:10 haJ 
I ~ 1 r,llo,oC\l ft<'C'l 1· i.i :, , ..... .&rnOflll mtn •llh 
k, 1h•n 11i1,, ,C':an· c , 10,mcnt I l the r c1ur1 that 
"•' .1 ,'JI• u~.111, ,1,n tc;ant c, .. c-,, ol Jn1I, botk 
ru 'un1 t.. t,c;(r .aN.l r,om ,tlhC'r c; nttn. amoftl 
,t- " th 1,1nra,:r KfH(<' 1hcrt "~' 1 ,,_,smlk•,. 
"" • ,,r ,k,uh• r,,,m ··"' I ,.r 1hc luna 11,J rlcun 
,ill J tu,r,1 IC"j"'r'J1 I'\ Jf'C",1\(' l~I ""' r, 01 arKcn 

,,tll(r I n 1tJLt1(1f\.'JI) "·""en ftct .. rol'o- up 
' ,(1-!t \ r 11\CMC th.1n .=1)t..1111hc1c. I a IJAI g 

"•'" ti. .• 1,1 "' .. ~', f lk th') r, m c.1nC"C'r "r the: h1n1 
1n 1

1
,\c-,11•, 1 tr"'n 11h 1- • .,. 1,m • .a I, KJtt rc,-100 

... ,1 , '-''"')t'lC ll. ti fC' •JI .an ('\t,,C'\.\, t Ji;; :t?-1 fr 
, ! 1 ... , 1.:th •. 1.. \ ,,nl) 4011.m • mtfl ,, th ,oo,1cr rc-,icJt 
, ,1 11i' ' t11C"r·t lhcr\! •\.:rC' 1 <' Jc,;th, ,~N IS 

'-"\..!rr -,m, • , .,,,yi.lt~.-~ 

r \Oll q 
mort:1111~ from CJrkcr of 1hc lune .ulll rl..:ura., ,m:cr 
of other sites. anJ from 1c.-,,p11..1tl'r~ ,11 c.n(', 11 ,,. , r 
1hc 1.,ucr \\CfC fo.(rt1lt<l l ..1\ J~ ,n.: r, .. un J\l'-'.~h. 
nc11hcr amon~ tho~ 1th ,11.-,ll c,r 1'11 .. "uh 14,,ne\.:r 
J'\Cri~h ,~r crnailo)f!"ICl'I , ,.,..., there .. ml c.:.,~n1 t..1f 
dcathi fn.,m c tu ~ 0 1h~r 1h.1n t::JJX\.'.r .,, ,,,r •1.1h''> 

Sn o, l \I 1-■ r ,Lino• \\1 ,,ta, 1, C.,aA.llf:1.5 
, ... uh I ,,-.61 u CAuc111•ui 

, 1 , 11 , , ! , • u. o, r,, R" 1. 
l I ;"°9 11 n v, r,.h 

t. .,.,, • .,, 
,hK3>C 

A re r!rlnilrd analpis or the mortulil) ur 1
1
.c 

Sr\Crr l) .-posrJ mrn in , icdy J \ ,,,mh.: 
e,CC\\ or drJlh• r..,m , • .,.,,, .,r the lu11, i,J JlkUrJ 
and fnJOl cant..'Cr or other s 11c, ('11(1,.trri.:J in 11" '­
scr"cc men 10 the i;r,11.k ~ .,.,-.,.u1c ,,.,11Jl IT ,Mc C')) 

bul not ,n the i;r:allc 6 •r.,ur. ,\ 1n.,i11 the C,,n • ·r 
there \\Cr si~ cctlof,cJ ., ,, '""'' J..:,I ,,r , .an--.: ,,r ''"' 
luna and r ku1 ,1, "hen: J\ I O "JS c ,...,_ • ·J 
(~<000() , Ill lh<: a,aJc 6 ,rnup the fi,u1c, ''-'~ 
1t,o llc.ulu ob,cl'cJ 10 0 6 c-1-..:,tcJ, ,,h ~h " ,,c1 

s111im.all) ,i~1f1C":1nl. 

( .,.., .. ,,. 
,\ 1 < .... 
C . ( , .. ' ,.., 

r u 
o, 

' """ R W'I' Jnrnn 
., "' ... 

O,r;,,J "'' 

~. 
: I 

• 
I 

0 

• 

S, . s. -
(j,_J,J c;...i.t 

tor I»• I I# 

111 0 II 

I" r 0 • 
I • r 0 •• 
I • 2 " ... • •: 



T,.nu 1n 

Su u, l MoalALn\ o, \ \oaa.1 11:, ,, c,-.-.,,u ~ .-.,u <, I ,,. rLt ..:, < ,u . 11, 
Moat ""' z , '""' l,, r~, R .. ,, , •11, .,,, ,,,.~, ,,.,, 

All av-rt 
<"•ncwo "' lwn, •k.J r ra 
Othtt UIICtr~ 

R"f'1,•h>1> tJ ,.,,.....,, ,,, l1N1"t ,.ir_n 
01htt d11n~ 

o• 

I ,r, 

I •r 
I I•,. ftC).11 
09 ,- OCl'll 
I• 
I I ,-c.r-000 1 
'1 

, "', 00! 
Ott ,cOCJ:11 
1 0 
10 
4 I 

1 ATII I 11 

M t1a1.-.111, ot f\h""' \\01~"1; 1111 n, 1J1 "'" At11t1• -\riit11 I . l l'l)l 

o,r. :? 'tr".'"' r.-., ltn1 1 (/,IIJn,,,., .• oh 11(',JJ 

lt.ll CIU\C"t 
Can«o or IUflJ anJ ("l..1,,f.1 

01hrr anun 
R c,,m•IOf) dtll("ah C'\dt.,Jn•,, " °'u,i;.: t 

0 1htr di\t w, 

1 ht' ll&at"' mnl<'"" :111d l:1hu11rtrs 
This ,s n group of 0\('r I ~tlCl men in ,,h,~h onl) (.0 

\\Crc r:mplO)C(1 l,:f\\C'(O 191' dn\l 19 .. 8· ""' Jc.,rl·, 
\\Crc ObiC"t-J, l'tJlh r, ,,m C'.1rJ1(\,J"ll' I l.11,r '<' 
\\hCrt'H 2 JS ,,ere C\fl("(lf'd n,~rc "rrc 1,, 
cm11lo)'td on m,,.1.11in, con1r.,c'I\ ,,ho h,,J t-i.c.~n 
rollo"ed for 5 10 IC, ~..:.u, T J11.) contnbutcJ , ,, 
dcalh\, thrtt or,. hrd, \\C(C Jue h ,l C'J\n:1nC'ma or 1hc 
luna and p~ r,1 (1h«'<' otnc,-e,1 - 0 3S nre,1<J 
P < 0 001) T llC'o<lhn:-< men haJ onl) b<cn cmpl,,.,cJ 
b) lht' nrm rc,r ~,u,11 ('1'1,.'(11~1~. hut UI~ \\ I\ t..nO\\II 10 

h ive \\Qrl,,rJ JS J IJfl,!CI for lhC' C,fC\ 1uu .. ~s ~(Jr, 

1hc pnst c,pcncncc l'f 1hc 01hcr l\\t) ,s unl..nm\ n 
Over 1,000 of th,, i:h'III> h:ul htcn f1..11fo" c,1 fr,r 
from 2 to S )i:-♦1~. :1bnu1 hJlr of ,\ham "ere ftr,1 
cmplo)cd in lhl\ firm Jflcr 19<.ll l hc1c •~ no c 1.c\, 
mor1nltt) lfhc d~ .. llh\ f'~r,"-d 7 01 c,p..-:-tc~IJ 

\\'orltn flnl tmplo)r<l hr forr \ pril I , 19JJ nn,1 
C'Onli'l11ln~ nncr 
A aroup of 1.;o nwn \\3\ u.kn1,fic•I " hn ,1,u1cd ,,01 l 
btforr: the "'""''"' Rc.1:1JIJt1on, \\Crc imrl~menh:J 
and con1i11Urd ,n10 1"4: ll""l•rc~t,l.1111.m r,cnod l luc,· 
or lhCjC \\Or~Cf) joincJ lht:' r,11.IOf) in 1914, fi,c ,n 
1919, and a re\\ each ,11b,cquen1 ~c.,, uni,I 19~9. 
t:,11,-ccn 19)1 and 1931 a fo rthcr 61 (4~ • .l SIJrl«t 

,. 

I • ': ,. < tl O' 
10 " ' 

£ ,, 

10" I O 001 
0"' ,. n O' 
I "' , fl 001 
0., 11()"1• 

" 
\\Otl-. l h, \•Prlcf'\ \q,·•" ,., .. NJ t) tla:ir r,oll:ttcn,:c 
rn thrir fir l r 11,r ~c.,1 .1(1cr co1c1 n;: the fJ-..lflh. anJ 
1hr ... 1,11.: ,,,,t..t1n~ . ,~J ,tl'\ \\J\. ',,r·c J .1, in 1> \llhf,n 

('r th.: f'' 1-rc,u'..i1u,11 rcr1 "• 

Tfn:h. \1 1.•rc four J.Jlh\ ill":, 1, • 1l11. n ,, 1th I~, 
than I o ~c.ar\. , .. n th: f'J~ r ,U. (I JIJ \\Crc C\f',:..lcJ 

(r- 0 (\ II l; ,11, .. , •• 1hc'C d .H1 , duc-111 J,~c,IC'h1, 

·1 hr n • , r1 .1l•t~ r,r..r,, c c,f th.1,~ \I 1th rnorc 1h.:m 
hH"I \C',th ,-cn,i:c 1, )1 .•n 1n T.d 1-.: II l ti.:rc ,,.1 J 

\IJll;ll1,.iJII} 'sn1f~1,.JIH t:' """'' ('If ,'u 1h-. f ,,111 ( O\. C'r 

or the IL1n.; 111111t.l r:t..\H.I 0(,111 .lll'i\lf,; (hi ( ,, 11h p~, 
it,ict .1 .t h ,, 1n., 11 ll• I':" .,.,. 11c c•. ,,,urc JnJ 
~mo,,~ tl1thC \\ Hh \ ('\('I ( ' C'\r• ,ur~ In ~\lh \'fOuf'\ 

1hc,, '' •" ,,1,l, Jn "'("· of ,11.•.1111, from r1. r11Jh"lr~ 
J1 < c r lr ,i:n of 1hc ,4:H " c,r,1,cJ. nd 1hrtt of 
1h, '!" ,, 11h lc"'-<r <lc••rcc, r,r c,r ,11re ,,c1c ('(r1,f;i:J 
:\ \ l1~ 111a; frll"1 J ~hc,h' 1\ 

In t lH\ stud~ the- lrn,111 ,,r ftil 1.rn-ur ,,r ll!C' ~IC'lllf' 

\\3 \ nt n w-.1 ~~ 30,I ,ll k:...t J I ,c . .u, , 1hti 11 \Cr) 

muc-h lon~i:r th.in 111 1hc ,,,.Ll1c-~ r1c\ ll' "'> n·(n• 
11oncJ hu1 Ci1n d1110 11, 1n tic f.1~h,n l'\:ft.'ltc 1hc 

in1rc,h;1.1u,n 1.lf the ,\\l"'C.,1t1, re 'L1IJlh'n~ o f 19)' ,Jn• 
m,1 m..,\\ he f:.,u,"'·J It \:t"m rroh.1:bk ih;i1 Jll 
\\OJLcr ... hh.itC\ 1.:r tlK" ,r inJ1,1Uu.1I J,,h,, mJJ 
h.1,c h.uJ c,,n JcrJ"1c r,p~'iUrt' h" J~l'lt:'110, 

c.h11I 
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l)i,ruulon 

1 ht uJnption of 1hc '•lu(c , 1111Jy ,,1.m· ,,f jin 11.> ,, 
c1111blcd 1hcc:,(lCricntt\1fLJ1fTt1cm 11 u~ "'"''tL.c" 
10 t:-c C:\Jl1llflC<l Ill 1Cnt1' o f JC"b 11n<l J 11r.1lu1n nr 

cmrlo)n~nl nmJ in n:IJ1111n to 1hc1r J .. ,c, .-,r fj"' 
cmrlo>111<n1 on the fot tory. 

If 1he "°'~er hclll more 1han one JOh 1111hc r,\llOr} 
he "11' <•tcgonut.l h> thc j uh 1n 1ho 11111~• e,p11\lorc 
aradc M ore then 10• • held o~l) one Job Jnd, amc,n, 
1hc rcmn111dcr. mcludina 1lh•,c \\ llh Iona \Cl\ttC, 1hc 
nc,rmal r .At1crn of c:n1plo)'n1t1U ",n 10 \IMI ,n :i j e'lb 
' "'" ft hr&h C\l"'\UI C ,,.dona Jnd ,u~•CIIUCIIII) 10 

ch mae 10 • job ,u1h le.), c1.r<»urc. 11 " 11l''' ' "''c 1h;at 
,,·me of 1hc \\Or~crs "ere ,·~,rcsorircJ 1,~ Jot.., 1)('1,I 
for onl) a !!im■ II riropor11on of 1hc1r 10 1,11 ~c,, 11..c. 

h ul 1h11 r-an ha,c occurred c,nl>· infrcqucntl). St'lmc 
J 1fficuh1cs \\Crc c.,rc1ien1.t\J rn aruJ1111 fitter~ ;rnd 
maiolcnnnrc men " ho Old~ h,,,'C hJd , ar~ rna dc;rcC'\ 
or c,por.urc 111 1hc1r \\Orl: men in lhL"'\C job\ ,, ere 
,nchrdcd ,n 1hc n1odcmtcl) c,roscJ ,rouJl. In 1111, 
rcpon 1hcrc is n nuulr..ci.1 contniil bc1,,ccn the 
ntOllhlily or 1hc arour. \\ ho were ar:hlc~ IU IHI\ 1111:, 
low 10 motlcrnlc c,posurc, :rnJ the m cirlnlil) C'I( 

those \\ho were arndcd as s.c,crcly c,ro1cJ . Tl.ci r 1s 
no susaci tion of on nd,-cnc df.:,t on the "'"''·'"'> 
o f 1hc former ~rouJl. 

f.ntcrhnc and KcmJritL (1967) h;l\e i ho\, 11 rt\ lO~ 

\ lnmll\rtli,cll mortJl1ty r,l11os for 1.Jnl.'cr~ .m,I 
rcspuu tN)' llisc.uc.s in men Clfll>lo)cd 1n Ml"C,tos 
b111lJ,ni.:•JllOduc1 rl>111S, fm:i ic,n m~lmol Jll.101<. nnd 
DSl'>C'Sh \J tc,t1lc pl:1n1s: the lu,hcit S~1R) l"t.',urrctl 
rn 1hc 1c,11lc plonli ,, luch ,,crt: ri:-r,onc:d to he 1hc 
,Jui11cit. In this focl0r)' a.lso the ,1111 1\ l1t:.11ly ,is­
nifirnnl c:-.cc:,1 or ob\Cf\cJ ,lcruhs c.x~1111.:J .unon~ 
\\Orkcrs from dcp.11 llm:nls ,, luch ,, c rc: 1~1u:,cJ to be 
the most dus1y. 

Thi1 c,C"Css \\ns onl) sc~n in , 1ud} 3 ,lflcr :i r \.,IJO\\ • 

up ('\!nod <."f not lcu 1han Ir,) c.u ... In )lUd)' I. ,, hac 

the llh"lrt, thl~ 1\ ,I\ \ 1 ..:1, C'J r,1,1t1 II I:' l,·,,rm1n~ or 
1hr u"'11nJ 1u 11 c- firit1 ,, 11, 1l1Lt1. • 1.h: I, ,,1.r Jc.oh, 
, l"'tf\C'll lhi1n ,,r,cc,r,,1cJ I f.,t•'l" 1:, II 1, 1, not 
i n 111111,uJl r,uJ1n • .I I .f,i: t, '•fllllllJi: ,,r .,n l' fH J c rm­

"h,1i11,·.,I '-I UJ \ t ( ,m 1,l11r 1l1o f't 11 i,:fo' llf"I, ,n tncn 

'"' h CH U~ ,t,,Jhlt1,c, .uc rh'I , 11 •11•1..- fr, r rr\,ru1 l • 

n ,cn1 10 the inJu,11~ (O11II J r11I I lill. l'J~ i , Scltloll, 
t hurg , e1nJ 11.,,,m.\llHI, ,o, H r ..: llllJ'IIO)ITICltl 
mcJ11 ... 1I c,.-1m.nJ111111, nr 1h1\ [mu,, 11),1~ h.,,c hclpc:J 
11, c,"tuJ" unfi1 n11Zn. I rmn the 1'<,1ni1111• .,r 1hc rou­
rclj11l i1111,n rc,,,,.,.I rn 19.H 1hc "''rLe" 1n ,,.1Jc 6 
\\CfC tul1JC"1.ICJ lt.1 11 r1c:• 1.·1np k1~11 ,,;'ll 111tJ1c-:1I 

c,.i111111a1 1C'11, .1 111 .ifra l?J:, , h1.n ,,11 1mlu\1ri.1I 
1th:J n..JI ,, 1Ti1.cr J\ t~r,1 ou,,111}1.',I, ,111 ,, ~,, l~h 1n 

1hc r .•1.l ll,"\ \·.:rl:' ll'l J , 11!, ( \ ,111111\t.:J 1'Cr .... ,i: \ IJ ((IMJ 
"'''~- I n i.h•d~ .... ,,h,~rc the r,,ul''' I l l' r ('f1 1,.'ld is 
c,1cnJ(J h., l"t'•l.:n fiH· .111J I f, l·,11 • tl ,c Jdi1.1cncy 
1n 1hc ('lt,~cntJ 111 1111hcr nr ,le II\\ h.ic. rcmk<l 10 
,t1,:1pr,c.1r. 

I n ,111J) -' lht'" ('\:;e .. , l.1r ('11H C1 H",I , , ,er (' \)lCClcJ 

J cJ1h, 1. \!'rt1fo.: J .,, ,1uc ll' 1..1n .. cr ,,r lunu nn,1 r,lfur-.l, 
.uuJ c.1m,.:rr or ,•1h..:r \I IC~ ,1nH,1l& ntcn \1 11h sc,crc 
1Ju1 i h iJll c,po,oh , \, ,,, nl' l,1bk t L 1hfc I:). Sc, cn­
l 1.1Z11 OUI ,,r U !Ill.t i l1r J<l dt.i1h, \\..:re Jue l \1 i:.inccr. 
\\ht1c,,, J J ,,c.1uhl h,nc h .cn n r 1.1,. l tJ ( T.11--lc 
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m or1.1lit) or men \\ llh 1111, I> 1-,: '-' r c, 1•c11..:n .. c h:u n o1 
hi:cn c,im11n.,;d t,,:1 11 '"""~nil) l)\'111 ( l'l~ '•· Kn .. H , D ,.,.11, 
a11J I HI t 19ti51 .. 1n,t "°""'• Jl1,ln11. ... 1),1 II, •1 1111 11111 
( 19(1S 1 t, h , c1h.'t l tn•h· ''l' rka-... , ,11h 10 m nHH I.'. ) C,1r,' 
r,po,mc. M .101.11, ; .rn,1 n \H..ir 11 '>tl-q,_ in 1hr ir 
,rnJ.) ,,; ,\ 19;s.;'> l"Olh'lfl ,,r Jl,h• hi \ \\0,~(r~. 
c ri.mf"'IC,I 1h.,111 .11.~·,,1d1ni; h .. ' r)lcu lcn;'.lh ,,f i:mplo:,•• 
mc111 Ill Jll .,,t· lllS r.1\.1 ,lf~ . 1 h.:) 11,c:1.I tl1c group 

,,11h k"\\ 1'1.!11 1 .,0 ~'-'J". '-'' l'l'' ttrc .1\ ,111 rn1c 1n.1I 

t.Olll(l \l. lh~ IOI. ~!ll\LC t lr C',1111.Cr 1k,11 h, 11,cs \\l lh 
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\\l lh lc'l,I, th;,n l ',"' ~c,1" · c11 ·1, t11~11,.:111 th~ 'l \lR for 
111. ,1, .. ·1,11 , J ,~.1,..:, 111 -:t.'11.1111 fH'tll'' , .. ", er :oo. 

~om: nr t1 ,: 1n~11I J ! t,lll \' 1'1~1.:1, , 1111.! 1\, l l l1} !lchk,,1r 

TABLE 12 

R,., 11om 0 R1ilR\IOT0 ' " "!f rllJ l)l-\111~ 

r o1t11 .... ,,, 
,,, to.I 

l'rrlMon 
r.,,n 1 011 
(, ,..,,, 

.All ,..,,,. rt , f ,l,-0111 

' ''°") 

z. 
(S111Jy I) 

< I 

f.Ok•l•lt /,·rt1lt' 

, ,r ,1,1,,r 

07 

-- ------ - -
5- 16 < 2 I 0 

(S1ttdy 2} > 2 0A 

-----+----- --- -
17 J I 

(S1uJ1 l) 
<2 
>2 

'No dt1111bt obic~cd fr, 1hh ( .) IC'£o rr. 

I 0 
l·O 

TI,c. C'\r<",ttd numbtr or dttlh• ,, rn1rrcJ . 

06 

I I .. 

I r,,,., , ,,/, "'l' u", r:, ,,,, 

I / 01o1 -11 , /, ,11,.• S, ,,,r 

O? 

11 
09 

!O , , 

:o 
o: 

o• 
11 

I S 



anJ I l•n1n11,nJ ( 19(.11 dr I r,ti n r,11wnu r,I ti '< 
lunr ffiCt,1.1tlwli.1I tumour C't' a I 01l1 kf• ,r, :,, 

)un had tlar..:J ""', tl"t f,r ~ " ""'"' the 
•Ot~fr, at the ••t,ni,.,. I ,,t<'lt lfr>,•rtcJ 1n the 
r1 ~· p.lP,H I ,1an1fko1nt ( \,-.CU ar 1,,t-,c,,,, JtJ1th• 
f h'\ftl c.rnr,, ur ,,~ I\Jl\l .,nJ (ti.: r■ , ... 1h(, 1."11fk'"'eJ\ 

1n"1 (u,m rl"'rll 111 IM, J, ....... '(':, 1''1\ f1."Ul"IJ 11, 1,CfU. II 

I lflllP, of ""'~er• .r, .. ~ ll'llll\> •llr "' '""1 C'I 
~I\IINn 17 ll'ht "I \t".tri. ,u· ,, 1h11 lhC' 1,a!C'f\l 

l'fllN or .,i.c , ... ;,-~\l~J J, ~ "'-') '"' I. 11 .,,, 
:o , r•" an 11 ,· .. c \HWltr,. Of 111,: ... ,111< £'""" ,,r 
r,",."""'' '"'" "('In, ,1LtJ.cJ 1. 1 .. o 1 :~ •., 1..1"" 
a fnlll'l\\•Ur r-:m.J c,1 16 )Colrl "' 1"'1~ :,..,1,1 ,,,,. 
llam..,.,n,I. •• J Cl11" 119t.81 h i-. r,·,nk-J ti 1 
1.:,111ct1r 1n·,,l1n1 h., .. \,n Rthc,1t' rff I ,m th" 
ffl('lttlht) of ... t-w..,11 ""'hr..; HOll ,. I\ Ln 1-.tn ,,r 
t~( \.I lO\.•n• h.:1~1h ('( tl1t\ ,, '01' I\,,., J1rt'CI ,:un•i1ct 
"Ji made "'11h iln) "'''\. ., In (uh, •• 111.1 t .. , 11 mJ 
N l"""u~k h\ ltJrn 1l1C" m,,\.1n1 h \'4h ,,f 1('1~1,·iJ 
trt.>Uf'' "f \l rtr\.tr A , tuJ~ "' ,.. n)('lrta,11} .1.flN 
~l.t!'- l, 19t""1,rt..nr\('\I \\ , .. Lc1,f11 M('('!~llt l11("1' 

d,1n \\Ill h.l\(' «n f,,llft\\(\1 r, ,r J ·ufTk,cnl lcr"lS,11, 
<'f 11mc (,,, ,1,I "'" rtl.11 . .. I J•t.1: ,~ 10 c,,nu1~11

1
C" 

to the c•u•..:a ,,r dl.'. .. , h h ,, 111 be l",,.,blc h' e,,nu ,,1 
1hcu M(trl-1h1~ c,r,cr1cf\\.t h1lh iii "'If cri,rl1.1, .,J 
t Jrhcr anll h ' n111 rue ""~•h~ ,,-..mr- ,.111,""h 
mC\dcm n,ctholl1 of A .. ~••l('I, r .\I\Uf1h. HHC .,,, 

rcn~1cd io an i"1Jlh)\'f'J n,,.,,:..111~ (\f'l=lu.:n ~ 

\ h 1h,1n\t l1rt' th1c to Or \\ J ~, 11 ..:r a J 1hC' C"ar-c; 
A,~l'-'' C"C'n,r,.a l\~ '"' 1t-..:tr HH 1l1 et'•' a, .c •• ,I 
ro-oricr.111;-,n , \I r I r> 11,11 ,,1 ti.: \UH CC" 1r r l n,1 
for 1.lc\l.)II'\ ' ,,~ '1h,.., ,1~J\. r lJn, " , , ,,1111r 

1Ml)\1\, 111,I h •r lh• 1,,r\,,;,, hl', h t h, ,.,~nu 11•1. 11d 

I t.' Ph't'""'"'' I\ c;; I h 1lhnii;. fl I C' \ '"''"• Jn,t 
Mr r O 01J ,n, fo1 , ,'-l\ll"''<' .. ,., aJ" • " .. 
,,,,~ of tlk. in, .. ,tiJ,:U1t''' 

1 h1i " "'L \ L\ \If"\ ,\;,ulr. .. n '"'" ti I, , I.Jlrr,,.~ "\r A 

sr,,nt '"'"" lh.; \h:J• ~ R,:~;J, .. h ( 11, 

,.,. " IOJ /..n loJ l0 I 

~· ( .... .. .... , ... 
r 

I ). Iii! I 

·• I ..... ..... . ,.,_ 

,.,....,,_. 
,a.4' 

,. ~ 1 
,,..,., ..... 
,-4 ..... .!""' 

HII 1 
.,.,,. \\ .. ~ 

ll " ' 
-' I I .. _, 

11 .... , t 
... ' "' , .. ,.,..,.. . ,.......,. 

, ,., .. . ,1 ... ,~ 
.,.,. re.w , , u •• ,. 

,...-r','"'-' If ~ ;01 
,, •-• J r "lt-cr C A • '''"'', 

"" ............. .., ......... 
' "'" ,._ J ........ , , ' I" • 

\\ t I I 0 ,f _,_,,_,,_.,at 
{'"P,. .,, , , ..... ' 

\' H O < w,.t 

.. .. 

1 Ill . :,. 

., 

I t tl t..t• ht-"tlh 
1 .. Ui. !!-:, 

........ (ff""' I of""'• 
,_,.,,.,, t . • ,-.J,I 

·-· • r 11 u 1, r ,., ... , .. , ... ' '•" , .,.,, 
,:·1 

,,. a,,_., ..,11 \ ohUI 

r._. e1 P tt1
• 



~~ 
~ lllll'n lllllfflW[i 
Department of Modi c1 ne 

Mr. Edward Fenner 
Johns-Manville Research 
and Engineering Center 
P. 0. Box 159 
Manville, New Jersey 08835 

Dear Mr. Fenner: 

11311 SHAKER BOULEVARD I CLEVt,LANi>, OHIO 44104 / (216) '/91-1000 

Septe~ber 17, 1971 

. You have indicated to me that during recent convening of the EPA Document 
Review Co111T1ittee Meeting, held in Atlanta on August 17, 1971, infon;;ation ~•as offer­
ed to the effect that the severe adverse health experiences of the group of insul­
ation workers under observation by Dr. Sel i koff was the result of low intensity 
Clf exposure of asbestos fiber - on the order of an average of two to three f ibers 
per cc. Recently Dr. Nicholson, of the Mt. Sinai group, has puolished remarks to 
this ~ff~ct ~ i"i !iisul uti on Hygi a~e Progrc:;:; n~pcrt3, ',':> 1 ~i7i: 3, ~:::. 2, 1 ~71. 

An answer to such cl aims is i mportant , not only with res;iect to occupa­
tional TLV, but al so because our attitude to1~ard po ten ti a 1 heal th hazards posed by 
asbestos fibers existing in the collVilunity air must at this ti me be based primarily 
on the experiences that have been gleaned from observations of individuals exposed 
for lllilny years in occupational settings . The insulation worker group comprises only 
one of a number of such occupational settin;s. 

There is, as you know, a rather striking difference in the health exper­
iences of the insulation workers as compared to a n~wber of other occupational 
groups in that they appear to have had a much w~re severe experien~e than have those 
who mine and mill asbestos or utilize it in manufacturing processes with perhaps the 
exception of the production of asbestos textiles . Just why the striking difference 
exists has n~ver been satisfactorily answered. 

When one reviews the published data, as for example those published by 
Newhouse, McDonald or Knox, ,~hi ch bear upon th<> hea 1th experi ences of persons in 
various occupational settings to asbestos fiber, it is clear that the three major 
health effects, asbestosis, bronchogenic cancer and mesothelioma are dose related, 
and that mesothelioma ma.y be related to type of asbestos as well as possibly develop­
ing at lower intensities of exposure than do the other biological manifestations. 

The insulation workers studied by Dr. Selikoff have experienced a striking 
excess of all three health effects - as severe or perhaps more so than any other 
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group reported. Knowledgo of the actudl exposures experienced by this group , and 
1n odd1tion o contrast of the exposure of those ~,ho did lo those who did not develop 
cancer , could be of great value, Unfortunately , Dr. Selikoff has never published 
detailed exposure data, nor has he r anked his group 1n such broad tenns as light , 
modernte, or heavy exposure as related to their health experiences. He has not con­
trasted tho exposure experience of those insulation workers wl,o did, with those who 
d1d not develop cancer. He has not set forth the various othrr agents to which 
1nsulotion workers may be exposed simul laneously 11i th asbestos. In other ~1ords, 
we have essentially no infonnation from the Mt . Sinai group as to the kind of expos ­
ures experienced by the insulatio-. workers they have under study which would be 
meaningful 1n tenns of severity of exposure ur the possibili ty that their exper­
iences have been dose related or whether or not co-existing agents play a strong 
rol e. The only exception to this is the statement by them that cigarette smoking 

l n aver 1m ortant role in the develo men; f cancP.r in insulation workers. 
nere may e extenua mg ci rcums t.ances to exp 1 ai n a mcbile popu lation, .ind their 

?~pos ure patterns as to concentration of as~estos fibers and co-existing potentia lly 
hannful agents would be difficult to define. This would be especially true forexposures 
experienced in past years. It is enti rely possible that Dr. Selikoff cannot des-
cribe the exposure patterns and hence, has not don2 so . Nevertheless, until such 
information becomes available, it is most difficult to evaluate the exposure 
pattern of his group of insulation 1•1orkers as it may relate to the strikin9 con-
trast of severity of biol ogi cal man Hes tati ons :ioted betl-ieen his i nsul a ti on workers 
and other occupational groups evidencing far le~s severe reaction. 

I don ' t understand ho1~ his group can attribute biological effects caused 
by ~xposures goi nq back forty years to this sca1,t information about exposure measured 
in recent times. Nichol son of the Mt . Sinai group has i ndicated without supporting 
detailed data, that contemporary environments of thci r group of i nsu 1 ati on work~rs 
contained fiber counts varying from 0 .1 to 10D fibers per cc. He has then avera9ed 
these exposures over an unstated period indicating that in doing so he has included 
su!>s tantial work periods of no exposure to asbestos , and ;irrives at an average 
exposure of 3 fibers per cc. The statement is then made that it is this level of 
exposure that is responsible for t he severe health effects observed in their insul­
ation working group. The validity of this kind of avera9ing ~,ith no attention to 
peaks or effect of prolonged periods of high levels of exposure is dubious t o say 
the least, and cannot be accepted without serious reservations . Morecver, no date 
on exposure during removal of old insulation - a notoriously dusty job - was given. 

It must be emphasized that the insulation working group they have under 
study has experienced exposures extending over the past forty or more years. While 
contemporary fiber counts have importanr.e in terms of current conditions, they have 
little or no importance for evaluating, in terms of numbers of fibers per cc, the 
exposures of men who have wor~ed in the trade for forty or more years . The only 
way this infonnation can be used is by introducing a conversion factor such as total 
dust counts over the past forty years, or so~~ other such indicator. Such conver­
sion factors apparently are not avai l able for this group of insulation workers. 
Hence we have no direct knowledge of the fiber count, in modern terms , to which 
these inen have been exposed during thei r lifetime of work. 

It is of considerable interest that others have reported higher fiber 
counts characterizing the contemporary environment of insulation workers than did 
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Mr, Edward Fenner 
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Nicholson. One wonders how the work habits and material s used could be so different 
leading to higher fiber counts during insul atfon work published from Engi~•.i! and 
Finland. 

Regardlrss of the fiber counts, allef,ed by Nicholson to represent exposure 
of the past twenty years, it is clear that biological effects at these levels could 
be o~erati~e only in recent years.an~ would not describe th.:? total exposure of men 
working prior to 1950. The Mt . S1na1 group infer that the exposure since 1950 
~aract~rizes the conditions that caused the severe biological e>\periences of their 
1nsulat1on workers study group. Included in a·11 of their reports, however, are 
men exposed at least forty years ago and the most severe effects to date appear 
to have occurred in men exposed more than twenty years ago. To fail to indicate 
this is a serious misrepresentation of their dilta . 

Nichol son appears to believe that contemporary dust counts reflect the 
exposure pattern over the ;>ast twenty years because insulating practices have 
not changed during thi!t period. The real question is not whether they have changed 
over the past twenty years, but whether they have changed over the past forty to 
fifty years. Some months ago l asked Johns -Manville to describe to me the changes 
if any, in insulation materials over the past forty years. Mr. H.K. Hesse did 
this, and his document is available. Striking changes in materials alone that 
would lessen the chance for airborne asbestos di ssemi nation are repo·· ~ed by him. 
In com;>arison to the asbestos content of insulation in use in the early 1930s , 
he shows that by 1960, high temperature maqnesi um insulation has 50~ less asbestos, 
and others such as calcium silicate and "fibrous" i nsul ation hc1ve 25~ less asbestos . 
These materials constitute 95t or more of the asbestos containing insulation on the 
market. Of even greater importance is the fact that fibrous glass began replacing 
asbestos insulation beginning around 1945, and now constitutes 50% of all insula­
tion used. These changes ~annot fail to have reduced the concentration of asbestos 
in the environment of the i nsul ati on ,~orker who has been .:?xposed during the past 
forty years . It must also be recall ed that the most severe type of exposures, 
such as ship repair and boiler work , were accelerated under adverse circumstances 
for the insult>.tion worker during the second World War - prior to 1950. Unless 
there is something quite different about the e>cposure of insulation workers (always 
a possibility s i nee their total environment has never been described) it would 
appear inescapable that their exposure to asbestos fiber has been considerably 
higher than those asserted to have existed by Nicholson. There are evi dences that 
this is the case. In the Ins ul ation Hygiene Progress Reports, Vol. No. 3 (1~71), 
Selikoff states "today's disease is the result of practices twenty, thirty, or 
even forty years ago. Work conditi ans then, in terms of dust, ~,ere bad. On many 
jobs they are still bad". Table l, referred to by him in that publication is of 
interes t. It shows that 67% of the men exposed thirty to forty years ago have 
developed severe asbestosis, while only 21 %_ , and 9% of those exposed t1ienty to 
thirty and ten to twenty years respectively, have developed this grade of asbes-

? 
tosis. These data are strong evidence that a reduction of asbestos in the environ­
ment of insulation workers occurred over the past forty years, especially since 
x-ra.y evidence begins to appear within ten years of moderate or severe asbestos 
exposures. Moreover, in other occupations sho~1ing a subs~antial frequency of 
asbestosis, the dust counts and more recently, the average fiber counts, have been 
far higher than 5 fibers per cc - often in the estimated range of 50 to 75 or more, 
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and surely greater than 20 fibers per cc. Based upon the knowledge of exposure 
and biological reaction 1n other asbestos using occupations , it is inconceivable 
to me that two to three fibers per cc could be the intensity of exposure that has 
l~d to the biological changes manifested by the insulation workers under study by 
Selikoff and his co-workers. 

On the basis of current scientifically gathered data , I am forced to 
believe either that the exposures evoking the severe biological response of the 
insulation worker studied by Selikoff, were substantially higher than they allege 
or that there are co-existing factors peculiar to insulation worker exposure 
which do not exist in other occupations. They have not presented evaluated scien­
tific data bearing upon this latter question. 

Sin~urs, ~ 

,~ .. ,,~,.~ 
Head, Department of Medical Research 

GWW/ep 
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M,llon lru111u1,, 4400 F,(1/1 ,icniu,, ."111Jbur1l1, P,nruylt!Onia 15213, U.S.A. 

Since the discovery by Thomson 11 ol.' of 
1irue1urcJ indisringu1shablc from ubc,to1 
bodies in lun~s of urban dwcllm ol upc 
Tol<"n more tban 6 years ago, ha findings 
hu•e been amply confirmed b,• inve·Sllgllon 
in ltr~e cities 11 -.ell H 1omc ,mail er com­
mumucs in Europe and from North 
America."' Although II has long been known 
1h11 filamentous dusr pa11icles ol dl\·enc 
compo1it1'>n, "hen deposned in lungs, may 
cause ~~,e formation of bodies mn~u 10 
11be11os boJ1cs,• these rould gcoeully be 
d1Jiereoli11ed from ubcuos boches by their 
u,ually opaque and, 11 times, i rregular 
contour of the central rorc, and the)' "ere 
then called pseudo-asbestos bo.!ics. H owe1·cr. 
\\ith the ad\'enr of industrial product,,n of 
transparent, rhin fibers 1pproximauns in · i2c 
and optial microKOpic appcuaoc:c: 10 some cf 
the rcspinble asbestos 6bcrs. the possibility 
arose th1r these man-made 6bcl'3 could al<o 
cau,c the production of pseudo-asbcsros 
bodiCl when inhaled. Recently II was demon­
strated that rhesc man-made fiber~, when 
injected mtrmaebeally into bamstc:n and 
guinea pigs, actually did ausc the producrion 
of structures indislinguishablc from asbestos 
bodies. Wi1h proof u hand that tbCl~ golden 
to red-brown, clong11ed, bipolar-clubbed, but 
not necessuil>· segmented, iron-c-on11iniog 
11rucrurcs arc not JJ>CCific indicotions of 1bc 
prClencc of asbestos fibers, these strucrures 
were gl\'cn the generic name or 'fcrruginoui.' 
bodies, rei.cr>·1ng the term 'ash:stos' body for 
thoi.c fcrrugmous bodies in which the ccntrnl 
rore is known 10 be an ubcstos fiber.' 

As Thomson bu pointed out. the presence 
of fcrrug10ous bodies io the lun~s of urban 
dweller, suuest CODII.ID.lnauon of urban air 

wi1h • filamentous dust res:mblini: ub:stos. 
Whether or not th,s dust actually is .ubci.tos 
bu not been established. 

Bcausc, 11 one lime, the pathoi;eo ic11y of 
a.bcslo1 dun wu believed 10 be linktd with 

the production of innumerable rnunu: .: 
puncrurcs of 11ssue b)' the poin1cd end, "' 1h, 
dul.l fibeu. 10 the minds of some all fibn,,.n 
du11i. were anumcd 10 be endo"cd ..-11h 1 
11muaily high pathogenic poten1ial. llo• MTr. 
more 1ban 10 yea.rs ago, • dust comroicJ d 
fi11mcntous ceramic alurrunium ~lic11e W'J1 
shown lo belong 111 that category ~r du,11 
dcs1i;na1ed u b1ologicalh• 'inert'. ·' Tb" 1,-,,, 
of dust p:oduces I pulmonary mr-,id., 
b31•ms Lbc following char1c1eri11ic-s: 

1 C:,UJa;cntUuon n 1b1en: ot 1"1JJT .. 6.. , n1. 
: The an.uom,c lRlt;:uiy of the ,au 1ro<n n 

pracned; 
, . The ch.ana;n arc po1c.nUlUy rnuubk. 

16 

This fir.Jing, or its:lf, should haw laiJ 1hr 
mechanical theory or tbc pa1hogenrn1 ol 
asbestos dun 10 rest Just as 1hc b1olot1C 
'111cr1ness' JI dia.rnond dust l:ud tb: mocbirJ• 
cal theory of tbc pa1hogcncm or qua:n 
du>1 10 rest. Nonetheless, the du,1 ol 
fil,menlous glass bu become suspccml "' 
being fibrogenic, applrenlly on lhc b1,11 r4 
assumed mechanical t<Juma. \'cl, glan du>J 
dmved from flal;es of i;oisamcr-1h1n ~'"'­
poucssing sharp cunini; cdi;ei., when def'>"• 
1cJ m air spaces, bas been shown to bt 
b1oloi;ically 'inert'." 

Rars and h•msters were exposed to J kinJ1 
of fibrous gloss dusts; uncoa1cd, co,rcJ ,n1!1 

a phenol-formaldehyde type or resin. anJ 
cootcd wi1b • starch binder. The conccn1r .. 
uon of th: dusts in the inh:1b11on ch1mh<M 
a1·eragcd 100 mg./m.'. About 6or., or tbt 
duu particle~ were fibrous and their 11·cuJ< 
diameter was I u . Alter one year of c1ro,urc 
10 this :icavv conccn1n11on of JII 3 l')-r<' c-1 
duSI, the puimonary reaction conm1eJ mc-rclr 
of focal accumul111ons of dust-filkJ m,.,.... 
phages loc;ili2cd largely 10 :,l1·coli in lb< 
proximal 00r1ion of primuy lobule,. n,, 
rc1c11vc stroma assoc1.icd with th.-.c cd!J 
consisted of a few deheatc arr·roph1!1< 6~ 
There was no destructioo o al1·coh uid OD 



r.,. I. The pulmo1U1ry rcspon"' 10 inhaled 
ftbrou1 clan duu conua11 only of nuao-­
PMI"' which 1~ fillc<I .,-uh 1!11s du1L The 
macro~•"' ~ weU pre,crvc<I ind lhow 
no evidence or dc1cne:~lt0n. There is no 
6broli1 and alveolar \\'Jib ■re thJn. From 1 
nt upo,cd to fibrous stu, du1t (or twelve 
monllu 11 100 ma/m . Hrnuuosyho and 
cotln. XI 10. 

F11. 2. Fcnu1inou1 body withe<! from lhe 
lun11 ol a hamJ1<r upotcd 10 fibrou1 aLt.u 
dun for twelve mon1h1 1t 100 mc/:n' 
conceninuoo. The f<m1'1110W mamul 
1ppean u lhou1h fnctW'Cd. N.-cnhclcu, 
\he ccol.RJ 1tu1 a>rc 1ppan 10 be con• 
tlnuous. Uiuuincd. X 960. 

C (f 
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colla11cn form111on (Fig. t ). Abundant Ccrru­
gmou, bod1e1 were found m lhc b1m11er lungs 
(F11 11. 11:o d11Tcrcnccs in 1he rc1c11on 10 1hc 
3 d1llt.reo1 kind, of gins dun could be 
detcctcd. 

It ha, been suggcs1cd 1h11 one source nf 
the ferru1,:nou1 bodies in urban dw! llcu 
could , cry well be the ubc1101 1h11 u com-
111Jnu1:d bv the lrictton ol 1b: ubcl101-
conta1ning brake hnms agamsr the 11«l brue 
drum ol 1u1omobd<1. This po111bi111y could 

P Gron, R T P de Tro,Uc and M. 11,i:.. 

dull wu rendered iron-free by mag11eta: 
1epu111on Although II contains 

I 
r~ 

lClll: red tr:ansrueni nbtrs ~o 10 7) " lo,, 
•nd about 1 , 1n 1hicbc<,, 1he :,.;.,.,. d,ft:.,. . 
IIO'l ra11em "" negall\c for chn ,0111<. ·nx 
dusl 11 cn en11ally non-fibrou,. A, 1h11 .-

11 
1~1en~ed to b: a prchm,nuy l)f'C srudy. o,Jy 
I r ... UIS and bamslcrs \\CIC emrloird 10 
of ca.:b Tb:se anllllah \\Cr< m1ec1cd ,n:r

1
. 

1ncheally \\1th acqueous suspcn"on, a l the 
dust. The doiJgc was 2 ~ 10 mg. lor u :, 

.. . 

CJ 

F11, 3. This rat wu miC"Ctrd imrun:h~ll)' w11h :o m,. or mm-htc bnkc--Jmm duu JnJ 
k.JUtd one )C'~r later. S1m1Ju to 1hc rncuo:, to fibrou, s;:l.au , Lhcrc II no hbros11 lnJ .Jhrot.u 
walb rcmJJn norr:ul. /tur s~cu conuin coll"-c11ons or m.1.:.:orh11:u \\ h.ich U.l1n Jut.Ir 
because or the 1necuc-J dun. Hcm:uoqlJn and CO>tn. x 110. 

F,1. 4 . Ft.rru,1incnn ~ody from the lunz a( • h.Jrr .. .uer mi:cle'd \\ 1th bn.,.c-drwn Jt.111 •"-' 
killed 6 month, btu. Th11 Caru5::1nou1 boJy 11 ;1n a1bc:1101 body. h ~u CounJ ln a smut ol 
the ..rd1ment from uhne anJC\:ltd into 1he !uni. PtrJ'1 1t.11n. x 9()0. 

be evaluated by animal experiments and wu 
coosidcud worthy of a pilot m,dy i>c!ore 
proceeding with a full -scale inves1iga1ion .. 

Brue drum du11 co01im mainly ol iron, a 
pbcool-formaldebyde type resin, and for­
llcrit:. The llllcr is I mineral which is 
fonucd wbeo cbrysotile is heated so that i1 
loses its water ol Cl}'Jta!Jw1ioo. Brake drum 

and 3 ~ 3.5 mg. for hams1,rs. The an,nuh 
tolerated the dus1 well aod they were l.JlcJ 
one year la1er. The tissue reaction I~ tbu 
dun was very similar 10 1ha1 seen •~ ~he 
animals injected "ith fibrous class, rorunlLDI 
ol collct1ions of dust-fillcJ m,cro;h•,:ct 
siluated in alveoli clullertd 1n the rroJ.J."TW 
por1ion ol prim11y lobules. Th.re was 00 
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lndicatioo or collagcnou1 fibrom (Fig. 3). The 
bam.ier lungs conu.incd many fcrrugmoUJ 
bodies (Fig. ◄l• 

In order ro dcrcrrrunc the narure or the 
du1t causina the produmon or rcrrugL11ou1 
bodic1 io the lungs or wb:an dw:llcrt, 11 bu 
bcC'ome occoury tn 1dcnt1I)' 1he nu1u1al 
conmrutinl? the ccnrul core or the ferruginous 
bodies isola1cJ from the lun~ or !hue 
pcorie. The m:1hod or isolation hu hccn 
published" and 1mohu the d1gotioo 0£ 
,mall piece.> 0£ lung u1sue (about 300 gm. 
wet \\eight) '"'h 5 • sodium hypochlorirc 
(household bkach) for 2~ hours, removal or 
the rcm11ning und1ges1ed lung tissue, and 
ruuspcruion or the centrifuged scdimcm in , 
mix-ture of 50',, alcohol and .:hloroform. 
Fcrruginous bod1:1, bccaus: of 1heir h igh iron 
content. ha,·e a hii:h •pcc16c gn,·11y and wtll 
be fouod in 1he sediment 11 the bottom of 
the rube. Carbonaceous material. if nor 
dehydrated by crcc<si,·c strength of :1.kobol, 
will be found ar rhc intcrphase bctw«n the 
chloroform and the aqueous alcohol The 
sedi.nenr conra1nini; rhe ferruginous bodies is 
washed and resusp:ndd in water. Ferru­
ginous bodies arc transferred to di:aroo 
microscope e rids from such suspemiam by 
mC:lllS o( 111JCIO•man1pu!Jtors. It m:ry- b,, of 
interesr ro obscn•e that the scdimeor from 
the lungs consists mollh- of anj!ularctl color­
lus, glass-like particle1 and ofrcn contains 
rmny more nailed fib. rs of d11Tcren1 1izcs dwl 
rcrru,:inous bodies. Some or these naked fibe-rs 
uc ob,·101:sl)· man-made. 1ince the ends show 
evidence o! he11-so!temn~ as indicated by the 
formation 0£ loops, shepherd crooks, or 
merely bulbous enlargement. 

T wenty~igbt ferrugrnous bodies from n 
many lungs 0£ cil)' dwellers from Pimburgh 
that had been transierred indi,•idually 10 
ckcrron microscope IE-.\\) g,-ids were 
examined by clec:ron dillraction at rbe Mellon 
Institute (Carnegie-.\lellon Uni,-trsity), along 
with 6 fcrruiiinous bodies simibrly isobted 
from lungs of bamsrers injected in1r:11ncbcall)• 
with iron-free bra.kc drum du!t and t:bcn 
tuosrcrrcd 10 E-M grids." 

lna<much as the iron encrustation in 1be 
ferruJinous body intcr£crc, wit:b the orodue­
tion of a n1is£acrory c,:ctron d11Tnction 
paucrn, the ccntnl fi lamen1 bad 10 be ac:umcd 
from end 10 end to find a rc~ioo, at lust 
soo >< 500 A., which was free of iron 
dcpositJ. Such :u1 area was found on each 0£ 
t:bt ferrui;inous bodies examined and provi­
ded a 11tufac1ory elccrron difinction partcrn. 

Ip 

Chr)-SOlilc, \\h1ch cons11tut<1 about 9,>-
9S • of all asbe.ros uied m the United States, 
is d11Tcrent from llh:r 11,'C' c,f ubc:,101 io 
that 1t 1s comp.:i,e,:l v£ tubular crv,11ls "bich 
~l\·e II a unique electron d1ftuci1on pmero. 
Tbc other 11-i,es r,f a•bc:sto, , tt'mroscd 0£ 
sohd filaments. require more encl oricnmioo 
ol the fib:r 1n order to obr:un the same 
clcctron d1ffr,c1ion prn:m as lhu 0£ • sWl­
dud sample. 

Sot one 0£ th: conm:utl\'C : 8 £crruginous 
bo:hes ,~bted wd anali,zd )-iclded ao 
clcc1r11n dulucuon r,11ern "h1ch could be 
identified Ill that 0£ chrnotile Fig. 5). Oo 
the other hand, of the 6 £crrui::1nou1 bodies 
isolated from hamster lungs mjccrcd wirh 
brake drum dust, all ~a\'e an electron diffrac­
tion raucrn ch>rac1cris11c c>r chryso11le (Figs. 
6 and 7 ,; this, m ~rue 0£ the rclatl\·e paucity 
oi fib:rs in tbe dust hy opucal microscopy 
and the ne~au•.-e X-n\' d1fiumon pmem of 
the rowder. These 6 fcrrugrnous boJics were, 
th«efore, ubestos bodies. 

Smee ti,: £crru~1nou, bodies from the 
bum,n lungs failed to gi,e the elcctroo 
dniu.:t,on p2:1crn of chrvso11le. rhe la11cr c20 
be c.cludcd a.s the central fiber in all bodiu 
ex:rruncd to dare. Jiowe,·er. bccJusc a dilluc-
11ori rmcrn W2' rlemons:ratd, the fibers 
fflU$t neccuanh- h,,·e J cr)·stalhnc structwc. 
This e~dudcs such \llrcou, matcr12ls U glass, 
mmer.tl or rocl: wool, ond other ceramic 
fibers. Ar the s2me rim:, the d11Tnctioo 
pattern ,s not suffi,1,n1ly similar to oaucms 
0£ knol\ n s,mrlcs 0£ amositc nr crocidolirc 10 
allow rositi,·c idcn11fi:a1ion or •11hcr, but 
neither is it oomble 10 exclude these or 
possiblv some 0£ the other forms of >!bcsrotic 
mirer;ils. 

A rcc:or report 0£ an Jnalysis 0£ £crruginous 
bodies 110latcd £rom the lung< of shipyard 
I\Orkcrs m Flushm~. i-:c1hcrbnds, has shown 
that these were mueed asbestos bodies, in,s­
much as the ccntr;u cores consisted of 
Jmrhibolc asbestos. Such findings were to 
ha,·c been e,oectcd <incc shioyud \\Orkers 
uc e,ooscd • to •mornc Jnd crocidolire 
asbestos. Ir should be nnted. howe,·er, that 
the obo,·e rcsulrs do nor necessmly •!)ply 10 
the fcrrugmo~s boJic, of urb:lll dl\ellcn who 
arc not occupa11on:illy exposed to >sbcstos. 

Since 90-9s •~ of rhc Jsbcstos used in the 
United Stares is t hrysotile. one \\Ould expect 
chry101ilc to conm1u1e the centr;il core 0£ at 
lea.i some of the ferruginou, bodies isolst~ 
!tom the lungs of city dl\ellers, i c. i£ these 
people were actually exposed 10 asbestos du1L 
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Fir. s. Elecuoo photomiaocn,ph or a 
ponion ol I l<rn,11nou1 body from a human 
tun;. The rcs10n pbo,o,nphcd ,.,11 aclocta! 
bcauJ: 11 it no1 a,,·ucd bJ C,:r~nou, 
material. It ma1urn 1bou1 0.3 x t.6• and 
11 from wh<rc the t knron d,lluctioo 
p>lltm wu obl>ined (lowrr ri&:ht <amtr). 
T lus p>l .. m iJ wilil« that obtained wilh 
c:luy,oult (compared with Fa&- 6,). 

Fit, 6. Eltcuon ph01om~pt1 to lhow 
the «nual n,•m· ol 1 1ubulu cry>11l ol 
chry11011k. The ; ltc1ron d,l!nction p,ncm 
of chry10ulc II shou-n m lower riuht cornet. 
T he ch1rJc1rri1uc: anj umquc Cc.1turc of thit 
electron dlffricuon pattern 11 I.he~ cxc:hmJ. ... 
uon-muk or 1ar-drop 1hap: ol the pipa 
oo ~e lly<r linu (arrow). 

Fit, 7. Portion ol a fcrruaioouJ body, u 
seen under an cltt1.r0n m1croscopc:, rrom 1bc 
luni ol a lwnncr ,n; ,:icd w,1h bnkc-<lrum 
duu inua1nchcall ,nd lulled one yct.r latu. 
Tht naked !"'l'll<n or the cc ntnl <arr 
mnisurc.1 about o.CJI&! X 0.3..... Thr electron 
dillncuon pattern !run this r ca,ion of the< 
cart 0011, er ri1ht corner) rcoemblln that uf 
chrylottlc (compared w11h Ft1- 6). Tbil 
Ccrn,..,,au• body it, thcrdort, a.n ubn10, 
body. 
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Experimental Pulmonur) Carcinogenesis with Asbestos 

M EARI, r. ST "\:O.i 'OS . ROBF.IH 81 -\CKIH . U .. aud l'J 17.\ \IIU.F.l'l 
U•o,•lor, •f P•tlt tow, \•••••al <'•""' / ,i 1 11 ■ 1,. '•" ·• I I• 1,1.,11 1f 111•114 

ff,rA, da .Afa,,t • .,., !M/4 

• Tbrce mt1hocb baft bun Ultd 10 1a 1 1h c c.1.rcinocmic ' "pona.t or 1hc lun1 anJ 
pleura or 1be ra1 co ubau,,., ~ o c.arc:ino1cnic rc:sporue of pulmoaary C"('lithrlium 

or pln us wu noted 10 either hn.linJ inf1rclJ or implanted wa .. prrllcu t hat con• 
mhKd ubatca. S.rromu of the plcun, and pericardium ckfflopcd in 74~ of ralt 
in wbk h lhc pleura ---. t'!O"ltrtd " ith an aibc1U>t•imprtrna1cd Cibrous 11.&u coat 
The lltwou. 1luo 1l011e ca-d only ,liah• rcartion. wnh complete bealinJ. Tiu, Luc 
mt1hod may ICJff. u an ucuratc and , on, ,nirnt mun1 ol quan1i1a 1inc 1hc nc--opla,,ric 
rapomc of 1he plrura to aobn11>1. 

lntrodu--♦ion 

JN :\IA.'i, A CAL' AL rr l:11iomh1p beh,Nen 
pulmona~ n ncrr nnd :um1tnsis h:u brrn 

1u1prc1rd 1intc 1935.11 R ~c•nt cpadr m io­
logicnl 11udicr hn, e sup, ,rtNI this idea and 
ha VI' ind icated further ,ha t r icponarr to 
asbcst01 "11ho111 the clr-,Jnpmrn1 of oslw1m111 
mny be sufficir nt 10 ~ 111r ca,.innm.i, of 1hr 
lung. r:ird nnmas of 1he 1:aurnmtr•1mal 1r;ir1. 
and par1in ,larh m,-.othchnmta< nf thr plrnr.c 
and pt'ri tonrum •·• \\ hilr II i• 11nrlrn1.indahlr 
1ha1 rpitlC'tT11nlo'1iral d,11., n11i:h1 rrq,m r a 
nu:nbrr o f \ran for , ollrci ,on. 11 " unfnr111n-
111c tJiat somr 30 ,·rnr< 1•!Jplt"d hrh,rrn 1hr a•­
socia tion of a<bc•,10<i, anrl ranrrr nnird I" 
Glo\'llr and I" L,nrh and <;n111h. ~IJd 1hr ,.,. 
pcrun r nml d r mon<lrnllon 1ha1 a<hM10, roulrl 
indrcd c.111.., rancrr R .. rrlll npr111111 111.11 
1tucli~ ha\r adrcJ11n1rl) drmnm1 ra1rtl th.or 
pleura l 111MC>thrlin111M c:in hr 1nd,u rel I" 
rc, eral l)pr• of :nht••tos m bo1h rai< and 
hnmsicrs 0-11 Effnrb 10 mdnn· , ancrr• of 1111· 
rcspir.11on tr.ir t Jul\ r hrrn lrso •ucrr«ful. 11111 
a recent rrpnrt indiratrs tha t rnrcinorna< ol 
the lun!! orrn1ion:ill)' dc,.,.lop in , rn nld r.11 
thnt fo r 62 w~eks ha, r rnhalrd chnvnilr ;,,. 
bcltos p1r1iclCJ prc'!rnmnblr r ont.11111n.11rd 
with lrnccs of nickel, chaomium , and 1nbah.'· 
T hUJ, both cp1dcmiol01ticnl and r"J>("rim,n1al 
studies of the rclntionship of pulmonan ran• 

err 110 ailK'<tn> ••!"'""" ha, c a .imni; lx~•n· 
nin~. ;inrl mnrr rrfinrd methods arr nnw 
hrinl( vu1i:h1 en rlari!, cha< rrla1111n,l11p 

O n, 11I clw prrrr-qua,rl<"< for ., 11u,101i1a11-r 
send)• o f r;irrinoi,-nr<,< 11 n mr chod ahat an-
1l11cc·, r:incrn I a1111llv and ron,i,1rntlr n,. 
111rthod nr rd nn1 111 11111r 1•, ari h 1hr rond 1-
1ion•1 chou~ht to andurr r,rnrcr m man ;,, lnni; 
a, 1hr ""~rird t M-rin~rn ind11rrs canr,r, 
of thr appropn.11r 1)1><" in 1hr appror,riatr 
nrip,n ·1 hr p11 rpo«' nf thr 1l11rr r~prrimrnl< 
d r-~cnlM·tl in thi, rrpc.,rt "a-' If\ indu,..r r:tn• 
rr, ~ of ,h~ p ulmon:uv rpithrlium nr plr11r.l 
m the 111ml , ffrn"r rnnnnrr l''""hlr Cnn­
vtp 1c-1ulv, ~ ,mr\,h,11 11nrnn\rf111nn :,I 111, 1hntl~ 

\\ Nr 11V'«I 

Method, 

In .,It d ue(• r ,p,·1111u n,~ fl~ lo 12-,"'r' L-oltl 
female O•l>n1 nr-:0.1,·mlrl r ·"' ,,rrr u .. -d. f. ,rh 
nrwrimrn1al '"'"P hacl 211 In iO r.11< r•rlu­
""' of rna, 1h11 <lard in 1hr fir•I 10 <la" Oh­
" n :'Ilion 1~·riHcl\ r-,,,.ndnl fr HIii I! tn :!4 
ntClnth\, clrpt nclin1Z nn mnr1.lli1, tluruu,.• 1hr 
ri,pr•ri11ffnl In nlrl .11;r. t lll\ •er·"" h.1' ,1 rrl.1-
hvrh hi~h inr 1d,·m r t1I • lu,,nir (>IH"111nnn1u, 

.md nrnp1.1,1u, of 1hr m ~1mm;in ~1.md, .ul­
rrn,1I "'' t,·, . . ,ml t.:Mlil.11 trace \II nf 1hr..,. 
1umo r, \\rn · t l l..t·n mtn acrn11n 1 h, pJr.;tllrl 
un t1r-.llNI a.:rnups and thr cont1m11nl!; pi'lthn. 
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logu,111 3n11hm ol "'' rral 1h,,11,..nd ran of the 
umt u-,c :rnd 1tr.u11 th11t hlH" IK"f'n nr-rm1wird 
m dK" ,..,u r< n yran Durin ht• .1q,p no ha­
mon of 1hr lun« hn,r 1,,.,.,, nbsr,-,,rd in un­
trrated fl'lll 

All ,au that d,rd 01 wrrr k1llrd ""e 
nrrrop&1rd. Routmrli hi1toloe1r IN"tiont 
rnunrd "ith hemacoxyhn and rosm were 
11ud1rd from lungt hitrd bi• in1ra1rachral m• 
11illouon of formol, and from all 01hrr i:ro111I, 
app~renc l"1ion1 Srlrrcrd 1tuu1·• ,.,,r 11amrd 
'"'" ~laU<m'1 1rid1romr. \ \ ildcr, rr1icul11m 
11am, periodic acid,'klnff 11•in, and 1hr llmr­
hart and Abul-llaj mr 1hod for amt m11co­
J>Oh.,.cchoridr. 

11ir ••ileolos mrd in thr firs! r,p nmrnl 
''°' an ore ,amph• of 5"h-fibcrtd C'onod,an 
chrv,otilc 11101 \\as pul,rri1td in th11 J.1bora-
1ory using onlv II pyrr, l,\'l><S clmmh,r •• 1hr 
pul,ffizcr. Pul,crin.11on procrrd rd 11n11I JII 
rlu1111" a nd J>l>r!icles "'"'' less thnn ~ 1111cron• 
m le::ut di:unelrr. Dirttl micro'Cop1c r,nm i• 
nntion indicaced that thr bulk of 1hr part,di< 
were :ubestoJ spitulcs thot mra,11rNI up tn 
100 micron, m lrn11:1h nnd lus th.:.n I rnH rnf! 
in diameirr. 

In the hut 1,,0 t"Xptrimrn11.. 1hr a,t ..... ·~totN 
were samples n,rri,-.d from llr J C \\'al,\'nrr 
th31 had been shown 10 hc r.,mnogenic for 
the plcur,1 of the roe.••• Darn rrgrtrding par­
ticle siu nnd hydrocarbon , ontenc of the 
pulverized asbc110, from which 1he samplr1 
came are givrn in 1he hter11t11e."· 11 Dr. 
Lewis J. Cralley and hi, JD(lciacrs of 1hc 
Bureau of Occupa11onal Sale!\' nnd Hc;thh, 
Cincinruui, h 11v,, rrcrntlv annlpcd by acomir 

ab11Hp1 ;nn s1m1l,u u.111p1,, trnm I h \\'.11tnr r 
nnd ht1., r fn11ml .,pprt•1 1 ll,I,. ,,mnunu of 
nir1'cl, r h rom 111111 n..l,,llt, ,1ncl rn:'111'-?,lnt'\t' m 
thM.r ,_,mplr~ 1' ' 

Pulmonary Respon1e in lnf.,ch 

Our fint rx1K-rirnrn1 ":u bn.s.r-u un thr­
prcm llC lhtlt rrqrn("r.1tini;: h 11"\IC-1 31 1hr ,itc or 
infarc tion m i't,ht hr tHnrT St.41C'C'JH1hlc 10 c-.ir• 
rann~n1 1hnn normal ll""'11r1 Prr\ iou, ,,nrl 
inclic-nlC"d thl\l 0 0'l ml nf .111 '™'rt f111orinnlrcl 
h,drorarbon r ht·x., t hlnm1r1rafhmrob111anc) 1 

,,h<"n injrctrd 1nlr.1u·nn11,h in 2.50-,{lll ra1,, 
ocrlud(."5 crj:1111~n1, of f)t' I 1pl1rr,1I ~11lm11nary 

c apillnnM \\ilh n 1111.1111 1 11111111 nfo1, 1111n 

of :ipprn,im:ilrh 1fl', ol lun~ 11,11m· 11 

Kn0\\11 d1r-11111 ,11 1 Jll ,nol:rn, ,uldrcl 1n llw in• 

JN'lrd fl11nrf\1 ,1rhnn ., rr tr~1ppNI .ti 1hr sl t f'1 of 

f,m••r I \ tr1h, I of r1~p,,1i1m111 ulxttn1 m 
pulmona.,, ,nr,,u, 1, 1 J m~ ;ul"''' "• m O 0~ ml 
hr11;ad1lnrnlf"lUfl11 0",h111 ~n r 
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I U1t ., 1 \luh, J 1,I Jr-1~ 11nc a,\,..,11,. 
1n1ta1111fn11')n•n t • 1, • •r•nhn rwllr11 

mfa1e 111,n ~ncl p1tlm11tu , , .11, ru,111.u tlt"".-lop 
at thr-,. t1rt, m ., hci,h prrrrn1,,,.,. of ,.,u 

J'hr lrnthr-•t Ir, d nf p11h r1 11rd Jtl~, elf,, 

th1t (t.luld hf' .. u,1>t"'11drd in thr Ounr•"< .ul1t1u 
'"A' ,hcluh n,r, 1 nu, m tl1r in1ra,rnn111h 

anJl'flrd dno, or O!l', ml t .,,n..-.1urn1h. 111 
"''J>OI" 1hr ~n•:u"1 .amount nr lung u,sur 
,,11ltnut ltllmrt thr r.11, h,n m1rrt1fln, wf'rr 
g1,r-n hllh an 11\lt"f\.\1 "' "\Od.,u f,..thc-rn 111-
jN IIC\n, u, pc1n111 lu·.'.l lin~ Fn,cur< I ' I hr 
rr-111h nr ~--•11rrm11 tl,r .! Ill~ "' t hn.'Vltilr 
aJlk'"tto, m thr t..11r, uf 1nfarc11un , incltr.urd 
IO T.ihl r- f n1r ,, ·'" .,r inl.\u hon \\f'h 

.,pprr-l 14ht~ dlffr1.-nt frmn llw .ln rr".l1111 
from fluoroc.arbon :.l(\Or in tli,11 n\f•1 t, hlu1,, 
hhutir rrolifrration nl 1lw 11lr11r.i a1 thr c111·, 

nf in(,uction pc-ni,trd Ion-' .\hr, • on u ni 
lr11(1n, had bttn rrducrtl •r, line linrar .,..a,, 

\\'hilr thi, Jlf"Ml\lrnt 11u•1 ·nrhnn.1I proltft1 .t• 
t irm m rau th 1nr , •. uh ,u~lr<I n,·nplil,lll 
1r.1ndorma1inn, it \\,ill t\ 1drn1 m 1hr .11 r.11, 

tJ,u dird )31er 1h11 1hi1 rMJM'n"' rndrd a, .111 

HX:nti3lly mr rt fihrm1• pl3quf" 1n\oh in~• 111111 Ii 
of thr plrur:.1 1urfttt, :,.,;n r,f"'01•l~111u r~t ,,,11. 
mon:t.rv rp1thrli11m \,f"rr nhu•r\ rd rn , on 4 

tr;nt to thr 2c;r, im 1drm r nf c•pidt•rmnid 
carrmumas rr1ul11na,: hnm :- sin~lr mjrc1ion 

or I mg or ,-mr1h,l1hnl:unhrenr r1-\IC:t\ 
in fluoroca.rl>on. "rnpl:ums .it othr, ,un" rr 
lunaltd to m1mm1rv tumors and • tin,lr l,m­
m,-osarcoma o( thr small mlr<tinr Thr anc,­
dence of m1mman tumor, "" nn hi~her 
lhan in ratl "uhnut IITBlment On 1hr 01hrr 
hind """ lhnulh l111lr <11:,1111rnn, r ran hr 

11.,, / ••• / 1/f,'1 

.tit,, f ,,I 11, .& u,,~J,. tumor Y.1Ct'U1U.1 of U1t 
t.tn 111 inl.rtt.11r 11.1\r f\111 lllf"f'"h ohvrH•d prt"\I• 

rnnl, n 1},,....,. '"'" .111,I ,i., J,,.,111\,t1.t1tnm1 11 
11u1 ,, nl 

Pulmonery Rupon\e : A1be1to,-We1 Pelleh 

I 1• nnd ,,, f I I 1,rf11 ti ii I rd 
,10 ,1,,.. I I, ;,l lh.tl 1111 .. ~ ti, !IIMI 11! I rl'l,t• nu.ii 
, Ut Ullltfrn """ 111n 1rlr 1w 111111 11rro11ntlm 
11n11,.... 111uch1 la ., 11111, .al l.11 tor m t'nli.annn1,.t 
, 11, mnrr1111 h \ m h111 nt "'lUJI p.n , t,1 

purihffi hf"l"'I\\ ·" .11ul lr 11 •'f"\hn 11 .1 ltrm 
•C\lul .ll lw,rh lrm ,, r ,111, 11111 11 --11 C. 11 . 

., lu1md 1 1111 It ( nu,11u, , .,n hr in1N 1nl 

dur, 1h mtn 1h1· h11t1" 1hr1111t•h .1 20~.lut 
1u·, di" ;uf1, r "l" u rl1or~ro111111, r,'tllr, 2 
I hr u,lid1h,-,I pl'llru , up, 1 1 nn,1drr 1 ' 11, 

I'·" I .. , 11 (' l1inr j)f\fl 111, .,n.,11!\ 1,,. .1d1J1 rtlt 

ru , r,11 u-1 oiml.u\ I nn, lu ,, \,,.JI .1.1 1h-rt 
l.11 11, u, 11." Ii I t ... r. ,ntih 11, d md f.11 

l'I h 1·11 1 111 prH, h .111 1, ,o ld, lrntrnl n tl,r 
11111•• ,iltn UI 11111n1'1, I hr \\,Ill 11 1rrn11nd1m; 

1111' prlln j ,ml I'll' 1°• .1• ol 1111.,h, 1rd 1t"'"\p1r• 

Inn qu11hrl111111 110 r ul, mr 111 "' lnrtl"rn 
trth l1J, l"W"t n 11hvf\r,I lfr.u IIP+, to •h~ f) 

1
• 

lr1 1, .,,nall. 1 on,, Ian~ m1111I\ , ,l1:1°11C"\ h"" 

,ntl s:1.un I t·lh l.tcl,·n ,, 11h " " 
\\ , h.1\t• tllr\l I t'llrh 111r.l\tt1llh!' 11111 1111 

.u ,l ,dm I,• fi ,, IH31\\ hJw 11! ..--rrn1u' 

, ,lll tnf"IC:rn, \\ l1r11 11'11\\t nunn.,I , .H• mocn11 

,11, It ,u lo n, .... n pu.-n,·. • I !-r1 1111• tll\llK""n 
.1 .111tl11J1 ,·n, ,md ~-nwth\h h11!,1ntl11rru 

.ur ,Hldll•fl In 1hr prll1•1 .. 1 ••'fl t"' n t , lt.1ncr, 

ou ur in 1hr ",di h,c11tlr-r111c tlw p·•llrt 111.u 

,,1i.:1?r,c fHOl:r1-.. .,1,, nrnpl 1,11'° dr\tlopm,.nl 
l"l u'" mnn h,·,w•n l l,Jn • " , on\rn ,,n d 

,,..,1ur:i1nn rpi1hi-l111n1 10 .1 \,,.ll-d1f1rrrn11.11rd 

,u.11if11·cl "]tt.1111011\ rpi1h, lium \\Ith 1h,, (nr­

m,l tt'III ot ., J..n.,tin111n~ , ·p1d,·r111,,1d 1 \ ~r 

.,J..,,ut 1111 1wllt I \ 111011 .uh .Ith i i ln1nn I\ 

1hr rp11lrn11uli,.uu,n Jrtd Ln.11 1111..11h,n ••I 

.thl"ol.u .rnd hrnm 111.il rJtlll11·h11111 • ,,,net lht' 

wtll-drmJ,1 .,1r cl , ,.,, \\JI! Thi.,, Inn'-:'' q·rm, 
10 t rprr't'nt 1r1d11lt~n1 1m . , .. 11111 111 m-opl.is11r 
rpil hrhum, , uh,. 11111 h lr,irnH , .111 lw l f,HI'• 

plan1rd <-urrr,.d11lh ;ihhnu~h iii, , .,:-rt1h ,r" 
,IO\\.h anti rr1.,m t lir11 1\1111 ,h.t1 .11 1rr ror 
this rc:a, ,m '". li:\\r d1-"\?nilltd d1<~• r~ ...... ,m 

krr;uim,·mc- qu<l('rmC'id c, 1, \\1th in\.uin11 

Thr \ \ :'In onh III dr~u..- f1n111 11,r11 .s.111am• 
011\ c .Jr< m o111.1, th.at ,lrf" q1111c· t n1p111on ,uul 
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recognizable by 1hcir dcsu uru, t'ncas, Rron 
in,,asion, and mruut&S6. Frrqm!nlh tht· 

cnrcinomllJ nrc poorly diffettntiatrd, bu, ron-
1is1cntly they poucss krrlltiniiing r,, ithdial 
cell, indir.ating 1hat convrrsion to ~ uamous 
epithelium may play n role in their initial dr­
\"C:lopm•nt. or pariicular importan~ i, lhe 
fact that, with a known cnrcinogcn, thr 
degree of response ,·aries wi1h the doac. Two 
examples of this \'Briation wi1h d iffcrrnl doses 
of 3-MCA are shown in Table II. Wi1h I mg 
of 3-MC A in the pellet, more than half thr 
lc1ion1 ilrc carcinomas, while the remaining 
lesions are divided cqunlly between those 
showing simple kenuiniz:a1ion and 1ho.,. wi1h 
kcratini121ion and local invasion. In con­
trast., 50 ,.g of 3-MCA induces on!\• a fr" 
carcinomtu, but the wall of most pellets srill 
1how1 conven.ion to krrntin:zing squamous 
cpilhelium, and at even lower doses kcratini­
zation of the wall occu,~ even though no 
carcinomas arc induced. If one auumes 1he 
three types or lesion to represent degrees of 
nroplaJtic conversion, !hen kcratiniiing squL• 
mou1 me1aplasi• in 1t.2lf IS probably :i scnsi-

\1\ c 11u.Jir:11or uf 1111nu1t• J111.:,11 11u of c arnno­

gen. 
Tahir 11 indirntrs 1hc rrsuh nf ,dding fou r 

diffcrrnl 1vpcs o f asbr11os in j.,n'l amounts 
10 1hr pcllru and dr110siting 1hr m into 1hr 
pulmonnrv parrnrh\·mu or both th~ upper 
and 1hr lo1<cr half of the lrft lun11 of 12-
wcck-olcl female O,bornr-~!emlrl raa From 
20 to 28 of 30 mis sun ivr d 1hr 1m1ial o p­
crati\'t procedure. In roch r"<pcriment more 
1h;rn 90'<- or the 'Jllr,· i\''On li\'rd mon· than 
onr , car following 1hr operation Thr 1nble 
indirntr-.s the prrcrnt~~r survi\'ing two vrars 
~n neopla.srns \\ C"rc found in 1hr hm~s or 
nny nf these rau, nor wa, thrr(' r,·idcnc:c or 
k("r.11inizing mC'lapla.sia, the Jiarbingcr or 
carrinogrnitity 1h:H nnr mig-ht h:I\ c "~Tt-tCt('d 
if the rnrcinogenir potential of nshrsio, fnr 
rcspira1orr t-pithelium w;:11 lrm 

Th~ number of nroplai;nn .lt nthror \i tcs \\a, 
rarefull) anolyzccl alw. and ,1hhough n hi~h 
incidence or mamm:in rnmon and n ~d 
acnttering of otlrrr ,,,j,es nf neoplasms arc 
indicn1cd in T able 11. i1 should be rr mcm• 
bcrcd thnt most of thr,r rJU \\'f"r(' 2; montlu 
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Fmuu S M11bocl of upou111 1hr pl,u,a 1 
• ftbl"('IUJ 1lu. plt-dft~ u 1urwtrd with ubft101 

old and controls of comra1.1blc age ha-. 
c.omparable numben of betkfl'OUnd tumon 

Pl1ur1I R91ponH: Asbe1t-fibrou1 
6 1,u P1d1 

The thin! 1eric1 of cxpcrimenu wu dt• 
aigned to evaluate the respon,c of the pleura 
to uba101. Mani of these cxpcrimcnu are 
still in progrMI. 1incr it has bec,,me apparent 
that at le.ut 2 )Un of ob,cn;a11on aJC nece,. 
aary for rerulu, but the first c,cpenmcnu "'" 
completed. T wo /acton .:letermintd the 
method outlined in Fi«ure 3. Finl, we wanrtd 
to fil< a1be11os to a large area of the muo­
thclial aur/acc. Second, we wanted to learn 
whuher nonspec.ilic irritation of the pleura 
might play a role in carcin~elis, since 11 
hu bttn ruggesttd that pleural elTulion and 
maothelial cell prolifcrat,on in response to 
injury is in effect an in viuo cell c11lture that 
might limply follow the tendency of in uitro 
cell culture, to be_ome neoplastic." 

A thin coat of fibrous glus "u a simple 
mean, of inducing nonspecific irruation 111 1hr 
pleura, and it also served as a ..-aJTold for 
n taining ~101 in contact with a wide area 
of the pleural surface. Autocll\•ed fibrous 
gl .. of the type commonly u,ed u insulating 
material wu used. 

The fibrous gl.au, u manufactured, con-
1i1U ol a meahwork of long, intertwintd, flex­
Ible 1tHnd1 ol glus that arc coated w11h a 
heat-cured phenol formaldehyde resin. The 
6bcn average 6.S microns in diameter, with 
a few fiben as great as 2S microns in di-

fk"1La. 4 F1b1M..11 ,11• pltJr,., .1ltn inf1I• 
1r111nc w ith 1 , ,,,..J,.litr ,1,,hr111.,,. :\111c !lJhriJ•o1 e 
nf 11~11,,, (1 hrr1 t,, rn ,!ac-r , r t1lau fillf"r• O\r1 

a.Jnrlrr. and lrn 1l111n 1', m 1l1r .,pp11 ,11n.11c 
u .n~r of :ubesros fihc ,~ ",1li tit ,11ir1 r, nr 1 
mic1on or lr-u 

From 1h1t matrr 1rtl 'UJ '-~ 20 , \-mm 
plrdget1 \H·rr cul 2nd 1runmffi lo \\ru(h 45 
m~. T h<"n, for ron\ cnirnrt and '-1£rl\' m 
handling, 40 m~ of rrnr 1dohte J ,ht SIOS \\aJ 
SUJpcnded in 2 ml of 10', ,nluti,, ·1 ol i:eloun, 
:and r nch plcd"ct wu ,n1ur.'1rd \~ ith 1111s mix• 
lure. Contml plrditr" ""r tre:.trd rnnolarly 
with gelatin alone, .,ml 1hr gr latm h OS al­
lowed 10 h:udrn l t ,\~:U of par:ir ul~r inrrrc.st 
1h11 the a1brt10• fihr r, on 1hr plrd~ri. 1r11ded 
lo adhere •nd lone up •• 1,orl-likr proiect,ons 
,along the gl:w fi bcn (Figure t I Tl.is illustra­
tion nl,o emphoaizes the tenfold d,ITercncr in 
the , ize of most of the gl•" fibrn nml the 
ubCJIOJ p>rtirle, The r roridol11r .ub,1101 
was the same as 1har uw-d in 1hc prcviom. 
rxpr rimrnt and \\ ~ J f OIHfKlJ.rtl of iron-con­
u,ininst rtmorphou, gr.1n11lr-1 a, \\rll :is ,r,irults 



141 

Frau■& -5 Ruc11on .,11hin and around 1.1tw.1, '4•1t1u,a1r-d hli, , ,ta,• j•l~I.-, , 
6\ 

1hu measured leu 1h1n I m,r ron 111 d1amr1rr 
o.nd 10 10 100 micron, in leng1h 

Bl' open 1honaro1omv, 1he fil•rou1 ~hw 
plcdgeu wrrc plarrd O\'rr the 111rfore of 1lw 
left lung and pericardium of IC\'tnty 12-wecl.­
old female Osbome-~iendrl rnu •hat ,,ere 
1tndomly d i1trrbu1ed into equal ron11ol and 
tube1tos groups. Six of 1hc rau died with 
pneumonia in the fint month. In thMe, both 
control and 11bcs101-1i\turatrcl plrdg,,1s " "" 
finnly a11achr1t to the prrirardi11rn and 
\'UCtral plrurA by granulation 1i.,ur. !I01,­
e\'er, in rau that died subtequcntly, a marked 
difference in reac1iv1ty of the pleural and 
pericardia! surfaces wu noted . Pled~cts with• 
out asbestos -.ere gracl11ally abaorbed. Thr 
resin coating on the glnu wu rapidly ~urn. 
ored in phagocytes The gllllS fibers \\UC 

broken down more slowly, but in those rau 
that 1urvivcd 23 months only a thin layer of 
icar tiuuc remained ovrr 1he lung. and no 
local ncoplurm occurred. 

In contrut, devcilopment of fibrous twue 
-.med to be progrcuivc in and about the 
ubeltos-ladan gla■ fibers, and thick fibrou1 

emu s IOH·tlt·d llw 1 1 ,1111 • ind ptr1c:11cl1um 

nf .ill 1.1h !11 1hr l' 1 11 111 11 i.:rnup f l-"'1~ 11re 

""t (i r1:-t1,h tlll\ f,Ji .. .,., ,. 1r \\,I\ u 1ff111rn1ly 

, "rn11\,. tr:> .,pr, u 111r1111r in rvrrv r.;ar, 
l111t on Jiu1ul11"t<-ll r ,,\m1n.,•inn 1he d 1stinc­
t11 1n hrt\41"1'0 n r11p' H n .111tl rr-ar11w· fihrou1 
1u,.1,1,. rnuld 1,,- mJdi· "·1h,, H chffic11h\ . 

1\ ltt'r :n month :.!...! 11f rlu 30 ratt S\ITVlV• 

In'! nmrf" rl1Jn ,, 11 111111,•h li.,<l mrs.nlhchal 
\..lrro111.1, J I 1111 , 11· Pf thr I ror11lnli1r-satu­
r>tcd plrtl~ch T.1hl•· 11 1 n,r first death 
horn th, I\ P' of ;, .r1, , , 111, 11rr, d tfi months 
.,rrrr 11 r.1tr111 Ht, .ind ·, 11! h Ciilff\' I\OU nt 23 
mnnll1, li.ul :u. ,,1,1.1 ~lorr th.m half th, 
nl"opbtJn\ ~:rnu d 1,, l11• tf1•ri\.·c:"<l frnrn the 
prr1r11rdi.,I m 1•\,f"'1fl1r:111111, .rnJ (l'IITipr ('lJIOO or 
lhC' hP,UI ,-. .:u ll1r ~11 ,. rummon r ause or 
clratl, IF1gurr 6 . f hr p.11trm of sprend was 
cwr r 1eroui 111rfar,, 1n 1hr thora'i: and op­
uosi1r l11n~ In pn,• rat, cl11 r n , \:tc:"nsio n to 
ahclc11ninal , is, r, ., 1,1, u rrrcl J l1la r !)mph 
nodt', ron~i.ucnth , on1.1intd ::uhestos fibcn 
nnd ntl1r1 p1s;:inrnt, ti wu t1rlrs. b111 no l)mph­
at,c 0r , n 1e11l.u m rl.lSIJ. \.l'J \\ r.tr rnund. All 
neopb<nH ,, rrr or lll""'""f h\ mal nri~in, with 
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prriod ol 24 montha mun Ir conudeml 
- n111I \ 'anauon m tell t)p<" 1n 1hr nro 
1111111\1 u hltr 1h11 c-n m '"' mrtnlh•I••' 
twnon ,o m.n and puh•f'I "'"'' •• 
1rob..otablc- tn 11tltt uve nl0dul1tlffll than 111 

\ln1t1ton in ,1,,. l)r ol crll 1h11 rropnnch In 
rrla11nn to patl,011,n°"u th, aJ>e1lllf•t.11t11 
ratNl pl•ch1•11 uu .t ntrnm, anti ro~­
••~ fihr.- ,n all rati. &nd th• •1ropl.um, 

1\.\A\'I •ppciarrd tfl an frum tl111 C'l\rrl 

mMOtltrh.al JT:tJ)l)M 111 n~ 1h11 rl'ICII\C" 
pr-ohfrrallon ntay ht- • ,,runan ,1rp in nN•• 
1luw d...,,lopm•nt \\ , lu,I "I tr.I 1hr 
1hro111 111•• to call forth ., h•ahn1 •"'!"'""' 
Marlv u , 11ornu1 u thai ,,I atl,..,tt C lc-arl, 
1h11 "'~' nnt the catr, ,h,. hhrmn ,r1a• t,h,," 
11111 onl1 ntgligiblr rt&rll\ itv II 1hr c-nd c,f 21 
mcinth• TI,r c,rpl1n a11on for th·• ,Joffrr "" 
m rra('Uvit\ i• nnt dt.ir, ,inc,.. \ \ .:al(ntr h.a, 
bttn able to md11tr a , i•""'"' plrurill fihro,i, 
.ind nmplunu \\Ith mtraplrural m1rc-11nn, nl 
1,lira. 1• It 11 prrhapl 11npor1.1n1 1h11 1hr 

lihrous 111.tu ch lfrTTCI frnm 1h, ,,1,. .1 """' 1" 
\ \1agnr1 hnt, in tluu .hr s;tla•, hbc-n ''"-rrr 
murh lor~r than the 11hr" paniclr,, and 
trCond, rn that thr,· ,., ,·n- ro:1tNI \'II i1h , 
phrnnl,lonna ldrh"lr rro1n It "'"''" 1..- inirr 
citing 10 lr.tm whit mlhu ncr 3 m,1.u •~ m 
roating would hl'\,r rm thr hhn"'l'lllC" Mltl 
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MORTALITY hXl'~i\,J.~Cr~ O,· 
ASBESTOS ,:\SUL/\'i :o~ \VO, :---Eas 

19,a • 196S 
lkVIM, ; !, Ll~<l,:' ~- D 

E. Cun LA II ui.\o.,n, S~D 
0,1d 

JACvo C11u .... , •'i n. 
Eu.-11 01111111110/ Sri,,rrr, L..bt>rato Y• /.10111 ,1 Si,oni s,1,.,.,1 ,., Mr.l,r11 r a,,,J 1/,t Dr(>Orl,11t11I 

of Eridc111iofot)' 011d ll10,101i, t,c1, A111t1ica11 Cauce, Socoety 

011 nc,cm\>,;r 31, 19.;2, 1herc w.-« 632 
n~mb,n of 1hc A,hc,1eu Workcn l ;nion on 
:hi: ~•cw Yor~ uci (?\:c\, \°f'rlt and !\~,,.uk, 
S1.:w Jer sey hx·.-1• or 1hc ln1r1n2iho11a1 ,\uoc, .. ~ 
:ioa of I k~1 111J f-1011 lnsul11on 1nJ A•b.:11,11 
\\'o,:.co, l.A.11.F.1.A W.). fru1,1 Jan""'Y 1, 
19.;3 10 D,e<mb<r 31, 1961 ano:hcr i90 men 
joined :he u1110:1. We hl\C !C1llow,-d each of 
1hc,c 1,p2 men rro111eCll\'cly 10 1hc rrc,cn:. 
Fou: hundred and four died by Ocecml><r 31, 
1966. Analyic, o! :hcsc dca1h1 dcmon,tr.irc 
;:,at 1criou1 risk, have been auocia:eJ wi:h 
wo::: in this trade. 

O\\n oh• 1'J1w1n •r"l t11f"\. of olh\'11" aod1r .. 1c 
lhtt trlkk ruCH(CI .Jr\' C'Ulllh-'lty Umh'Um th1'1ll:h 
11,t C1'11mlrr, lht J.,. \ 11 .:11 ln11on miy be 1 ,► C'n 
10 h , ~ 1."M.111 mort.•111)' C'~1lC'f1 . II('(' Ill lhll Cude ror 

t,,, L1111,·J ~1\10 11.J U11.t<h. d,rn: t 1hJJr ot 1H 
l.J1111rJ S111c1 11M,on m1ub11on "-Oh,cr dc~:h,. 
ly(.17 , 196~, IU,"rc'•h llut' 

r,,"'Osm, i ·ouc " IC.lt.C'1C"J 1nfonn.u,on re• 
c-1:-.kJ C\•1....:c, .. ,11.,; wJ11 ,,on ,n 1n111:.u,on nuh·,,~h 
Uk"J 10 11,c Vu,11.-d ~1.un, 1&70- 19691 1, 1t wou:d 
ap~~u l l ~I \M\C mJIC'11ai, (.at, h~,,.rt111 cu1i'1 
m111C'r•, ""'': J, ,..c ,.1, ,;i:r d .. crcncd ,,h.alc 01hcr. 
,.,, t,rrou, r.:,u, ;,: ,1h<1) hive 1ncr-.•1cd.1 Table 
a hu, n.a:,1 ul currc-11;,) u)C'J. 

T1.1u 1; 1>a111.A110>< M.o,• r•u (U.S.)-1l)G9' 

1. ,\t,~r•l1 C•1110;,,;~ A,ba10, 
p,.,,.J,,c1 
Dbnitl.'.11. 
MO\lhtcd. . . 
ln1ub,!1on bloc~ . 

F,nilhint 1ccmcnt1°. 

S;,nycd 11bcsio1 

J. F1brou1 G/011 oml'or Afiuuol lr"ool 

A,b,,,.,, Vuu,.r 
J OO - amo- IC 
9i•.-.. lll~••IC' cs•. f1lk r) 

(o) h~•• 111,,.,,,i..a 10 15• .. amn,,rc -r chC)•so11le 
(b) ti\ .. • c l ,,,1C'.l!i:'' 10-1)"• a rnn111c 
(t) &\•• ,a:. ,,1u.1tc 10-lf"• aimo,11e -i· chry101uc 
(cf) ,s·. n:..:.m•j J1:UC\1T1.UC'OUl , ,Jiu 

t.>-1,• 111mC'1.I d-1r)-i.ot1ic 

{
, ) 55• .. ~-~ic1u:n t1l1c11c: 10-as~. chry1oeilc 
o) 100111

• chry1011k 
b) so~. chry,o:,lc, so•. ,cmcnl 

10-1s•. ubL·uo,-ur~olc 

Dlod~1 ·oti11 prcfabrinrc,, hi£h ccm?CUlurc miulation, fin1sl11n.;. ccmcno, m1ncnl wool and ccmcn, . 

.;. PlauiC'I 
Polr11yrcnn and polyurc1hAna: prcfabr,c:•tcJ, ;,owdcrcd and !1>1mcJ an p:,ce. 

,c. 0 1l,tr 
Corle, , 11u fl:.i..cs, 1dhnivc1 (c;.,oxy a_.-,,d 10:vcnis , a,plllh b,u~ and 10:Hnr, whut pule, 11l1concs, 
au,nc11:.1 i'()rll,nd ccmrn,). 

M,nfnlAU A.'-0 MLillC,OS 

The rirOC<"<!uri:, lo:to,\cJ in 1hi1 ,ruJr h.wi: been 
d c1er&bc-d • : lhit.:-ny, 1hc1e mc,1 in,1.J:I i1uub1.on 
1n the conunJt11on and (to I hm11c<.I Uli:'nt) an 
the 1hi;,build1n, indu,u u:s. /\p;,rouml:dy 10",. 
of Uni1cd S11tc.1 union ,n,ubt;o:, wo:,<-:r1 ~re in 
Che ?\cw Yor:..-:--:cw Jcrac-y loah and , .nee our 

91 

The c.urnll:)' o! .. ,b.:uM u..:·,1 ,rnnuJII)' 1n 1n1tJh• 
1,on ,n:u1. r1.,i, 11:'I, r-<'I cl.~n;rJ \cry much m clu: 
;111 thy )'\,:.l0-12.300 11,.\\ 1n 19:0 .lnJ 16 .000 
hlnt m 1y6s ~ Toll i1.• J ,.• Tr.tr( It~ C!Jrttnt1y, ho'4·• 
r ,u, more ,~a .. :.1100 \\O♦h1.·fl 1h.n p:cv,ousl); ;,:,. 

• Th" 1:udy "H ,~;!l_")QrlCd br tnc Jkahh a,. 
,ur,h Count,1 or inc uty or ~-=w You:, 
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11.1tn1blr, Lru 1,hr't111, ;wrr •or..m,n ,, 1-.1•'" ,~, 
<1, t . l\tl'\;1-101 ~"°'"" •u.n 1,,lJ 1r,...., 0: ,n,, •.• 
•1,011 \'"':°.lblt' J). 1l»u1 .. o'. ot ,n 1n•ui.a1or, 

T••u a. AHUTOI u ,..n lh :,.. \l ... ~T, Oh ,\\.ATlAIAU 
IN fill U.S., 1910-1!)6j 

1•,., Sito,; ,..., 
1910 IJ.j"4 
1925 19,1co 

" 16/><IO 
•?\S 7, '"° •~o I ..,.. 
l?IS j .. _ "° 
1950 JJ,700 
19s, 12,100 
1p6o l ],000 
•96s 16,100 

7,ULI ) . UU 01 As■UTOS JJr,.JUtATlOt-. (•.) VA1UA• 
TIO>< DY CoN,n,ue:ioN Tvr, 196g 

___ c_.,._"_'_"'-'-'°"--~'-F_a_',_':;'_,_, ~~:~ 
C'-"mncrc1a1 (Schoo:,, 

(11ctuuc1) . . . . 
PO\\-cr pnxn, (l'owcr 

:,llil11, b..>1kr rconu) 
,\\ar,nc , 

7S 

l O 
lO 

10 

6o 
70 

,o 
10 

\\'Or;..cr,• 111nr 11 rr,cn1 1n wori( u,1n; a.bcuo, n,atc• 
r,11, (T •bk ,). 

TAIILI ◄ : Uno, Au1n tos nv It-su1 ATJON' \\"oao,u-1 
lh TIii U.S .. 1969 

I Volum, Ap, .. li,ulitm 
4\ fJltrial . • rJ T1Jtul •• u/ 1"11111 

A,~,nco, . : I 3S .:) 
F1bto u1 cbu. ,:s .;o 
01hcr ,o 17 

r:,1"1urc or 1n.11l,110n \,orL.cu in 1hc Un,1rJ 
• S111c, c.,nnn1 m·cru.u,:y \J..: ~li!IIC'J "11h l h ,1 of 

111111:,r ,,or..nitn in olh<'r couou ,1,,•,_ For 0111.'.' 1h111i,: , 
t--c1hlo \ tr1Jl 1on1 1n nnr~1n; cnnl1111rin1, 1i1,· I) l"! 
or (1\,,.. r i,n.l m.ttru.ai1 u~t m:ay he rMT,,:r,•111, Unlu 
19J O, clir)tn11k ,, .,, .,:mn.u 1111: onty :o\~,1C\, 11,rd, 
3 1110\IIC nuL.in, Ill :,r('ll."U ,1ncc I lh,r :in.I (fl,(',, ,,,IC 

r nchcJII)' nol :ll ~u (t.rc bdun' S\."\.Mhl, ",'r 1) 111.; 
or in,ut111,1n h.u 110 1 lk·cn, u r,1 11 r-.-c1.•111ly, " ,h.!y 
1,,N 111 11111 1.01111try , 111 1,,01111.1\1 10 11111h: niha 
.;i h ·.11 Jilli, i n ,,1f'lf :n 1lu1 d'r1.x t , \.', ; t0•11 u.•, \\1h1IJ 
1101 l~ h.1 ll\'\.l1.1I 1n our n11111:,l11)' oUn·rv.,1,0,11. 
Fio:.11)', l.h.'t.1UIC of Ul1IOII ,urn.,11\.11011.ll .i~t\!1.'.'IU\il\U, 

l hl.' m-:n \\'\! h:1\'I.' U\hl1cll Jt\' r-:,1uc1,·J 10 jmub-
11o n :.: 11n11 1i:n1~r:11urc '-h:in~\.', ~couuic.1: lmul:I• 
110n ;mJ fi r-.:prootint: :ire 1hc \h>r-.,, of m C'n in 01:\cr 
u ;iJn end v.1r11bk1 ,'1.-Cu1i.ar 10 au-:h worit \\Outd 

noc t,.,: Jl.'.'n1onuu:cd by our J.l1a. 

:. J ~ .... off. , t:u.,.:u J r,rnmond and J. Ou.11,: 

63 .. ,\\t•, ,,,s or r,11:. t.:,ioN os 
0Hr ~,nr.c JJ, ; 91 1 

T:.:- c f,.J, •,,.J ind c ,h,y nf :! .c mC'n \\tt.: 
Jc.cl hy D«rn11>-·r 31, 1968. A, c, ycu and 
\-'\. ";"C"f,, ~l.f<Ch.·d Ji.Jth r 'Cl wrrt J\' 4i ll• 
. .;.c 10 1,11J• 1967 .' • ob,cn cd r ~·c. by <line 
. re c~..- ,">red 1n T .r>:c S· A,l dc11h1 10 
Da,:r,i>.:r 31, l !";GS a c :."ou:.icd ,n TaL:c 
6, by cause . 

TA11 a J l1?'t ; ,o " ""'.:, 0111u1,1r.n n 1.., r1u Alto.t.c: 
Gp !',:\' -:,,..I l~IUI o\ .. h>': \\ ... t'IJII CIIU, 
jAfl.l,\N\ I, 19 ,) Tu A r1111L )0, 1?61· 

A 1i C':'IU\CI, 
I .u.,, C'.anca 
c_\ ; <"-:'"l i:r • . • • 
. ,cuu, ,\\c,flfhtuoma 
r"cra10t .a; ,\th••thcl1om 
,\:! r,1:.u Kco;,i~,m, . 
,\,OC'\10111 

zsr o 
• 9 

t : :.: 

) IQ 
66 
)7 
6 ,. 
" l7 

Of wnr .. unn h Jchin£. 20 ycl n from ~ot 
CJ;'l()\urc Jn aJ,lio C"tn , ~HII men J1cJ before 
11.J,h111, 1h11o i)'l1nt. 
nu.::J co Un11cJ S111t"1 M l"t1Jh1y J ;:111.•• •• 

•• • Un11c-J S1r.1c-1 tJ,.1,1 nu1 J.1o:.il:.Mc, bur thnt ate 
tare nu,n o ( Jr Hh 1n ,cncr;,I ~;,u:11 ,on. 

T Au:.1 6 : CAuir1 o, 310 Co,ucutlYt Ounu 
AllO?I.C (;32. 11'1ULArlOS \\'ilJ!i.;fN1, j AhUA•V I , 19,0 

ro o,cuuu a 31 , 1961 

i n,1~,, :o I Af", :o 

/-",ru F,,,, I 
Yt&J,1/ra"' / YtJ11/u1,, 

----------: E.,;,c,mr, I C,p..,1wr, 

l 11n1: C":mli'.n . . 
j'l,.11r.1o ,\kulth..-11\Jml . 
~\: ri1 l"l1c.1I ,\h 1r,tl1c-hl>ma 
C u, rn,nrc ,1 11\ll , .-.nar . . 
0 11.."lth,ir) 11, I .l f )IIX Cane..:, 
\Jnc, r 11( ('~n c rtlS . 
,\I; 01h1;r !\1,;o;,ll1m1 
J\,bc-, 10,i, . . 
Ai i 01hcrau1c1. 

O 7, 
o 6 
O 16 
0 37 
I S 
o l 

0 30 I 
o 19 

6 ,ss 
--7--,--;;-

I Ul>G (", \SCER 

One III fivc dc,:ln \\,15 c ,1usccl by luni; c,nccr. 
Dl.!,pilc th\! rt.:c1..nt r&!,,t.: m promin.:nct.: of 111t.:!,,0• 
,:, i:::\lm.:1, :his ;cm:iins th-: mo>t im;>l.}tlJnt 
:&\bc~:os-.1ss0\:i:ltcd n~o;,lJsm amon.; iusul~• 
:;or, ,,·o.~cn. I: is or intat.:st, cilt.:rdor,·, 1h:u 
:l-,.:e >jlpc.ir, Ill be a >;>CCiJl rdJllllnthi;> 10 
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JA>-wAJIY 1 1 9 .. ; ~o :.>,cuw• )I, ,,.,,. 

.•.:t,0,. ·-
.v ..... l 1 11, •• '-"' .,,,i, I 

/J/,,,rJ/ r~,., 
"'"' 

W1e1to,l#Ao.l I l'lt,., 11~111 

b 16 ,. 
I 

) <> 
I 

A;,., 0Hit' I (l', •11) ~INn . • ' c:, l\4 
M -.J.1n " ·~ ,, .. \ 
S.O. ~ ' ~ J" ) ,. 3f, J s ~ 
nan,c '. •1--•s l~-JO 16-54 111-16 

11, , ., o,.,,. 
( Y 1,,111) Mtt o 56 o G: 7 ;,) ·• ~lj 1 

,\1cd••n s· (,o b~ G', 
S.0. - l .; ~ •o:. ~ 7 '~ .J Ill o .. 
ibn,c: 54-l,o 50- lj )',· SJ ( 1-79 

lA(), J PuW 
Y,.,,) Mei n )<'' .,;,1·0 JS 7 .. . 

,\kd••n )~ $ ,(cl ) )Q ~· s I), ~. 3 ,. , 9 .:. ~ ~ ·7 !,J 
k •ncc • 3,-38 31-6, :n-60 J<>-SY 

• rn 1dd11,on, "''"C h1vr ob1c:Ytd 2 ~ruonral mclo1hd1orr,11 found ~1111u-~;·. in m1.:n ,,Ito had J1C"d ~r brnncho­
,:C"ntc nrcmom1. 

cigarcllc , mo~in6 among asb.:110, in,ulation 
workers" (ace below). Ovc:.11 lung conc<r 
death rates were sn•cn times c~pcc1cd. • 

MES01 1ll,LIOMA 

Twenty-two of the 360 dc~;h, were tluc to 
mt101hclioma, 6 pkunj and 16 pc11,011col. 
Two occur:cd 1943-195.;; 20, 1955-196S; 
a,·cra;:c l~j)SC.l pcrioJ from or.sci of c~pusurc 
\\as loni;cr anil ovcracc • ~e at doth wos 
&r~aicr for ;,cdtoncll~ th:m fo:- p!cur;1I muo• 
1hchoma. 

l'cri1oncol mcso1hclioma docs not scc1;1 10 
be rcl:a:cd ;o ci&.arcuc smo~i1~g-wc ha\'t.: i.ccn 
4 such cases in men who ne,•cr snao\.cJ 
cigarcucs. In :!le 3 coses oi pleural r.1eso-
1hchoma for which we pcrson:ill)' (ccordcd 
smo:.in;: his1crics, all had sn:okcd cici«11cs. 

The prcronderancc of pcrnon,·al mc10-
1hd ioma among our t Jscs, ns in 1hc scri~s o: 
Entic~n:s;, ::md Smi1h..:r,11 is not nC'Cl.!nan:r 
contradictory ;o the obscn: .. ;ions of \Xl,1gn~r,•: 
llourih:1nc11 :and 01hcn in which ph:1:rJ! 
nco;,1:asms ,,ere l;agcl)' seen. h r1lJ )'t ri:athcr, 
rC'flc.:t the dcr i,·a1ion of th..: CJScs-co:uc..:u• 
th·c Kri.:s ,,i:h n:bui:1r occupa: ionJt ~:\,)OSUi..: 

on :he one hand , as 3in!c r:1ndom cases, ~ an)' 
with r.o,-occuro1io:1,l ~n,·ironn:cn::.I •~-

' 1'ncrc ~re, in acldition, 1hrcc ,ncn Cound lj n.,vi: 
lun.: nnccr durinc our ,urvcy, anJ who arc now 
ahvc loJlowin; lhcn;,y. 

;,osu:-r-. nn :he N:1i: r . h 111Jy lK" 1h.1t in aho,c 
pl!o;>k "ho d~vi:h ;' n~~l,l,)t r.c:1on1J 10 a \\0'7i .. . 

1ion wi1h U~):os cx;,o,urc, th~ siic or the 
me101hi:homa ;:ends to Vilry to sum..: c ,.1cnt 
with chc in1101.1.~y ;.r,<l c!ura1ion of c>.posorc­
pkural wi1h icslcr c~rolurc and peritoneal 
wi,h i;r~o11cr. 

GAS HO; ~lf.ST1N1\l. CASCEk 

/\s in our firs: obtt:n 'Jlions,' ·1.c h ~\'C con• 
:inuctl to s:~ r:ior~ di.: .. ;hs dJc to c:inccr of th1,,; 
siom•ch .1nd co:on than C).p(Ch:d. Howcva, 
the r;atio i, or.;y 3 umcs c>,.pcc;c(! ;nJ, wiih 
so few d~aths, we arr: no; ye, ccrt•in oi th: 
rela,ionshi;,. 

CANC~it O.i' .'A~CRr., s; 0?.01'11AR\'~GEAL 
CASCF.H 

\ 'he same in\ ccurity no1cJ wi:h g~~:ro• 
ir,ii.:stiull canci.:r is auoc1Jtcd "1rh th.:sc ;n 
\\di. \X.'c :l:c, howc\·.,:r, conccrm:rl thilt th..: 
incitknc~ oi bor:1 o: zh..:c;e ncopb,ms \\'1:1 bi.! 
mcri.:ascJ ;:ur,\"'l:Jg Js.hcstos wnri(crs. As J 

;,ractical mc:nur.!1 we , 1 w ins.;1ce1 ;,he orJI 
caviiy duriu; :i:. c:1n1cJI cx.1min:J1ioris of 
Jsb~sros \\'Or;..a); one cJncl!:- o: th1: lip his 
~c;1 c!1~0\'c, c.! 2~d succcssfo'' y l!i~i)1,,;d. 

I: is of inter<;: 1h,: l o; 1hc 3 ccccnt dc11h, 
of ;,onc:u\! cJncc:-, wi:r~ in men who never 
,mokcd ciJ3r::\c>. 
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ASDES, 0515 

Thir;y dearha o! ;he , ~o we re d .. e ;o 
, ~1;,iruory insufficicn,y " ,;:, cor ?'-lmon.i.:c. 

890 Al;::S rsn~lSG l,1' ,0 S 11n, ~ 
D>:CUIDLII 3;, 19 ;2 

l".!:>·•four o! 1hcsc men !l.J rm('lr ;n,u, , 1.,,.1 
\\Otk c-,rcn c nc~ :._,cfor..: c ;,:Ci,Ob 1h 11 11 ;11c1;\ 

in 19~3 or l,1er, 836 <!1J 1o<> I Dy ,llld :Jri;c, 
;hcr-:rorc, the n1c n an : h11 i;.ou;, :a"'" y,;, .101., : 
o:id would not be c~.- .. ,tell ' " , _.~ )Ct 
;,chic1·eJ ~ llpKd pc:ioJ irom onset of 
c~posu:c auffic,cn: :o h3,•c brought rhc:n :o ~ 
pc~loJ of scric,us ri,lc c,[ r,cnrl3'11c dcu h. l"bi, 
1hcorc1ic3I conai,kra:1on hi, ao [3r been CQ!l• 
firmcJ b)' our c~pcricncc (T3b:c 8). 

TAI LI I : O ~ SlT o, F.i.NiSl'AF " ' O D tAllll 0, 
S ro1•1..U,\1 A .uo,..G 5!)0 .\\, ,- W110 J o1M D 
,~IUU.flOl< \Vou:uu' l.i~lO><, 19~3-1')6z 

y"., 011111 -t D1•th1 1943-196! 
A,b,,1,,, lm11«.uou .\'u,1,b,r ---

t:,r,,o,v,, I Total I Nro;I•"" 

I S19z9 . I 3 ) 
l 19JO- l9H ~6 l I 
) 19~3-1917 1'4 9 4 
4 19 1s - 19sz ~~ s 0 

' 1953-1957 s 0 
6 1951-196, z16 0 0 

890 ~ I 

I Cl\ I uu; (3:), Cl\ I.uni; (41), 1.cukcmil (31). 
,1 . CA l.un11 () 1), 1•.,nCh'.atJhl. 
3 : C/\ l. un, (:,), l\,bn10111, i'<?IIC ulcer, C.\ 

r.,ncr<" c (>o), CA Ton, uc (:o), Cl\ Colon (17), 
l'"1n1. r-mbc,111111, C.1rrh01.1, Coron.i.ry. 

◄: /\cc-uJcnr, C-,rr,n..1ry, Con;. Hurt r-a,lurc, 
Coron,ry, Coronary. 

s: i"ncun10nlA, lthcumacic, tl.D., Coronary, Ctt• 
rhooi,, S.D.E. 

6; 
( ) - yc1n from onset or ca701Urc. 

MULTtrLE scor.:.ASMS 

We luvc scc11 scvcr.,I instJnc.:s of more 1:1 .. n 
one prim~ry ncnpla1m i11 t!tc s~me inJiviJual 
(lung-lung; lunc•IJ ·ynx, .:re.). Th.s.: hJ1•c 
~i:n 100 infrcquc:n to w:a:r;1nt 1nor~ ;:un 
brief recording except 1..:rhJps for ,wo n1cn 
who J1ccl of bronchoi;cni; c.ucino11u .. 11J 
we:.: founJ, 31 3Utopsy, 10 :ibo luvc p.:ritonc;il 
rncsothclio;na. 

Err-ECTS Ol' CIG,\nr .. c S.\IOKISG 

T here appcJrs to be . n impo:,311: influence of 
cig3r.: .. c 1molong on th.: 1nc1dcncc o! :un,i; 

I J s cr ., ofT, I Cu,:c, llamm~nd and J. Chura 

u ~rc: , muni; • •h~stns in,ul•llon wor\.en • 
(),. J•nu•ry 1, 1,,63, rhcrc " ere ro men 11111 
,:"c r, f nur 0·11,m>I 632 en:,.,, ; •II now w.11i 
!1,r,,;•1.1, ,..r,mJ, from n,~ , of cxpcnurc 
1·,J , av 1,111ch .: r.<k . E1~htv-1tnn ncn: 
•mo~ ·.i 

0

.:11:ar.:r:c, : ,,,c· d1.:d ol lung cane.:: 
b J. ·mhcr 11, 1965 T\\o hunJrcd an.. 
c1~hty t.,,~c :,:.J· a huJnry of .:•~•rcnc smolur: 
- 27 ha,·c cJ ,cJ of lu"g Cln-cr (Table 9) 

TAl' l t 9 C it.I\~~( s,mu,c Ah:, , .JJ\C. ~ c.ta IN 
.\11in-:-01 ThU.LATIQtr. \Vou. r■s r ,,,110.c1 a , J ""O 
.\\u,. f OLLOWI O ~ J Ol ;"[ f;i l \lLY J ,,uuy ,. ,963 h) 

OlCUII U JI , 1961 

S ,1mt ... r ,..r 1nt'n . 
r:a, « 1c J, ,,,i;nncc,d.11 

10 • 30 . 6 1 . • 
O:ncrTcJ ,l "' ~th, 10 • Jn 67 
0 1' .,,..,,.i 1lu1h J10 u l 1.61 I 
Tou1 c:un 11, 1 J.J I C.I . . 

o rs 
0 

Com;:,urat,llns ,.ri;gcs: th•: an ubc};°' 
\\O:kc: wlio 1,nc,\;c s cicuc11e1 hu 90 tin.-=' 
:he risk or c.lying of lung cancer com;:,3r.:J 
wi:h a nun who 'lt,rhcr wor:.s with ubcttos 
r.or ,mokcs cicarcltcs. 

AGE AT OhSE, OP FX~OSUI[ 

T .ablc 10 rccorcls the morta!,:,r experience of 
:~c 632 m~n, by a,;c C3tcgory at onset o1 
CJC;,osu:.:. 

r incR VAIIE,Y A~ll Ml!,sOTIIEUOMA; 
LYIOH,CE l' I OM rAl St..,r O~SCIIVATIOi.s 

Crocidolite seemed in1tiJlly to be unic;>K 
3m"n& : , l,cstos ,·Jcic:i.:s in hi, ing a spc,:w 
rd.,1 ionsl11p 10 m~sothclioinu. It has been 
c01nidcrc11 Jcsirabic :o ob1J i11 further c,iJcn,c 
on rhis qucsrion, by study uf po;,ubtions 
o;,oscd 10 other fiber \'Jrict,cs." ·u lt may b,: 
useful, th.:rcfurc, 10 .:vJl11atc 1h~ npcricncu 
of N.Y.-~.J. inrul~tion workers in 1his n-;uJ. 

CROCIDOLITS tXrOSUkt OF ISSULAT:U.~ 
\\ o~i.. RS I I, Tlilc: u:-rrro ST,\T..S 

Th.:..: is no cro.:iJolirc mi,..:J i,1 th.: Uni:cJ 
S1Jtcs: all mus: be im;iortcd either fro,-u 
South ,\fric;, Dolivu o: Ausrnii'-3. It bu b,....:n 
;,ouibk. by rc,•i.:w cf 1m;,o:t d~ta, to 
31:cu~ar.::y nku:atc croodohtc uac. 
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J9l0 No~a • 

0

4 w•IA 

•~,s :-0:o dAla ~n dlla 

19)0 1,901 
19)S 501 
19 .. 0 l,o61 
191$ 1,-00 -<,)00 

1910 •. ,oo 5 • .;00 

195! 11,,tJO 11,000 

1960 19,r.oo 19,500 

' ""5 17,100 21,400 

Cn•1 

)01 
I 

,,,,, 
C1-•v 1.'t 

15:,('0 

" ·oo 
19J.,JOU 
•j.a,,ro 
Jl),9''° 
Jlj,loo 
C,\),100 
6§,'.,,10(') 
Gos,&oo 
661,;oo 

o,,, 
◄,IJC'J 
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1.100 
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9,000 

27,400 
11,G.oo 
J4,6oo 
20,100 
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.,,,,01 
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3,1.000 
7,~.700 
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1 ttt-, I A,uo,iu o,..JCro-.. iJ4'1,1, • 

11)l0 
11>)1 
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•?JG 
19)7 
1915 
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Very li~rlc croc1Jo!1tc cntcr.:d th,, couu:ry 
un1il \\'or:J War II (' ·,b'c 11). A,th: 10, ~-.:,! 
hNc wu •11nos: cnt.r<,) cl.ry,o:,ic 1 ~c 
br~o: a,ooloi rn.1nufa,,ur\;· m 11,.: l,;m:i:,I 
SUl<l f,1)1 used cro,1dnl11c •n 1919 (:Or s:1cct 
p2cia11~, n~t •.nsubtlon). :nus c,,mr.,ny ilC\C~ 
uuJ cr.x1det,1tc ro:- t,lC n1i!l\J,,.u..·h,ri: o, 
in1ul•l -<':I Jt •n)' tim.: ( 19:9-19GS), cm;>'") ;ni; 
it onl)' in :,,o ;,roJuct !;r.~i (~\b.:s:u, c.:, •• .:,., 
pirc, anti ;,~ckint:•l•M The..: dat,1 •re CO~•· ••· 
tent wiih an anllysis of frau!.1tion m.tcriis 
wed in ~st dcadcs on the United S:.tcs w.:st 

l,'N"' 

''J . ' !j!t 
1!:. 
501 

:,.a): 
:,q•h 
;,2,.! 
Ci,t11J 

coJ<I, \\here o;rly d1ryso11lc and amosilc \\crc 
founJ • D,1111,(: 1hc,c same yc11s, 1920-19.;0, 
1 .. 0:e th:n 267,000 tons oi chr)'SOl1k \\Crc 
us..:d !or 1a~~1latam1 ;'Uf;'QSCS. 

Tlus ,. not 10 '·')' :h>1 11 01, i,c pro, en 
:l,Jt c:,,1.h!il:i1..: ,,J, uri rr uscJ bdor-: 1930 
!'1r i ,;\u1.):10:i Ill rhc Lin11cd Stilli:). it.;uha, .r 
,,r.y ,,.i, ,,."' J t i:11.:J, H cou:d only h.wc: b.:cn 
m ,·.::)' ,~.,:I .-u.;,11,nts. Th,·r,·for.:, croc1Jo:1tc 
c~;,\bu:.: o:' Uni:..:,~ StJh:s 1n1ll:a:aon wor:Cc:u 
b,:!orc 193,0 .::d r:obab:y before 19.;0 u, un• 
h~c:y ;o !-,J\'C occurred to any •1gnific1nt 



IOJ 

c,1cn1 and, u Ken in T •bk 1, •• ,1,:1 a \'<r)' 
minor ,!Tair, 

Ml!SOTll!llOMA 11.\11\SC. l ~Id O SIATf~ 
IK!ULII TIO)I A'OULa~ 

The lim mcw1hcliom• r,·rorrrJ in "hi,h 
o<eura1ional a,b:,101 c,po1ur< "" d,,c11b. I, 
occurred in an in1ul~110:1 " o,Lcr, a mcmb.r 
or 1he I.A 11.r-.1 A.\V,, ,n 1946." h 11 1101 
lno\\n wh~1hcr cues occ.ir:cJ before 11,.:1, 
but 1hey ha\': been nt>tcd since.'' We lu\'C 

1ccn 22 C:'IICI, 19.17-19GS, '" our croup "of 
men, 11 ,lc1•1lcd nbo,·c. f:ttry n•1• ,,.,, 
occurud in an ou11la1io11 u-orJcrr wl,o b,,a,, 
1rorlr b1/ar1 liJ)O (Table 12), 111e mean 
bpscd period from onscl of exposure 10 dea: h 

I. J s,1 , u,r, ll ruykr I h ,nmon~ • . , J J. Chu, ~ 

ilf m:,n:hrlinmn ,mnng 1hc 836 men ,n our 
.iuJy \\ho l:,c;;J1I " ''rk in 1913 or :,:•r (T .hlc 
l,J, 

fht.: \ C cnn<i:i.~ .. · r .11ion1 :,re rtk\ Jnl only IJ 
cond1t1r1u in 1hc Umt.:d S: 1:c,1 a111cmg mtul:a• 
l i('ln ,,mkmc~ ·1 hl!y lln nor ,fi , 1ir,wc I s~..:ill 
rn1..: for cro..,,~l,111.: "·: \c\\ hrrc, 1 ~ l,·Lc:r circ,,m. 
,:inc,,. T l.~\· thouM, hnw::n;, cn;cnJ-:; 
cJul1on in rd,1·1s: nn otha .1,h..-, 1,s ,·aricrki 
1h, J ) i to \)I; , . ;,11fi~1n11y :i:.,\ l•kt':y ro ca\UC 
mc101hc11('!m 1 The rd~i1,·c m~\,1;hcliom.l 
hazard rnr ,·H h fihcr ,,ric1y u >1111 10 I 
ddincd m hu.n 111,. t\t 1his 11me our ,la•• 
'""s,c:, r rhat ,t \\Oultl lx prudent to r~gud all 
fi hcr varir:1c1 ~, JX):cn: ially Ju,~rdom, anJ 10 
ntilizc :arpr,,priJ!C 1mlu,:ri ... 1 hygii:nc 
rncaiurcs for all. 

T.\nu u : l .At .. ro r, 1100 FRO.\\ Osnr or r:.xroiuat 10 Dut11 o, 1: C\"J o, Mu,~ r11u10,1A, .947-1961, 
A,.:oso 632 lsu:u11ow \'C011ua1 f-otLowrn P t105f"tCTl\'II v uo,, JASU,\RY 11 19.i3 

r a,itnt S11, I YtJr Onrtl 
E m,"'foJ1t/t11t 

\ 'to r of n,,,,, Acrar I Yr.1~J/rom 
D, uh 0ffttl 

I , 11.C. r :cur,l 
l, A.M. Plcur.il 
), "s. Plcur ,I 

◄• J.n. Pkurnl 
5. F.C. rltur:11 
6. T.C. l'lcur:t l 
7. E.M. rcrilOOLAI 

8. F.S. t•c11IO"ltll 
9. ,\I.C:. PuHc-nC"~I 

10, II.II. l\:-rirc-nc:11 
II , 1.11. 1'..:ril<'ncil 
12. t.n. l'c-r,1onc;1I 
13, \V.:-1 :\ri1onc:il 
l,t, \ I- rcrtlr"IOl0 ,11 

1), J,l), J\rllOllC'al 
16. J .l ..:iG .. l'c r1rf'lth:JI 

17. J.O'C. . P..:utfllh.':'11 
IS. c..v. r.:-rnnne.,I 
I?, 11.C. P"·rirnnc:11 
20, J.r. r..:r,1oih.•,,1 
1,. 11.11. f'crunnt.·-11 
ll, 11.T. r.:-rirnni::.1 

w,s ;4.S F ,11S for plcu131 mcsb1hdio01a and 
43.0 }'CJrs for p<rilonc,I. 

t\s d.:railcil. crociJulitc csro<mc of Uniicd 
Stntcs in~ulatioa workl.·cs, to :h~ "•,;\.'nt th:ic 
it nc-:urrc,t, coulJ not :,avti! b\.'cn ,· .. ·ry c\11.!ll· 

si\'! bdo1c l ?-10, Th.:r,·forc, ir a l,>11i; l.ip,.:,1 
µaiod is r~ou:rcJ for :'l>bi:)tn!r-ind1h:cJ 
1m.·<n"hl~l inma, crocidfllirc C),ro<urti! ~1,,1h: 
l.·;1nnlH C:t)il)' l!Xpl.1i11 rhi: m~~L,1:1diom.1s 5Ct:n 
~mons in~n1.Hil'n \\'Ork~rs ,., ,h~ Unih:J 
S1:it.:.s. or cours~. it m~y JI! th 1 [ t,.T('Cid,,lit.:'s 
\'irnk:,~c mn~cs for )hor:t.:r bpc.cll p,:r1oJs 
b-:twccn on,:t nf -=~rnsnr.: :mrl ,k.t1h. Out if 
this is so, it js <lifficulr ,o ~'!'bin th-.: nbscucc 

1~1: 19 17 (,o 25 
l?l) IIJS6 5S )) 
1?!9 19(11 5-1 )l 
1919 1963 H H 
•? • 7 19~1 S) )7 
19:8 19(,6 s6 3S 
19ru l?I? 6 1 39 
19:3 l~S6 so J) 
19:-4 1956 s• J2 
19 18 l?S? (-o ,r 
1905 l !,6J 86 sS 
19,s 1?6J 66 38 
11)19 19'1 1 61 45 
191S l ')I, \ 6S 46 
19!4 1965 58 41 
1?!9 196~ SJ 36 
1?17 1966 n 49 
19:4 1,;(i7 S? 4 ) 
19,9 1967 S7 JS 
19:9 196~ sR 3? 
1907 196S 83 61 
19,9 196$ S6 39 

l t1 1 Fnrscr.s 

1. S1.•:1'. u,T. I. J . \ hor~. J ml tt, nm;r,uJ. l:.. C .. 
( 1',)(•..a): J. J\111a. ,\~\' \I. 1\" K'C , IMI, ~l. 

2. S ,•J,;., ,1r, l , J .• lh,1rr, J. :rnJ lf,lnln\OllJ, E. C. 
(1965): ,\rm. ~ .Y Acul, Sc., 1.H. 1;9. 

3. l·ki,,hn, \V, F, \",k,, F. J, C:,J <", ll. L. ;mJ 
ll~111\.,•1. P. ( 19-1f1): J. l n,!11 .. 1. t in:, 18. 9. 

4. J<-.,,11,, \\' T .. ,n,t ZHon, ,\\. R. ( 1966): /\re·,. 
Fm1r, 11"·,hh, IJ. q 1. 

5. C:""I"'• \\", ("_ ( 111(,S): / ,1;,·.,u,11. CJ•1/. Uiol. 
I:'}, .:1., , i ,t,.•11,11, D:.:hkn. 

6. Sd1l,1fT, ( J, 11 ,11111100,f, E , C. :mJ Chur!;, J. 
( 1~fit>l: U n1•111il1"h"·J cbr.,. 

7 .. \:ur, \V. T . {11.)A.1): Ama. tmluu. Hn:-
1\>~. J., lS, :Ct ,& , 



I • 

I.. (1,W)I r«....-,ol C-0,1 <hUII,• 

t J R (1 ) I' 
10. !I, l J . ll 

) I ) lln,tt ~: , 11>, 1o6. 
ti. r,la•I\II' 1 U 1nol VI, J. ( 1-.,6..)1 

• •L J. h.dwu .• \~ru, 
1a. "-" ocr1 J, C.., S, t--- , t\. t .,, " w , 

1'. .p,t), llr,1 J Ind"" M,-J , 17, ,6o 
I ) :I.,_., M, 0. 0',t, llvf ) Aun. Is\', ..... J 

k., UJ, .._,, 

10) 

1,1 v.·. "''· J 
, ,:. Ct,91 

I I ("; J ' 1,9(, 
,t,. ,., . 

t>UOn 
17. ("....,. R«rt.J• nf , ,t ,\\1\MC.iu,11 • C.,· .-.. ul 

1~:11.t (I • , , .,." ~lt )) d i '.'.,w u . 
JM.rd , l\t1, .CJ 

,, ~, .• ne. I J, '"-"• J nJ llor~nond .... C. 
: 1puj). c ... :.,n. J . .\\N, Ul, 6-..,6 



Recommended 
Safety 
Practices 
for 
Handling 
ill~[ID@~~®~ 
~□[ID®[f 

!J~ 
Johns-Manville 



Safety Practices 
for Handling 
ill~~@~i@rs ~~~@[Iil 

1 In all stages ol handling-packaging. transport• 
mg, unloading storing and m·plant movmg­
osbeslus l1bcr bngs should be handled care· 
fully 11nd in such a manner as to prevent the 
generallon cl dust 

2 Unitized loads ~hould be lilted In1act to ,nd 
from holds ol ships. and off and c.n land trans• 
port by fork lilt trucks or other s111tab1e han• 
dllng equipment. 

3 Care should be taken to avoid puncturing the 
asbe~tos f iber bags during unloading from 
ships. railroad cars. tru.:ks or other modes ol 
transporlallon. No hooks or other sharp instru• 
ments shou:d be used. Loose fiber accumu• 
lated during trans, t should be picked up by 
vacuum cleaner before unloading. 

4 Damaged bags should be immediately r e• 
paired. resealed or put into suitably closed re· 
ceptacles. Any spillage of asbestos fiber should 
be picked up either by vacuum equipment or 
after thoroughly wetti ng , by sweeping, and 
sho uld be deposited in suitable c loseC: 
receptacles. 

5 For storage. fiber bags should be stacked and 
moved with care to avo,d breakage, protected 
from puncture by moving vehicles and, 11 pos• 
slble. should be isolated I m trallic in the 
warehouse and covered to prevent dust gener• 
ation. To prevent detenoral1on of stored bogs. 
the principle of first· 1n, f1rst•o1Jt should be 
followed. 

8 Maximum possible enclosure and fully elfec• 
l ive dust control hoods should be provided at 



all stages or in-plant handling where dusr ,s 
unavo,dab,y created such as at bag open,ng 
l1ber dump,ng and bag d,sPOsar opl'rat,ons 
Loose fiber sho•Jfd be cleaned lrt,- wo,1, ilreas 
as described ,n 4 abo.,e, 10 o•evenr dust 
regenera11on 

7 Th~ v.enring of resp".Jlory rrorec11we equ,p­
menr approved tor prorec• on against ast>esros 
dust should !lt- requ,red ar arr srage, ot &sbt!S-
los l1ber handt,ng where qu.:inr,r1es of dust art' 
generated which cannot be t-pt ..,,th,n lhe 
Threshold L m,. -lalue IJy dust control equip. 
menr o• orher m.-thoas 

8 Waste mater ,.11s such as c01reoc1ed dust .,,:, 
empty fiber bags. shculd be plac~ ,n soeoc,ar 
closed recep1ac1es and d sp05«1 of ,n such a 
way as to prevent the release ol dust Me•ho<J.s 
appJtcabte under 6 and , abQ.,,e shou d :,e 
used during tillese operations 

9 Wnere the use of asbesros requ ro,s the tran,. 
porr of loose f•b.:!r n open carts or !>ugg,es 
tight cosers should be useo lo p,..,e,u 5'><1 ng 
and dust generat,on 

10 All dust rro'Tl ellhilust systems Should be COi­
iected and safely d15')0Seo of It ~l(J not 0e 
released ,nro the outside .,, Particut~ atten­
tion shou,o be pa,o to the P,otec IOt'I of :tie em­
ployees whos 10b It s to d,spose or the 
Collected dust 

TI Loea, codes rlrfes ~ r~ ~ 
the sate "-'cflmg anci us. ol &SbesAos 
should be COl'lattlted anc, ~ 
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INTRODUCTION 

A ,b1111to1 texltlo products rnanulec­
lured from r hrysot,le oabuto■ flbora IHO 0 
growing and 1ndI1pen1obl• clou of moto­
riol■ In Industry today r 1b11coted products 
of 111be■lo1 texttl111 oro used In mony ond 
dlverao oppllcahoria The stronglh, chem1c11I 
r111I1t1inco, IncombushbIllty, end reinforce­
ment chornrtenst1cs make asbestos laxities 
o unique product 

R &eonlly there have boon nul"'lorous 
arllcloa IrI the ac1enllfic ;:,ress. os well as 
other 1"18ws media, concerning the poIent1al 
health risk for workers involved in handling 
HbHtos Monufacturer11 of asbestos texllle 
products have for years been taking pro­
tectwe measure, lo ehminale oxposuro ot 
the► workers to the inholet1on of dust. 

T he A1besto1 Textile Ins1Itute recognizes 
that extenalve expo1uro to the inhalation of 
111>eatot1 dual over a long period of time may 
be lnjurtoua. The following general rocom­
mendat11ons for handling and labricallng 
ubeetou textile product, are baaed on the 
current eclentlllc auesament of the poten­
Uat he&Uh rllk and the level of the art In 
reduc1n1g the r11k Particular cIrcum1tances. 
of OOUl'flO, may require different handling or 
labncatlng procedure,, obvIou1ly, these 
general rec:om.mendatlona cannot be con­
aldered adequate to cover all possible 
11tuauone. 



HEALTH SAFETY 
PRACTICES 

1. An organized housekeeping program 
should be maintained 1n all work areas 
rn order to prevent the generet1on and 
;iccumulallon or dust Vacuum cleaning 
equipment 1s recommended rather than 
sweeping or brushing loose material 
II sweeping or brushing 1s essential. 
wetting down 1s recommended. 

2. Ellecllve mechanical dust collecting 
systems. designed to collect dust at tho 
source, should :ie used where dust 
above the Federal, State. or Prov,nc1al 
allowable threshold limit 1s unavoid­
ably created. 

3. Where mechan1ca, dust collect,on sys­
tems are impractical, and dust 1s un­
avoidably created above the allowable 
threshold limit, U.S. Bureau of Mines 
approved resp oratory equipment• 
should be worn 

4. During the fabricating or processing 
operations dust may be ellecllvely 
minimized by dampening or wett111g 
the material. 

5. Asbestos textiles wh,ch are manufac­
tured by a damp process. or which are 
treated, minimize dust 1n subsequent 
handling and fabricating and ere there­
fore recommended. 

6. Isolation and frequent collection of 
waste and dust ,s important. This waste 
materiel should be disposed of in 
closed containers. 

• Bureau of Mines 
U.S. Dept. of the Interior 
Nineteenth and E Streets, N.W. 
W111hlngton, D.C. 20240 
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HOUSEKEEPING 

An organized housekeeping program 
should be maintained in all a reas and on 
nil operations nl ~ times."" 

A m njor source 11f excessive ai rlmrne 
dust is from loose materials, scrar and 
debris d is tributed throughout the juh 
nren nnd disinlcgrntecl by trnmpling on, 
running over . etc. Much of the airhorm· 
contaminntion can be e liminated by 
exercising s imple good housekeeping 
prnctices . 

Speci fic slnndnrds and practices 
designed for pr oviding snfc, clenn 111111 
orderly work inir conditions should 
be defined. 

Eflicient s uper visory control. plnnni ng 
of systemntk cleaning plus dny to dny 
follow-up are the basic requirements for 

• ·ury prevention. 

PIPE AND BLOCK 
INSULATIONS 

Warehousing. 
Storage and Handling 

l ' 11tl1•1 n"rr.,.il ,·,,n ,li11on,. till' 
1 .. ,ntll11w. - 111ra1r•· aml \\an·• 
11 .. u, 1n11 .,f undam111,w1l 1·nrt o11,- nf 
p1pP anrl 1,1,..-k in,11h,t i1111:', 
l'n1tt;,1n111.: :,,tJl•:-to~. pre:-.t•nt nn 

h,·allh ,af..iy prohlcm~. If u1rlnn, 
.,rt· hrokcn o r matl'r iri ls rlamngccl 
\\ hil,· 111,ul:1111111 i, llf'ing 
han,IIL-1I. 1 h,· f., )l,.,,·1111,! >ll'JJ• 
,fl .. u lol I,,, I a~l' ll : 

If -1,111.,,., .. , ,ur~. dt!hn~ , h .. uld I.Jc deaned 
up 1111nw11ia1<-ly. R,•pa,·k u,ablC' materials. 

1 1 ·ar,· , h .. ,1111 lw I alwn to a, nid generating du~t 
\\lwn piling, , 1:il'l,ing o r plac ing piece~ intn 
< 11nla1n~ 1r-.. . 

:? Wh.-11 l'l1•a11111g ,p1ll,111e. , al'llUlll e11111pmcnt 
,, n •c1o1 nnwmh•,I fnr pichi n1: up d 11s: aml 
-111all p:irliclc". 

If l:,ri:l' ,1uantil ie.,. of s pilla)!e occur" 
.,nd d ,·aning inn,l\'c:' :,weeping .111d or 
,ho, ,•hnv I ha t , 1111hl, n ·at c• exrc~.si\'C 
a irl,onw rlu, I, • Rl'~pirators should be worn. 

5 Only u~ublc material should be returned 
frn •11 t lw Jnl, s ite to the wnrchousc. 

1, \Vhl'n rt>turning mnlerinl from the job s ite, 
rlcnn 1111~1 11111 clchris olf cartons. Re1>nck 
11d<I ),11 t)icccs. Close cnrtons. 



Pipe e nd Block lnauf■IIO"• Icon, d) 

Fabrication in 

Warehouse a nd 

Job Site Shops 

Open and rem.,,e Lht m;1Wn,d fr""' 
cnrtons wit h care. 

2 Handle anc.1 stnck p re., uf 01Jtl r1.,t 1n 
n mnnner that will u\11111 ►- ner.,t111i:: ,1<1,1 
and brenknge. 

:l Mechnmcnl du t collr,·1 ini:: -y,tcm• 
ndequutely de:1iuned , rt'mn, ,. Ju•t .,, 1111 
source s houlrl he in~tnllcd on l"'""r-11rwr.,1,,,I, 
fixed nnd portnhlt! equipment in the 
warehouse shop nnd or in th1: J<•li ,11c •hop 

4 All mnchincs s hould be furm,hed with 
suitable waste container, for the collectmn 
of scrap and wnste to prevent th<' matcriul 
from falling on the floor nnd 11enernt1ng 
dust. 

5 Shop-fabricated pierel> of Thermal 
ln11ulat1on such ns fittings, segment». etc . 
Rhould be placed in containers. rare ~houlcl 
be taken when handling these pitte~ 
during piling, stacking nnrl pnckini:: 

6 Containers should be cl06ed after pucking 
terial ia used 

Pip■ and BJOck lr,■ulellon■ Icon, di 

Application Procedure s 

I· ni,uckinJ.!' ,ml a11phcat111n ni the mnteri, l 
,h .. 11hl 1..- ,!,,nr in a mnnner that "111 
'Tltn1m1n· a1rh .. rne rlu,t 

! \, ,.,,1 ,trnppinl,!'. t hrn\\ iniz nr unnl..:e-<,-np 
ro1111th hanrll:n1,: nf in~ulnt111n matermb 

l\i,·p lluor, and ,urfnce~ clean of -<crap, 
•hn,·init• and debri~. Put unu~able material 
1111" "a,k cr,nuuner~ 1mmed1ately 

Hand ,a\\inp:. cut mit. Jacket stripping. etc 
,h,.11ltl I,.• done 1n u manner that will creatt' 
n r 1mul airborne d11st l:l\e nf proper 
methn,I, anrl toolil "11\ help cnns1derabh 

'"'' 11rd~ du,t abatement. 

.-, \\ h~n \\Prking in confined ~pacell. portable 
1l11~1 ,ollector~ or e.xhau~t bloweNI should be 
pronded to remove du!t from thr source 



Pipe end Oloc k 1nau1a110na l c onr di 

Appl/"tJtlon Procadures <Cont'd) 

li If l Cllllh t 11t11• 11n I ,•111 < ,,!!, ,·t 1nr .... 
e ~hn1111t 111st cl11,1 frum I lw , ,111rri•, 11,,, 
e~hn11• t hln11 """ t,1 prnl'uJ .. 1,11•11t•r 11 I 
r1111m n 11· l' hu 11te., 

7 , \\oid cxhnu11t1n1t in tn 111h,·1 1101 J.. 11 1 ►• :on•:,, 

14 In connnecl 11111we•. 1f m,•ch11111rn l , , h1111.,.1 
cq111pm1'n t t·nnnu1 he use1i, • 11to.p1rn1nr,-
11hould lie worn 

0 \\' he n 11 1nn1r o r lmnd 1n1r in• 11la t 1n11 nnd 
11pp1~·rn1r Jnc ket• or fur inl(•. rnrc , h11uld 
lie ta ke n lo n , oid 1tene rn1 rnir c;,.,•e_.11 l' d u, 1. 
u i!IR lhl' precautio nnn m r111urr ~ 
deac r rbed n l><11'l' 

10 u rplu11 u. a lilr m 111e rin l• 11hould 1,., pl:1t·,,fl 
tn cartons, whfrh 1ho uld l>t• d o"Cd 11 nrl 
returned to the warehouse . .. ,...,,. 

CEMENTS 

W&rehousln g, 

t:torage and Hand/Ing 

llnmlhni: and " '"rlllfl' uf cl11,rd 
l,n,.r 1·1ont111ni '11,t Cc1111•111• tin 
11n1 111 , , nt hen Ith ~afoh· 
h11z11rcl~ prol'idcd 111111~ 11 rc 
unope nctl and not l1rokcn. 

\\'Jwn 1111111:uhnP' r.iilroncl cur~ anti trul'k~. 
1f tht•1,• 1,- 1•xc,•s•11·e lo!l~l' mnlcrial 
rr•ult inic from npenerl or lirnkcn linirs . 
0 

lfo,.1urntor ,- s hunltl he w11r11 during d i.,1111-111> 
und unloallinl( 

·• S111 ll1111c ~hnulrl he l':c1111ecl 1111 11 1111 open or 
hrokc n h:1s;:1< re parked, rescaled or discurderl 
1mnwd111t el) to pre ,·cnt dis tribut ion 
,,r rln~t into o the r ureas. 

If l,ng~ nre dnma gcd and Rpillnge uccurs 
in the ,,·n re house, mnlcrinl s hould be 
,·ll'n ned UJJ immedintely lo prel'e nt 
d is t ri but ion into other n reas . \ 'ncuum 
('(Ju1pmcnt is recommended for this d enning 

I r lz1rgt' quuntilics of s pilluge occur~ nnd 
l'lc:nnrni: im •oh·es s weeping and or 
,,ho1·ehng that could ere,,~ exceuiv 
dUAt, • Respiratora should be w 



Cement• <cont'd) 

Appl/cation or Cements 

Opening, dumping nnd 
discarding of hog~ should be 
done with the utmost core lo 
avoid genernting exccssivcdu11t. 

1 Open lhe bug widt! enough lo empty 
without 11hnking. 

2 When dumping, keep bog on the :nortor 
box mixing level to nv01d dropping. 

3 Do not shnke bags. 

4 Pince empty bugs in n cont~iner, wet 
dow1. rontents . nnd di!!tnrd. 

6 Mixing nren should be well ventilnted 
but free from henvy drafts thnl will 
cause dry materinl to become oi rborne. 

6 Mnterin: · liould be mixed in u mortnr 
box, pnil or tub und not on the floor . 

7 Wet the mnteriul nnd mix into 11 slurry ns 
quickly ru1 possible. 

8 When mixing cement inn confined spuce 
where proper ventilation is inndcqunte, 
•Rc.spirntors s hould Ile worn. 

Cleaning 
~ Bag brenkage, cleaning up dry cement 

and discarding bogs at the mixing nren 
should be done in the same :nnnner rui 

recommended under lVari hnuiiing, S t11raq1 

011d Ha11dli110. 

2 Wet down tools, m<irtar boxes, wheelbnrrows. 
mixing c, tainers, and any spillage before 
scraping and clennin1t. 

3 Cement.!! should be handled wet whene,·er 
possible. Wet material w1'1 create no 
dust problom. 

SPRAYING OF THERMAL 
INSULATION 

Spraying Areas 

S11rnying of Tht'rmnl In ulntinn 
P r,11l11ct• contn1n1ng rul>t'•lo~ 
rc·11uirc• •pedal prN:11ut111nal") 
ml'llaure•. Refer to thl' Spro\·ed 
Mineral Fiber Mnnufnctu reu 
A~Vltintion for Sprn, t!d Fi her 
.-\ pphcut 111n Prue Ill<·• 

The 1~1u1pmt•nt nnd machincr) to 1,.- !pra\Ctl 
should Le ~hicldrtl L)· udL'(JUBlt• wind break• 
und, when• prncllcnblc, ,Jrnp cloth~ t,• 
pre,·cnt exce11,i\'e du,1 and cont11minnt111n in 
adjacent nren,; 

~ \\'orkcr~ not ~n1t111red in th!' ~nrayinic 
upcrntion~ ~h,,uld we11r •Re.!<p1r11tor, "'him 
1.:n lerinic on urea within Jfi feet of thl• ~prnv1mc 
mnrhinl', nozzle or cqu1pmt nt • 

:1 \\' here :-.prnyL'CI Fiber Application Pracuc, 
,·nnnnt be fnllo\\ecl nnd exce I\~ airborne 
tlu,t •~ 11encrnted, ll •~ n-cummendcd that 
portublc mffhnnical uhnu~t ,entilation I.JC, 

u~ed t, emme a1rl>0rnt du,t Exhau:<t mu,1 
I~ l11c:11tcd to avoid cnntammation .. r 11thH 
11c:cupicd urea• 

Appl/cation 

Ail pcr~onnel in the- 1mmed1att' area «'l!Jtagtd 
in the machine ft ding and spray1~ 
opernllon ~hould wear •R p1ratol"'I, 
w hcther in confined nr open area.• 
Hnt1l11ted nr nnl ,ent1lateii. 

:! •Rl!Spiralors should bi. om afttr the 
~prnying opcrat1nn ha,, littn concluded and 
until the generated du~t concrntration 
hn• clenred. 

,. •• ur, •' [".-.,fw•• ...,., .. C-"'h,fH• .'fllrnt.ry .;,,,.... .... 
U •• ,..1 >·•••" Al•••lwt•n" ,....,_,,.. • . r.O. ... ur. 
u·.,.,, w. '"' J..r.,... .,.,. 

•B -•fM.-.._...... --.s-_.., 



lpr■ylng or Th■rm■I 1n1u1111on rconl'dl 

O ther Workm e n 

,\II l ll' l llflllllf'l 11111 1111111\,,,I 
with thl' 11111chin l' fN•lling 111111 
IIPl'fllllllf 11pl'rnl1nn ~h1111 lcl hr 
k1111t f111111 t hr 11pm) llllf nrl'n 

1111111 the lf<'IH'rnted 1l11M 
rnncrntrntlon hnq l'lrnretl. 

Cleen/ng 

Sp1lln11l' nnd l'X1•e11~ 11prny 1111t m11h'ri11I, 
11houlil ur r lenrwd 1111 1"11mcdrnlcly 11fll' I' 
111rnylni: 01icrnt11111i, !Ul\l' hcl'l1 r umpll!ll'cl 

2 Settled 1lu11t nrul fly 11111tt•1·inl ~l11111lcl ht• 
r1m1m1ccl from 11ll 1111rfncl'~ tn uvoi,I 
nlrbornc contnminntmn. \'111·1111111 cll•11 111nl! 
Is recomml'ndcd for lhi~ purposl'. 

!I Suap 11prny mnlcr1nl 11lmuld be wet rlown 
1rnd ploc,d m clo~l•d conlnint>r~ !•1r dispoq11I. 

4 Toala, lndder11, ell' 11ho11hl ue clrnncJ , .. et 

6 A, oitl bru11hing, 11wceping and 11ho,·el1111i 
dry material w hene,l'r po. ~ible 

6 •Reap1rator ~hould lie worn durins, 
clean-up. 

STRIPPING OF THERMAL 
INSULATION 

S tripping Aree 

t·, rcful wnrk nwthml~. U~l• 
uf pro11rr tool~. 11ml welling 
dr,wn "111 1mnim1zl' C'CCC'qqjve 
ilu~ti< in ~t r ippinl( operntions. 

Th,· un.'u 111 which ~t ripping t11kc1 11111cc 
~h1111lil he t·onlin~cl by menn~ nf r11r t11inq, 
I ortalil,, pnrtitiun~. etc., tu prt:'\{•nt 
, xc1•,1..~i\ l' d1.st cnnlnminallon in 
11IJ11n•nt art•n.~ 

'' If url'II cnnnot 11,· ,·,,nfinctl, only workmen 
••ng1111cd in at ripping should IJ1: 

11crmittcd in the wcrk locution. 

Stripping an d Tearing O ff 

1 All 11t•r,1111 nel in the s•rippi11>1 area 
engag,•cl III le11r1111r utT, hnnclhng, denning 
anti chqp .. , ing nf 11111t<>riul shnultl weur 
• Hc~pi mt ors. 

·• \\' hl'rc 1·,rll1mstanct.'s permit, mnlerinls 
sht1ulcl Ill' wcttccl dnwn prior lo nncl 
,l11n111r rl'movnl. 

:1 \\'hen.' ap1ilicnllle, portnblc l'!lechnnicnl 
l''C hau:<t vcnti l11tion shu1•!,t he usecl lo 
rt:'m1w • airborne dust. 

A, nul 111,nercs~nry re-handling of scrap. 

tContmued on Near Page) 



Stripping o r Thermo! 1n a u11111on <cont·d> 

Stripping and Tearing Off ccont·dJ 

6 Locate truck. dumps ter lJ11cket or finnl 
dis posul equipment a>< dose lo ><trippini: 
s ite os possilJlc. 

6 Wei dow11 ~crap male-rial hefnn• "hM·eling, 
hauling or ,lumping. 

7 Do no, perm it uccumulntion of ,crap 
nnd clcliri~ nn Ooor and other ~urfncc,. 

8 Vacuum equ ipment is rccommend!'d for 
cleaning up durin1,: und a fter ,-trimnni:. 

Othe r Workmen 

Personnel not in,•oh·ed in the st rippini: 
and tearing off operntion s hould not tx, 
permittecl in the s tripping nr<'II. 

~ If it is essentinl for other workmen to 
be in the wcrk a rea, • Respi rntors 
should lie worn by them. 

RESPIRATORY 
EQUIPMENT 

Onh l·.s. Buru u nf Mine!l-appro\'ecl 
rc,.1nrntory equipment '" rt>commendcd fo r 
n<c "ith &L•besto- ~•hen and other 
pncumoconio,15•1'roduring du!!~ AprrO\·ed 
rc•111rntory equipment must be u., d at all 
npernuons where tlus t control ts nol ,iullic1ent 
lo mnintn1n n•rborn!' tlu!!t concentration 
,, 1t h1n 111lnwohle hmit.s for a.sbesto., a nd other 
pncumflcon1os1~-producinrc dugl!! .• .,, 
,·.•tahlJ,.hed by gonrnmentnl and 
1,rnft',, innnl 11genc1P5 

T h,• ~mucncy untl dfe-ct1,·ene:<-• nf 
rc,rirntory equ ipment 1s dependent upon 
proper care. cleo1,111g and maint,mance 
A ~y,temat1c procedure ~hould ~ est.:1M1.Sheri 
ton.: •ure <hnt thi~ i• done. 

Li•t~ of lUrrentlr approved r~ piratory 
equipment can be obuuncd from · 

Bureau of :'>lines 
U111wd tat,, Oep11rtment of the lntenor 
Ninl!leenth nnd E treets. N.W 
Washington, D.C. 202~0 

Amer1r11n Industrial Hygi,ne As&oc:1ation 
14125 Prevost 
Detroit. Michiaan 411227 
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Introduction 

The <l11cov,,ry and product ion of hundreds ol 
natural ond svnthcl!c ma1011a1s including os 
bntos-cem •nl products rns 1n some 
stan "' pr.:imptea I~ need lor sp,,c,al pro· 
tectrve 1'<!u1pmcn1 nnd pract•cos lhat should 
bo cmi:10,1<1 by oil ,n lho indust ry where dust 
• creotl'<I 

Manuloctur, rs ol os1>01tos·cement product, 
h1i.o tor Y"J•s Ileen ta~ • .,g prolect,v11 moo•· 
urer to elim1na1e raposur ot th,iir workers to 
th.3 1nt·alat,on or oust 

Thi! ab11catrng handling and applying or 
asbcstos-cl'ml'nt products are d1vers11 ana 
range from tn" 1ns101tat1cn ol a srngla piece 
to ea1ens1ve oper.il!ons 1nvot-,ng cutting and 
machm1n11 lJf m,.chon1ca1 equ1pmen1 While 
c1re shoulo .i 11,ays be oaerc,sed special pr&• 
cautoons 6rc necessary when dusa In excess 
ol federal, s1a10 or prov1nc,al allowable lhru 
hold 1tm1ts a•o gencroteo as the result ol uw-
1ng, drilling or olher oporatoons qesptrator1 
should bo WOIO. 

Tl1e following pracl cos arc rec.>mmendeo tor 
labncat1ng. handling and applying ubeltos• 
comont products 1n the building and construe• 
lton ,ndusl11cs Con1roctors 1/ld applicators 
ore urgod to stud, t~ese recommended prac· 
ttces carolully and to Na that they are ob· 
served by 011 workers II 15 in ti.a best 1nt■rest 
ot both emp:oyer and employte to "°" that 
thMe recommended praeUces are strictly OC>-
Nf\19d. 



Fabrication and Application 

1, Whr,n moving 01bo110, ri•mrnl producI1 
lo ant.I lrom lho lobricoI11m 111e Ind,v1duaI 
plr,cn of m111u11a1a 1houI11 or hnndlN 1 "111 
car, 10 avoIt.1 breoknQo onu rlusl 

2. F1b11co1ton of asb,,1I0, 1 r mcnI produc1s 
lnvoh,1ng cuI11no l.111II,ng ,aw,no rh shoulu 
ba donn 1n n mnnn,, lht1t "'IJ m,n,m,,,. oust 
Tho 1110 o f p1n11, , m,,I Js I •01, a•>il eou,p 
m1n1 11 011rn11a1 

3. Whc>n l11ll111g l111lhng 1.,"'"'l t•lc on a 
r1po11lpd bn111 '"'" po"er f>QuIpmenI m, 
chan1ca1 dusr COIIN!lng IYllrm• ,1df'QU8If':1 
dr,11gned l o romove dull l oom lhe 1011•rt> 
ahould bi, Ultll.l 

4, Fab11ca11on c,I naboslos crm,,n, pr 11.lucls 
in conl,n spacos rcqu.ros od"'luilll mr, 
chanlca• dusr colloc ltng sv1Irms dl's•oned 10 
COll&cl dull Ill lh(' aourco Where ll•f'St' S►S· 
lema 11ro 1mp1ocI,c1bI aop,0,0<1 rr1p11nIors 
ahoula bo "-Orn 

5. Provtdo wuI0 conlalnl)15 al oll fabr,LJ· 
lion and 1pphc111011 ilr<'as Dispose ol unus­
able m11r,rra1 Koep floo,s ond surfocc-s clean 
Vacuum cloan,ng equ,pmen1 ,s recommended 
lo remove du11 and small porl,cles If vacuum 
equ1pm1n1 11 1mpr11c1tcoble. "''" down wnslc, 
rna1er111 befoll aw-eeplng end shovollng Rr,s­

m during clun,up 

Respiratory Equipment 

Only L' S Buroau of Mones approved rc1-
fllrn10,y oqu,pmenI os recommondod for use 
Thr ollrc,r,ncy and oflr,cltvc-nl'as o l l h1s equ,p­
m,,n1 ,, dC'p11ndl!nl upon propN core. c leaning 
111d ma,n,, ence A sySIClmar,c procedure 
should •{' C SIADllshed lo insure 1h01 lhos IS 
rtono 

A hsl of epp1 •vc-d roaporalor~ equ,pment con 
br oblo,ned l r.:,m 

Amerlcen fnc!u1lrl■I Hygleno A11ocl1Uon 
14125 Prevo11 
D1lroll, Michigan 48227 

U. s. D1parlmenl of lhe Inferior 
Bur1■u of Mines 
Nlnolunth end E Slreel1, N.W. 
\h1• inglon, D. C. 20240 

Summary 

Throe mafor ooonrs 10 keep ,n mmd ,n the 
f11brrcaI1ng handhng and opply,ng o f asbestos­
cement producls 

Keep dust lo a m•nlmum 

Wear U S Bureau of Mines approved 
resporolors wnen exposed lo dusls above 
federal, slele or provrnc,al 111fow1bl11 
lhreahold limll1 



;>repared by 

Haallh and Sale,-, c.:,,.nc,1 
MbeSIOS Cement PrC>JYCII MIOCUIIIOn 
521 Fllth Avenue• 2Citn Floor 
'""' Yorll. New York 10017 
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SPRAYED PIREPROOFING - AN ENVIRONMENTAL PRIORITY 

BY: HAROLD ROMER, P.E. 
ASSISTANT COMMISSIONER 

lfflQINBERING RBSBARCH AND DEVELOPMENT 
HEM YORJt CITY DEPARTMENT OF AIR RESOURCES 

October 15, 1971 ...... ... ~ ... ............................ .......................... . 
Public Hearing on Proposed Asbestos Emissions Controls 

Illinois Pollution Control Board 
Chicago, Illinois .................................................................... 

Epidemiology of Asbestos: 

It ia es■entially because of the very distrubing medical statis­

tics that The New York City Environmental Protection Adi11inistration 

and the Department of Air Resources have been so concerned and have 

become, literally and figuratively, so completely immersed in the 

sprayed asbestos problem. 

With your permission, I will quote one or two references which 

are not only authoritative but also provide the punch merited by 

the facts: 

1. The following material is abstracted from a 1969 u. s. 

Public Health Service report, nPreliminary Air Pollution Survey 

of Asbestos - A Literature Review" : 

•- - a large fraction of the people in the u. s. have been 
exposed to a~bestos, including the following: 

a) approximately 100,000 work~rs using asbestos in their 
occupations. 

b) approximately 3,500,000 construction workers exposed 
indirectly to asbestos as they work . 

(conti::ued) 
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with aabe•tos ~roducts or~ those who handle 
:ubeato• products. 

a) approximately 50,000,000 Americans who possibly 
have •asbestos bodies" in their lungs. 

2. In November 1970, in a court case against the City of 

New York, we called upon Dr. Irving Selikoff to provide expert 

medical testimony. Dr. Selik~ff, a consultant to our agency, 

ia a renowned researcher and pionee r in t he field of asbestos 

diseases: he is also Director Q f Environmental Science Laboratories 

at the Mt. Sinai •school of Medicine in New York City. The following 

quotes are abstracted from his testimony: 

•1n New York, in 3,000 consecutive autopsies at Elmhurs t 

Hospital in Oueens, the V.A. Hospital in thfi Bronx, and 

Mt. Sinai Hospital in Manhattan, ox~ination of ----lung 

tissues has shown that asbestos bodies exist in 45% of all 

cases. Smaller part~cles of asbestos, seen on~y by electron 

microscopy, were found to be commonly present in almost all 

cases examined. • It ,low appears that virtually all New Yorkers' 

lungs contain aabestos." 

•AJnong asbestos workers, for example, the incidence of death 

from lung cancer among smokers is about 20 times as high~~ for 

non-smokers. If a _person "is· b'o'th an ·a·sbe'sto·s · w·orke'r and ·a· 

(continued) 
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cigarette.sraoker, his cha~ce of dying from lung cancer 
. . 

i• 92 times the chance of a man who neither smokes 

cigarettes nor works with asbestos.• 

•aecently, I conducted an investigation with respect 

to asbestos-related conditions among the members of 

Local 12 (N.:!W York City) and Local 32 (Newark) of the 
w 

International Association of Heat & Frost Insulators and 

Asbestos workers, one of the building trade unions.• 

•As of April 30, 1970. 403 of the original 632 

union membe~s in our study were dead, 72 of lung cancer.Currently 

(continued) 



Biatory and Characteriatica of Aabeatoa: 

Tho consumption of aabestoa in tho United 

large proportiona and its uao is increasing at a rapid rate. 'nle 

1968 consumption in thou. s . was equal ~o 25% of the total world 

production. Annual world production in 1930 waa 500,000 tons: 

in 1957, four million tons of asbestos were produced . 

During the past 10 years, asbestos-containing material has 

been used ext;nsively in cprayed form at an in~reaaing rate, to 

protect ateel structures from fire, In 1970, approximately three 

million pounds of asbestos were used to fireproof structures. 

It is particularly with reference to this use of aprayed 

asbestos that I wish to address my remarks. 

In the United States , almos t 90% of the asbestos used is 

of the chrysotile fiber type that easily fragments into fibrils 

200 to 400 angstrom units in diameter and often 2,000 angstrom 

units or smaller in length (200 angstrom units equals approxi-

-9 
mately a millionth of an inch). 'nlus 10 grams (one billionth 

of a gram) of chrysotile asbestos could represent a million fibrils. 

Chrysotile a sbestos fibril s c an only be identified by use of the 

electron microscope . 

Seventy percent of the asbestos in this country is used in 

the co.1struction industry. 

(continued) 
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ftma tlie publhhod medical reports and epidemiological 

■tudie• it would be fair to state that the individual, invisible 

aabe■to• fibril ~epresents a built-in •time bomb" set eons ago 

¥hen the fibr~us silicate crystals cooled and began to grow 

within th~ fractures of the serpentine rvck. The mechanism 

can be activated whon these fibrilo are inhaled or ingested -

albeit it may take 20-25 years to wreak its havoc in the form of 

exceaaive cancerr incidence ra~es, including the invariably fatal 

pleural and peritoneal mesotholiomas. 

Action by the Dept. of Air Resources : 

It is because of the ~elative indestructibility of the 

asbestos fibril, and its inherent pote11tial for harm, as well as 

the unsatisfactory experience of the N.Y.C . Dept. of Air Resources 

in its efforts to control asbestos spraying operation3, that the 

City of New York urges the banning of the spraying of any substance 

containing asbestos in or upon a bu.i.lcling or other structure during 

its construction, alteration or rep~ir . 

Because of our recognition of the intense health hazard of 

asbestos exposure, tho Dept. of /\ir Resources, on April 13, 1970, 

issued interim regulations, known as Commissioner's Orders, 

prescribirtJ containment and clean-up methodologies. This was the 

first such set of r ules anywhere pertajning to the regulation of 

ap~ayed asbestos insulation. This was the catalyst that triggered 

(continued) 
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regulatory agenciea throughout the country to adopt similar proce­

dure• and the aubaequent banning of s prayed asbestos by several 

citiea. We are pleaaed that both the State■ of Illinois and New 

York have propoaed the prohibition of this dangerous practice 

throughout th••• Statea. I understand that the Federal EPA is 

alao conaidering the banning of sprayed asbestos . 

A challenge to the power of the Co11111issioner of the Department 

of Air Reaources to regulate apraying operations using asbestos­

containing materials for fireproofing and insulation at construction 

site• arose in the November, 1970 case of La Monica vs Jerome 

Kretchmar, Administrator of the Environmental Protection Administration . 

The State Supreme Court ruled in favor of ~he City and denied the in­

junction requested by the plaintiff, and declared the Commissioner's 

Orders and the Air Pollution Control Code to be constitutionnl. 

Dr. Selikoff, in testimony curing the La Monica-Krecchmer case, 

although the bulk of his remarks centered on the medical effects of 

asbestos inhalation, stated, "In Manhattan ambient levels far re­

moved from construction sites are now 20-60 x 10-9 grams per 

cubic meter of air, up to 6 times more than in, say, Staten Is land, 

, or Ridgewood, N,J. Indeed, ambient air levels about construction 

sites are even several times higher than these background levels. 

At these levels the average person might inhale 10 to 15 million 

r.sbestos fibrils in one 24 hour day." 

The April 1, 1971 issue of the New York Times reported tha t 

(continued) 
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Pederal EPA began p!lbli■hing a li■t ot air pollutants, which in 

the opinion of Adainiatrator William D. Ruckelshaus •may cause , 

or contribute to, an incr•~•e in mortality or an increase in 

••rioua irreveraible, or incapacitating revers ible illness . • 

Mr. Ruckelahau■ •named three such poll~tants - asbestn~, 

beryll i um and mercury.• 

Our effort■ at controlling the emission of asbes tos from 

apray operation■ have not been successful. On numerous occasions, 

emiaaiona were auch that heavy asbe■tos snowfalls were observed 

and accumulations of asbestos as deep as 3 inches at curbs and at 
• 

other vertical rises occurred within a radius of several blocks 

ot ~ ~praying ■ite. 

~ince there are 25 to 40 skyscrape r asbestos insulation-spray 

operations in progress at any one time , it would take virtually 

our entire field staff to provide adequate surveillance for t his 

~ne function. Even if this were feasible, which it is not , I 

strongly question the ability of the industry to prevent the emission 

of asbestos into the outside air under actual, day-to-day conditions 

of construction. 

As usual, court actions resulting from the issuing o f many sum­

monses, have had but limited deterrent value; the adjournments were 

endless and the fines, when finally imposed, were only a minor 

overhead to the contractor. The administrative hearings he ld by 

the ~ept. of Air Resources to show cause why an asbestos-spraying 

(continued) 
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operation should not be halted, have been very time-consuming 

though, temporari ly, of some value. 

It ahould be made clear that the, Commissioner's Orders, 

promulgated on April 13, 1970, were i .ntended to provide a work.u-le 

methodology which could be implemente,d immediately by the const.ruct­

ion industry. To p: ovide for a metho,dology which would assure 

positive containment of this carcinogenic material, would have 

resulted in the comple t e cessation of: the construction on all 

skyscrapers in our City. 

• Our experience clearly indicatee1 that, with the present 

methodology, even with conscientious follow-through by the 

contractor, asbestos dust, in lesser or greater quantities, can 

be found in almost any part of the b\llil ding under constr uction. 

In industry, where asbestos products ai "'! manufactured, "clean-room" 

procedures often are employed, including an exhaust system and 

filter baghouse placed directly abovei or below such processes as 

cutting operations to preclude the likelihood of asbestos dust 

reaching 'th e face of the worker or entering the workroom or outside 

air. This positive typ~ of control is required when hand~ing asbestos, 

if confidence in the methodology and protection of the public and 

worker are to be assured. 

Visible emissions, prohibited bl/' our Code, are difficult to 

observe, especially when spraying occ:urs on the upper ;loors of 

(cc,ntinued) 
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•lcy•craper• , unle■■ thor• is a vo~itable ■nowalorm of asbestos 

into the out■ido air. Porhap■ fllOro important than the vi■ible 

ami■■ion■ , however, are the fine a■bo■to■ p~rticle■ which are 

not vi■ible to the naked oyo , but which aro 1110re hazardous because 

they can penetrate the lung■' ■mallo■t alvaoli. Again, I note 

that a b i llionth of a ~ram of chrysotile asbestos may r.ontain a 

milli on fibril■ of a■bo■tos . Sampling for such particulates is 

not only extremely difficult at upper atorios, but also time-
• 

con■uming and expensive. By the time laboratory results would 

become available, the spraying procedure of the specific area 

SllJllpled would be long completed. 

DemoHtion: 

Bven it a methodology were developed which could protect 

the ambient air from sprayed-asbestos particulates, a problem, 

for which no solutions are currently known, would dictate the 

banning of sprayed asbestos. I am talking about demolition 

du■t. It is difficult to visualize tht demolition of a ~agnificent 

30, 40 or 50 story structure. Neverthe l ess , based upon the 

construction and demolition history of buildings in New York 

City, we can anticipate that a significant percentage of these 

"old fashioned" structures will be demolished 30 ,40 or SO years 

hence. 

~e present state of the art is such that there is reasonable 

asaurance that the City of New York wi11 be coated with asbestos 

(co'ntinued) 
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,,.t, th••~ building• 'Ir~ derno l1 ahcd . He hope to develop way• and 

lleAn• to ~ope with demolition dust problem•, however, there is no 

certainty of aucccaa, particu larly beciiu■e ot .. he inherent ditfi­

oulti•• tind high coat■. 

Hazard to Workere: 

La■t, and certainly not lea■t, is the unbelievable hazard to 

worker■ employed in ■praying asbestos. The tremendoudly high in­

cidence ot lung cancer, the 100\ fatal mesotheliomas and other 

carcinogenic cause■ of death experiencE1d by asbestos-insulation 

worker■ cry out against the use ot spn11yed-asbestos. 

With the knowledge that it was, at: best, a most difficult 

ta■k adequately to supervise all constJ::uctior. sites using sprayed 

a■bestos insulation; and the time-consuming administrative hearings; 

and with the problem of multiple adjournments and meaningless fines 

in court; as well as the preponderance of medical evidence as to the 

pathogenicity of asbestos , the Department of Air Resources embarked on 

a campaign to encourage manufacturers to eliminate asbestos and de­

velop suitable substitute fireproof mat:erials. 

At present, I can report that our Buildings Department has 

approved of 3 sprayed non-asbestos fireproofing materials for 

specific assemblies and a fourth material is well on its way to 

probabie approval . Furthermore, at the request of the Department 

of Air Resources, the Heal th Research Council of t:1e City 

Department of llcalth is evaluating the health aspects of the substitute 

(continued) 
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iuttirial•. 

On Augu•t 25, 1971, our City Council, at the recorrmendation 

of the NYC Envi ronmenta l Protection Admini•tration and Department 

of Air Re•ource• , enacted into law the prohibition,•--no perr~n 

uhall cau•e or permit the s praying of any substance containing 

••bc•to• ln or upon a building or other structure during its con­

•tructJon, alteration or repair--.• The cities of Chicago, Phila­

delphia and Bo• ton als o have banned the use of sprayed asbestos 

in•ulation. 

The NYC Em,ironment.al Protection Administ=ation and \.lie De­

partment of Air Rasoux -es have great concern, not only with sprayed 

asbestc · , but also with all sprayed insulating materials. 

On August 25, 1971, our City Council enacted into law provisions 

regulating the methodSof enclosure and clean-up when spraying 

any insulatlng material. 

The same problems of emissions into the open air we experienced 

with sprayed asbestos-containing insulation are being and, doubt­

lessly, will continue to be experienced with non-asbestos sprays, 

as long as the present methodology of temporary enclosure is 

practiced. The use of tarpaulins for enclosure is not satis-

factory on a continuing basis. 

I have prop0sed several alternatives: 

1. Fireproofing of peripheral columns, spandrels, etc. 

by non-spray means, such as boxed beam with lathe and plaster, 

(continued) 
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drywall enca■ernenl, concrete encasement, c lc. Spr dying 

of perhiperal stee l ia a major aour c ~ of visible 

ezd■■ions into outer air. 

2. Deeign ■tructure so that akin and windows c.u, b e i nstalle d 

be-fore any spraying ta done. 

3. In any insulation spraying operation, i nst.ill exhaust 

eyetem and baghouse to ameliorate tl1e as t on isl1i ngly lJad 

conditions under which sprayworkers now operat e and to 

reduce emissions outside the building. 

In my many consulta tions with architects, engineers, builders and 

their associations, there i s general agreement tha t there are 

virtually insurmountable p robl ems associated with insulation 

spraying. 

There are many available alternatives to spraying , however, 

each is more c ost~y than spraying. Rep()rted cos·t s for the various 

alternatives differ widely, depending U!?On t he builder one speaks 

with. Some average numbers indicate thnt for high rise structures 

the cost of spray insulation is 3/4 of JL'X, to 1% of the t otal 

cost. What does "total cost" mean? Sornc mean "bricks and mortar": 

others include bricks and mortar , foundat.ion , land costs , 

architectural fees, financing charges , profit, etc . Costs for 

drywall encasement vary from 2- 3% ot "t c,tal cost": boxed beam 

with lathe and plaster from 2- 3% of "total cost" ; concrete encase­

ment as high as S'X,. 

(continued) 
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It one ot the leas costly , opprc,v,,d a lternatives were oelccted, 

the increase i n coat would be in tho ur~~ of 13/4 . No one wants to 

spend more than he is required, howPvor , this adclit ional cosL does 

not appear prohibitive and, above a ll, wil l prot~ct bo th public and 

worker. 

We have beon encouraging and worki ng closely with product manu­

facturers to develop competitive non-asbestos insulating ma terials 

and methodologies. Among these arc ~pp lication of insulation at the 

steal fabricatlon mill; insula tion in r~lls and s lrips which can be 

applied to the d'teel with adhesives ; appl icatior. by trowelling; in­

tumescent mastics, insulation blanke t s • wrapped a round steel members 

on the site, etc . For reaRons ol confidentiality, I cannot go into 

additional details at thiR time. Some 1:>f these alternatives should 

be ready within 6-12 months. We we lcome a r.y new ideas and stand 

ready t~ be of assistance in briring ~ew products to fruition. ,. 
"With all the current emphasis on the systems approach, it is 

curious that a practical factory assemb.l ed enclosure has net yet 

been developed for the fire proter.tion 1:>f steel beams. In addition 

to obtaining the usua l advantages of f ac tory production, the problem 

of ajr pollution would be avoided. The prefabricated units could 

consist of two sides and a bottom that e nclose the beam and are attach­

ed to the floor slab by stud we lds or p1:>wdcr-act1Jated fasteners. 

Or the unite could be hung from studs welded to the bottom fla~g& 

•on October I, 1971, mineral wool blanke ts were approved 
in NYC for 4 hr. protection of columns. 

(continued) 
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while the aid•• are bracea by studs welded to the web." (Ira Hooper, 

Modern Steel Conatruction, 1971). 

The Problem of Standards: 

State and !ederal labor departJnents have set up the working 

atmoaphere duet atandard of not more than 5 fibers per c.c., 5 

microns or larger . What does this mean in view of our recent ex­

perience? A atudy in which we are now engaged produced air analys~s 

yielding no fiber• 5 microns or larger; all particulates , asbestos 

fibrils , were aubmicron . The concentration of the submicron f ibrils 

was approximately 200 per c . c . This is 40 ti1•es greater than the 

industrial standard for fibers. By definition, the air met industrial 

quality standards eince there were!!£ fibers 5 microns or larger. 

Normally , industrial air analyses do not include examination for sub­

micron particulate~ . A sample of air h,iving a zerc count of fibers , 

5 microns or larger , would be con!liderecl excellent . Obviously, the 

standard must be re-examined , especially since the submicron parti­

culates are highly respirable and present a greater hazard to health . 

The prar.tical problems of performing electron microsc::-opy , 

X-Ray diffraction, etc . , examination of air sanples fo::- the 

positive identification of asbestos fibers and fo::- the i denti­

fication or other insulation fibers less than S microns in length 

are reco~nized. Accordingly, it is suggested that the method pro­

posed by the Illinois Pollution Control Board (phase r.ontrast micro­

scopy at 430 X n.agnific ation to identify fibers 5 microns or l arger) 

be utilized routinely provided that ele,::tro:i microscopy , X- Ray d i.f­

fraction , etc ., be employed at regular inte::-vals of time to deter­

mine whether the ratio of the less than 5 micron fibers to fibers 

5 microns or larger has increased over :9revious experience . 

(Cl'.'"lt: nued) 
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Since medical evidence indicates that very snall fibers may be the 

moat dangerous, it is f\•rther recommended that consideration be given 

to revision of the air quality standard wherein fibers of any length 

be counted rather than only fibers 5 microns or larger in le~gth . 

A Caveat:. 

There are more than 3200 manufactured products i, ~his country 

which contain asbestos . In my judgement , control of the ubiquitous 

aabestos fibre should be given a high order of prior_ty if the public ' s 

health is to be protected. The scope of the asbestos problen can be 

recognized by enumerating a few of its common uses : 

1. Textiles (recently, women's coat fabric was found to contain 

asbestos , emitting high concentration of asbestos f ibre 

when shaken); 

2. Yarns , cord and braiding ; 

3 . Sea ling a nd packing material; 

4 . Gaskets ; 

5. Filter- paper (used to filter . injectable drugs); 

6 . Coverings, coatings and jacketings; 

7. Auto parts; 

8 . Protective walls and curtains ; 

q_ Furnace and drying oven linings ; ft 

10. Asbestos cement such as water and sewer pipes , corrugated 

sheets , interior walls , ventilating shafts , air conditioning 

assemblies ; 

11. Thermal i nsulation; 

12 . Road surfaces ; 

13. Fri ction ma terials such as brake l inings and clutch lining ; 

(continued) 
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14. Aabeatoa plastics such as floor tiles and Molded i nsulation; 

also used in aircraft industry; 

15 . Synthetic snow sprayed by small children on artific~al 

Christmas trees from aerosol cans; 

!6 . And finally, asbestos Cln be found in talcum powder duste1 

liberally on baby bottoms and inhal~d with the nursery ~ir . 

~endations: 

I urge the Illinois Pollution Control Board to ban immediately 

the spraying of aPbestos- containing insulation and fireproofing 

in or upon a building or oth~r structure during its construction, 

alteration or repair; also prohibit the ~le of motor vehicles manu­

factured fter January l, 1975, if brake l inings contain as~estos . 

I urge the Illinois Polluti0n Control Board to closely co~tro! 

other commercial us, cf asbestos in construction ~ork; t .. e de.~oli­

tion o f asbestos- containing structures; the manufacture and proc~ss­

ing of asbestos-containing products ; the transportation, s t or gc 

and handl~ng of asbestos-containing products; a~d the dispo~al o: 

asbestos- containing wastes . 

I further urge the Illinois Pollution Control Bo~rd to control 

the spraying of any insulating mater ial, not otherwise prohibi~ed, 

in or upon a building or other struc ture during its construction, 

alteration or repair . 

* * * * * * * 
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• and news 
McGraw Hlll'1 WY'Okly reµo rt on onv,ronmentlll pollur,on thP low, the m1rkc1~, the u1chnolo11ve~ ~ \o 

Vol. S, No . 30 Octobe r 4, 1971 

• Ford L1J;,l11 lo Turn to Er,9loliard to, r lat,nim c11ra,ytic Convrrters: ,,.ge 4 

• C1l1tornJ11 Court flarIS Indu.stry-Contr.:il!ed rorr3t Roorr.l . p.19• 6 

~rRO-DJSCIIARGF. rRo\'tst{N 
IIT JGIICD BY SES/IT! l'ANI I 111c St'nntc Public h'ork!. Cor.,mittce "i l l continue de l ibcr:it ion 

th1 s wc~k on wntc1 po llution l cgis l ntion , with a decision s t il l 
to be mndc on what sort of national standard t o s et. I n ad­

dition to the not1ono l minimum !';tan,lord propornl tt' ach1tve waters f1t for swi1M1ing end 
fi sh l ife b)' 1980--containod in II ln ll by the •ulicoMi tt ce on ai r and i.·~tcr pol lution- ­
the commi ttee now is considcrlng n proposa l which evcntu:il Jy 1,ou l u i mpose a ze10 dis­
charge provision . 

( If this were done, it probably would provide for tfflucnr reilucti on in several 
stages. If a fixed dote is set for the zero diHltorge it probnhl } would be later th:i:i 
1980. Tho current working definition of a pollutant i s "nat t e-r of any I. ind or descrip ­
t ion incl uding , liut not limited to dredged spoi l, solid 11nste, ind n,uotor residue, 
sowago, garbage , sewoge s l udge , munitions , chemica l mat e ri a l s , biol ogical moterlals , 
radloactive materials , heat, wr ec~ed or d i5carded equipncnt , rock , snnd, cellar dirt anJ 
indus t rial woste . 1' 

The commi t tee now is expected to retain the fundini: formul a in the origin3l bill-­
maximum 75\ fcder11 l share. The llousc Publfr Works Cor'lli Lt ec 1,egnn work last .. ·eek on 
drafting its 01:n version of the bill. It 1s :iot )'Cl c l c:ir, ho\.oever, -..!,~t w: 11 emerge 
on fundinc or s tandards . For more 1nfo 11nn tion on t he "c l e:111 s t rcans" pn,posa l , see /\l~N , 
Sept . 13, p . 1. Altern:stive fundini: p l ans ~·ere discussed l a::. t week (;,. 3). 

mis IIE\'IEIHSG l'llOl'OStll FltlSSIO:; LIMITS 
FOR MERCURY , ASBt.:STOS A.'.:0 Dr.RY U I UM 1!ic Office of ~lanngm•~nt and Budget (0~18) i s 

r eviei.ing proposed emission stundan! for mer­
cury, bc· ry! I ium .?nd a5bc-stos under the "ha:ardous 

air pollutants " section of the 1970 Clean Air Act . The I 11\'ironmcntn l Protection Agency 
said l ate last March that it would set emissicn s t and:irds fo1 these- thre e- pol l utants 
from stat ionary sources ( AlvN , Apri I S, p. 1) . The Srptemher n deadline for doi"I: s~ 
passed l ast i.cek, wi t h comr.,en t s st ill being r e ceived by 0'11\ fron other federal agencies . 
Pending 0MB r eview , here r.re the standards , as gl eaned from l;PA :sources by Al1N . 

• Mercury: S pounds per day, not -to be exceeded in any one day . The s t andard wil l 
be a problem only to s melters extracting ~ercury and to ch l orall-a li p l ant s , Cl'A t hinks . 
~1ercury emis s ions from powerplants will be ignored, at le:ist for t he trne being. EPA 

Copyri;hl C, lllt by McG,...,_.,.111 Inc., )30 w .. , 41:'nJ ~• l:cN York, N v . I OOJG All •lghtJ r•1en;ed. Aei,,oduc.i!on In •ny furm 
"""'•11~•' 1orb~IM'°1 ... ""out ,.p,.., Ptt'f'T'lll\101' hom ti"• CO('ly 1J"\I owntt, S ublc• •PIIOn , .... , S t 4 5/yr •• U ~ at\d C•~-. ) 170 / y,. In ell 
• .,._ eeun11 .. , 1,ih,,1~ d~O\lf\1 ••r•.1 on , .-au._t 



conctdOI that po11trplanu, Hpecltlly tho1t burr lr>II CODI , are rt J'<'n 1hlr fn r con11dt-r-
1bl o a,rcury t■it•lon , But a ency scurc,,, uy that c11rrrnt , 1 ion, dat.i and roni tur­
l na uchntquu ue not qual to tltr t nk of rnforr1nr. a rcury 1 1 It on po><crplants , 
and thll p~erplln• atach are qull• hi&h rrnrrally, nductr.1 the •~hlcnt atr con..:en-
t ration of •11rcury nHr th• plant. I l'A 1t•J1 cei. say the fl t S I ound I l it 1;ould ilH"e ) 
a n allbhn t alr con ent.-tion below I hroiro• pc-r cubic tc-r , :;0-J3)' uvtrarc:, and that 
thl a la the Jovel below which they havr dcte1111nrd nG clcJr health effrcr wil l occur. 

• Borylllu!' 10 tTalU por doy , not to br rxcrrd,,J on nny J~y. 111i~ wi ll produce 
an 1111bi nt air Jovol below tho I J',\ dct, mined dani,:cr le,·cl cf 11.01 11lcro~r3~ pH cubic 
111nor, f.f'A 1ourcu uy. -Major p l ants to bo affr trJ arc thr tl'lur 11. S. fJc1llt1r for rx­
tf■ctl1111 borylllWI fro11 urG, Thu11 four (two In l'l'nnsyh~n1J , onr In Ohrn and one in 
Utal,J an a lroaJy und r 1h1l l a r reatrictions b)' t1'r Ator11c lnrr11y ro,,,.,IH1on , Mlach\ne 
1hop1 worktna on heryll lu11 and lu 11 lloy1 11ay aho he affocteJ. -

• A1bo1 toa: l:f'A hu 1uaacs t od 11 "'on on vhlhlc cmiu!on~. 11.S we ll u :i ban on 3 
1praylnt •abcstos ln1ulatlon In construction ond ln u~int asbcs1 -s mine toil :ncs in r on 
conttruclion . fl'A ioourcM SO)' the diffi culty of 111cn~uri np. ·,, sbc-HM-- t hcrc ' s no stad. 
to put a prol>o 011--makcs usJanmont of nn emissions number almo$t r11:an1ng l rss . 

ruJ.u-.r A r GUI UI LHlfS : 
111[ Y' kl CO~II NG• SLOW!:_! 

• 
<;t 11 1 wait i:ig for ~on1c numbers • -cvtn r ouph nur.ihl• r~ - - for u~c as 
os lftt!Jes for what is occC1ptnh l c cfrl Ul'nt undn t he Refuse Act? 
The first of the gllldcs wos origina l ly promist'd for last week . 

Now they wi ll be hold up for o few weeks more . In fnct , the bull- of the 20 gui dt's 1dll 
not be pub I l shed un t il hte November, an rnvl ronmentn l l'rot crt i on Ap,enq• sou1·ce t o ld 
Alffl. ·n,e guldolincs wll l bo av11ilnblc for purchnsr by affected comp:11,ic~ once they are 
pub lished . 

Guidos arr bcina pa parcd for: pulp nnd pnpcr -produc t ~, pc trocht'micn l s nnd ortanic 
chemica l s , s tcnm gonora t i ne , bevcrairs , beet sugar , gro in ni l line , ino1guni c rhem1ca l s , 
fotti ll 1er , pe t ro l eum refining, basic nee!, basic nonfr11 ous me tal ~, c •m11cd on<l pre ­
servod produce , dairy product s , mt'nt products, l t'X l i l e mill s , p la t ing and finishing l' f 
mot .,r vehic les nnd airc1aft, f lat g J.1 •~, ct'mcnt, nsbcs t os and l ent her t anning and fini,,.,­
ina nml--sur pri si ngl y , since few qua l if unue r t ht' llefuse Ac t Permit r rogr nm- -l ive:;cocr 
f codlot s . 

U.S. s1ttL nAcKs DOWN 
ON REPUSI, ACT l'CR)1!T TI1c firs t major cha ll enge of the 1899 llefuse Act's p.:rmit program 

has coll aµs od, apparent l y l eaving the much -d i sputed antipollution 
tool s t ronger 'than ever and the chnl l encer, U.S. !-tre l . a b i t 

bruised. Late last wec-k, the stee l maker di,J on ahout-facc- and announced t hat it would 
suppl y in full, and wi th no res tri ctions , informntion for its remit app li c,1tions . In 
addition, the stC1el company s aid that n top corporate off icio! i;ould now s i gn the appl i · 
cntlon . U. S . Ste<'l ha d bcon recommcn,Jed by LPA for prosecution O\'er th ree i mpr ope rly 
Si lfllOd applications (AIIN , Sept . 27 , p . 1) , 

i ne sudden capltulat ion is more o publ ic r e l ations vi ctory than n l ega l one . nut 
this wns enough to m.iko FPA official s in \\'oshingt on and l\ew Yori- jubilant. Since this 
SIJJ1lllle1· U.S . Stoe l has been tr)·ing t o l ine up a lli e s in its !,atti c wi th the EPA. I t 
had co~tan<led that the permit program ,;os unfa ir and, among other thing~ . r equired it 
to document informa tion that it cons i dered secr ot . llut it ' s under s tood that no e t her 
major compnn)' was wi l l i ng to join U.S. Steel in i ts battl e . 

) 

A U.S. Steel insider, however , snid thnt the capitul ation docs not mean that the 
company hos l o\iared it s opposition to the permit progr am anti he hintc-d thnt at some 
future time a protest mighl be waged. liu t he dec l ined to predic•; t he form of such a ) 
protest . 

One lepl observer says there arc at lenst two unexpl ored l egal gr ounds on which 
a fira could protest the permit program: The 1899 act made no provision for a pernit 
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proara■ •• 1uch, an' rr 
pover that th 111111 ct 
1lne~ th• n,w w• t•r bill 

I dent 11.011 l111J '"' 11ut 1 r 1 ty :o lill\'C' 11" •ha rt the re- lt-rt>vlew 
,ivc to ti,, rar Corr or I tin,: u llut liot :, 1"11) be N>ot points 

y repl11cr t he lll'l'I I•, hcf ~ud, n r ue r t-aches trial. 

TI10 VI by U, !. 
by LPA. TI1e Jultlct 
raco ndc,,I th.it I I I 
file per i t . 

SttC!I leovt unc lra r t l.o ,II p l I t on o f t la lea~ • a c-t 1011 s oueht 
Dq -,, t nt h1 o t u t~I o f 1', •, I c 1111 Ir r ;ulvi•t■c-nt. fl'A h11s 
~~ planll, lnc luJ1n ~ t hr <' I•! ll .:-. 'o \ ,.r l · • . l,t 5ued for failing to 

I ~, week , Nw aw;,.,,_ 1• •lnl' 1cp<'tt<'d th t t h, 11\0\'t bv f l'A '-n3 .in e 111barr1• , enl to 
the Whh~ lloutc bec1uh Atto rney (,enerJ I J ol,n ' II t,hl'I I wu• "\.' rhl'art.1 to IHl\.'L' proM,sed 
10111, blg bualnr n ■ n that he wciu l J never sue then for f1 1,11rc t c> appl)' to r the penut s . 
Althou1,1h AWN hu been unall e to conf1nn the , 1 • IC't'I nt , it wns l l·a rncd from a go\ernnent 
ln1ld1r t hat tht Ju,llce l~p1ru,c11 t I • not happy with the p,o~pi,c t of ha\'lne tc> sue 
over the r mlt 1ppllc11t1on is uc . 1lie ~ourc e- • li d tr1e la~)'ct~ 111 Justice feel t hey 
wou l d hove ■ 1trongcr ca e jf t hey oo~ a f1 1r- tc> cour t tor an nctunl tlisch:irge rnstcnd . 

ABOll tJO', i)r S1RII' '11\1\~G 
SOT COSSIDLRl[t Lll:I l.'1' lleclt'rs of l egis l :tt1on t c> outlnw Hrip mining belie\•e chnnces 

for such t m,gh l l'f Bla t inn ~re vcrr ~, iM as a lfousi, Interior 
subcon,,oa it1ct proCl.'<d~ ,.,th hcnr , 111:s on t he ~ubject. Further 

hoorings on •trip mh,n" ore sd1edul ctl Oc t. 21 ,m,1 J<,. 111 hcor ini•~ so far , the sub -
commitue ha, bel'n very hostill' t o thr nhnlition pr0p,H, I <upportccl by R,•p. Ken llechler 
(D. , l~.Vo.). [)l,~c,1 vcrs bl'llen t he rieasur c rnMt Jil i, l y to l>e reported to the House 
fl oor wi ll be similnr to that Jntroduced hy t he powi, rfui lntrrior Cor.,mittcc choimnn, 
Rc,p. W11yne Aspin11ll (D., Co l o . ). The Aspinall hill 1,oulJ requite nining firm• to pos t 
bonds tc, 1uornntee reclama tion ol the- s t ripp<:tl l :111,I. Put lfcchl,•r :ind con,crv:1 t 1on groups 
such es l'r1 ends of the t nrth obJcct t o th<' loq,c nilc in r ci:u l:it ion that •·ould be It- f t 
to the stotes , which havr shOh'l'l th tm< c- 1\•cs t o lit' not very tou1th tow,,rd s trip mi ne rs. 
111oy n l s o think the measure would he t ough t n e11forc1:. 

~~re acceptable , although s t il l not s:i ti s f Jcto, y to tho, e who wont to ban strip 
mining, i ~ o measure ~upportcd by Rep . llnrne lln>•~ (II., Oh.). It wou ld set up an i nde ­
P" ndent boon.I t o udminlHer stri!' m111 ing an,I 1,·ut.t d t al,.c it out of state hands. It would 
col l for pr101ts to he li1sucd t o st rip miners :rnd wouhl proddt• for certain areas to be 
dec lll red out of bounds for s trippi ng . llors , who also i s powt'rfu l as chn i rmon of the 
Committcl' on llousc AdininistTat,on, m3y t ake the fi i;ht ~o the floor of t he llousc i<hcrc 
he is l il,.cly t o get considcr ali l e support. . . . 
IIALE NAl-nO AS SOLID hASTf Cllll f 
Of f l',\, SUCCCCOH;G \'AUGIIJ\'I l11e fn\'ironmcnt al f'rotc-rt i on Ai;t'ny l as t weeJ.. n~mcJ 

Samuel lla l c- J r . as deput)' a s sistant director for solid 
waste programs. 'Jhe agency is expected to a11nounce 

shortl y t hat lla lc's present job--dircctc,r of spt'cia l projN· t s , spccia li:i ng in t he 
economi : i mpact of pollution control l aws--wi l l hc tahen br Robert Sansom, 30 , a s t aff 
assistar. t to llenry >:issinp,er. Snn50111 1 s most recent job has been an eva luation of U.S. 
pol icy in \'1etnam and r.astern Europe . 

lla lc, 29 , helped est:ibl i sh 1:l'A ' s noise a batemen t pror, ,·am and e11 vi ronmcntal i mp:ict 
statement office . l'rior to joining t:P,\ , lla le 1,,orhcJ in the manai;cmcn t planning group , 
office of the undersecretar)' , Deportment of l~ a lth, !Jucation and Kc lfare . A po l itical 
science graduate from Stanford, 11:i l c al so h;is :i m,ister ' s degree in bus111ess administra­
tion froe1 llarvnrd and h:1s done i<ork on~ doctor:ite i n econor,,ics at U. C.L.A. lie r eplaces 
Richard Vaughan , a sanitary engineer , who resigned recen tl y to tal,.e a j ob with a sub ­
sidiary of ;:urn Envi r onment a l Engi net'.ring (Al~'I, \ug. 2 , p. 3). S1111som wns the top 
aradU3te fro11 the Air Force Academy i n 1964 , ha s a master' s i n ec-onomi cs from Gcorgeto1m 
ond a Ph.D. from Oxford . lie has been a Rhodes and l ulbright scholar and a h111 t e !louse 
fellow. 

The EPA has named l awyer and city planne r Ed1,;ard Furia as administrator o f i t s 
Region n,rec office in Philade l phi a. Furia , who has headed u consu l ting firm in Phi lo-

e J 



d IJ!hh Ip lall:ln1 in the envlrc>n~nt, 11cn,• 1 u duce: ,r of 19"0 I orth Wi:cl then. 
Purl,, in, ja • CUii tau~, sr•du•t• of the Un1v~rt1t, o• lcnn,>lv,n1a lAw ~chool and ho lds 
• u l r ' • 1n cily and n 1cmal J!lcnnl115:. lie r (Ila e ,.,,.n ,llrrctor lloyJ Gcbl rd 1n 
ovart in1 frA antv1th1 in P1nn1ylwnla , l~lnware, M.ar.lantl, \1re1n11 , llt'~t \uain1a 
and th 0llt t'ict of Co l uabla. ) 

TIIOIWf TO WORK I H A TI.Akl 
!Q.R 2UAA I NV I 110!011. ~1A_L _ J ohn R. Thea.an , ucrntly Jcro~rJ hr,J of th,• ln\·1rnn tnu l 

rrotcctlon Acrnc, •~ At lan:D oif1,~. wtll orrn an off1cc there 
for a subsJJiary of Zurn lnd ror,a 11111 l n1:1nrr ranr . Th,. t1u­

c101urr caau In a letter il'rn latt we1I to all watrr GU:il1•,· ,..n•,trol hoard• o • statr~ 
within r PA's c;outhust ro11on . Thor:1Dn Is thf: e nnJ t c.p I l'A nfti. ,al ~1>cn a job l-) 
Zurn in t hl' past few r,ionths. fo r•l'r SC1l1d Waue 0lf1c, hra,1 Ra d,ArJ \'1uahw11 ,~ 1<or~1n& 
fot Zurn in Wuhln,tton, U,C. 

IJPA I . 'I URNU y RilLJNC 
UPSETS CONSULTING t Sr.INIIRS 111c- lnvironl'lc:>nta l l'rottc-unn Ag<'ncy dcc1•1on t o ~ncourngc 

11un1cipall t 1<'• to .:ntrr into t urnlcy contract s for S<'waae 
tre t~cnt pl nnl~ (Ah\ , ~cpt . ~o. p . I ) 1~ b<'init prot ested 

by eo ,1•11 ltln1 cnclnrrn. 0ff1c1al of thl· r <'n~ult111r In 111 Lrs l'ounca l •a>' thcy fear 
that thcir 111r111bcr• ' work in cw11ee t1 entr nt con 1ru, t1on w,11 hi, cut had sharp\), And 
tlu.-y J 1e ch11r&ing that t he turnl ry 5)'Hc11, i.here une cont rn, tor f'.IIH,intccs design , con ­
s truct I on 11nd perforuncr , "i 11 not meet the col"'.'. ,un II i c• ' Ill ed~. 

"Turnkey f1 nns frequent I)' opcrntr with the cni; inrc1 n~ s11hordinJt c• to either the 
contrnctor or the manufac ture r 111<1 as such, nre l ockl'J i n t o n •rngll' p r.icess which 
may or may not be approprlnte for 1 , pcc1f1c cor:imunity'• needs , '' •nit! counC'i l president 
William A. Sowers . But Lugcmc- Jcnse,1, heu,I of I PA ' s hn t rr l'rni:1 ,in< 0fficc , c:01111tl•rs 
thnt the ogcncy 1s not requiring turnl.e)' , mt'fcly pcrmi tt1nr it where i t h,,s been for· 
bidden be fore . H" says that no one fnm is like! )' to do nil thL 1,nrJ.. itse lf, Int would 
st I I I hire consult ' nit ena ineers. ) 

J ensen added , however , that consultinG engineers mi ght be u ffc,:1ed in cases where 
a now tcchnolog;- , unfomi llor t o an eng i nec-r , is sought hy a co~.m1111ity. l,1 tha t cnse, 
the community would turn complet e l y t o the farm specia l i inc in thnt t cchno l or.r, I rA, 
in revi sing regulations on approved t echno l oi:y and f1nanc1ng pr,,cli.lures , has been trying 
in t ho l os t ycor to encour.igr adoption of i mproved t cchnoloFV , he not ed. Read tha t to 
rnenn "physical -chemico l trcntmont " 

1 rt1 lilotcx,-v 

PORO 1:i0ES l'NGL:UlARD. Sources in Ue troi t 
l nst weel.. told Ah'l'l 

tha t Ford was c l ose to an agreement with 
Cn(;'c l hard for tha t firm to supr l>· plati ­
num cnta l yti:: converters for oil 1975-
mode l curs . AWN ht•S been unable to con-
fi T1D the report . But ford d id r l1oose 
platinum catalysts from Enge lhard for 
1974-model cars slated for the Coli forni n 
urkot , and announced that it wou l d go 
platinum in 1975 as weli., to c,ec t 11a tt ono l 
hydrocarbon and carbon monoxide standards 
(AWN, June 7, p . 1). 

Ono source noted that to meet the 
1974 order, Engelhard had to ask its sup­
pliers to open new facilities. It wou:d 
b, unecono ical for them to do so withr ut 

prospec t ~ for continued orders . ~lost 
l ike !)' alternative supplier: Universa l 
01 1 Products. 

UN0X FOR PULP Ml LI,: Union Carbide 's Unox 
systcm- -substituting 

OX)'gen for a ir in biol ogi cal t reatment 
of organi c wastes--wi l l be pilot ed i n a 
pul p mi ll for the first ti me . A $73 , 274 
grant has be~n made by CJnada's Dep.irt­
mcnt of the Fnviron'1cn t to conduct a study 
ot Nova Scotia Pu l p ' s Port llowl..esbury, 
N.S. , mi ll. 111e mi ll currentl y us<'s a 
settling l agoon. Unox systems are now 
pending on nearly two dozen municipal 
wa s te treat ment plants, mainly in the 
United States. 

• • 
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tl•lrlth ere hlhln1 In tit• n •iron "', urvr u dlrr,ct •r n( 1 ,~n, .rth Wofl thctro , 
l urlt, 0, h I v• l aud, fradu1t of th, Univ 111• o l frr,,-1ylvn ,1a lnw cl,not 1ml h1l1l1 
I II r 11 In hy Ind :r• Clflll pl ■nnl"f lie ••r• ,. , t , ,. II rr , r I luy I (., t rd in 
aur 1lr1f I l'A ll'IIVHI • ln 11 nn1ylv1n 1, 11, Jnwa,.,, c• 1yl11 • \Ir 1,rl ,. 11.,., \1ra111l1 
Incl the II ltrlrt of !Oh11tl,l1, ) 

1111 
1011 II , Jhnu11, ,, crirtly Ir •1 I l,1nl ot ,t., f11vl1 n11 "" '•' 

tllr,11 Agt11q 1 1 ,\t 11111 a r,tlll•. WI II q•,n an oil he thrrt• 
1ut,al,lh1 y of 1111n ln\l llr 11111 l11~111r11 tnr , lllr 1111• 

tlllllU IN In I 11'11 
wi th in I 11A'• utltUll 

1111 11 t!I to ill ~1111 '1•t1I t y 1111111111 I, a1d111( 11n1,, 

lltn■an II tl,o 1rrn1 I t up ti" nf II ,n f 1•vrn II Joi I y 
11111 ht th• put ,,... nt, l onu11 nlt,l 1<1111 11111ri ti,., I 1cl1 rJ \nue11111 •• .... r1111r 

I 1 ,urn 111 Wuhtn,t1111, II I 

l 'A'11Ult 1,111JT1n 

IU'tl I CJ, UJ I U11i I ~ ..... ' I"'""-""'-- 1hr l11 v1t.-.11ni 111111 l '1111t, 111111 Air1H ►' ,I« 1•1<111 t o ,·ri,11111,111c 

nuuatrlpttllt It• 111 111•1 1111 0 1111111,•y ""'' c t lor ••• .. •11r 
' ' '"'" nt 111 111 1 I (,\WN, •,rpt. •o. I' · I ) 1 ht lllj! pn•tr~tl'.I 

ti, tl'•1111llln1 11 lnr r1 lllflchl 1 111 1111 lt,1111111 rnr l11g111, r • 1 '"'·, I •o>' tl11•y fci•r 
11111 thtrlftml 11 1 wad ht l>Wlf 11 1t r.-11t ,u11•1111,t11111 .. 1II I, ,111 1 •. ,c1 ,h.11 1•1\ AnJ 
t hy 11 lh•1 lttl 1h11 1111, 1111111 q· )1ti, , wh,11c, 11111 ,untr ,,1111 r1111111tt• • d, ~Ian , 11111 

11ructlo11 ■nJ 111rfu1 nr,, .. 1 1 1 ,11.,, l'!l'III tl,ct ,, ,.., ,111111, • ,11111 

" lurn~oy "'"' f1 1111 111 I) up 1111, w11h tlw , 11 r t11n, 11 •111•<1 1,ll111111· to, ,thrr tlot" 
1nnt1llc l 111 lit lhP 1111h1t111 1 u11,1. 1 1td1 1 "" l,1d1•,I 1111 ,, H • 1111,:I<' proc1••1 •hlch 
in, nr m11r 1101 It •111uu111l11tr lot" p,<llh """"""It>'' ror.d .•· •n l.1 c.-.1111ri l prr,t.knt 
lf ll l11n1 ,\ 'luw11, . 11111 lutln, J11 ,11, h, 111 ol ll'A ' • hrtct 1•1111"•"·" 1111 111 . '"""'''" 

1h11 ' "' •a1111H la not rcqut,11111 llltn~r)' . ltl'ltlY 1111 nlt t1111• It ,,he.,,,• II"·" hr,11 .. ,,. 
hlJJ n h1fo11. lt11 II) 1h11 110 u111 1111~ I • Ill•• ~ t i' ,h, oll thn "'"ti 11 di, l,111 .... 111,1 

t 1 11 " '"' tnn,111111111 11 11111 I ) 

.I ll lfll 1\IJ ,1, hO\;IVC't, th11t 1011111ll11~ «'11£111,111 l'lljlhl h,· 11 11<-.tul in c,1,rs 1o,llln' 

1 111v t ~hnolo,, 1111t1mtlln1 111 111111~l11t11, l• ,111~h 1 h v 11 '''" ,1111ln·. •n t!1.11 , "<' • 
th• rn 111ui1l1y 1w11hl turn tlll'll'hlrly tu tht' flrn1 I'" ,t1 in~ In tl,11 tL<hn,1 lor,, ll'A . 

In 1 ~I 1111 1 1ul1tlo111 un •1•prov•J t rchnol,1'1>' 11nd I 111.1m 1111, p1,,,,.h11", tin, l>l<'II t1)'1n11 

In th• 111\t )'Ill to oncOlll'IAf 11Jur11011 111 lr,11r1111d ll'dllw h•iv. hr 111111•,I. lll·,111 1h11 t o 
1111 ••11h)' h II I l ht-I'll ti I I I I'll l l'l\1'111 " 

Tmfffflt 

•u11rc11 In Uot1p l ■ 

1111 Wit'~ t o l d Ah~ 

l hll lord'"'' C'llllt to Ill IStC'elllt'OI 1dth 
11J M 1h11 fl1111 l O upph l'lnt I 
Uhl h COll\'t\°lllr (\IT 1111 Ill ~ 
can, ~ll h I• tn 1111•1•11' to llln · 

h1 I l'()n, 11111 ru11I J hi hoc,• l' 
11• ltll)•U 11'011 ln1dht1tJ lot 

tan 11■uJ for the r11\fornl11 
announ J that lt oulJ o 
lt7 •• w 11, to t n t\01111 
ind earl,, n 110110 IJ• ta11Jnd1 

'• P• I) , 

tt tho 
to•, lt up 

hi •• It w'J 
to do 10 wlth ut 

ptu•pr, ,~ fo1 lOnt lnul·J orJcn. ~lo,1 
l lkr l y ol\\•111,H l\' l • upp l 1c1. Un 1vt•r,11 l 
01 I l'rollu, 1 ,. 

IINO~ I 011 1'111 I' HI 11 Unhrn ntbi,i<' ' • Unox 
\)'\tt.'m• ,ul>•t1tut11111 

O~Yllt'II IOI nil ln h1,,1ornJI tTO.ll Nnt 
of OfFllni, , .. ,,tr• ·Id 1 1 bl' pt )Ott'J Ill n 
pu l p mt 1 1 ftir the Inst llmr. A s~,.~7 .1 
11111111 h• l>r,n moJ~ bi CdnaJa•, Pt-pJtt 
110111 of the I II\ iron1'1,·n t to c:onduc t n qui.ly 
It ~o, a SlOtla Pulp', Poll ll1mkt.'\bUr)'. 
N.•., 11111. lbe 11111 c:urrt-ntly u,c-, a 
uttl111a laaoon . Unox systems nrc now 
pondlna on 11,:11 ly th·o Joun municipal 
WII te lt'l'llh flt plonu, IHinly in tht.' 
Unltt:'d Still' 



c,.p•cud in ■Id-Otto r, 11tl l IH.rly tu, delayml • ain to late Sov<•mbt1. lntrrto~ ,ourcr.s 
dhcounuJ an lnterprrt■t lon of• r crnt 1nt<-n•l'" w1rt 'it",rrurv Hl£tr! t n u rton , 
who ION 1torle1 In t ho na t ional pr~u lr,frrr<'J "" HrtOu!h ,or,l<lerini: • ra ■Jun 
p ipe li ne I an a ltamat iu. Th• C.nad111n line i, lt"lnt lmestti:11tt'LI as part of lrtoric,r ' • ) 
&-nv1ron■•ntal h1p1ct .state nt, tlil!lle source-, tolJ li'i, l»1t thr t-ettinf u t h4t the 
Al••~• route wil l av911t u1l ly be approvcJ, . 
Ow TO If t Xttto tnms 
COOPlRAn .)TA Ll:!E .. .1" srsAn .\ propo,al lo)' <:c-r,. llol>rrt r.riff1n rn . . fil ch .) t o r,,e p t 

auto co pan I<'! I ro unt 1tru1: rt eul,11 Ion• in or,ll·r t o co­
operate on polluti,,11 contrc-1 1.-01l arpeir• s t a ll eJ , n t least 

fo r tho 110 ont. ►h ch1 111n' t o ther H·nntor , C nocru l'h1J1r IL11t , h,, rt-fu•rJ t o hol d 
heiirine• be forr hit Judlci ■r)' Ant1tru, t Su!Jco iltl'l' until tlir ~"'" comp11111l's answer 
quo1t1 onnai r e he unt out . A■onr othl"r qJl'll<nS , Ii<· .,ltJ tht'n to <pt'c1 fy tht' 1r e1<­

panditun1 , with details , for po lluti on control ,.c,, ~. The coc-,pan , es , "hich h11vt' r e fus ecl 
in the past to alvc uc.h detailed lnfol"lllotlon, ha" not rt'~pcmJrJ t o the qut's tl onn: ires. 
They rl'porti,dly also wan t t o avoid t he publ ic ,t )· tliH t ht• hc.irinr.s would iic-nrrarc . 

Meanwhi l e, Ar,,. rican ►lotors--onc o f th,. fir~~ to br 1110~ 1 hdptJ lw sucl• on a rronge-
111cmt- i s try1n" t o a .. h ,e,e t he u ae rc~u lt t hroJJI, o t her rl'tho,I• It H tt)ing t o con-
vince the J u~tl cc Cloporu,cnt to eppro\'t •11rh <·Oo!'•r:it 1on, 1tho111 fur t her l l'gislotJ on . 
Ameri can ~loto u i s ■r1111 tn11 thnt o 1!169 <on,ent decrt't' t n!' C0111fBn1t'~ ~, gnrd in settlel'lent 
of A l ega l nct1on aeolnst thl'M docs not p1eC'lull val id cc,npcr 110n. The ori r.1 1111 1 l egal 
action ho,I ch11r11eJ the cor-panl e• 1dth col l11s1 011 l o pn·vl'n t tht lt"1·c l opr-, 11 t of ei:- i s~ i c,n 
control devu.rs . It was settl rd throu11.h the const'nt dec r ee. ,luqi~e •s pn~ iti on on the 
America n ~lo tors pl eo is not l.nowr,, but nnl i t rn~ t off1c i ab in t he pas t hove been against 
intorprcting the consent orde r l oos ely. 

;;:frsT/\11 S: su;s IN BIO l 1 

AlAllA l~ · Gov . George Wal Ince l a q lot't l s q :ne d i nto J~w ~ 1,•,it c-r qua! it y bi 11 c lC'S l' l y 
por111lel111g the strong oir code he- sii;:ncJ lost month (A\1:, , Sc-pt. 6 , p. 7). lhe new water 
l aw creoles o s even-can governing bonrd, nonl' o f 1,htr.c- n<·lllhl' r s can be an enp l O)'t'e of o 
f, nn hold111g o stote wa ter pernit . 11,e old bo:i rd l,nd J,I menher ~ , c- ii;ht o f whon were 
either employees o• such f irms or s tate officia l s i..ith a pro-h•1s incs< slant . 

' Under the new law, the bo11rd nay move for i mmediate 1n3u11ctions aga i ns t po l lut t'r!I . 
Penni ties include fines of up to $10 , 000 a day for cont i nuing viol11t1ons . ·n,e l nw al so 
contnins provisions for civ11 actions to rccon, r darnage, for Joss o f f is ia and wi ldll fr 
and pe rmits the s tate to sue to recove~ cleanup cos ts a ssociated i..1th any act of pollu­
tion. No court action i..·a s ever b rouj!ht untie, the old l oi... /\ l alta,na for the pos t t1,:, 
years hos l ed the notion in the num!Jer of fi 5h I.il l s. 

CALIFOR.'OA: The state court of appl•nl s has decl a r e d the St at t' rorc-s t Practice Act 
in vio l ation o f the state and federa l constitutions b.:-cause it lea\'es rules for forest 
use " to the unconLrolled discretion of the (fore s t practice coM111itt ecs) ond the ti nbcr 
ownership." Beca use these committees ore inJ us tr)'-dominnted, Jus tice Nornan rlkington 
ruled that the s tate Jegb lature cannot delegate its authority o\'er fore s t practices to 
them. The ru l ing could give environmental groups a good preceJen t in trying tr> ovt'rturn 
the industry-dom1notc,J pollution control hoards tha t still o.i s t in r.nny states. El­
kineton's ruling came in a suit brought by th~ Sierr a Club . Michael ~kClos l.ey , the 
club's executive director, said hi s group would l obhy in the state legislature for a 
board free of <lo11P.nation b>· inte rested parties . 

• Four oil companies ,lenied permi s sion to bLi Id a cld ! ling plot form in the Santa 
Barbara Channel (Ah'S, Sept. 27 , p . 4) hn\'c s ued 1n fede ral district court in on a ttempt ) 
to ups et the decision. 11,c four - -Mobi l, Gulf, Union Oil of California and Texaco--
jointly hold a lease in the channel 1,·here Union k'as planning the plntform. llrnt plat-
fona and another by Sun Oil were blocked by Interior Secretary Rogers C.B . ~lorton after 
what oburvers feel was political pressure from California Congressmen . In a twist of 
the nonnal state of affairs, whi~h has environmenta l group~ citing i mpac t statements to 
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prove d andation, • 1poh1•n for • bl I r>o te,I th■ r " <;l', rrt;an ' n on hu c,Jeoctrd to 
l,non th• !Jndln • of hh 0""1 {U.S. Ccolo11n1l S11rH)' 1, . , c,n·:1ronce,nt.il I pact •ta tt' nt, 
which concluJed that the platfor. should he 1nstallc,d t o Tt'Ju• c, 0 11 prrs~urc, in the, oil 
THcrvol r" wider the channel. 

{ HAWAII : The lnvlTon ntal Protection Arrncy f,u tt ivcn c1\'llian and alliu1y 1ff1-

cl1l1~ years to atop pollut on of rurl ltubor 11nd l ll1acent arC'II!>. Thro actl is 
tho flnt t<> be cosrletcJ 1ucceufully under• sc.·tton of t ho l !lh:; tatc.-r rollutll,n Con­
tf'Ol Act that al low• federal actton when pol l11t1on of n v1gRhle, watc-rs nJj ■c<'nt 1 0 a 
ltlto enJans;en public health or the Sht'llflsh lndu•try• • <'\'rn If l1ote1sute water• are 
not involved. EPA I• lnvo l vc.-d in ,1 ihr action In the, , JIH-ton fn,· ■ rcJ (All\, June 
14, p. 8). Aaonc t hr rutn ·tion! •rrre:d to aftc-r n thrt 4 -Ja)' f'n!or ccr:rnt confrrencr: 
P.roalon tOfltroh lllllt be, l11po1cd on a ll .tilt' projrct,, nnJ tlic f\;U\'Y wu ~hen until tht" 
end of thia yoar to develop a waste-control progr ~ for 115 ~h i ps 1n the harboT . 

~: Thi' fcJual dhtrlct court In r ortl:ind h~, 1hs■ issrJ o civil suit bToughl 
Jn Jul)' , 1970, by tt.e Ju1Lice Dc-p1rt11ent .iaainst O•forJ rapcT 10 Rui,forJ. Thi' 5uit was 
one of the first 10 brouaht for a l l creJ l">crcur)· pol 111t 1C\n under thl' l !1!19 kcfu~ c.- Act. 
Oxford voluntarily •hut down iB offrndinp ch lon l lali facility soon aft c.-r the s uit wo" 
filed, but m■rcury ltl II on the.- bottom 1oas at i~suc. .Judge fdw»nl Gi~.no11~ soi J, hC\W• 
ever, th.it "thl' l1l'Utsity for fun hr r tc·•t~ in o rJer to J t t l'minr t he l'xtrnt of 111t"rcury­
laden botto11 ,,.JtrrcinB . .. and the avu I.bk r,ctho,1" for e l in11natini: ~uch c,, ntominntrng 
1ubstanct's" Cit.ant that t hr go\'t•rn111cnt wos not pnpauJ for t ri a l. 

JJD,~SY LVA~l\: The •rr licablli ty of the Hlltl' ' S l'lC\necnng ( lean St rc.-nms Law, whicl1 
acc:>rdl 1111 t o offlt"ia l s ho l ds mineTs respon5ihl r for J rainagc t"vcn fro11 nbnn •oned 111ir1es , 
could be sett l ed by thi s December . Bnrncs (, T11cker , formt"T operator o f o c J I nine whose 
acid dralnai;:e l as t year was rcspon~ible for poisoning 200 ni lcs of strcnr:,~ , is f 1ght1ng 
a stota charae that i t i s 1espon~iblc.- for SJ . S 11111110n in clcnnup cost s nnJ a $48 ,000 
monthly tTcnt r,ent hill. Treatment cost s ore noi, be ing shared equoll>· !oy t:,e cOl"JHlny and 
the.- sto to under an interim "rdc.-r. Thi" s t'lt l' last 1,cd fileJ it'- piOJJl•Sc-d finJi,1g<. of 
fact and conclusion~ . Darnrs Ii Tuel.er is schedu l ed t o fill- <•n •;.,\' , I. 

ln 19b5, the law WAS omenJeJ to r equire mine opcrntors to pr~\'ent po l lu• ion fro111 
theiT mi nl's l'\'l'n after Min ing ceases . Thee co1,1p~ny says it was 1~su,:-,I extcn~1011s of o 
perMit grnnteJ ori gi1,o lly under the old low. Pennsylvania says the ext ens ions were 1s· 

sued with the condi tion tha t llnTncs Ii Tuder comply i.·•th the:- anenJc-d l nw. Thc- state a lso 
claims -that Bnrnes 6 Tud.l'r is r esponsibl e for acid di ~cha rges from udjacent worl i ngs , 
since thoso discharges entc:-T tl1e rivcT through Bnrnes & 1\1der ' s mine . 

Another le)' issue: The state.- contc.-nds that Barnes Ii Tue l.CT failed to dc-pict clearly 
thl' exact lo-:a tion of thl' r.,rne in applying foT n permit extens i on. The company has 
produced rn evidl'ncc rnop5 tha t :iccura tely portrnyed t he rninc as bdnr, :ilong ti,e river. 
The maps had hccn in the possession of the state . . . . 
80'1"1 LE Dtl'OSJT t(n' 
GAI NS IN lLLI NO IS In Illinois a proposa l mandating a 5-ccnt depos it on soft -dr ink and 

beer contoineTs was passed by :he state ' s Institute of EnviTonmental 
Quality. Thl' vote "'as 14 to i, ·Jith pub lic offic i als and educators 

supporting the measure .. nd industry mer.,bcrs iining up '!!ainst it . The proposal now 
goes to the Pol lution i:ontrol lloJ rtl, wh1eh "'i ll begin hc.-arings before the end of •he 
year . Based on reco1;vnendations by the state ' s solid waste nanagcmcnt tasl. force, the 
proposa l is model ed ofter n Jaw passed by 01cgon e ~T l1cr this rear . To J ntc , New Jersey 
is tho only other indus trial state to consider the Oregon law , rut others may fol low 
suit shortly. 

~leanwhile Sew 'i'orl City's new packaging law is heading for a showdown. After 
schedulin11 a t:ial to test the constitutionality of a tax on plastics pocknging, the _ 
state's supreae court (a county court), gTont e~ a t emporary injunc~ion barring the city , 
which was not propared for trial, from col h .cting the tax . The tno l was scheJuled to 
beain Oct. I, but 1 ndica tions a Tc: that it m3y be furth<'r de Joyed to this week• The 
court ,eems sure t hat the issue can be settled before 1., t. 20 , when the first payments 
are duo. 
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INTRODUCTION 

( I R l I QI IL 'il 10'1/!, lu•c hccn w ~ LI ahou1 lh 
hcallh J\pc.i, ul fibrou, gl.u. 11u ulJ11un 111 a1r-11•n 
111ti.,1l,n \)\t tnb fut hu1hJ10g u,ns l rtJt: IHm 

Spc,,lr<JII). 1hclt' qucs1111n, rclalc 1,, 
"'hc1hr1 ur nu· tihrou, glass msuall,nn cra>Jc, 
lrum 1hc ') <lcm JnJ cnlcn 1hc JII slrcJm. • nLI 
"hrihcr ,,, 11,ll lihrou, glJ1, 11mrlJhun prc,cnu J 

hcal1h ' "~ 
Tin, h,ml.Jcl sununorrtcs 1hr 1111pu11a111 IJ''" 

Jh1111I llhrtiu, glJ\., l ll\UIJllllO Ill Jll •lfJ O\ llll" h Hl 

",t.:m, 11,c,c 1nduJl· 

• h br,w, gJ3\\ JH· UJn~m1u 1tm in~ulJ turn ntalCrlll) 
me.·r 1hc rcuu 11cmrn1s ul n•llonJII) 1c.:ogn11cJ 
.. >Jc, J J , 1anJu J , Jilli JIC JJlprovcLI h>r use h) 
gu,'rrr111wn1:il og.:n..:1e) 

• I· ,l<'ll!til\C 111Ju)lf1J1 hvpcnc r n g,nrc11u g 1nt'J rd1 

s1uJ,c, hJ>c been ,. rrn l 11u1 h) hrghl) ,1uahf1cJ 
111mc1\ll\·J ltiha1cJ l'lNlrcal ..:1c1,1,s1, anJ 1nLlu,­
ll1JI hi grrnr rn~nccrs S1uJ1c, h,llh 111 1hc IJh,HJ• 
hH } .anJ 111 o,1uJI ,n, taJl:athll1\ J cmun'i1rJ lr no 

,1g.,ufu:Jnt .._rosllln Ill'"' the ~IJmJpomt uf c11h1.•r 

hrJllh '" wmillrl 
• l'ubh, hcJ J11ll1t1111J11vc mcLl,c31 mcn111ic rMCJrch 

,ruJ,c, mer 1hr JIJ>I 30 ycJrs slww lihrous gl• ~ 
1u he J lm•lugi,JII) rncrl sub, IJll<C 11hrch prcscnls 
1111 hcJlih n,i,. grcJICr IJ13n Jll) 01hcr nur>.111.:c 
I) pc J us1 

• nu: Aml'ri1. Jn l'trnlcrcn~c l•I Gu,crnmi:11IJI Jilli 

lndusll'JI 11) !,JCll1>I, h.s ,.:ru111111cJ lhc scrcnllli.: 
rc,rard, , 1u1.hcs cuncc1111ns 11,c pulmonat) cffccls 
ol tibruus gl35S and has cl3ss1ticJ 1lm m:11c11ml a.s 
Jll men ,,. 11u1>oncc•I) pc du, 1 



BASIC INFORMATION 
ABOUT FIBROUS GLASS 

Types of fibrous glass 
As the name ,mphcs. librous glus " libcr 11UJc ,11 

glus. II LS lllpphcd ,n IW0 primary lorm, l\ l 

wool•lypc product p11nc1pally fo r therm,! Jnd JlllU>· 
ttc:al ,n1ul11,on and u te'<llle yun fo, fahm, •nJ 
s1n:nglh-g1v111g mnforce111cni. 

Glosa fibers ■re inert. 1110,g;m,c. 1l11ncns,,mollv 
111ble 111d have h1gl1 1en11le uienglh . In adJ,1 m11. 
glass fibers w,11 nut bum. ru:. abi..11h mo,s1u1c or 
odoB 

F1b1ous glass cannol be chJrnc1cn1ed w,1h 111hc1 
fibrous types of m1ula11ng m.,1cr,Jb Lile nun) 
wbstanccs, while Lhc JppcorJnce llll) be gc11e1JII, 
1m11lar, 1hc chcnucal cumpus,11011. ph~"cal chJ1Jdc1· 
ist,cs oml fiber s1u ore 1101 wmparnhlr 

Uses of fibrous glass 

s ,~ce 1IS dcvclopmenl in th: catl) l'l.10's. l1b1uu, 
glass has become one of man's must u!A!ful ha1ic 
matcnals. In ,11 wool-hke lonn. fibrous glass " J 

widely known msulahnn for conuolhns 1empc1a111rc 
and snund. Among '" apphca111Jm .uc home in ulJ 
tmn, ocoust,cal ce,hngs. pipe msul.111111 .. 111•l1Jmll111g 
ducll and 111sula 11011 fur refngerJll•r\. 1Jnfc\. Juh>· 
mubdcs, o,rploncs and mobile home,. MJJ11r mJ rkclS 
for 1cxllle-1ypc fibrous gb ss 111cludc .:ur1a111s Jnd 
dnipcncs, upholslcry. fire-protccll\ e do1h111g plus 
remforcemenls for plns1,cs. paper. rublwr proJucl>, 
llrCS,CIC, 

FIBROUS GLASS INSULATION IN 
AIR-TRANSMISSION SYSTEMS 

Ho\" it 1s used 
\\11en Jpphed Ill lhe nttrior ,1f lll•UI Jucls. 

f1h111us iit.1.u woul ,nsul311on rrduco heal luu. 

\\11cn JpphcJ 111 the mterior or me1al ducu. 
i,t,1,111, ~I•" """ I ,n,u1Jt1un pn11u11I) prov,Jc, n ,11~ 

1..t,n1r11I in a~IJ111tH1 hl tht'nnal -.:unuo1 
Au duel< nude c111in,ly of fibrous g)uss wool 

,nmlJl1,m r 11w,Jcs ac,,us11cal and 1hcnnal heneli1s 
plu. , er1J111 c.-in,,mi.: Jnd cnginec11ng 3dva1113gcs ,n 
, ,,.:ufic Jppln:a111ms 

Why it is used 
Noise control I 1h1011s glas, insula11on cnsluuns 

JnJ Jh>lllhs nuuc gcner:llcd b, mcch:im<JI c,1u1p-
111r n 1 JIi l.i JII 11\UVC'nlCIII 

Tcmpernturc control F1b1uu> gL,s, 111mla111111 
nulC' rtah~ ~un1r11I hcJt hn., or g:un. 

Condensalion conlrnl F,hrnu, glass helps con• 
1ro1I .:undcn>.Jt1un ,111 the 11111dr Jnd, w11h v3por 
hJr11cr. ,111 1hr uuu,de of 31r-.unJ1t1unrng J uel 
\) , 1c111,. 

Safely and Oeanlincss F1h1uus glau 11m1la11on 
" fire rc.l'IJlll anJ dues not supporl m,IJrw. muhl or 
hJ~h! JIJ . 

Where 1t 1s used 
f 1br11u, g!Jss "'ool 111>ulJt1un t> uscJ as a cum• 

p.1m·n1 u l 11111<1 Jll•duct S)Ucm, 111s1allcd loda) 111 
, C\1 J c1111a!. 1111JuslnJI. .:ummr r, i;1I Jnd puhhc 
hu,IJ,np., 



COMPLIANCE WITH NATIONALLY 
RECOGNIZED PERFORMANCE 
CODES AND STANDARDS 

I ,l>ruUl ,J.iu Juct mAIC11Jh mee l , 11111gl'n l 1<qu11e­
mcn1, ,,1 '~JnJcrwnlrr\· I ..ahnrJturic,. lni.: JnJ th<' 
'-i1t1u11.1I r u r Pru1c..:11, n Auu".1Jlh111 llu:w: ~t11u1• 

J t h .rm,,,f' ~rlorntJO((' \.fll ( fl .l 1111 "'ltl'l\lrlh.111111, Il l· 

S1 1ll.i1o ,n i111l ulcl\. ,.hich JIC JJ,1p1eJ J• hu1IJ1.1; 
code• DI fcJe,. I. Slalr Jnd lo.:.11 Ir• eh 
Standards crite ria 

l lnllcr,. 111en' Lah"'•"'"" ~IJrHlJrJ, "" \Jkl,. 
U.L IN I -Arr Ducu. l e, 1 101 l"'""" \ ,.1,, 111. tJt e, 
• '-htr ual t.,, Jud J11J ..:,,nn~.._1,,1, ,fiJII 11,,1 1 h.'Jl 
,1-.&..)\, IIJ"C' 1tll ,11 111•'-' \" \1Jt lh,.l' \.II J d.JOH11.111n1, ,11 

umitnucd l'f\1\hUI \\hl.'11 JII 1, pJ,xJ 1li111urli I\ p1 ... .1l 
\f.•l.'. th.111\ JI .i \r~l,11. 11 ) ,11 I \\ 1 .11111 1111~•1\JII 1 111, t in· 
n1JnUfJdun.:1 ) 1JtLJ ,d, 11.11\. h111 1h11 k , tlt .111 :."'UU 
feel per m111u1, •• 

Re.:,1gn11eJ •••11JJ1J, J.-r1 .. ,,.-J b) ''" l "''" 
\\-rJlrr,; LJb\JIJhtrtC\ JIIJ tin.~ '\..111, 11I I t h.' l'h1ll'd1u11 

A i..\~1Jt1u11 jho l·,.1luJlt" IH(' •f< 1\1~·1 ,. '-hJL 11..h ,. 

l\11t:, . \ tr 1.: 11~1h 1,..hJrJt:ltn .1 1, ,r,1, 1J111.. h1 1111IJ"· " 

an,I mulJ '" h•~•e113 JIIJ,k JIIJ "''" , quJl111c, lhJI 
Jlt ~pp11JvrJ nw1r r1JI , hnulJ c,h,h ,r 

I 1h1n u , g)J~ t111-·rJ1tUll1\\11111 ll'hUl.1 1tPll prvJu1.h 
:arc d 1.·,1~1wt.l ,mJ nu11ulJ(I U1eJ ll\ 1h"· ,Jlh•11.1I 
l11sulJllllll Monu rJ(' lurcn ,\\\lt\,' I.Jll1H1 111\.° nlhrl '-''Ill 
panic, h> mcrt lhc rcquurmc111, "' th\' l' .1 .,uJJrlh 
llu~)(' pro t.1111.. h :u1.• J1..(('plr J h, JII m .11~11 1.·11d 1.· 

m».111g hnl11r\ In atld1tm11, t1h,,,11 ~IJ"' Ju.._ 1th UI J 

llun lllJ t rru.ilt,~ mJnUIJdur1.•U 1'11 ,11f-\. ,1ml1lh111tt1f 
')'\IC-Ill\ h) NIMA mrmhcr -.:"111pJ111~·, \.,HI\ tli~ 

llnJerw111e1, LJllll1~1,,11c, IJhd Tit '"""""I' 
inspc, 111>11 JflJ 1r,1tng prih.:cJmi:, 11I I nJ1;.f\\ 11h.•1,· 

l...1bor3lur1cii, ,1\~UIC'~ thJl 1hr HUl1.f1Jh. 1,.11111rh v...il, 

1h,se slJn<IJllh 
Standards recognition and application 

BecJuse fib rous g)J!.> 111sul.>1 1u11 m,•cl\ the 1eq1111,· 
mcn1s u l 1ecog111zcll i l.11JJ1J-n1Jk111g h,.J,r,. ,1 , 
UM:d m .IH><>I•. lu.nprlJh, h111ch , 111111d,. JPJll1t1cnl 
fac1onc, lhcJleu. shoppmg ccn,cl\. nll"r hu,IJm~•­
home< r.: 

Ille l ·eJer.11 Guvrrnmr111 " u11c ul 1hr l•rge,1 
s,ngle cu1rumc1> of lihr,1us g!Ju J11-hJ11Jhni; pr,,J 
ucts. 111c Corps of Lng,nccl\, Vc1e1a11, tuln11111\• 
1ra11on, General Service, Adm,ms1ra11u11. llm1e,I 
State, Public llcallh Scn•,,e (ll1II-Llu111111 l11ug1Jml 
and other guvernmenl•l •b~ncic, <pc"f> JttJ u~ 
lhcac produc11. 01h<r 01g.in11J11on, such "' the 1111«· 
nallon:al C'onfercncc of Ou,IJ ,ng Ol1tc1•I•. ~ou1hc11, 
Budding C-oJc Congrcu anll the Bu,IJ ,ng OIi ,, ,ai, 
cuni rcn~ ol Amcnca auo approve 1hc UM: ul 

MEDICAL-SCIENTIFIC RESEARCH­
TOXICOLOGY 

l'u h h ht" J Jullh1fllJII\.I..: m c J11.. J l '41<'111111l , 1uJ1c, 

,, , lht. pJ• 1 '" , c.11 ,h11\.\ f1h1nu ~Ju l u h t J 

h 1,1l1 •\!h.JII\ 1111:11 ,11hu;rnu• I ht'\(' , 1uJ1c, hJ\e h1.•rn 
.. ,11J~\'.lc\l h, 111~11, 1.1uJlil11:J , 1cn11,1, .ilhl1JlrJ 

,, 11h 111J 1.. f":1ldc111 . u111H'f\1 I\ Jml .-11,c111n~n1JI •·n · 

,11 . ,1mll11tJI ht .11th ~h•ur 

'•u11JW ,ti ll u,· IIIJJ1 

tlu.•ir 1,.11111. lu,1 

u J1c-, .111J J h11r:I \ UllllllJf ) o l 

,lh•'-'· 

\ 11l( tl t..JII ( 1.•nkh :lh. , .,, (u1\ (' lllnl(' l1IJI l11JU\l11JI 

"'t:"'""' \ Jo1p1,·J Tiu,· 11 .. IJ urrul \'Jlur, JIIJ 
l11t c.· 11J1:J ( Ii.a ll~~\ 

It th l fa1 / Vr, •1 ll"tfa.JI ''•rt ll'lt llw 111t.:m1~ '' '"" 
, l, .. ,,,.J 111, 1 ,,1.:111 1 11. , , sliolJ """' 1i1l111 11/ (1/1r,11,t tL11 
, , ,.,,, r ,.,,II i.;rJm ,, hi. t-ld<I ••I J,r lo I\ ,,11tJ,i1.im 

,,,,. me t, ,., .,.,, 1 .,; ,:, ,.n "Juw11,, J;111 1Jl11tl .,.,,,, 
, cJrJ 1, , IJJ ·/., ,n ,1 h,..n ; t i~ , "' lit,, 11 ,,._,, t,, ,,1l1,.11, ,I 

\ rcp111t ,111 lk.1hli \ , prd, 111 I 1hr,1u, C.,IJ,,. 
\kJ1,.1t , en c, . llullc1111 , ,, I l .r,, b) Ot . l{,,h~11 

,I I • n ,I k l'1r, ,J en1. I 1Ju>111JI I h ~1c11c 
I 11u11JJ11,111 

\lfl,~I ,n,, llt.Jl,J•II .:,,J ,,,,,,11/11 m,Jh.,;I uuJ,,, 
, ,,.f ,, , 1 1,, ,,,,1th lJU.:'1f1<J , , whH ;11 d, ,n """'J l,mr 
/ 11, .1,,, I,.;, i. 111H •1 111,,, , , ,.;I.Ju 1, , h, a 11vl •t -./1\ ' '" rt 
11I• 1.:11, , tit.JI 1r,tJ1,.,., rh , ,,,,,..u,u11J 111Jur u, mJu, 

J . .,;/ r 1/, 11,..' Ill If 

/ 1i, J, ,,,,,, , 11, LI 111I, , , t.,l11ti11 ,,._ , ,, A 1J, 1, 1 ,,,, l:, u 111 

,.1,,J,,I ,,,, •l1ti1t1, •• , ,t ~1.;llh ,,f fu~,.J,~1' ,1 ,,,-,.,,,~ 

l'"- .. " , I' h, ,,... ' l , '/'" J l.t , , "JJI , ''"'' ""., 

,.~,L-,N,n 1,,,w,/1,,,t .. , '\ t,• 111 ,..., 

\uh1111w· I 1hru11\ C1IJS.\ P J J111,.,t'\, .,\- D r . ( ,eorp:c 

II l\ 11~111 . ,\ ~1 A 1\1,hl\c, u l I m11011111011IJI 
lleJII h . I ch111,11 \. 1 •11,, 

11,,. , 11, , 1 J> , , 1, 11/,J ,,, t l1r .-1:rU m,,111cno rrun1 o l 

I• 11 l1 l1\ rlll ~ /111 \ l tJF S u/ t \flt,,Ht Ill llll lllf/\l'f'tll'fff 

• ,.,,1.;,,.,,,,, .11, 1._.,,,. PJ''" In ,,f " "'' ,wo lw » ,-. 01 
11,d11 J \ ,, 1m11nuil (JJll<tn ol r.J,oli.111, J ,n)fllft "'" 

,,t,irru·J 

/ Irr /rr,1111111 • of 1an nu, rodul/~1~11 ll/lPN,.rrt rs Arto..., 
11, , ,, , ,,, 111 t i,, t, m n,I rop1,l,111111 t-'111 110 lt,shtr ,n th1J1r 

htth V N lt st , ,, ,n," ,,1,. m l'tok htth thr f r,,Jt ·• 
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(;la l)u11 A ',1uJ> ul II, ll1nh•itll•I 1 11<.t,. ll• 
l'aul <,,na. I\ ~I.I\ /\rrh.-i.·, ul lnJu,I1ul lie.Ill 
JanUI I\ . 111(,() 

\o ,/{r I 1l/ din Jull ,...i ,.,,,r. '1,Jlr• -•• J,,,,.,".,,.N, 
up.rt thr, nrnre o~ 1'11 ,on11"', th• u/ tl,1 r I r1 

\ n 11••• u, ,,..,,,..,,. rf/rrl NI Jon,~,u,rah/1 uf'•" tit, 
,.,,,,,1"t rrtu1•f lf'lh I n,rrt' ""9 w1'1 tJiJill J rpr, 10,,,, ••I 

th, ,.,,,,,.1h rat ""'" ,wu , ,.,. 11n/ Iii J w- 1 ,,u,t.rmm.r ., 

n1J1lt ,:r.,urtJ ,..u, <tt •• l.ao I """ J ,tydr,.,,. n•• ./ u 
,.,.,tt,h 111 • £.,'W, ,,,..J ,,udr 

"Jl, / 1Ufmt"'1•l tliallf I jn T'J1"t• rt,:, t\("f.JJtJ t ,> I,. 

,,.,, JuH t ,11 ,.,,, , Nr •nJ tlr,, •I ruh ,,,,,,, r ,r-,uJ I 

t ltr Mlf'I• Jut I •" tu,,, f/f/r, liett"II tnlr..:lra1 hrvll, ""''' It 
W1'Tt" tftl1!111VI m c ltiJNr t,, l 'lJ u,ttuUJ ,,nh ct/ JfYMIII 

/ttt.-Old/1 rulwt d11Jt ,.-II u,/1, r u1111 "'fth1111I /,/tn,11 .. ( 1"1fL 

Pu J u11 Uf/t'4 tnJ mtu ,,,, ,111• 11/ Nit /l,h•1r-J l,l, "'' ,, 
forrlt" ,,.,,,,Ml 

~hme.nc, . ll 1ccc111I~ J\ ,\pr1I. 1•111~ . 1>1 <,, .. , 
rtJffllnl(U lhc C<lnd u,11111, •• r..illu\\ > 

Riltnl • "'•II ,m111ilttrJ anJ '" rr11,:frn ,,,,,,,,.,,n,.:l ,m.l 
lu,,,u,1 ..S.111 ,,/ ..,Ju,h '"' hQ1t 4no"/l'Vrt /1/'I,,~,, tl.J 

Juu ,JtvuU hr ,~r.u/1rw.l 11 '""' , , ..,,,, 0111 

Jttrt VTllr1Jh,'1 r,.tl ,1l,,th t/11,I 

••11trn a/1114,IJ tv ,._, •hntr , ,,. " ' " 1,, .. 1,,, ,,,,,., 

'"h•Yl1t111 ,1/ 1£,0 J111' o/ rr1(lt1Jhf, ,,., .,.h, ,, ,, ,,, 

puhtr1:rJ 01 fi£Jtnr11 to ut /tlfntJ • 

I\ 141(,IJ lcllcr lrom L.L. ~I •11111. Jo l11Ju,11,,I 

ll}grrn111 f oruumr r• l'rolcd,un JnJ I "" '""'""'' 
llcallh er. rec, l l 'i, lkpJrlmcn1 ,,1 llcJllh, LJ11 
cal h lO .sud WclfJrr \Hillen In I ,11 , ~ l lh. 

llcrgm11nr>, Vane~. l\1d111c.r l 11p,inccr,. l Jnl""· 
Uhru 
"'l-lbrou, ,,.,, •lkl rvcl w0c,I .,, vn:, 1,ull, "'"' 1n.. 

tOWIJ 'tf.lud, Jo nut ,.,,,,. on• uim{h."Tlnt ' ""' ,.,,, •" 
Studla oJ thr lnMY11,m n/ dual /wm (if,,vu • t!Ju 

""'""" lwrr IIUI 1hm,,, t ltu du11 w p,oJ11el" anl 1,H11 
,,,.,,Vnt11tlUIU k rc,IIJ lltc ""' """'" ptc>ft( ,,,r J ",,,. h 

_,. mtt/..,.ttwl '" ,.,,m-

t, r,bc, Gius nmnr>II) anu Tcdtrt..ilogy. I), . l JI~) 

P McCord, Journal ..if Ck,up21,unJI Mr u1c1nc, 

July, 1%7 
F1b.r .fD 11kt •II romm<on /umu u/ ,i.o. IJ • 

dvi,ttn,,U, 1,vn 11.1b1unc-, II p,u1 n , rtCJ lnu"" ,,uu 
p,,o,-n• 0,, • wt.-clwnial /,oa,, ,p,cu/rt m11 obnlJ, 1/, 
ID ,,_,,,., to a.pn/f,r,.I •,.J 1rwn111un '"110111111 

.A-, flkr ,... -hn, pul/r11i.,1, a.-.. .. ,,k,n ,.,.,. 
WI n,po,,d .wt m/11- bul u 111>1 

p,-,Y 
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,,,,., ,J,. ,., ,, ,, "11,, ,.,,. ·rr ,,.. ''"'t ,.,, frtt ub,'O 
,.,. '"'' 1 ,,, , 1,,. ,,. 1.hrr ,., ,., t ltr u/u,.-.,1, rw,.J1,11 ,, 
,,, ,m •• ,.,," 1,/'t., tW 1w rJ 

, ,,, f"f'IOII 11a'ill'rro, I ,,.,., ft.r,~ .... , tltr ~,,,.rt, 
11!¥ fr/'lr? tL:u h ,.,. ,, rrtrvaN. 4,,J ,,rr,1 11 .,,.,,. rh ,., 
,ra, h ,~, 4t, .-,,I, ,t Iii, lunr, 1':11 It,,.,, ,,.., h tltr / IIUH 1 

1/ 111, wrr- • ,, r1r.1,t1, trw,t ltt .t'11"11I ,,pnr""kf'fh 1t1 , 

1111, ,J H ,I, ,, 111 I,,,,,., tWn ('tltt,. Ir, ,nfo /1,c- r t 111uwt ,,, 

1,,u1 ,,.,, IJ1f,J 11,,.. nu,/""' ,,.11,,,,,.,,u, /ft1,_.,.,a 

"'"'" mrH•' n•·ur ,,,.,,,,., h.l, ,.,,.,,,.,n,J ,lurth 
,, ,,, , ""' • ,.,,,,,,, h,,_;,}l , ,tJ, tam. 1,1,,,, .wu II lt,p/ • 

""''" '1 011, ,, .,,,,n ln,nwl, •~""'"'"'"'.,.,A. ••.r th /1b,, 
f~ l'J'tlh I,, m11,,Jr,, J ,,,1, tht lu'I,, lw1 f•1l,J r,, 
ft'•~ I, 11,"t 1.tn, r \ 11 , Im,, 1/ 1• ,,, '""' ,.,.. 1,.,lf 
/,, ,, 1111 rJ Ill 11~1 t ~G, , JI 1hr ••I.II . f ' 

7 l 'ulnh011Jf\ ll•1JrJ, 11nm 1 , p.,,ure 111 !'1,1> 
I ,I~"- I>, . Ah111<J 'l; ,M 'l.;,1, J,1urr1JI ,,I 0.-upJ• 

'""'JI MeJ,, 11ie. Jul). l'lh 7 
h fwt 1h , ..,,, ,.,_ .11 , t~u,rJ /n,m .: ,r,, h 11I ti,, 

1, r,. . .,.11,/ I ,1,,~.Jt1 , n:turr 41<11"11'-•lr n,J,n, -r 

1,,.1,1 t i I t1l•h..,. dh t ..i r,'1u, /, tr.i ll "Wh,..,;I 

""'' ,, , t,l,1,111 ,,,, , 11/I:, t t •(1i t11tl l o 11, 1'<"1"4 tit, 

, I ,he, 1, •" l kJlth IIJtJrJ 1,1 C\l1yJl1 ,11. 0 1. \l'J. 

' " ''"" lnJu 1t1JI \lcJ,.,ne, JJnuJ'} . l 'lb! 
I 11,,,.._ h I' ,, 1uJt1ri, •11 /1,,n,J "" l,1, /V• le .. 

,,.,,,-:I 11:ur1ar, t.Jt••n .. , '111 /Ill f ,1 .. mhlnl ,,. th, c 11u,u 
,,, 11<, 111,nt•tJlk,11, ,;,, .:11th11, 11,iJ· th~, thrr, 11 ,,., 

u/,, ,,u1 1,1., ,,,, ,, JJ f l1J:::1J, ,,,.,, t J M.1t h "''' '"'f 
'""' I 1/'vrrl. I tl..:t ,, r ,,~ru'"· t ,,, f11lin1at1u11 ,Ji.J 

Jl"I JU ,11 ,11 / ,,._ ,rl... r,r,,J111 h 

'"' ,tJ,~/ ... , ,.,, •/1,uw/ li,rw1J1 ' 

' 1 11 11. l'ulnh•liJI\ l{c.i., turn h• 111~)1 ( 11lli..~'1 lf,1lt1111\ 

,, 1 ,h, .. 11, l,IJ"' 1>11 , . n, 1' t, .. , ,. M;o11.11ne 
1'.J-... h.,~ I 1lid II 1,,11 ~1. MJr, t , 1111 IIJh) J ~. w J 
l lt 1t,,lw1I I.I ' Jc l ,cvilk ,\ \ I.A A,d,,, c, ul 

I "'"""111en1Jl llcJllh, June, l'J70 
, ,., ,,,,,,.,,,H/JII ,, LflllHHC l'I ""-'''' l'GII "' J ly,nst ,r l11 

111, ,..,, • '", 111 /1/lnnu 1£:n Ju it , 1 ,., lni:nJ IH 

l 1 L,,. I /1 ,,,..,11 "' f .1rt1,Llt1lllU ,,, n!w', rurlw1n ,.,,,,,' ,, 
,,,,,,. "'"' f1ro1 ,ol ,h.antc h'l,cthn tht /ifiniut .r',p Ju1t 

.,,, / M1U , 1.i1rJ tt1ll1cT ... ,,h 11 rltr'h.t f,,rnw:IJ. ,,.J, hpt 

11 lJ,1 111 ""'· .J It ,1,lr llfV hmJrr1 ,_, 111~,. thtrt .wt,.,,., 
J, """"'n,M, Jl/fc·n,," "' ,n1,11urt / hu /IH.Jlc•n1 
lllt llllU.1 ° 111 /1liro111 ti.lb J o.1JI , ._Tff•ll'J ,n f('llt of M 

• "'' uuh 11111, 1,,1111I , ,.,.,,rr 'J n1t.1111lt1 I ,, J,,,t 
1U,Sftttll'Oll•Hfl ... ,,,, ,, •tcr,, J -.,met.I.,, Uf t11f1J d/ I(#) 

rtl I II nl 

of lhCK 11ud1e1 



INDUSTRIAL HYGIENE 
ENGINEERING RESEARCH­
AIR VELOCITY AND EROSION 

lnd111111al hygiene e11gmccr:n11 11ud,r, ha•c l~cn 
c,ind11,1ed b) lughly <lll.lhlicd -.:,cnll\l\ •ffil1>1cJ 
w11h un1>c1111y and !"•r111mcn1•l c11>11011111c111JI 
hnllh g,uups 

Sumr ul 1hc 1111101 11u1Jic, •nd bncl " 11nma11c, ,,1 
1hr11 c11n,lu\111m arr .tt fiJlluw, 

Lxposures lo hbcn ,n lhc ManulJ,lurc of 
Fibrous Glao, DL fohn .. ,n J.J l lc~I) , 11 l 
Ayer, J R l ynch, Uurea11 ,1f O..cupa11un• l !.Jlcr) 
and llcahh, U.S Dcp,:u1111cr11 111 l lrallh, I du­
ca11un and Welfare. Amr111:Jn l nd11, 111.1l llyg,cnc 
Fuundallun Journal. l>cccmhcr. t •>t,9 

"In lhu /VI'"' thr 1,111/11 u/ ou 11011mo1u,J 1111J1n vi ,,~,, 
rl.-1111 mt1ffufor1ur1nt /11'n.w1 111,a 1,u1.1'111tm .:11J vr1.­

plont moffu/•1turl'1I 'lhr,1111 tloa tr,111. rn)(/m/J u,­
pu1r11ted n,t rrJutu m ltrt'11 o/ a11h<wnr , f>lh m t rot um 
of Jlo.lf J1M1 •nJ wt•I Jult • u ulJ 111J1l11tr th•t ti:, 

MK.WA nvn ·• ~ tpua,, r to t ltrar """' ""''' 1t nr1l111hlr. / l1r 
1trhtwnr OJ#lt:~11rrottt-,,,u / ou11J ,,. fl/,n ur 1'11· mJtHln 
a" CT.>ll tradnl to tho1r /ounJ tn cn. ,l.ar r11111omnu11,;I 

•mp/rt takr,, no 1tuJ~ of 1hr 1uhr-,tt11 trr.1,1, 111dut1n 
I ,p,0•1rr1 m thr 11l1r11os tri 1,/r ,,rJ11u,, tn ,,,., ,, .1rr .. , 

thr ordrr ol h,·r-111\ W '1tJ t lwt, '" tlu f1hr11u, cl,.;n 
tnJIJltf\ 

•· t mmol ttpn1mtm 1 011J h11m11rt r , fk''* ,,j, rtt•ur/ul ,,, 

thr lllrroturt 1um tu 1,ir.Jtcat,· t h,:,t /1l1111us g/on n .i 

rdaw~h• intrt ,,.,, ,.,.,., """ ,w t,1,,.,x .. ru, o r ,111,,, 

rfZniflnwt ltJXIC prupt,1/tJ. 

" l-'r,Jm tht rnrtronmrnt11I rnultJ Jo,mJ ,,, t l,u n,n 11 • anJ 
from 1hr p,r,1001 tot1rot, ,iu· 0111..' k1'Jr4,, 1111Ju, 

Jt llpptl'On tu bt no rn11on 11, ,L," th, ma1111J/4.-1u,, ,,t 
flbrou1 tllla p,odur11 OJ o h,:11rdn111 o•, 11,-,1wn • 
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' I 1br11u, C..IJu Lmrd A11 T r,mnuS\mn Syslcms. 
Dr \\ ( r nor cr, l.cRo) J u.1,c,. D.P l·owlcr . 
Ju .. r I , l<J70 
, ,, I.I'"' 1r4,ur,uu1,.,. 1n1rrn, IJr,rJ -...11'1 fihruur tlilu 

thNt "•• fl Jr, rr•u ,,., n>tU:nU,.llonJ u/ tlilu ll1'ttJ ,,, o,, 
.,,,,., tht 011 ,..., pnsrJ thruufh t ht u rttmJ hoth 111 

11unihrr ,,f 6/J / 1/'11 ,, IJ,--,,J ,n th◄ rtMt itt prop.w11u11 oJ 

10 1,1I /Jh1Y1 k"" I, "• ,, aJt,H1/t11blr •• .rUu 
n~,o JU,..,,,"'" /r,J, ,,,. ouun,n,,. ,,, ITOrtlJfl hut •m 

'141m h flii1 un ,·J ar,-ur111J~ k•• ,,..J,., Ott1t1 u//10 n, 
JtpoOlkHI a11d tfftriJfm1t·n t u/ {lhrn m /1/trrJ a1t1I tit, 
kh<T, k1thu1 ' '" 1u1,11u 

"(,IDn (1hrr1 """"'" ltt,1/Jmr ,un, l.ztrJ motr rluuh '141th 
/1/ttr I on, rn1,111iorr, ,,, o"'IJ""' JU thou .,.,,,, a,, n ,wrt 
/mm 1111· a,r ru11rh • u, uu l"'tJ '4.tlli Ji hr,1u, tlJn 

·nu I U'lf ,.,,, ,.11wm 11( totdl Jih,n O'IJ r"1n ''"~" ,n 

i1tnl11r.•1t Utr Ir "'' ,. "''"C .,, aqtJih 1u1,-nu a11J 111 

ftu1IJ1111 ar~J ""'' rt1rrm,h ' """ 11nJ J,1 111J I 11p1uar 
h,u, lf'ut/h 1,r,11/t."drfl ' 

3 11,c I VJIUJl11111 uf 1hc I flc.:1 ,>I Au Vrl<>c111· ,111 

I 1hru11, GI,,.,. Duel Jnd Due, I ,nrr ~) urn;,, J 
Chula I., l h. II .. l'.L: .. LJ . ~chafer. Ch. L . l'.L 
Kc11cru1~ L:morJlur} , l r11,cr>1I) 111 Cinrnrnah. 
Scr11c111hcr. l'lh 7 

I uuJ, oJ t hr rlJn IJ of ci r .rlo, ,n u,, Jihrous 1Wu 
1'1.Jlt'flilh 1,1 ,w1t(hl M.-l lh tit, l l'W<"11'dtr 1/rrJm ,n llf't,111 

lu)J11,,1 omJ 011, ,,nJ111onmr Jr,,·u kOI modr tn Jr1am1111 

If /1hrn ktU t ruJrJ fr,,.,, tlu (1t+rr11111"1,, Ju1. t ,,w,rru,lt 
Jnd r m ruml'fl ,n 1hr a,, ,trNtm 

'\n '"'tTI "'(71· /t1:01J ltl ,,,, Qlf ttrn,~ '"' "'' U l ~n 

,r,,arat r J 111 I n·rt,1111 ,,inHrm.trJ /rum u,mmrr, 111/h 

1i111111JM, /1b, ,1u 1/aa J w t ,rr,u111JIJ rtpoJnl , ,. a ir 

llt11, 1,,1,at . , IHHI Jpm, w111,uw11II, Jtir I .lh hour, 

" /I 11&.:11 hr n111r/1,J r J th.ti Ju,m1 ' "" trfl p,rnud /ilinn,1 
J111 I H 11, rm ,mJ Jut/ ltntJ ,nth /ibNIH 1lilu lmrt 
,lwk·..- I nu n'1J crrc1 oJ rruJNJn oj fihrrt •• 

n,, A, ttamt l 11horo1011· rrwJr furthn 1n11 m lt.u1"1u1n 
at ( tJf'1 An tnn.1' . 1 lu,nJa, .. ntrt /1hmu, 1Wu J uc11 lwJ 
hn,, "' k-n ,,., Jo, rt•vn • fflrr anJ 111 M'1ttwul:tt 

h'u, ,mw,. ""r" fl/Jmiu c~u d11t11 hJlfJ h1tn '" ""'""' 
to, Ill , mn Jru, t.11 hmh n tn ,J,u~ irJ no nult1tu t>J 
/1hmu11"211 mOJIJlltm ,ro.r,on 
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-I l xpo urc:1 ut ln1ul.J1mn \\ l,,~cu h1 A11hnml 

h brou, l ,lau. Or. \\ ( C "''fl('•. L e1<•~ J IJJI,.,. 
O P l uwle•. 111•> 1'170 
'lna.,llt•"' t4,iWA,r1 dunnr 1l1r o, 1wl •l'Plti 411 ,,. 1 , 

/f/,ntt,l ,,.a mru,_,.,,, pruJ1u h .. ,,., t ,,...u,uJ "' ,1,,,..,,,, 
O.Alft''t'.,lt"Otamtl fl( ,-Mn (lhtTI ,.,.,.,,,. from II ( lo 

/Ihm ml •1th• mrJa,,y, / I l f1f,1r1 ml .zml ,u,.,, 11/ I , ,,,.,,, ,,,, 
Tit,· I''"'"''' "" f'lll ''"''"' I IJfU ,,11,.11,rn 1 "' .. ,,tt,.,r,11 

,u .. 'th1f /f&1 t/,,1,t ~ U,rJ f,t Jl/llrl Jrr J,./ Ii ti J ,, It ,j t J.r 

trr11,111 ~ 1hnUl<>l,,I l un11 ,.:tu, 11/ Ill ,,,, '" • J,irmt .m1 

,wl ('f'nuJ J1J. ,,.,.,.mu of thri m,o.u, m, ,,,. •4f ,, 

fro th•n I O "'I m I 
Vo u m,-. t4"tflh lnl •• rflltr , ,tulJ h, , ,m1p11uJ "'lu1 t, 

'114(-,IJ ft< ttplr ,.n, ;1111,- of• _,.,,1 JtJ1 n, .. ,w,, In"'" 
11rw II !\'(tuft/ br , ntinJ,-n,flh I,•• titan t/1, r, ,.A 

, ,m,r111r,1,01n ,nr•rurt'J 

l nrul.atOI• "'"' '11411h /d"rvu, xlr1n .,.,,,.,,,u,1r ,,wt,r,-:h 

/rum /,a th.m ltt to /fW o/ ,,,,.,, '''"' J, r• nJm, '"' 
tmpkH a •nil trp,t of ,urutrut"f1m1 U h 

It IJ J t,uhl /ul 1h01 t l,r t 'f>n,r111ra11w11 of .,,~.,,1r llhr,ll, 
1Mu Juund ,,, ,>ur ff1tch ,:.rr ,,, f,,,r ,,, .. , ,.,.,/. ,i,,..,I 

,.,..1/lcwn" • 

5 The I 111i1011 ol f ,b c r, lrom ho 1.,lkJ I .1111111, 
Gl:w Duels. J Chula~. ( h I I' I I J , hJlcr. 
Ch. E .. I' L. t-..c11crong Lib,11J•11•, l '""'"''> 111 

,nconnJI• . 11/70 
' 1 /1tlJ rtuJ, <'/ 1111101/N (,ti.r,,,,, ,tau .,,,. I u lit Hu 

whu h l,.,J hrtn m 1rn ltt /'-" 1m1u 1,,,ir •t tH ,ltll• r, nl 
nt~r MWl undrrt•t.tu aJ Q Jollok 11,, 11/ a uuJ, 01 ,,, i . 

fibroul iJ.u ma1t rr1tJI wlurh lwJ hun trtl t'll ma, nJrJ.:111 

wttlt 111«1fko1,um h ►' tht l.,ndrni.rturs' I ol-.,rt1t,.111r 
/nr AJ M.ff tl1t corr wtth 1hr n2rhrr tr,t av wmpl, 
roUtrtN at th, outltll of t lir Hutolln./ Ju,, n •1 

•: 

Jltow«l no ~rlc/nux u/ thr ff')SUJtl u/ fiha1 Dull ..... ,11,h 

hMI • t1IN 011 ,upmtrortuut o, -..:h1rl1 lt:zJ bun ,rnmrn.1 
h.• .-.,pu11 WDII• ,,,.., tht amplln1 u h J ,,,,,,.,,,. •'-"' 
,.,,,,., ,,.,,,, ,1as flbtn. Tli, p,t~"" u/ 1lau {ibm 111 

tltut dur t• 11 • t1rlb111rd tu J utt .,..,.,, I, had a, ,1.mwlatftl 
owr w..awl yNn or mt.,r~ from """' pumhlt a,un rs " 

A more delllolcd rummn ry of these stud,cs ,s 
1va.tl1blc from the Na1.0113I lnrul• ••on Manu1nctum, 
Aaoc1111on. 

LABOR UNIONS JURISDICTIONAL 
DISPUTE CONCERNING 
INSTALLATION 

I ur ... 11H \1Jh.h I ~ l'Jt,:i-.. n,1 ht1t-1I .t~rrcffk'llh 

\-. ri..· Jht11~lt'J h rt"°ci:n the l n 1r111.1h nr1JI A,,1,1J11tlfl 

111 l kJI .uu..l I ro!>t liaulJ1t,r\ JnJ A,hc~ tu, \\ \Ul("fl 

l ,111111 J11J 1hr \ltr1.·1 \IC'IJI \\ ,,r~r,, lu t rrn.1 t11111JI 

\ ,1k lJlllUI l 1111111 

l lw, pr. ,hkm hl' l "'-Ct.n t\\n 1TIJ11•f \.,111,1ru":tu111 

01111111 .11,,-.c .a, the rc\ult u l \HHI-. J\\1~1\ftlt'II I J 1, pu1r" 
'"'""·i:•1 rn1g ,11\.• 111,1Jll.i1m11 ,,r mJ1i:11JI, 

lh1.· l ntc111.111,,11JI \ 1,.1,,, ... i.1111,11 _., lltll JIii.i I r.,,t 
lt1 ,111J111r, J Iili \ ~h c,h1\ \\ t11'-.r1, 1 m11u t'rncrJII\ hJ, 

llh.' '"'"" J"'if11m~n1 1111 pla1.1n ~ m,ub11, 111 •ln l ltt.· 
11u1, uJr 111 ,lil'.C' l mt tJI Jud , hH lhcrnul 11uulJl111n 

p, ep,i-,c, 

,\ hnut p , .c;o . Jrd11 1c":h JIHI cng,iuecr\ 1e..:1•~1111i:J 

lhJI l1h111U\ glJ,, Jud lu1c r lll\UIJIH.1!, plJi:~J ,rn Ilic.'.' 

111 , 1tk 11l t lh.' m t: tJ I J u,·" prt)\ 1J r, J i)\lcm 1l1Jt 

,,11111,, I, , , .. ,...._. J, \\C'II J' 1c m p,:1Jt111L· 

I h,· llliHl· p ,Ji:-IILJ I JIIJ c ,1111, •nm:JI 111".'tlh,J lur 
111,1Jlh11~ lih h ,U) glJ\.\ Jud lin•. r 011 1hr ins.iJ c- ,,, lhc 
,h1.•1.:1 1,1 1.: 1 11 J ue l \\J) h l ·inc 1hr 111\ 1Jc J u r1ng 

l •h·•••••• .. , 111 1hr , heel .,, _ 1. I ,h,op The Shecl MelJI 
\\ 111~t•1, 111 11.•111.111, ,nJI A,,.~ 1Jh11n thcrc t-,,c nhlJincJ 

11,e w,,,~ ••"gnrnen• I" • ,11,tJll.11g lihrnu, f.lJ<< Juel 
1111t..·1 till the i1llitk ,11 ihctl mtlal J ud, J tuing 

I 11 lh.J l ltlll 

,\ huul l')(,U. c 11sincL· rn1g \ fK:l'.dt,Jlll.111 l.idon 

,1,mulJlcJ 111<• need lor Jud> IJhr .. J l<J cn111cl\ " ' 
•h•uu, ~IJ" w• lh an c,1ernal JIII \J(llll bJ111cr The 

11"-. J,)1f!n men1 f,n m,1alla11u11 nf 1hc\C Jucu ~110 

\\J, " hlJ111cJ h~ 1hc ~h •<1 Me•JI Wu•kc r, lnicr-
11 t l H•ll,ll ,\(\OCIJI IIIH 

In 1nJ.1} ·s nmdcrn hea ling 311d aor-cond•l•on•ng 
>} <l(m, Jrd111c.:1s J llll cng•nccrs u1 .h,e all the JVJ•I· 
•hie t}f'('S ul a11-1ramm,u 1on S)slcnlS. llowc, er. there 
ha, hccu au 11•crc•s111g 1rc11d 1uwords use of fi brous 
gloss ,n1,11•Jlly ln•cd me1al duch anti arr ducli m:ide 
cn111cl) 111 llb•" u.1 gla).> bccJusc of bcncli1s 10 
h111IJ,ng ""'"e" Jnd ucc,ip3nU 

TI1c lleJI Jt1d Fro11 lnsulo1011 onll AsbeilOI 
Wurker·s hasc recogn•u d 1hc loss o f JOb uppo,tumty 
becaute o r 11111 new 1echnolol)' ntl ll1e uuproved 
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de-11111 1ir11J f hr \ hJ•c Jllr mp1.-J I, .,,,.,11, 111, J11 , 
h, 1<H•r\r 1t11\ 11r 11J Jml 1cH' ll lk, 1~11 hJ"~ 1,1 1hr r•iul 
111, ulJltlHI ,111 tht ,rn1,1Jr u l 111r 1JI J 1t1. I IIHh pr( 

\Cf'\ollll! 1hr 11 ,,,lum, .. ol "l"~ .&\\1~omn1h 

l l1r ,11h1r.i ,11 ulrl) ,11J hcJhh hJ, h,·,·11 1111l11r ,I 
c , tr1n1,rl ) hn th~ pur('k.l\C L, I d1111111J ll11g tihr,m, 

glJu th.-rn,31 JnJ """"'"•' III\IIIJ11,111 l1,1m 1hr 111."dr 
ul Ju .. 1 ) J flJ IH.."\l 1411hi.-- .u, "ilf('Jlll l h1,,l1Jl cr, JnJ 
"JIHJlJ•~n hJ, hcr n pu1, a('J u11, 1h.l.."~"1u11, I h-: 
pr~pu1,J .. 1J1h: -. ,ll 111t J1t.JI JntJ l'Hf lllL"" .. ""J? ,1..1L'lll11i. 

f('~J • " 11 hl JJh.'. ,hu\\, I 1hhn1, i,:IJ , 111, 111ti11111 h• Ii i: ..1 

hud'1g1t:JII\ ini:r1. ,Jle . dk\.11\ t .111J ,' llt\.lCHI 

nuur1JI 

RESULTS OF PROPOSED 
LEGISLATION CONTROL 

I rg1llJl1\l11 JIIJ cuJ c, 1h31 \\,11,tJ d1111111J1,· f1h1uu, 
glan 111sulJ1111g ITIJh! nJb 111\IJc u l J11 •l 1J n !l.1111,,h m 

S)Slcms of bu1IJ111~, liJ,.: hccu ~,m,1Je1\!d "' lll lh ► 

J m:cJ h) YJll1tt1\ \I.ill'\, t.:Olllll ln Jilli 11111111\.tpJltlll'\ 

17,c Na11m1JI l 11~11l,1t1u11 ~1J11ulJdUr l'1, A~,u"·1J· 
11un, along \\1lh ,,tlh.• r nJ11011JI gruup,. hJ\(' hr.:n 
Jt:l1VC in pul\nJ,ng J'"..:11t.1ll~ JIIJ IJ~luJI 111 i.,1111JhHII 

on tlm rnh1ec1 lu the "'' l""'"ht,· kgl\lJ1111, J111I ,nJe 
authm,1 ,e, 

A~ a rrsull. 1hc1r hJ\'e been mo JJ,c1>e lc~1>IJlhlll 
.,, code ICSt rlCll\llll rcgJrJ111g lhe '"" .. 1 t,hi.,u, l!IJ~\ 

10<ul:1l1on 111 air•tr ::rnm11\s1u11 ~)Slcnh 

l l1e NIMA 1 lealth a11J 5Jlrl)' l um111111c,· " 
available 10 p1ov,M asm1anrc 111 1hcsc 11utt~r~ 

SUMMARY 

1 1h 1uu, ~ IJ\,\ 1, JII (\lll' Oh:I\ \ JIUJhl" hJ\ f,.. 

lll J I C'1 1J l -''ll'"h hl'11d 1h r \rr),mc.~ t\ t r\llJ) 

l u th 1. '- ' 111 \ lfU" IHlll 111J 11,tr) . l1h11\II\ g lJ\ '\ " 

h1,,J,ll\ ...,,er1rJ JIIJ ,p,·,,1 .. -J 1,11 1hc1n1JI JIIJ 
J\. 11U\ l 11..JI llh lllJ11tH1 fL'l)UHCIIICllh 

I 1h1,1 u s)J'-' llud m, ulJl1tm mJt"•riJI\ inccl 1hc 
1\'. l)UH!:11\~ll h , 11 11.Jllt1IIJ11) u· ·:11g1111cJ , tJIIJJrJ-

111.slr..ing h1'4..lu:, JHJ Jh,' Jpp u1H·J lor U'(" h, "('\ 

f11\ C'l l111k"I\IJ I J \!4:IH. It.'\ • • 

..l l \h:11, 1\\" 11u.lt1, 111.ll h\ ~ 1c11c.• t.•0~111rcri11t:, 1r , cJ1d1 

, 111J,c, hJ>< h.-·11 ,J111cJ ,,u1 h) lug.hi> q11JlofoeJ 
IIHh' n.11~ J I 11l1JlrJ 111d11~1 nJI h) g1t.·11c engineer, 

.111J ph)""u11, ~1uJ1c, hulh 111 1lu.• IJbu1J l1..1r) JrtJ 
111 .h.luJJ 1n, lJIIJlh 1n, J c m 1111\lr ,11c n,, \ 1g111fit:JIII 

t.· h l\l\111 trn m tnr ,1..111Jrn 1n1 11f c 1lhN ht.·Jlth Of 

l. l UllhHI . 

I h,· ,uh1e.:i , ,1 'Ukl) Jml lll•Jhh hJ• he,·11 u11l11 ·J 
c\1..:11\t\ c l\ h \ ~• ~t.' rlJ1n ''°"" 111J,, nluJ lo, J lhl 

g1uup1i I\H 11 ~m,p11~· ul cl1m111J1111~ lih. ,,lb glJ>) 
thc,nul .illt.l J'-u u~lrt,;JI 111!tulJl1u11 fh1m 1?1 i: insidt.· 
,.1 Ju, " · l "" , 1r.1<·~, JnJ , .1111pJ1i:11 hJs bccu 
r u t ,lh.:d UII .. U\.t.:~).)11111) Thc r rcp,111d ,., .1m:t t 

llll0 J 1i.:JI ,lllll L'll}!Jll~1.•1111g '-\.'.'ICl1l il 11. ll''h' Jldl hJ JJI C 

, lh'\' .. 1.t,rt.m) glJ""' 111, 11l..11uu\ h, ht: J b1olog11:Jll) 

llll'I I. \ Jll" . Cl I r " II\ C lll.Jtt:r 1.11 

1, Puhli,,111:J ju1h,111IJII\C' m t.·,llcJt >..:1rn11fii: rc,e-rJh.·h 
, 111J11.•, t.l\1.•1 th-: J'J\I .H I > 1.•.us >hl,w fih1uu1 g lJ.SS 

h 1 he .1 h1 ... ,l1.1~1"JII ) 1n.:r1 , u lh t Jrh.:C' wlut."11 p1C'\t"OU 

1111 h ... ·.!11h r,,k g r t.' JICr lhJn JO) u her 11111o~UUUl 

,hilt 
7 I he AmcmJII Cm1lc1encc uf G\lvr111111cn1al ln­

d11,1t 1JI llyg,c11,s1s has 'l<:n1tm11cJ the sc1cn11fic 
ic~ca1ch 11111.hc\ conccr111ng 1hr pulmonary cffrcts 
,ot tibrou, g)J}> and h.- d ass,lirJ 1111> rtUlrnal :u 
JII 111r1t lll IIUISJIICe•I) fl<' Jusl. 
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PREFACE 

THRESHOLD LIMIT VALUES FOR 1970 

Thr eshold limit v:ilues r efer to air borne concentr:ilJors of 
1111batancea as1d r Pp resent condition■ under which It Is be­
lJe••ed ,hat nearl y all workers m11.y be repeatedly eirpoaed 
<by al ter clay without advttrae effect. Becau.ae of wide v:irla­
llnn In 111dJv1dual auaceptlbl llty, ~wever, a small per cl!ntage 
of wor kers mlly eaper ience discomfort from some substances 
:it concenlrallons al or below the threshold limit, a ■maller 
pcrcentaae may he aJfecl ed mor e ser twsl y by auravallon 
nf a prc- cal11llng condJlion or by devell,pmt!nl of an occu~­
uorl:ll lllnes11. 

Simple tests ar c now available! (J. Occup. Med. II, 537, 
1067, Ann. N.Y. Acad. Sci ,, 151 Art. 2, p. 1168, 19118) that 
may be, usl!d to dl!tect those lnd1vlduala ~ r auscepUble to 
a variety of Industrial chemlcala (respi rator y 1rntants, 
hPmul vllc chemicals, or g:inlc 1socyaii.ates, carbon dJaul­
llde). Th!!SI' tests m11y be used to screen out t,,· 11pprnprtate 
1u:.. rl:icemen\ tho h)11erreacllve worker and lllU8 1n el!ect 
1mprovt' u .. :: " cover age" of the TL V11. 

Threshuld limit val~es r c:~r 10 Ume- we1a;hted conctntra­
Uons !or a 7 or 6-hour wor kda,y and -l:J "-air workwel!k, The) 
should be used as guides In the control 01 ,._;:Hti haurds 
and should not be used aa fine lines bet~een sllle ..;:<t 

c:b.ngeroue concenlr allons. (Exceptions ar e the substancl!IS 
listed In Appendices A 11nd E and those subslllnces desicnat~ 
wi th a " C" ur Cel ling value, Appcndlx C. ) 

T1me- we1gb1ed ;iverages per mll excur sions :abovl! the 
h m ll provided ll1'y are compens11tNI by eq1.uYalent excur­
sions below the llmll during the workday. ln acme 1n.stan~I 
It may be per missibl e t r, calculate t~ averaae concentraUOD 
for a workweek rather tnan for a workday. The deFH of 
1~ r n lsstbl• excur st, '11 ts . elate-:! to the ~tude ot the 
thr 1hold h m1t value ol a particular sube1Ance aa pven 111 

A:;vendJx C. Tho r<'lallonslup between threshold Umlt and 
1~rrrusslble eacurslon Is a rule of tlllmb and UI certain 
c:a.ses nta} not apply. The 11.mount by whlch tnresbold Ua:.ltlt 
may be exceeded tor short perl?ds wlt,'IOut lnJury to bft.lh 
depeuds upon a number of factors such u the nature ot Ult 
contaminant, whether very hla;h conc■ntrattooa - ••m for 
short per iods • produce acute pol9011J.o&, whither tbe ef­
fects are cumul:itlve, the frequency wltb whlcb hip coa­
centrallona occur. and the "'raUoo or ,ucll periods. All 
factor■ must be taken Into c0n1lderatlon tn a.rrl'f\DC at da­
ctaloo u to whether a hazardous cond1U011 ,nau. 
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MINERAL DUSTS --
lll.llA 

l nalallt.ao 
• ~·"·· ,,,, h Id WmH raJcuLIIN 

ln,m 1/1• formula 

"(rlllA~ IU 
ArnnflflUW, 1ntludln1 nallmll 

dlll•m•r- ··"' 

lllJCAl 11 .. Uu,n I t'l'llllllt\t alllrat 

" Al,t,,.1._, all lyp,, 
llttl 
l"ortl l"t mont . .. . . . . . . . . 
MPlh,:•01 • . • 
l'llr , ..... ul>t-alllUI n,1 . . .. 
l'alr lftb..,...I, u.a, ubHtoa ltmll 
Tl'e 11110, IH ubah• 

u,a~ll• tnll\lrall . . . . 
•• l11•1 ur Wul••""-• l'arttrulalM 

t1-11,,re.1an r1rt ::tr1 
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ICI 
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whh hntr ta lhf 
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I IIOJ 

a, I a II I mlllt,,n parth I• 1 r ,ut_, m,lfr 
■ 1•rurt•• ..-.r, f 

...................... , ..... .......... ~ .......... " 

NOTICE OF INTENDED CHANGES 
lier 19701 

ThOH SUIMllllllCH, Wllh lht lr correapond1n11 valuea, com­
prl■l' U111H f,u wlurh tHUter a limit ha.I been proposed fo r lh, 
ftr■t limo, o r for whtcl. a cha•11e In Ute "Adopted" ll■Un11 
ha■ llten propo■ed. In both cuea, tho propo■ed llmlta ahould 
be r011■ldert'd trial limit■ Uial will re main In tho listing ror a 
1>e1 lud or DI le:iat two oar■ . Ourln11 this ume, Ute prsvloualy 
Adnpled Limit will r emain tn effect. U. lllter two year a no 
o,·ldonce comes to ll&ht lbnt que■tlona lhe :ipproprlatene■a or 
the- \~lue■ her l!ltt , thl' \':l lue■ wlll be placed In the "Adopted" 
1t11. D.>cumentatton 11111vallallle ro r each or tlte■e 11ulletances. 

MLRI.Ur.'r t•II 101•• u opt 111,,11 . . • • . U u:. m& Ml 

a A, ... laMlnidlu.,)nn,,,.lk.ln •.•..• •• 
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Oh Lh) luw 1n1m.l.nc•Skln .. •. .. 
4-0lm•th\l&mlnounl!f'natnei . , • 
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l " lh)12•t,anu.all')lal• 
••.-1h,lrJl\1~n1.AdJ.•o,I m&np..rlH«" 

lr1rarUU1)1 IU Mnl 
llrlhrl dtmtlon.lldn . 
M .. thyl paralblo~Wn . . 
1'hra. •tuuJ.,._Skin . 
nc.,. C'or• Suld•r. prrol)■I• prock.rla 

6t\ renr .. 
t b, bUll■lno IProltOIJU• ■naym .. l .... 

\ 1na.-um 1\'30$ Pllmol u \ ..... . 
Vttc)'I acet.at• ..... , ... ..... . 

• VIIQ'I chlorldt . 
• ~oocl """' loon alltrpnlcl 

1tio 111:n ...... t A,Mt-

,,. .. 

.... 
2 
0 01 

100 
2 

0 

100 

10 
200 

••fM' 

"' 2!, 

18 
10 
5 
5 

12 
0 . 1 

14 

"' 4 
Al 
D 
3 
0 . 08 
0.01 

2 10 
a 

0. 2 
0.5 
0. 2 
5 
0. 1 Cu aJ1,­

"1d•I 
uo 

0. 0003 lu t<Nl'1 

purt 

0.05 
,0 

770 
5 

C r,1111• 
llne •~ 
ayme) 

c..,.&.al let Nin- .. ...,._.., .. 
•t O...-••n. Jil,.tn\tw ,. ha,. • ...,...ba,.,"--.,.., 



NOTICE OF INTENDED CHANGES (Cont'd) 
MINERAL OUSTS 

• .u1>c,110e (All l>Jldl 
Coal dull (bllumlno<al 
Cr11toballl• 

• ' IM rl' o r Nut■anrr Partl· 
c ut11e• 

QuarU 

/ ,11 ,~, I 

Slllr•. lu1od 
Trldymllr 

uno llhu1,in, r Addlllill'\ 

J..U 

~ rtl>C're ml ~•· In l•ns•hk) 
2 m1. rn3 (n"lplnl,j• d1a1 m 
UICI on~ half lhe- \I.JU(' t .ah ul11rd 
from lh• t'OUnl or mu1 formu lat 
for q,,arU. 
10 ms. M3 or 30 mpp<I l•hlrhe•tr 
II lh• •mallrrl of IOlal d• .. I 
s102nl 
TLV In mpprl 

300 

TLV for rc■r•nbh· du•I rn nlll ml 

q .. I rd m11- .. ~j,IJII ~ 

Rrtpl nblr '!"Hit • 2 

TLV for ' tolal lllal" n 1 )llnblr 
and NA,rr-aJllnhlt" 

30 mg Ml 
" quar tz • 3 

U11. qu1 r 12 formula'"' 
U■r one-hall 1hr ,alur, alcul11rd 
f rom tormul.lt fc,r qu1ru 

IIJ M t.illHfflU'M'd l1!' lhe m,n,l>nl•• (1IU r m•lh...S ., 4 )0 I "~~ ., •• ,, .. ,., .... 
,.....,1u1I 1Uvo.111o1U .,.,. C , .... 1,tr•l1..-.1 !I hh111t• ml, l1Jt fhA t, , .. •• I h ., _, 
t. rwrm.tHed f r U•OllnLlt• ,-,1 • .. ,e. 1u.ir ur , ho,,, • \a1h 

m l · nup1nl;,I~" I.kil l U Ckf'IM°'J ,,, u., Ot1ll&tl U td ,..., TI fir .. 1 -,,w ,, c,,,., • 
111 ~ u HmrJ.o '"' • df"Tv• rr d. -t e(JJn .al• , n•lf• t? 

lh llatdli, T £ &nd Gn.-•, P .. P\ilm..clllfl 1...,,,e1h • a.S ft nt• ,ha ,,a 
t.atal«I AerCAOla, p. 10 . Aa.S.mlt' 1,,., ... ,._ \ r•. '••, , & , i,f,-4 

,2, lnt.erlm Out» l u.C' l'l:Hri1nbl• w..u Sant.,;:l,I' ,. AWA Au.- I 1, 
lOCJ Cnmm.lllH, ADIA J !!.• I , 1970, r I)) 

n) l'1U.t &Mt.Li-uca.11, recaic:u &.II parUNLll• 9111.a\a.1"' ...... A , .... , l~I • ,It, rl \ 

o1 n ..., wJ LO 10 "'&IU1. 

fll BoUI cancanl~U.lf'I a1llS par c..- I cp.aarta I ,r U• ., • II· &' 1 I UIU 111, 11 ,,n, 1 IA 
4-ttrmlned rn,m lDt IHCU<XI plHllC & •1u••l•fl ,, ••'-" It• I II u, ,tu, 
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APPENDIX A 

B~taust ul the h111, 1nr1drhc• ,,! r:i11•·e r, tither 111 nu , 
,r ,,, ::uumals, 1 , f!XJ•lJ Urt ur r mt:ict by mv r ,utt . 

r< sp1rJt ,ry' ,11·.;i.l ,r !lkll. shwld hC .,,rrnlllt'd lvt 11, .. 

r,,mp,,umls 

2-Acrtylanun~nuorene 
4-Aminodlphenyl 
Brnz1dine '- 11 8 ult11 
Dlfhl ,n,t>enz1d111L 
4- 01'11ethyl1lmt110:11 ,brn~enf' 

bet2• N~phthvlam1n" 
4-MtrodJrhcny l 
~ -?S11rosodlm .. thylaminc 
bcu-Pr 'J'IOl:lrlOlll' 

S..rause nl thr "lllrrrn .. 1, lui h inr ldtnre of t,t.;i.dtl•r 
rumnr s In 'J/Orkers h:mdh n~ bcu-11.1phlhvlam1ne and lh<' 
potenual c.:1rc1nof"n1c a r 11v1ty uf th" uthr r rumpound5, 
U1c· State ul Pennsvlvan1a pr ut11b11s lh< nunuf:irtun, 
use a1.d other aru·1111ts lhal mvolvl' 11Uma.1 e:irposuri, 
With.JUI <'llf)f CSS approv:il lJ\° the Oepartmelll of llu lth. 

A2 Polytetrafluoroethylene• decomposit io n prodUCIS. 
The rma l dera,mp,lSl\11.>n ,1 the flu, rocarb\>n r li.1tn 111 ,11r 
lc:ids tu the lurmattun •JI ollldlt"d prudurlll r >nta11,rn,: 
tarbon, lluor me and o llY(["" · Btraust lhesr pr 4.trls 
decompost III part by hydrolysis ,r .>lkahnr s ,1lu1ton, 
thev ran be quant1ta1tvely dctermtnf :11r .;i.s Ouur1d, 
10 provide an 111d"ll of exposure. :-o TL\ ,s r"com­
mended pendln~ determination of U1" tOXICIIY ul th< 
products , llut :ur ,·oMent r illl •115 shoold be nuntm.il . 

A~ Gasoline cr.d/ or Petroleum Olstlllates. Tb\!e <vmi,u,.,­
llun u! these m.11rnals varies i;r .. :illv :and thus a smgle 
TLV for all l~']"'S ol thes~ m:aler1als 19 00 l<1<1CU 
:1pplic:1ble. l.11 ~cner:il, u,e arom.aUc hydrocarbon con­
trnt will d"ternune ..,tu, TLV :lJ'lllles. Cons~enlly th" 
cuntent of benzene, 0U1er :ironaucs and addluves should 
be det .. rmined tu arrive :it th" .ipproprlate TLV \El.klnll, 
Cl a l. A.1.11.A.J. ~. 99, 196!1). 

... ffilllall Tttr9 

APPENDIX B 
8.1 THRESHOLD LIMIT VALUES FOR MIXTURES 

Wh, n two or mor" h.izar'-lls aui.tanc•11 u• pr•-'• 
lh" r com1>1red ellecl, rather U\.UI that ol either lnd1Yl~Y, 
shuuld l>e 11nn pnma.ry ron.slderlltlon. In th• •~ ol. 



1111,11 mallon tu lht contra, r, U11 elf,1 ta 11r thl' dlffrrr,,1 
haurd.t lhuoltl I 1·n11altlartd U addlllVI'. rti;it ••. If till "'"' 
ur U1 full1Jwt11a rn1cllona, 

Hl't"111 unity, U1011 lht U1rnhuld limit or lhl' mwur«' alwuld 
ht rc>naldertd u bell\l ucetdtd. CI lndlratu thr u\Jarr• d 
11mu1ph111 tr ronr 111r1llnn, and T1 lht l"Orrupondlng IJ1rt1• 
ho ld limit, ISH Fnmplo IA.a.), 

lartplli.>111 hl U1• IIJ0\1' ru l• mav l>t mllll' whl'n tltMt' II 
SUC)d reuon 10 I.Jell• that th• ctu , r • lie<'~ or tilt d..111< rrnt 
hat mlul 1\1\Jat.anrtl art 1\\)1 In 11('1 alld1IIYI', W I llldt'I"' 111len1 
aa wh,n purely lO<'al err,rta 011 dilfl'rl!'nl orp111 of thl!' l>.•<h 
art p1·l>llucNI l>v tht var1w■ cumpOMnl■ uf lilt' munun. 
In l\lrh CUii tho U1r1■h,ild limit o rdinarily II CXl"t'!'<l,.<l 

0111, 'lri1111 11 leut l)Jlt' m•mbt1 ol the Hrl•lj ~ •••r C2_ rt, 
T1 T~ 

IIHU l\al • va_lul' exrttdlna unlly, ISl't l:.llllmplt IA.b . . 

Allll!i\)l\llll(' ilrllllll or l"Jltnllatlon may lll"CUr •1\11 1nn1< 
romblnatlooa ul atm0111herlr runtamlnant■. llurh ur1 ~• 
prt11n1 n1u,t bl 1111,rmlnod 1ndlvldu11II), l'ut1n11:1110 •r 

lnl■Solllllll" apnl■ art not n1cc1 I'll)' harmful IJy lht'Dl• 
1■ln1. l'oltottallna 1rt1rl■ of eipo11urt 1,1 such aaent■ m 
roulll ot!ltl Ul&II that of 111hal111w, •• all\l ,~11blt', r .,. 
ll'lllab9d akllllol and lnhlll.cl 11arollr 11r1rh1oro1th) lrntl. 
PotflltllUO'I ,. characttrl1Ucall)· t'xlllhlkd ,\( tueh r oll• 

ceotntllJIII, It■• 11Nblbl~ al low. 

Wbt11 a 11wn oper■Ulll\ 01 proe1!■1 chararttr1111r.alh 
,mna a aumber ot h&rmf\11 dulla, l\lruu, ,-apor1 or JUU, 

II wlU h-eq111otly be only ftulble to attempt to evaluatt 
UII lluard by mn'-ll'emtnl ot ■ 11n,,lt aulllta.nr". In aurh 

•. u,. tllreabold llmll ua.cl for tlUI subltanre lh<~ld 
be reduc..S b) a ewt■.blt factor, the 111AanJlude of •hlrh 
11'1II .»pend Oil tbe number, toxicity and relath•t' quantll\ ' 
lbe r C'Ollta.mlnUI.I ordlnarll~ pr .. ent. 

N ol proco .... a wturh ue typically aUO<"ta•td 
• barmt\a.l atmo.pberlc conlanunant■ ~ 

inolll_le ~. blulln&, painuna, lacqutrln&. 
OpeNUoa.a, dttatl ubaullll, tic , 1£umpl• 

THRESHOLD LIMIT VALUES FOR MIXTURES 
EXA~L-LES 

I A Gt'ntral rase, ,.here ill 11 analyzed for each compunen1 

,,. Addlll\'l' clfects. lnotc It 111 essenll.il t hat thl' 
.ttmO!!PIIMr _ bl' :rnalyzed both ~!_lllallveli'.2"<! 
quanlllauvely for car! co mponent pr esent, In order 
10 c,·aluMe com_pllance or noncon'ipllance with 
.!_IUII calculated TLV.J - -

1:.xample s,,. I Air ront.11115 ~ ppm of carbon tetrarhl<>r1dc 
\TL\' 10 ppm) 20 ppm or clhylenc tlich -
1or1de ( TL V 50 ppm) am1 10 ppm or 
e thylt ne l 1l>romlde (T LV . 25 ppm) 

Atmospher1r concen1ralion of mllllure . 

20 10 35 opm of mL~lure 

5 20 IO 2~ , 20 • 20 
10 • 50' 25 50 I. 3 

Threshold L1m1 t I& ciicecded, furtl1ermore, 
the TL\' of lh!s nuxture may Ill' calculated 
hy redurinii the to1a l fraction to 1.0, Le. 

TLV or mlllture 27 ppm 

~ ll.1mplc :,<;t> 2 Air tontalru, 200 ppm of hexane (TLV . 
5CO ppm) 100 ppm of meU,ylene chloride 
tTLV - 500 ppm) 1111d 20 ppm of per­
rhlorctl1ylcnc (Tl V 100 ppm) 

Atm,,sphcr1r concentration of mlltture 

200 • 100 • 20 • 320 ppm of mlxture 

200 
~00 

100 20 
!,(ffi • I 00 

200 • 100 • 100 400 
- - 500 C 500 o. 8 

Tiu eshold L1mll Ill not exceeded. The TLV 
of this ,nlXt\lre 32& • o. A • 400 p;,m 



T Threshold L imit Value lo ppm. 
C • Vapor concentrauon m ppm. 
p Vapor pressure 01 component In so lull Jn. 
pu Vapor pressure of pur e component. 
F • Mol fracuon of component ln solution. 
a ,\ con.!lant of proporuonahtv. 

S\Jbscripta 1, 2, ... n r elate U1e above qu:u,uues to 
components 1, 2, ... n, rt'&pecuvel y. 

Subscript I re'•r• w an arbitrary component from 
1 ton. 

Ablleuce of subscript relates UH! qu:intlt>· to the mIx­
b1r,.. 

113. c. l•Jlutlon to bl' apI,11L-d when ther e Is a reseI·voIr of 
lbt' solttnl mlxture whose composition does not ch:111ge 
np:,r ecl alll y by evaporauon. 

Elt:lcl Arithmetic Solutaon or SpecI fIc Munure 

Mol. Oenslty TLV pO;it 
..,.t. 2sec 

1\101 fractaon 
In half-:ind­
h:ilf solution 
by \'Olume 

Trlchloro-
cU1ylenr ( I ) 131.4 l.46g/ml 100 73mm Hg 0.527 

Mi?thylchl o-
r oform (2) J33.42 l.33g/ ml 350 125mm Hg 0.473 

TLV 

(0. 527) (73) 38. 2 

• 10.473) 1125) . sq. 2 

38.2 • 59. 2 
38.2 50.2 
tM •:iw 

fil._il J.:i.§fil = .illl._ 41 l35Q) 111 
133.8 • 59. 2 1!!3. 0 

TLV • 177 ppm (Note difference m TLV when :iccount as 
taken of v:ipor pressure :ind mol fr:i ctlon 
an comparison with :ibovl! s:imple wherl! 
such account Is not taken.) 

2. A mixture of one part o: (1) parnUuon (TLV. 0.1) :i..nd two 
parts or (2) EPN (TLV, o .:i). 

Cm 3C1 

C1 2C1 3C, 
0. 1 ' 0.5 - Tm 

7C1 3Cs 
0. 5 Tm 

Tm 1.5 
• 0.21 mg Ml 

7 

IC. TLV for Munures or Mineral Ousts. 

For mixtures of bIol0Rtc:illy :icuve mlne·:i.l duslS the 
~enernl formula for mlJttUr•~ maJ be 115ed. 

For :i mU'IUr< contaJr1n,t 801. talc and 2(11. quartz, tl.e 
TLV for lllO'l of the mlJ(ture ts l(tvtn by 

TL\' 
0.8 
20 

0.2 
2.5 

Essent1:illy the same result wall tJto obwned u the limit 
of U11.• mure (most) toJUc com('Ont'nt 1susedproVJ<Wd tlir 
effects are :ad!L ve. In thl! 1oovt' eu01rlt' !ht limit for 
zo~ quartz: as 10 mppcf. 

For :uiother nu.xture of 25l, quartz, 25 amurpb<Al.5 
s1ltc:a :ind SO talc 

TL\' 
0.25 
2.5 

7. 3 mppd 
o. 25 o. 5 

20 • 20 

The hmtt for 25:l, quartz appronnatH I 01ppct, 



fOllf"'Ollll 

tam, 1Ue1ed1, 1,uln1 h em ,n_. .. ,,,. •• a r-rauon1 producu ■nd ,..■ ,t•• 

•'1•n.aa1uo,1 11 ••II 11 ta 111 rutt ttme 11an h ua_nd1n1 , o mmttt111 , and 

11,111 ln bunih11'1 •f c..-n ... a.ltl d11ply c o n u n1u,d 10 the ad"'■nc•mcnt ■nJ fulhll ­

hlfftl ol l~t Fe.....t,t1 ... • 1 mht1on 

'"'' -..111011 la lttMl lUe n •1\h r r Pllul t'ir o11 Oirec hn o f 1h• J'o undahun • 

llo'Nrt T P d0Trov1ll0 M D . Sc D • 
J•r1Udf'nt 

t.,-, '61tr,al Hn11n• Foundauon or America Inc. 
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ISTRODlCTION 

F b r uut 1t111 11 pr ICl:uc1\J aD twn fo rm• - •• a • ooJ .. trP• product prl ­

n1r1 I\' 1, r th• r mal and ac 1u1t1c11 rn1ul1t1'3n a nd 1 1 a IPatil• Ober for f1br1c1 

an1J 1t ,,.r,11h 11vtn1 re1nlorcrm•nfl 

~,nc" .a, l •velopm1nl an 1hr • •riv I ll )0' 1 hbr,1u1 1la11 ha, b.come 

rr f e<, c,,.,,. • moa t u1efut 1 1< n,1 1rrul1 Or111n1lly manu1a ctur t'd •• a 

narrr •al for furr.ac• f 1lh•u and hom.- 1n1ulat 101 f1brou1 11111 no-. 10•• 1nlo 

,-. r than lJ 000 rnd p rod,Jch 

In add1t wn to Curnac• f1llrr1 and h1 me- 1n1ula ucn. m a,o r a pphcahon, 

,,f v. ,ril• lYJ>«- f1brnu, 11••• today 1nclud• ac ou1t1cal Cflhn11, fllt•r• for JN r lff 

1n1 11r r a na th rmal 1n1u1ataon f r p ip• air cond1hon1n1 ducr f Jd cold 

•t ,ra11 1y11rm1 and hou1eho ld rrfr 11C'rati r 0 Yl'nt and o!..he:- appl.anC'f'I,. 

'-'•1 r m arlr•ta for l••ttle l 1br nu1 11• •• arc- curtaan, and dnp•r111, Ord . 

•t• · ra,J, 1ab1c- cloth• ••n1n11 fire- p ro t r c hve clolh1n1 and rf'in!orcernenu 

r r pla1hc- ■ .. .Jbbr r and p.aprr. 

lr t~ "«'•I 1n po, 1blr Cl~cupa.hn n.at and rnv1 r onm•r.tal hf'ahh problem, 

~,th ti• rou1 1la1 1 1011 back alm C1 •t ••far•• thC' hrat de•C'lopn,,na •ork n 

th r a1rr1 al 1n l l'JJI. In m oat caac-1 th11 , nt•reat ha, c1n1•rf'd on pc,•••W• 

f>Ur~t• from kin contact mhalat1on a nd 1n1••t1on o f amall libro1.11 1la•• 

part1cl~, 

flf'1u lt 1 f mrd1cal r• ■ •arch. 1nclu.d1n1 C"aa m1na11on1 ot hW'ld.r■d• of 

pr • 1 on1 .. ho have wo,.►ed 1n l1broua al• •• planu aa Iona •• l:\ to JO year,. 

1avc,1 rv,denct t hat hbrou, 1la11 11 •n• rt and non• 1nJur1au1 to the LM1•uh1•l • 

OVf' r •a ll f-lc-alth. 



•I lh••• •tu" • 1n an dfort to cl&t'1(y the h~•lth a1pecte o f f1brou1 11••• 

rrn:cTs or rxrOSL'RE TO FIDROl!!; CLASS 

Obv,ouely C'Onhnued ••J>C>•••ro to «-•c•■ UYC! quan11t1ea o f any duet cu 

I 1huuld be- avoidt'd. lflJ"at"Yer, du11 ■ and fume, dafter wide ly 1r: lhr1r 

lat harm to human heallh. Som• prove 10Jur1ou1 In lo,. a1mo1pb• r1c c o n• 

Uon1; othc-r1 •r• harmh••• at h11h concontrataon,. 

Sk,n 1rr1tat,on occa11onal1y rc1ull1 f rom ••po1u r e to f1brou1 ••••• 

••• but thl1 1rr1taUon hat proved to be ■upe rfac .al and tran1uory. 

Fibroua al••• manufacturer■ have alway1 been 1n1er1tted 1n determ1nana 

r or nut f1brou1 1la11 parhcJe1 •re 1nJur1ou1 ,r inhaled o r inaeued. A, 

t"1 they h•'-• coopf'r&tf'd ,n man, medtcat r111arch 1tud111 contJucl t'd ovc- r 

t lftr~• decad11 by med ic al ac1en1t111 and p h y11c 1an1 con11d•rrd to be 

Ue1 1n Lhe-1r medical 1pec1a l ue1. 

1la1ed on •xuuna mcrhca l flvidcnce dattn1 back to 1'1 10 1hrouaih to thf' 

airborne (1brou1 1la11 11 not a hazard to 1rneral health. Hucdr•d• o r 

1ta11 worker■ ha•e bC!■n rxp01ed to h11her - t'i1n.avera1e concentrataon1 

1la11 parhcle1 virtually t"ve ry worlun1 day for•• ton1 •• l~ to JO 

tllout cah1b,un1 any pattern of lu.n1 duea1e that can be attributed to 

MEDICAL RESEARCH STUDlES 

na th• mo1t 1j1nthc.ant of medical 1tudte1 conducted 10 date on 

•• ••r• the 1me1U1at1ou an 1961 by C1or11 W. Wra1hl, M. D., 

M•dlca.l lt11earch D1partm1Dt of St, Luk.a',- Hoapltal 1n Cleveland. 

ThP qut>U1on to br •xpl, ,rf'rl 11 hrt.,•r or not prolunaf'd e-ap~uur .. 
,i f WdHlrrr1 ti, an rrw1rtJl"IO,rnt <t'r1la1n1n1 air born .. f1l.ircn .. 1 a t••• 
<oatrt.1 \lllh phenolic rf'lln .. u aa1oc1&lt'd vnth a reco1n1.t.1b1C' 
plltf' r n 11C rut'nt1t:nu1 raph1c 1hnor m1l1ty. 

Th" rf'po rl 1 1un,m1ry 1tat•• follu-. 1 

Th• t'ffrcL •• revralpd 1n tl1• chrtl r n•n11.-nn1rarr. nf '"'" to 
, .,e-nty•lave )t'■ r• of rxpoaur~ 1n an •n•1ronmc:it c,11,t•1n1na 
airbornr p.lrllclf"■ u f (1bruu1 11••• I·.•• bt'•n ••"'d1C"d r.;o un-
tuu•l pltlf' rn u r rad1oloa1c rtcn ,., w.aa ,,tarn f"d. 

l h• hrquf'ncv ur vanoua r1d1olo11e •PP••r•nc•• ltntNn t o 
occu r ,nth• IC!Orral popul111on "-a• no h11h• r ,n 1ho1f' ••th 
1r«at.-•t f'xpuaurr than ,n 1hri1tt •1th Lhr I••••· 

I. 

. 
An,,l hf" r 1mportan1 11udy'"" u ■d• brt"' ••n I ta\t., ind I •"lc;8 bf Paul (";ro1• M 0 

Rt"1e1rch Profr••ur, l'.n1vf':-111y ( P1tt•l,yr1h, \lraduatr S<hool uf Public lfralth 

Sf"n1or FtllM••· \if·llon lnehltalf' and O,rrctur ,,( lhl" llff' Rf'1rarch Lab<,rato ry 

f.'11t1b,agh, Pa .... ,. a laborat, ry 1nir1 a1 •tudy cn,uu11n1 or three part, 

I. tJrtt'rmrnau,,n r thC' p-.Jlmona:-., r •1pon1c r•1ult1n1 rr ,m ••po•ur• 

to h11h cont"•nt rat1one 
) 

1hundnrh .r m1lh<,n1 or parhcl•• p, r- cubic r ~tt and the 1n1•c­

t1nn into th~ luna• u ( l.,oth l 1aue and''"" al••• part1cle1 lo 

tJc-term•n• pulmonary r•apon•• to the al•••• . 
Rf'1pirabl• m••n• aulftcaently •mall lo 1•,n ace••• to the de■pelt hana u,, ... ,. 
orduaraly J.,, o r leaa 1n diameter. ,. e., macro1coptc and 1ubrt\lCl"O•copa.c 111M 
parhcl■•. f'1nt" part1clo1 u••d "'thu 1tudp were approalmatelJ a., lA 4tamec•r. 
Coaraf" parllcl••• put throuah a llS meeb a,n-e IU. S. S1&.DllaN1 Ne. 401 ••n .se,. 
or lea, ,a d1am•t•r with a fe1i1r perUcl11 meaa-.rU>1 •• """CII u 4 



of mtcroact.plc d1menHona Uaboratory anui,,aJe ••r,. f•d a ,j
1

.,.

1 

co■taln1n1 ',Oft finely milled••••• Oak•• for (lnr yrar l . and 

to lhad, the • ffec11 r ••ulur-, from dUJhn1 lh• •Y•• , r labc:•ratnr, 

arumale with finely milled••••• duet and •'••• fl•k•• · 

,0Uo.in1 •re r•c•rpt1 Crom Dr. Cro•• •ummarr and c:onclueum■ 

No .Uec1 of 111 ■1 duet and 11••• Oake■ wa, de1non•t:-abJ~ upon 
tbe corn•• o r the con,u..ocuva of th

11 
•yea, 

o lOJlic: o r traumauc effect••• demonatrable upon the- •••tro ­
lnteaUnal tra ct. Then• .-a, only al11h1 depreaeton of the- c r ov.th 
l'lle •h•n rala 1n1e•t•d a diet contaJruna •• much around cl••• 
flOII) •• food. Thie depreea1on ••• due entlrely to a lo••r /nod ul&lie. 

e pulmona ry cha.nae, 1n 1u1nea Pil• t:•p01ed to fine•'••• du1t 
r one year •nd tho•• al rate ellber e.1:po1ed 10 the •arne du,t or 
9'el'I lnJecUon, &ntratrachaaJJy •1th II were m1n1mal 10 charactrr 

con1ute d o nly of 1mal1 focal alveolar duu cell coUectlone 
lbout flbroa,a , •• Coarae 11••• duu 1nJected into thr Junge of rat, 

vad hke inert fore11n matrraal. ... " 

•• recently a, ApriJ . 1968, Or. Groaa r eafflrmrd the conclu•ion, 

ed on all compJeted and ln•pro1re-aa ••11•r1men1~1 and human 
of •h1ch ~• have knowled1r f1broua 1la11 duet 1houJd !Jr 

11ll,ed •• inert '. 1. e, . without demona1rable patholoatc e ffecl. 

.,. •hould be no adverae eUectt to health from 1n.halahon of 
I duat of re•p1ra bte Use, •h•lh• r 10 pulverU•d or fHamrn. torm1 . 

tbe more re..:ent tnve1u1auon1 ••r• reported ,n the July, 1 ~b7. 

O'llrnal ot Occupauonat Med,cane. In one art1C'le4 Ca r ey P. 

• • Proteeeor Emer,tu, o( lh• Jn■htute o! Jndu■ trtaJ Heahh at 

P daTrevalle, M. 0. lro"Tl PauJ Cro1a, M. D. 

F b•r 1la11 Ilk• all cort'mon lorrn1 of 1la11 u a chemically 
nrrl aubtlanc l1 Po••••••• "" 1.-r,,O"an t11uc pr ,prrt,,., On 

a n1echan1,al be111 1p1c-ule1 m a, • br ad" th• •••n l•ad1n1 10 
•u~rf,c1al end t .. an11t ry 1rr1tahon 4rnon1 fib•r 11111 rr,ala,-ra. 
riarl cularly n,w nrltitr1 •h ar• ·t •It r•p,,1ed ■11,n 1rr1t ■ hon 

<.Lura but u r, 11 P'f'n1&r)fa blr 

in th• •rcond art1cl• Ahmed~ M !\a1 M. ll •ho ,,r th«- I ••t1tulr 

lurr covc-rin1 health ••pech '>I ~• ... uur• to f1brou1 •••••· 

A1 ta r •• can be- a1certa1n"d froM a lt'arch o' tht' A,..1f'rican a nd 
European lllerat\-:e, avallahlf' •v1d•nce 1nc!1cah that r,ltr u, 
1la11 11 a u• la11vrly 1n•rt ma1~r1al •1lh no hb·,11f'n1c r ,1h.-r 
a1vn1 C,cant t0.J:1c proprrue, . 

tolngy, and 11')hn If. M1lch,dl M O CJ.meal Prt'f•11or a.nd H~ad of th• D11t •· n 

ol Allrray Ohio State ln1vcr1aty. C"olu...,.,bu, , otuo. Thu •tt.xh lnclwhd :;,ot.h 

pate and rubbing t~•t• "'" t'#o 1roup, or human voluntt-f'ra. On~ aroup of t,t 

1u1cd nl 'll peraone who had been ~•poaed ,., hbrou• 11••• I.Jr per1od1 r•n11n1 

lrom le•• t.t-•n one year to a• Ions •• I~ v•ar■. 

Exccq.11 from rhe rrpo rt·, 1ummar• folJo-

• •• V.e •ere unable to induce ■e1'1 1 Uvlty 1n the fuu 1rcn.,p 
I•. I· , SO women) and oo ••n•naaauon rc.actton1 were noted 
10 the ••cond aroup fe. I· . qz ~r1on1L 

"Rractio01 were ot.ae rved wh1n hnely cvt flbcra •ere 1p1Jh•d to 
th• 1k1n. fhe1e varaed du·cctly wUh the 1ue hha.meler) of th• 
l1t>t'r and •ere interpreted aa baan1 due to m•cb.a.,ti,cal arritatJon ...• 



SUMMARY 

l-tedlcal ''"••U1•Uoa1 a.ad 1cienutlc medJcaJ t111dl•• conducted by 

ply '(UllOed ■peclalt1t,1 In 1kJn and ha.111 ell•••••• have 1bown Ubroua 

la11 to be• blolo1lcaHy lnart 1ub1tanc:1 t.aat produc11 u p1nnan1nt 10Ju ry 

Th, d ocuma:-•ad ••ld1ric1 1ub.t.antiahn1 th~• cooclualon 1nclud11 ,n-

11l1at1on o r the health of hundred, of fibrou■ 1la11 worlr.1r1 who have bean 

11d l o th■ material on a r11ular ba1i1 fo r •• lon1 •• lS to 30 ,,au. 

Medlcal pubHcatlon■ on Obrou■ 1la11 Include other 1h1iiR1 , lnve1ti­

Sev1r1l o r th111 are h1t1d fo r lnformatJon 

). 

4 , 
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Gin s Dust: A Study of It Biologic Eff f'cls 

PAUL 0 1011, M.D. 1 MAIi.AH L WUTIICII. Pli.D.. -■~ JAMU M. McNUNrT, M.P.H. Pltt•hrw~ 

Introduction 

I ,Ian h.n bttn produ,nl 11,cd, 2ml 
brokm for man\ cc-n1 11roet, l,ut 1,tauoc tlus 
ni.,ten31 i1 1101 re.1d•ly rrdu(cd to :a ftne 
I'-" ••rlc <otc, ii II only w•lh 1hr :id\'ent uf 
nrw and nuus produclion 1cch111qucs that 
1hc prnblcm of a po,<ib!e hrallh h:u.,r,t 
from g!a•s du t could lul\C an>Cn 

Pcrh3f>> bcousc, "'ery-d3y cxrcnencc 01 
• •"ihicd man has taught h•m that fruhly 
hrokcn fr.igmcnls nf i:la•s po<scss rcm.uk 
,Ille and oh c,n tre:icherou, poteot•al•tic, iur 
•nOic1oni: inci,i,c , k111 1rauma. 1hr puhhr 
,11 l,,rgc ,rc111, 10 ha.r ac11111rc1! •he impre, 
,i,rn 1Jmt g!a« may be lethal when ground 
lindy enoui:h so a, 10 he imrcrccp1 ,blr 
wh~n mixrd \\llh fno,1 This impri'.• so,m 
•• rtinforcrd frr,111 lune lo tune llY si,u,J,I" 

reports in nc1»papcr, 11£ a11emp1ed hum,• 
, 11le lw 1hr a1lmix•11re Qi ,:round glL<s \\ 11h 
iooo. 

Efforb ha\'c rccrntly hcrn made to clan 
ii' 1hc po!enlial pu!mon.•ry haz:ird of lwo 
.;.,oc, of i:b,, du, t . One o r the<e was d11<1 
,lerl\ed from a 111ix111rc o • lil,1men•ous gla<, 
J111l a plastic.• In this inH<lig:ilion. nu 
.111empt was ma,!c 10 a«C"'< 1he po•, 1blc 
rn!e which i;la<s it-elf may ha"e played 
n•dcpcnden1!y of the p!a,1ic rnmponenl, on 
the rroduction of the result• obtained 
:-.r,•hei- wa~ a ,lclerminMion inailc or •he 
rcbtivc amount 01 ,:!.-,,~ p re•cnl in 1hc d ust 
to which ,he :m•n1:tl< had been Cl<(I05Cd. 
fur thcm1Qrc, ahhough the dust was a rap­
idly settling une and dust count, had Ix-en 
performed, no mdic.:ition was gi\·cn as •n 

R<1:0...J for pullliation June ZA. 19;11. 
From thee Industrial HYJ1rnc Fou®tion. Mel­

Ian I lllti•u1c 
TbiJ 1ma1Jp hon w:u 1uppor•ed l,y a 1r:in• I rem 

the Owm1-Comi111 Fibcrsl11 Corpornhon, Tolc,lo 
Oluo 

W IO 

11,r I :,c11•a1:c ul •he ,lu , t \\h1, h IIL~' h,wc 
IJttn •u 1r•c111!y fme •u 1,c 1c ('oraLI: for 
thc•c rc-:iv m, \IC L.-hnr th.ll 1:11 , p11Lh<l1cd 
1m e,11ir,111m1 J1"1, hlllc •n 011r I.no\\ ledge 
uf •hr h:11.1,,I ••i i:las, d·tct a, , mh The 
,,thrr , 1wh I w.1-.. ":onctrnrd \\ 1th tlu, t ! rom 
~la>> 11•~ I llu\\r,cr, l,ccau,e uf ccrl3on 
1'(1«1' •u lie •k 1I: w••h hlcr, ,111,,e of the 
conclusions set forih 111 •l,c IJll<r ,tu.I) do 
nQI \Ccm \\:trran•t<l •" u, 

\\ c undtrlook •he prr,rnt 1mc, 111:at1on 
on uul, r I I , •o ••ml) 1l1c pu!mn11.1r1" re• 
,p,111,r ,., a i:la« ,h"I t•)l••t"-"ed of ,·cry 
finch• dindr1l ('arll.lr, and •o a glass <lusl 
,·, ,1111•1<NI of larger 1131.e 1,1.c i.irti.-les. ( 2) 
,., ,!o,11mcn1 the r1fo .... , of 111:i,mc •ni:c-•ion 
.f croun,t ,::1.J,.., <o 1h.11 ,ornc ,c1c1111ru~ 10• 

i"nn .• 1,on 111:tJ he ;l\:iihlole on 1l11s ~ubjcll. 
11••! • .I l tr ••ud,· 1hr 1••l•n••al ni a gb,, 
,lu,• \\'••'• larg,, lbl.e hl.c i;l.1•• l'·• •••• les 
• ., 1rr11 11c mucou, mm1l ,r.,11cc 

Materials and Methods 

1 ht ~Ii\' •h1,1 uJr,I in 1lus an\('tt1,p11on wn 
Jl(C"ft.UCI I from fl2kn or i;l:u1 • v-lu('h Wtrt' :ip­
pro-cim:11cl,• ; ,_ thick TIit 5:l:a,, con121nnl, in :11t­
•lt11cm 10 5,0. •he ""''" of ,\I, C.., Mi;. ,n.J D 
:n m;i1,r ron, 111••e-nt111 .\l'C> ptf,ml, tiut ,n an-~,rns 
Ir,, tl1~n 1'( :m, l u u>lh• more 1lun r":lrr. wnr 
1hr foJI01' 11tl: clr-mr'nllll !\J " · T,. r f", an-1 Zr 
f'lunnnr ,cu :1.lw rromt m 1ncM tn OJ~ 

\ ro.u'-<' 1luu w:i) rr'1-.rf:'I 1,v m,lhn~ 1hr J;IJ s 
1b"t°' ~ 1Jn t 1hr rc•11Jltin5t fllirllc:r, 1\1\\NI th,01.u::h 
, ,l! .. , 1tir·1.J1 ,icvr-

1 n Oriltr to oh1;iin .1 ,rr)' fine f:(lau ,lmr, thr 
1111IIC"!I 01\kt, "trc , u, fl('r..,' I 111 \\ :tlrr ~n;I JIMl· 
1tC1I u, .. Jc-r :a. prcs, ur~ oi ~ Tlir- ;cl oi ,w­
rc,1'lt- l cbn ir:11:mrn1, "·" mi,lr to 1mrun~ 
1sn1rul ;i 1001-slttl lo ffir :i t O('H wxuc ,d0('1ly 

Tl1trcl1"· \tf)· ,m:all f\,lrtidc., \HfC' procluC'C'II Thric 
l"r•oclc•. h~c •h'-"< oi l<llohn .,, 1 <Ju:>rlt which 
\la t rt pro,lu<<"I rn ~ •1m11.Jr in.inner :11 torurol 
,tun,, liitC:\mr :.,lrr:ix t"I) ",1h an ~rf'lrtti.Jh!c 2moont 
,,; orm I rnm •ht abr:i,l<'I 1onl lltt hoffie. The 

• F1bcr1las Flalc:c. 
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rrtor•ta1.,,-1 
Th,1 1n¥t1l1p11,... ••• n •nJ~~I 01 1h,rr 1• r11 

I E,t' 1,-n,allon ,,utt, 
Z l rctt••on ttUi1) 

l 'ulmanol"J' 11u,l7 
1:.,, /mNlt " , "-'1 I wo car-rumnu, "'"'• 

prrf""'°""I. "'h tilt~ -.x r~ ot Alt•no r41,,.t\ 
In the- (u,1, 1tw l••li ,.t'n ht1 l nrtn fW>· hstf 
a---. h "I dL11t ti~ ocul.u <OOJUMUYa 1t,orou1;l,1 
with tl,r f1nr:, milled sl.u.1 Onf'I , tl.r larr:nt 
paru In arount ~ Lu1 the YUi ma111n1y I~ 
1han O.-) In the: ...-CJnol t•Jw,ru,1,n1. the 11,t 
were hcl1J orm 1l.:,u1 ont m,rwrt alter tM du,t 

irll 11~ C")'n wrrf tl.ammol 2-1 hnun b.lr:r ""'''· 
thf' 11,I or f1uor~an 

2 lnt1t1IWN .)twd, YtkutC -nalC' -.lute n 1 

t rmn Ca"'orth Fam,,, • rf!n>\Un.ttrl) 28 dJ)1 c,,1.1 
WCTI" 4hva,lcJ in10 four l"rollf" of 10 tach ~lltr 

a two-•ttk obitnah•Nl (1('n0tl far accl,mat11:11,,,n 
Tl1NC' 1rour- •cn 1nm thr £ollt1W1n1 d1ro 

I. IO'lr, fintlv m,11«1 1lut fill.cs (by ,..,,1,11 
u,corr,c,n1<d on i...r l• lontory d1t1 od l,b Tl.­
l&11c hbor:uon diet rnnuur-J ,.r ruh cnt<"I 
Punm I~hnn.tory 01uw 

2 Pair fflll cmuul. carh r11 fl'"I uni ) :u mud, 
laJu• lalx>r.uory J1c1 a., 111 matr I u•n tl1c I''' 
cedinc 1roup COllJ\1mtd on 1hc prtu1,o tl.J) 

3 Sin, findy m.llrd ,1.,, Oa~r, <1,y wc,Rhl I 
111COTJ'()n1<d ,n l•11c l•bon1ory 1hr<, od /,Lo 

4 Control ; bauc l•l10r.>tnry wrt, •d lob 
The animals were krrit on 1h11 r t'.';micn ior .a 

full )'car l>urin1 tint 1,mc. 1'ttlth· rrconlt WNT 
lr~1 of ,he lo.I)- •~sh11 anJ o( the gmcn.l :ap 
pciranu or the ;uunu.l1 n,"rc~ly records v.rrc· 
kt1n of the f(')(k) ron.Jum('hon in a.II cxc-ep1 lllf' 
1roup rttcn,na ~ cla.u in the tlict Due 10 

muc:h 1rill1gc an l grntcr r.ilc or roruump11,,.1 
of thr 1hc1, the r«or tl o( f()('III c-mnumpuon 111 

the h1t1er aroup \\H m.1,lc more frC'()ut..ntly 
At the enc.I of the yc;ir, 1111 1un1\ins:- n it were. 

•--achtt l and then L.Jllrd ,._.,1h tther Au1or 1<-, 

" ·ere prrformt'II. and 1hc lt\er .}O•l le11lncy 111·c1J,:ht , 
~"t'rc r«onJcJ Srct10r'1 wrrr f¼rt'('-lretl from c-,d: 
of tfie ftlllmrmg nf't;'1nJ for rT11CT()llo('Ofl 1C c.x:::imuu 

lion · c:tarhagu,, fo, cs1orn.:.ch, 1tomJrh, ~luotlrnmn 
JtJunum, ileum, colon. II\Cr, 1rlttn, 101h1c)', ~drtro1. 
tcsti1. luna•. 21n1I hc:.rt. 

J PtJ"'ronary Stu.J,tl -Th~ ,tu•l1n tomi11r.l 
of one an which Ju 11 111rrc !trm1tC"I by in1r:a­
tnchnil 1njtth011 :t111J ont in wluda 11tc 1rulmonan 
dq)ol1tlo11 w:11 a«omph,t~ liy mJalahDll. 

A tntr.alracl,cal JnJrc:hon: It wu 1lesirN 10 

letl the pulmcaar, raronc 1n a rrl:111,·cl)' cconc 
alui du.II :11111 a.ha 10 • ,cry !int i)· tl1,,1lol out 
D«::awc tl•~ coarw jtlu, tlUJt tent.ltd 1n ,c:1tlc \tr) 

n('lidly 1n an 1,1UCf"U ,wpnaion ,t .. -u {OtJn,.1 

neraary to u,,c com 011 ( ).Luol.a) a.s .a ,wrcn,J 
,na medium 1n onJcr to utMT~ia.'1 the ,njrc11on 

G,1>11 fl ol 

1••, J ln•n" 1 1
" r '"''' I'-' 11 ,. ,, " ... 

~,......ia, 

' '"' ... " .. ·- .... "' "' 
,,,_ ... ,,,_ ,, .. : 

"' 
..... 

,.,...,,. If.,: .. " 
L•"° ..... .,. . 
• 1 na.t..a.i C--' 1a.,.a, •' to:! t a t.a,hr 

u, 1••ttmm•1111111 ••a. n,IU..t •11trau •• 
au,. ~ ,__,,lditi. ·- I'll 1t. .-.11,...,,..1 6' ., ., ... 1 WI 

.. ,_..,,, •Wl'1H•o'fll.ll\(t( •••fa.-
\1d • 

: itt&. «-• •lk-bf 1: I• :,n;.1 t l•htlON I I J t t·' 
lifl • 11!1 I l ltlf'f»f"'••II ..... •I -. 11,,,-,flt,Jr■•IMI I /I' -.•• 

I 1,r th,- 111.c •d•" 111111 au,I the nc,n~.u, 1,,.,11,-., 

1IU•'• I I.Ji,l1111 .. nil 'lt.Ufll ), .... ,u I '""~ I IU l,r 
u 111 1 Mf~ Tl n •rrt' 11,r ,u.-JJ• 1,t , .. r.1.1 

c:Arh I utJr 111 11. -«- ,:ruur, .. u ,. U• ... , lor ilu 
I\\U tla , du•I• .in,I 111( l't\•J 001u~ , l ll \ l •. ¥1o l1tfC.1• 

tlic liilh gr01.111 \o\ l• 1111t -11 I 111tr.11u l~.1.II\' .. 1111 

rnrn .... 1 .l\ 1.11 _.1i,.l,11•~.1I tw11rr..! I hr 11h, 1r.al 
11..11.1 01 11,nr 1111rc•1on, .1rc £1\MI m ·1 •Llr 1 

ft1t 1nJttltor" .. rrt 1,hr:11uuc,"I un ltr l11ilit 
tlhcr .1nc-uhc,i.1 I•) mr2.n. of :. l.Jun1 -11r,('l('IJ S•, 
IK ,:.1111.i::c lr,tn>I 1\l"t'IJIC' mlr~lur~I IJtt.,. c,en ll1t 

Ht. JI d 10. 1h J Ju, "ol .u, 111111h\hnl unilcr ,Inn:, 
c,I, tr-.31100 1,..· mon, 01 .a w li-rcl.lm,rur, 1llum1 
n:ttt"'II • r«ulwn • 

Thrc.C' r21, "ar L1llt"'I trum nd1 ~rOUJl .1.1 f 

rnnn:h, .l,Jl•I tht , ur,nor, .lt I~ mootlit .~uhrrur 
•rr<" 1orraormt"'II tu then· rJh ,-Jut .1II 11'-lt h.a,1 
,hf'\1 ol 1pon1.1.11('0Ul ,L""J"<" l

1
.1nfTm ~!Ions "ere 

, ut to: 1hc luntt : lltr ionn..&.lin f11. .111un Thc,r 
l\trr roounrh ,u.11 cJ 't\1lh l1n tu10'C'thn :u\ll t'n'in 
~1,lf11t• \\C'fC :ll?O ,1.1•11~t \'tllh \ .\II 1,u· .,u·, \f,111 

;u.-1 l1\ 1l1c ( ,nr, lnt. .1n,I ~,\rel mr1h11,I tn r rt·llcu 
hn IIL(,,. ~rlrrtd "tih1lc\ ""c •uhJt"'(' t('II I 10 m 
nnrr:i11,.., in or,lt r If\ \lU<IJ 1l1r 11,pr,~~plu, 
u·b11"'1~l .1Jl of 1hc t.h1,1 • 

n 11,l~l.,,11<,n E.,1 .... ur, In lb .. tu h . 1. ,,h rl,I• 

J11ol a:u1fW'\ r,~ ,ur(' ,h,-.1 I n .:..I 11111-n 10 t, 

l"•IHM 10 rb" ,1110 .u,111•:.I, 't\trc. c•1 r-1 I, 

,,,ort, ,lmt :m•l ,,.. k.u,hn 1IU\I, '"" l llfCIIHh \ 1 

corilir,i.:h 1hcrc 't\C'f(' 1hrrt i;:-rnu1"" t•I .1(1 r.1t• c I 

:an-I 1!1r« i;:rnur, ol 1:. s:wnu ('111:~ t II Ii l ..t1 I 
~rU111• \\ ,U hou,,..1 111 :. t'f'-1r.&lc 111l,ll ,u1on t kun­
l irr 1 h t' d1111! c 11;1101un, \\Cft for 1,: l iuun 1vr 

•by. IIH· ,J.1,, rwr ""'" · ( ,r r r'lf' HH 

Tltr nitthu,, of s;:cucr.u,n.: 1l1c- ,111,1 dr,u,I, 11, 
1li,11C"r ,I, ;anti cMHro: " crf' ~1 m1l.1r 1n tl .. \l pn\ I· 
Ol14lr 1lt1rr11~ 1 • ·111e rx1~ nmcn1.,I ,01► l111f\m u , 

1hr mh:11.at,on d, rr,bcn J.ntl 1hr 1,,r11rh• tu<" 
,l11tnl-t1hnn ('I( 11.c , :inou •hM, .:art 1,,,,..1 1n 
T.,IJcs 1 ,,.J J 

ZJ/11 
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I I• 

.. _ 
C,lawtt "-..... ,_, .... .... ' • U-. IIJ Iulo ,-...... , 1u 

, ... -1n.1 a&/ • • 
....... ,.,.... ,1 .... . , 

,,..... ..... """'' ""' a.u. ...._..,. ,,:Jt , ...... ..,,. 
I I 

II 

•• .. 
'" .,. • • 

" .. . .. ... .. .. 
• T19~tau■ ..... .t...,u,,t.J• .. Wt llaU.~l ..... t.flt'VJ•W.• 

...,.,, .. ,, . .. ,••&a•ua-1 • .,.,-,........,11•., 
IJ'Oe 11)(11 •- • • ,... I If t, 1,.. t;a, 
_,..J....._ DN • :.,.,t 

In an 1t1m,pt to muwrnue tnftt'UON, aJI arumah 
tJ~row:tK>ul 1he l1Lora100- wtt t 1i""' a u1u~•td 
ooluuon of aulfatluuolc for r,1h1 ' ""'" n« 
nuy wuk u dnnlorc wat<r 

Oaths ousc,d by rneumon,u .,..,1, 'J cqu< ~ 
mtnll ncca.ury amonr ~ht l'\IJl'V'tl 1 •a, Juri 
the fin, fi,'t mon1lu or tJCf"'lurc: ,'\her th(, cor, 
clu,ion of 1he 12-rnonth n:f'(IIIUrf' rc:nod, h&. 
arumab •tre pallu ~ l for a.noth""' )tar A t let 

6 rnonlhl 11¥1 apin ■htr 12 mon1t11 or cxro-,t.n 

o-

Rc1u 111 

l w /rr,tati11 ,i \tud) ·1 he ghn p,r-
1,clr< \\tre \tr, elT<\711\rh· deared Crum the 
•• ular con1undl\·a hy Llin~111~ C-udul 
,c:arrh tor comr.,l 1lrirc1, ra,1,..1 to re, r.il 
•m ahnomul11)· 

.! '"•1rsti II Srudv - fhe "l:ll'fic.1nt ,bra. 
1nd111l1ni: thn•c c,f ·"' , .,~,· fflO<l ,ml i:hs• 

Quuu ~..au. 
lvu.t. -----------n~« . • '\ bJ .. mb,f ~b,-~ • I, oiu•,I•• "" I JI - 1 , n"Jml., ~ , ,a,__ 

<0 1 ., .. 
•• , .. .. 
•• .. .. 
•• .. II J 
IJ ,. n• 

" ll ,u 
11 ·~ rr • 

ICYffAI arum:ala fr"1n urh group l\'Cr-c k1 IIN ior 
1hc JKU"JM»r of ampling A,I 1uni\ Ort we re killed 
at lJ1c n,J 'l( the a«ont.l )tar AY1or,jc, were 
.,.,.formed on all •Nm>la l.ollc,,I ,., •TII •• on th­
that RIJ J,cd of in1cm.ir·m11 ,nfr,:t,c.wu Sccuons 
were prq-.ml :a.n,I sran,...I :u m 1hc 1ntn1r:1chf"2J 
mJtttion scno lnnncr:lltan ,111,l1u "'-Crt :tllO ptr 

(Of"rM"I m 1it:lcc1al \11,Jn m th1, M"riet 

... " 
,, .. 

10 1 II u. "' .,, 
" .. Hft 

". ,. nr •• ,, ,. . 
2' •• 0. .. 
"· :, 

n111,u m p 111m, llll',lll hndy weights, :ln•I oq,rnn 

"rii:ht,, ,re i;:i« rr j,, T at.le ~- ,\ gr.,phic 
rq1rc,rnt.1tinn nf thl' c,.1i11 in lv"'Jy \\richt 
, .. ;:1, e n Hl [ IJ.!llr(' J 

ThrolH.!hout the ,et t.l 111c pcru,<l ,i ,,114: 

yr.1r. thcrr wa.~ n,, apprt, i:1Lle difTrrr 11rc 

TA.SU 4 -. h,r,i,ir f " I tM,nonf l 1,,,, /14.XI, lf "rigl,1.1 ll,.,1 O r :1,1r U ngl,t , nf .H11.', 
Rat, Rtrrit•in? l°iJn'.,)U.I l .tt'ILI ,., Glass '" Oruir L,a/.,.uat, ' 'i n;,, '"' (hu >"Nr ~--., .... ~= -=.:- --=-

ToC&J l>if l ,_ m.-. \I -,. \ \ I , .,,.,. \1 
C'oraiDM!II, (".....atnfLIJ, t",.-.rn-,J ••m \I, 11 '"' h, IJ \\ 1 

AY! l\aL 0..1, l,Y R.aJ/ JlaJ. o n.., ,n 11,1 n 
llff,j ..,., ... Om . Om non h,1111.J ...,., ,, .. t..Jw,, k• In> .. , ... "'0 , .. IH , ... , .. ... ""' JI o: ... ~ .... ...... "'° r: ' 1;, '" "' r, .. 11; 

•1tllh-\n,I I 10 Ill ... '" ... .. .. 11; 

...... .,.,,. .... 1;1 HI ,,. fll 'N JI .,; 
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' ' 

_,. wo•1 

Fie 1 -G"1't'1h n,na 0 1 r:-~ n.1 t"'I ''°" 1JI !ttl\ .:mJ ,-In lu,t 

I.M!lWl·t•11 th, r, .11111111 t;;iuup• .in,1 tlw \. u.­
, ·rl\' llll,! J:1-'""'"' m their ,l1cl ,, .., JUJ~I 
Ly general ap1>1':\ran.c, ~h3\l•lr, ~ru\\lh 
\ Fog 11 awl ""' "11 l l .1Llc 41 \II uf 
thr rat~ m1 tl,r 3U' t ~1., ..... J1cl , u r\lH'tl 1111.· 

c,pcrinh 111 Tl,l· lll•ath~ m the ntht·r thn. l· 
i;:rot1p ... ,p1k·an•1I , . , h;nc t)C\;n , .m-.c1I 11

~ 

pncuru11111:l :md wt"rc ., ..... t~ 1.1h••l "1th ,H·1,.:h1 

luscr, 
TIH" :iH•r,u,fc 1111 .11 1l •c1 "·u 11..,u1i.t,l , ~•r r.11 

p<.r J.n un 1hr inr; ~la•• I, H I , f ,,1,1<- .: 1 

appro;m,.1h·<l lhl' ._11111nmt t·,U\'U l•~ tht• od 
/il1itmn t:(lllt ro\-. I he r,JI .., • 11 the :'0' l J:fa .... 
le, el ,·ornpcn,att.'tl for the l,u ~c .u11u u111 oi 
non untntl".: 111:'\tcri,1I m their tlu:t by a

1 

mo~, Jl111l>lin~ thc :r d .ul) foc,,1 in1.1h,· , 11 

tlh,t the ,adllal .1111m1nt v i iflilJt l I r111, u1ul·d 

och 113\ .,ppnl"(llll:l.lt:•1 the ,·orr...- ... 1i0mli11 i.: 
value:, 1~ r 1hc 1(1 < ~I."' .,11,l 1he pair fc,1 
rontrul ~r.,up '- The: 1,:r,, \,th lllr"\ Ci ni thr,l" 

three i:m1111, dr,.rh 'l'l'"'""""c c,:ich other 
The a,cr:igc , .. ·i~hl> ,,i 1hc h, er ,111,I 

k1Jncvs as 1i,1cJ in Table 4 in,hc:,1c 1h>1 
,h~rt • l, no ... 1(.'lUli,ant difTcn:ncc IK't\\CCII 

the ,:1lue, ohL1mcd for 1hc e.,cpen mc111al 
iY<l"I'' arul the cor~s110nding ,ah,,- ior 

the controls. 
Aficr-o'-4.:t,pic cxa111inalion oi the \-anf'\us 

organs from all of these a111mals re,·e.,lcd 
n'> sign,fic::mt abnonnnlity. There w:,5 no 

G,ou ,1 o/ 

, ,,,11,·u,l· 111 11o.1u·,11 , u l"'1.h111u , ,r ,1c~ll1 
t.·r,,11011 "' tin· i,:., ,1n1111h• .. 111ul 11UhOlh 

1m111l,1 ., 11\. 

J /'u/m- ·ll llf\ .\111.l1o, \ l11h.1l.1t11•n 111 

I .1. ...... I h1•t I tlllllt. ,I l' •L:.'" C ; fp .. , h llit .. ,L: 

111 11, 1111 , h 1111-:1·-. \\1.' ll' 1111h ·d :\ln ru .. t.11111 

, · 111\ . ll1,·1l· \\ h \\1t ld\ .. \',lllt..•t~:,1. td.11 1\rly 

.. 111.1II Ind 111 1 lu, h rt.: tl ,1IH0l1 \\ hh h , -.. 11 

l,Hll\ d 1111 ..... ,.1 du .. , ,di.. l '1,,ltfrr,1t111n uf 

.1h,111, ,1 li1111n.: "-'" ' .1l 111ou t 1111.· ,1u .. 1 "'11"' 

.,u .. ,· , \\1,l,·111111! ,,i -.., ,mt..• , , 1 tlir .1h,-. 1l.11 

\\ ,,II.. I h,· du ... , HII , \,1nul 111 , 111,u ir11111 

t, u 1 , , . lir,.,,11 u 11I i.:,,\t..' 1 IH, .. ,1n'-' 1t".h' ll1•11 

1111 11111, I h,· h111~ 11 .... ,h.· l..lt t\'"" 1h1.. ilu, t 
iun \\.1 ... ~ llh.' r.,11~ 111 1rnul ~u , ul1,1i,:e11 

1111'111,1111111 ,111 11l ,u1.1l,lc '" tht.· ,111 .. , ,1u1'1 1"'· 

• l t.'lltttll .. , 1h·d 

I'"' h 1111,h 1111d, .. , ,,11\,1111\.il 111 .. 1 (,•11-.. Ill 

l h \.• iun11 111 .. 111.111 IU\." I ,11111 11 •• • 1, ..... , h 
... ,·.,tll'fl"t l 

1"'1l\"I 11i "'l"'11:,11h o\l ... .J1 .. (".1 ... ,· \H It.' t .11rl~ 

,1111u111111 ,1111I ln1I t1, IM.' ,hfi•·1t•n11.11t..·•l 110111 

1hc ,-,pc:rmw11t.11h 111ih11.:C't l fc .. i11n... I lw 
i11nnlr 111du,l l",l 1, ~n ui . 11h1 -.1111,1\ ,,, .. 11111 

1,l111i4.• 11ncmn1111ia. irh.11 .11 ll'l14111u1t.-.1 .. , .1111I 

., 1te, ulur hp1<l 1n 1u1111m11:1 m \\ hid, ... ,1.:1 ••· 

1 miz h ·pc fell, \\t"-""' . , ~tnhmt i,·.1lllrl' 

T here were al .. H fou r 111 ... 1a 1h ' 1"S or ~m 

i111crc~1ing ilisra,c u i t.'om1c, 11\r l i !t.,Ut' 

d1ar,oc1er11«l b,· fonl m1cr, 111ial pulmo 

?5/13 
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'llff \\1 1, 111111111 ,I 111•1 ,,,, ,,,I •I ',\ I,\ 
. ,, I I '•I • I l •• i. 
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\ \ t 1, 11· " rl,, 11 • 11 ,I 1r.1 111,I I·• 1 1 , .. 11I ,• 
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-..1111 I 11 ! 1111 · I , I 111111I I• " I , .,Ill t 'I • \ I l o \\ 

-111-1 , , II 
thi. l-.1·•u,I 111 iii,· 1 .1, 11 .. , • Ii• i.i .. , , fl. 
l)\ •l 1,, , ,111·1 1111·11 .. 1 , 111 11 • , I- • 1·, 
jh r 11l 1r Lo.I 1111 , di \ '. , . 1 .. 1111, I 11,, 111, • 

,r11111 .. h 111t.: 1, .... 11,· \\, 11"'' ii • ,., , 
111 , ,., 1"1••11.ti 11,, I I .. ••I , , .. 111 111• • II • ,I •1 1 
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lrt Jild1l111n t,, ..._,11c,.-.J, , ,. t1ith1..a111 Ii"' 

0 1 •1••1,1,111, u, d1 W".a.,c 11 11n \IIIC ,111 

·rw,. l11rlt' \\('It I~ 1lcatl1, 11 nm 111,,1 

IIOOl. l 411: l•l•HOl.tt i. \ \!ft• tJ~ 
f'lh1 11,,1, l11Lt. 111h r 1111.al ,,,~ r1 hrr, ,Hrt 

i1.u1l..h J111r11lrnl \\l11lr •till ntl11 I• k1.J :a 
lq11,!1, lflfn(NIIICIII 

I IJl(" 111 l&lhr ,,1 l.),f t:i111l ,onnuli\C ti, 

llJ(' ,1,w-u r \\JI f1111n,I 111 \\l11, h thcr,. \\J 

1t•~I p11!11 ~1n.u\ til1ru 1 \\lllt L 1 .... ,1 l11l11 
u1J t ;al, t1,.a1 ,11 •ti r1.1 1,, lllHlt 

II lnlul.11,,,., 1a1 l.,rnnh. tl,c Jun~ 
11 t ll11 r ruup uf 111111..11 h,,,,r-,1 1rrt,:ubr 
1.Ht1"-i , htl.il1t1n, ,,1 , flt"1h~ ch.tr-:Sl'.IC'r fh,· 
h.rtl. flr:1) \I,.,,. Ill., .. ,... '·"I,,.,~,· lok, 
-on ol1Wt1 111 •~ r,11 ii "' ,,Ji""''"' \\,H n,,1 
,-c,,rn 1 he I\Y11 Ii 11,,.Jc.·, \\1 re- cnl 1r,:::l"ff ,toll 
,·m, to h.uJ 

1 lu: mi(ro,,uJu" r , .,111111.111011 rnt.1leri 
\\11J\""',prta1I i,,rm.1 11,11 ui ni--.Juk, 1)1•1:-:al t•t 
,1lhn,1s, , '<,cpl tint uu '-'•11.:tJ::cn w..,\ pro 
f' tll ,11 t, nu,nlh, "11141 rrl:111 ·rh· l1Ulr ~, 1; 
numtli< _, ,,~ tl11, lunr, thrrc: " ·' ' llll'rra, 

111,::h C"rt.Hcr t 0R11,,:t'1111.11 u 111 01 1h1.~ , 1ltdlfh 

lult, Jn .. dd,111,n 1,, 1hr 1u1111.uu,n hi 

lf~
1

.Jlr-.. 1lu:1, \\.1 \\t,lt'"l"Lul ,11111 IIIHf'J 

ma..', ~,r,, 1hr,,l.lr t.1~, ... ,,f hr,1d1r 1ldu1 

.l.ltd II tlr,11,!11 ,... ·1 1 \\.l 1 '" t,llt" I \\ 1ft 

w, lc-111 1~ 11 Jh c- 1.11 ".--11~. \\ l11d1 dr, rlw~J 

u1ll.1~n1 \\1tl1 the p.1, .,,r 01 1H11c- T h 1 

numl--.:r , ,1 1'11nrir 111,.,fnlr md the .1111 ,uut 
01 ,tl H ... ,l u , lcl,ri, \\3( 1i-.11.1lly ~l•Jq,h. re· 
•hnt" I 111 1lllhL1h \\ h hh h.111 pm:11mu1n;1' 

1•ul111i •IIJr, l"lr11u 

I hr IJt1 (•h ll1•lt.. 11 .. \\t~I \,H1.1l , ,It.·· 
::", .. , ,i l1hr11 1 11.J c,t(11 • , ''1•11 1.,,1rnt 
Ill h1111'hu11J 11,-.th I,, 1 11.1 .. t • 111, 

ru l111lirl1.1I ,t.·11 

l l11hjlr.1d1r.il mu·i1 • ·II f.11 \ , u, 

the l'rt'\:CcJ111c i.:rou1,. rlu a,:ra\ .\ lu1t· , .1rr 

Ll.::c lil-.c·, rn•lul 1r lOII lul 111,,11 u ... 1lh rrr1 
111 Wt.:ll·dncl11Jtt1I ,.,,,. ,m,,u1.,J ~•I <""'"\\,, 
r11tl 't'tn ,,, ll,r lt111i.:, 01 thC'' t: r 11 ln, 1i:-.11 I 

.i 11\ltl("' JI, 1,, I t"l,.rlH rh 1l1er.ln ,ut, ., ,011 

<J1•li1ht101, \\.1< lottfl+I 

\1 tcrtl1,t·111urall, , 11u111,·1, u... 1li,011( 111 I 
ul~ wcrr prr cot \\.. l111.:h \\nf' u.:ll111Jr mil 
con1.1ine,I no c.olbi:c11 at .,1,c month, . \ , 
1hc md t,f rl1e )c:lr tlu~ 111ul ,Jr., 1n mn 

Gros, ,, o, 

1111111~h •fr lllfB!r,1,r,I ,,,nli1drr.1hlr •rruJtJCltJ 

i1 rnfl.1cc 11 l1n,\1 ,rr. 1!1rrc \\tft" i few 
r ,, • 111 "' 11 , ,,ii,,:, 1111.11,,.,, 111 rJ ,e nn.Jult,. 
" , ,,,11 .1l11r-11f "' 11111 time There \\,1\ 

uu Ii .al ro1 ir l.t 11 of lipid , lrbri 1 :rntl 
rn.,, rut•'~i:r In Ifie l('1;!1on i oi t1l\.r,1hr 
411.11 .. ti,, r, "ff(" fl&,;,i. U\ 'hotf',lf'rul • I) t..11\ 

\\111, , , 1tc,I ~• 1111 «ll• 11,r •he<,Lu 
"111 1.J1n111111~ plugt:c-J .llr 1(\ilCt \\tre 
'l.\.11,tlh,f l,., prohtc-, ,r.1,11 hi tJ1c li111rig ,ells, 
.,n I , 1hr 01.Jcr ~nunal,. f,.:.11 collai;cniu 
111 41... the rl11i"l..t11e<l \\JII\ \\,h nntrd 

1 hr l.11111,h 110,lc, \\Crc rnbri:ed a,id 
hnw., , ,n mi: ,m,runts of fil,rosis. l\luch 

, f the IJ mr,h<,ul ll><uc II as rq,lacc<I by 
IIUHc-- ,1 Ju,t 1· . 11111m111L;' rt11rul'lCndotJ1c-
1al "·II 

Ka_11111 \ 1 nh.1ti11,m-gumr.J 10,:~ 

\ ,11fe , », , 1,~h1 phir.,I mottlm~ o f 
op.VJ UC' I LIi, fl(\ c.1.:r111f11 Jnt Crih, dt1ncc w;as 

'.1011-.J 111 ht- lm1c:-, 

\I r r, li•1,·~II)·, tht1e \\'trc wiutlv scat-
111 r,I rd. ·,rh· 111.111 fo,. i or dustrrcd al,e-
1111 1•h•J.!'i! 1 1,,. 111'\""r,I <lust ,c:11~ .. im1hr to 
thn .. l' "i ~l.:a ..... du-.1 l f t-.. f', J I~ there W3S 

w1, k11m~ ,,1 .,d 10111111c ~1h rul1r wall, by 
•rul11l'r,_. ".'I; .ihtol.ar rel! ~o rollit:tmz.1-

111,n w.i-. ·0111 I The 111•c-nt-111ri.: lune: r,!'~ue 
, ., ... n,,rn ..1; c.:x, CJ•t ior •~·t·t1.11,11.1I fU\:.i of 
I"' ntJn •01J<r. d1--<'.1,r 

Tiu.~ , .\ll•J•h n,ulc "on 1111eJ I t'l,:e 111;1:,~r~ 

, 111 -1 ,·rll~ hut ,hrnu-..1 no C'OnnC'l;t1,c 

, , ..... w- ",,·t111n IH 11.l r pr, ·Uh'(' 

\ 111111.lt<"r ,u p, ,n .,.,,.,,us d~llH <A:­

' 11r,.·d ~r u,,. , . , ,11(' c- "' i.11c:1 ri:: ... l1.Jtl J 

, hr ,1 111 1,111111n111111 111 wl11J1 hpic.J c,)nlam• 

11_ , r.-11 oi 1:..ri1et rmi: t}I e were., !'ttr,king 
1 ,tu ,. \\ hr11 1•nl1111 ,n,1ry et.lenu w.1, Uc-
• ,,11~,r t,h 111 the ~ton,. the du.,1 foci 

l'l"'"111d d,.:aupttd ,in•I u·dt1t("( I m 1111ml,er. 

I lil rt· \\ 1 re: 11,o thrc t' .111111L1I~ "1th tJ1e 
,.an,C" ''l •l'" ,,, ·~· t<·1•11c connC\:lt\t' 11, ... ur 

li•1.1 ,. i\ \\ l lltJlld U till' ,,,her ClnllJlS 

I Ii i.. \\, 1 , 1 ... t..th.d \ \ 1lh f, I\ ,I inrn ti11al 
(•ulmn11 n 11liro-. ·I 1,111· I t U C' I 1.;1,pl111i:i, 

1ml , .1k1fi, 1111111 

r: f 11h.,l.111uu - 1 ,It J , .... pl rnr hJ,;ht 
111 l'kur 11 mu11l111(" 110 ,,cmfic:uu J.bnur 

Jl/19 

21,u 
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111 i:l,1 ,111 I ,11n1 rnl l l•MI Ill~ 11..: 

l11tl1111i, 1111,h .,,1. 1 tt1hl .. llf111 J•llh HIIII\ 

111,,,, I \\1111 , ii, 1l1 1l:1,n ""'11 r In • 11 
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f., ·ru 1q•1rft , I ,,, 1111 •u ,,m 11 

I• ll11\\ 111\1 ,, \\ I • 1h, L:l 1 
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1 \\U 1d ,l11 1t ,1HI ',u I I 111111111 ,llt I' 

•• ,. , l 111 q lt II 1, 111, I I. ,,,1111 ,h,-1.. 11 1•1 I 
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11111 1,, Plllt ,, .. \ • 1 1111'1 , h' 111, ,I I" IHI q1 

•l1t II, 11111•1•·· , I t I , ,, .. tll\. I ", .. , 

1 111 1.11h11, "' 11111 q11 11 1, du .. , 1 .. 1,, .. , l11,, 

,,l1111lh ..... 1111 IIIHII 11 ..;1111 ,, 1,1:.,: .. ,11 I 11,, 
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1,l1111,1111 , h.,,I .,t .... '"'' 1111,,I \\t1l1 1111· I, , .. t11 

111d I,; . .... ,11 , .. 1 It \\ I .. 1111 .. ,,1111,,, ,I ,1 .. 11 

,l,11 h ;,,;.,,, iii, 11• , ,I , ,lu , 1 ,.11. 111 ,11 
:.:1 .. 111, .. lhl' t 111 11• l,1 ,,\\ 11 1,1.:1111111 ,111,n 

I lu q,1t .. 11111 01.1, I"· , .u~,,I ,~ lo 1111 
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1li.1t till ( fft.·1 , .. ui cl, .... .Ju I r ., , .. \\ 111, 1 

.1 1 2Z 

I 1.-, 11 • II.-. I 11 ,, , " , , ""' r I r-11 
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pit uw. l W11Tnlmlwn \.,tru,.I , ,, t111 • 1 '• t 
m1/n1 m tit 1.1 J n,11/n.1 m r.,.., ,n .,,, 1 
thn1u11huut lhf" 111.ull ur ~ :!◄ rn /• u u 
With rNJll<'I to numhrn 11! ,.,rt,rl, ,1,.. 
lowml nH''"'' of 1mpl~ 111 1111\· ur. 1 "•t.1 

fl 00 mllhon putn Ir- Jl4'r • ul1u• fnut 1h11 1ti,, 

hlalu l O .J:.? 1111llum , .. ,r111 I '""' r , uhH fuul 
~,lh in n,c-n1t.• thr.mtthuut thr pl 11\l 1,f 

IJ l.! m1l llnn pr1rt1d1· ,,.., t-UhH foot Of 

1h 101111 l'nrloclr """'"'' fil'<•r· 11111ft up 
Ir 1h111t 11 u Thr tllf"fli,m ,luunr·trr t•f 1h,. 
hi••,,. wn h , 8'l" h 1·111, 111 tlw r.rnirr- from 

lo IU A,l"'r,,,zin.: l.11 ,1 (,rim :11upl1 

UirnuMhmot th<' pl,1nt oncl1u11t,I tlinl 1r.•· of 
1hr fthrnt ""'"' unclrr 40 .md fi'' uml1 r 
~-S.l n1 If 111tlh 1iw ,,uu,\nl rnt1on uJ huth 
fonn11hldl\ rl!' nrul plu•nol throuJ?hnul tlu­
J)lunl "'La 1<"'11' tlum O t, IJ.clrl8 ,,..., m1llu111 

Jlllnl 
·n,r tllhlt) phl'M:' ul 1111• hn1nthin.: nm, 

<lurmJ,t tin• t uch nmnul I•• l,ukcn o,-i n •11r1 • 

lo(l ll h..111\l' ,,r 1.omlihOll./lf t •Xl bllll~ Ill t'Hrl tt r 

,r ,. ~ '- llh.'\' c•xtrn....,i,·r t•xh,1u.-. t ,mrJ ,,•11ltl1l 

liun foril11u n r .. nun•11th m 01wmt1011 
111 d111u 1• m C'nt,ont"II ol..l, to pnwulr ., 
t,,, 11d1 11Lork incho11111µ lh,11 lh~ Jtopuh,111111 
lu h,• n •a•wtcd ,,rm ,.,,,.,.,.'<I thn1m:h 1111 
,c-.11"'11 to ldal\4 r roncrntr,,tiun .. than tho~ 
1m.l11!'INI lwn-

l'opula1ion Stutlicd 

SmC(' ,,r w~r~ intcn lt"\t in r fT<'l'L-. nf 
h"'na-h-rm l'X(IC'►u"·\ nr p c. r-(lll v-. ,1 ... 11u-1urlL-.l 
m 1tw htUd) "ho h.nr1 bt~n empln_,rd b" t )u-.. 
1'0ml}nnv r,,"rr :h.1n frn ,r.,r,... Thu ttrh 
roul<I tt~..,u,nc u .:l.L$la inc-<I cumul.,ti,f' l ' '<lt<'· 

-.un• und nl!'<l 1hr lnp .. r or s uffi r 1Pnl I mu h• 
1><'m1il chnn~tv, It> tlr, r lup which migh1 I~ 
rN:0.::11i1«I i11 thr c-hf't-t rutnt~••fli•l: r,11" I 11 
plo, rncnl rt.'C'O"di, nuJ tlw l':Cp,<'r i<'nu• ,,t llw 
,,',ml 1,lwt11ic1 .. ut n ·H•ilh't.l 11nth m~ u1111-u.11 

with rni:pecl tu •·J.1bor tur1tO\'l'r " m th,• ri ~ , 
r,-w )'l'.UD of e mph.t\ m fl nl ihl"rr- , ... 111,t1u11~ 

to •ua~ I 1hn1 lhl' ropulntoun t•m1>hl\i·<I 1<•11 
or rnon' , .,.,.,._ rt'prcscntA o hii:hh ~ lt"\t. l l'<I 

~roup in trrms of tolemnce to an~· t.ir,•, ll. 
mul~ri'll. Sm ~ \ th~ mnnufac turin~ JH"fX~111 

Ix-gins with mw mo1crinl~. of which on<'-
1= cr\''lt.1llin-, f iliai- L• known to Jl0""'5.'S 
U10 aipocily lo produce chon~l'S in the tho­
rncic m<'nl~en.,~r11m. nnrl , incr wr clr-.irrrl 
to connnc our nll~ntion h> [)N'SOlb whu~,· 
CSJ)OIUl't! Wlli limited ,.._..,11lic1lly lo fibrnu, 

I //It II T 

111 110t1c "' tin· p,·r••omu·I 1n,-olvNI Cor 
11,ur. tlt;111 • , " ,11 th,· 111..1nufacturin1 
1•10.-,· ..it ~ t.111 , 1rl11 r th.:m thr actuaJ 

fonnat1on o: IIIW"~ " ·L• m r ludl"fl 1n l}v­

•huh A le·" 1111ll\111tul• who had "orltl'd 
\(•f\ ltrwn, 111 tlu• Jtr• lil~r t.lQt· ''°" •ub., 
qth nth !w1,1~f tu 1'11 bt(l'r -.t.11u ""~rn ln• 
, lwh,;:I l uli,111.,• tlu , . cr1tt·r1.1 th, dw-tt 
ruflnt~t 1 19'r,111~ nf 1 '""' rmplt1,, fflMl 

,md v.umC'n v.ht1 h 1rl '-'Orkl-d 111 '4hi11 ,,urht 
1111 r-, llrd tlu 1,u;u,-t 11 ·c.1a for lll'J r« thnn trn 
H·1w \ltf'rt u, 1~1 111 tlu- lltud, 

\\ t. h.1,! ho1• ,1 1, 1 oht..1111 n t•out rol ~roup 
"Jin .. ,, onlv , tpu u,, ,., Mild 11.1\ 1· tJIC"t'n to 
uth fibruth- ~,h ,1 11111lhl h 1\f• r<', tchrd tJu­

:•mhll'nr nu tllll"u·k th1· pl ,1 , 10Wtf Thia 
prn\(-<I 1111pr.te1H ,ii / '" ll ll'f" th1: d(lncnl 1tatr 
.1rnl 111..inat.:f'nl\'IH t it ·r-c,1111£'1 h 1d frt1qU(ml 
!~'1":.I ltlO to ,,nu. 11110 ,.iriuu, J\Jrt• or the 
f.11- ton. nnrl h1•1wt• 11.uf 'l'C• ,·ii 111111• f'Xl)O· 

urr 11, fih rno-. t: I.,,... ,\I u. M,. ,. llll'mi.K'l'I r•r 
l ilt' ,uln11ni lr 1ll\1• t t11fT I, ,d ,,nrk,-<t for nn 
1pptt'C lilh1t' )rl~r iOfl or hllll 111 Oil{' crlfJ,ll,Cil~ 

ur :w11thc,.. msid t• llu• r 1r tor\ uJ)('r1tliofllt 
B1wntcn1r1i:r.1nL• "' ., ,~npuhtinn from out .. 
.. 111, 11,. r,,r1on ;11111 11,L .. 111, ........ . ,mC't' Y.ould 
ti.1,1• 111l rurlt1n'fl 111,1 ... uu1· :u unavoidnblr 
111111 uknt1fi< .11 1011 of t111, ;:r,u1p h, thr £'I· 

.1111111rr It \\,1.., 1h1.·itleri IIH n forc-. not 111 tl· 
tt ·mpl • •• oht.1111 t•o1 tn•I .. 111 th~ t,,lnc-t .. 1·1ll(' 

of ,, . .. 1..'X(N).o.. llr,· 

'l111• Juul "'lll th r n1up ,, a .. tlwr1•for<' com 
t>u·t-c l o! :111 ,•mploH-..· curn•11th un lhc pny. 
n1II \\11,1 lud h ,1d h.•n or Oh'Tf' \(\11'! ol 
1•mpl11, llh'al in th, 1,u ~ur, :m ., 111d in nd· 
cl11111n 1ilf 111.111 1•111plo.H,~ nn th, , ll•rirnl or 

,11.111, q.?1 •n u-nl !'ol.r1 fT with l c-11 ,,•:1r.i1 or mort' of 

.. m plu,rJ11•11I l11 1111"- \\ .1 \ :1ll l ilt11 ,,1,1min{'(I 

h ul idt mi\ .d id1•ntifil·.1l1011 nurl..,·,... ond lh<' 

him 1·:<.111111t1 r lur! n u \\,I\ uf hfllh\lOJ,Z 
\d, llwr hh1L ... \\1 · 11· from l.u1un t•mploH,-... 
ur rrom 1111 cl<'rll ti .md 11un.1~1 11u•n1 , 1.1fT 

( 'hcsl ruenl i?t•rn,~r,1111.q o f l .•H'l 111di,iclu­
.;1I~ \\l'Tl' o,nilnhlt· for c.•x,1mm,111on Prior to 
.. nuly or th(' fi111Lc;, 12 ur tlu-. uriginnl :m TI· 

her ''"re ,lropf)('fl from thP c.lwh Onr w:1...• 
too 'lr&tl' in ~t:-i tun• ror lr-chntl','llh s.:1t1s rac­
ton· d1~t nwntJ,tt:'110,:r.uru.. Thi" r~11mining 
11 WN(' <'Iclu,kcl hrc:m•c pr ior lo cmploy-
111t'nl by this fibrous ~loss rompnny. they 
hnd hatl a long occupnlionnl rxJ)06urc lo 
frl'C' crys t:>llin<' s il ic:1 in th<' nmbicnl oir, 
1110,..t o f lhr m h .,\ inJ;: workC'd for n\O~ thnn 
lt•n yrDr'b m II fow1dry on occupalions 
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n m 11w r lhoucht tlu , . '"' r , u urnrnl 11r nl11111nn• l 
11u• mt111t t'01\.,p1n 1uu .. 11 ln 1lm, , 11mph >. "" n in 

tht n onnnl lu n i;: 11nh ni·I,, nm , llu .. , .. (I 111 111 

h r,uwl11ng l in1· ,11 rli•u-.111, • n ,1rr11\, m i,: p rui r, ... 
1 1u l y rro m 1l11 Jun£' ruol 1,1 th, p, riph1 n , 11111 

thought to bf, cnUS('d prr'C"lnminuutl, hv th,· m.1 

JflP' 1ru11k~ 11r 1hr p11lm11n If \ , ..... 111 If , .... II 

l 'o r " nnt C\f n mnrl' pn·u -.1· l 1 rm t h1• I' 1lh · ru 

, , • III J.'• .... ~ f,lll' ••I th• 1 +., .... , ,,11, , 1111 • , ,, 11, "' 

I I .,,. •I 11♦ , 11 l,111 • I t 11 111111 "•'' 

ti ,, r• I• ,, , I, ril • I 11 1, rn1 .. , ., 1,, 1111 r , ,, , 

n, II .. h1i1l l l0tfl• \\• r, • II, 11 1,I \\ 111 l h, r 1111 \ 

,,, , , .i,1111 ... ti , ul 11111 ,., , , 11, 1h, 1 11 111l 1h 

II , II Iii• ll"•tlul, , • n,,,f In 1 .. , 11,ir.1, 1, , , 111 
.. , , 111 I ,1.11tl1•h• 11 ond ,, l " J:-1111 ,1,1, p .111• Ill .. r 
,I • 11 n f., r , ,,1n11 I, 11 .. 111 11 , d l'h"•• ,.f 111 

I, pl I n1• 1 .t I ,. , .. 11i , .. , n, t l -4 1 111,1 I, 111 

tl11 , In ,I rot otp 11"-'•'l ll ••I II" 111.1\ ht ,11t h 
,p,n ... , ... 1,,,,1 , 111.t 1h11, 

l1tl• H 11, 11 .. t ll• ,\hi t •I• 11••1 ll •ltt II l1t IN tt+III 
t ,,, 111 .. ,,I t h, I t \ J' \ \\t i !. 1111 n, tul.,r 11, n .. , 

11 Ill• 111111 , I • r " ' , 11, ii .. 111111 11111 ir 1fl-11,1 

II• ,, . 1 .. 1li .. 111,;ltl ' " h•· "' II -' 1111111 tin ltm1l• 

, ''", t, d , .. , u ,, r,11.11 I"' r 1111 , ,,. ,,,, t1,1n ""• 
111,1 I, ,I llu 111 011 t h• 11fli, r 11111111 11 tl11 r,· ,,n• 
,111 111111 .. 11.11 1' 1 " 111 .. 1 •II "I 1!11- .II tf1 11, 11 11 ~ tin• 
" u ""' ' ,1 ,11 ,1 ttl• .:,. , ,,. d "" J 1 ,,111p. ir11t.1,r 

, , 11, . , .. 1 , "" 1111 r 11,,, "' r, , ,., .11 , ., 1hll11 •· 

\\ 1U1 n 114-. I I• i tll\ ,,1111 r u r l .,f 1.1lt11urnial 

11,111, t11 u l ,11 II Ill• 11 pl ,1, 1 \\+ l'"' 111.111, 11\nll 

alil, . .. , •It I r ,,11 •II •• , th, II ' 'ti "'' , •• , 1rtl ·n· 
, , ,, -1 ,,, 1 "' . , , , .. , 111, .. 1 1 1, 1111 \ \ l11 1111 r 111111 11r 

th,, l \,ntl• 11 .11111 "I,, ti,, r uu::lr 11r mull1plr 
" " t111h«I \1111,ni. n ,,,m, 11 1111l1 , 1, lt1,1I- tl11 ·r1• •• • 

i:••·n l H l flBI IOn 111 th1 • .,, p o1111lum 01111 ,h ll'III I V 

111 lh1· ,~1mpl1 lt. uf •h11,lo" ... 0tnl.1n~ u p "l111t It 

, , I• rr,~I 111 ,u 1111 lun.: r,-.Jt I .1•• h film \\11• ,ni l 

~t!U/1 rl Ill It rm• nr \\ h r tf1, r 11r nnl t llf• lun, 
r,0411• ... • nu I u ,u,11 or unu--uul 1• 111 .,, , , 11•••· 

Arri, £111 ,rm, 1/ro/tl,-\'ol 16, F'rb 1!1611 
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I /fl/'"/ , 1, / I'-' II / 'I• I/ I 

l•b'• 1 (11Jff'llltd fol,t1 f,po1wr• -· J DtO" ' 
:.,1, bt GtOUP•. 

ttUf n, , r ,.-r 10UI flr1 tn1,1 1,Hl', f u I 1,nr 
tnnt dafJ('l'1'1'tt hrt•1, n 11.t Cl'h ,,n•• , , • 
, ,.-ur< 11 aJh n1n t.lv fnoe1w n , .. ,u 

,..h,tl h11I in 1h,.., t. v• ..spoot-1 
• •I• 

Comh1nin" the .. hr. t._,..., n\•p I\ ,,,~1 
9-'ilh .1ll11" d• fllhn.,lr,1l ll\it l .1r1r h.u

1

-. 

1 • hf n1od<W-l men a,. l'f l\\"l ' 11 I 
1dd11•~ to th,...- 1111 ,,..,...,.., 1h111.1phl to h " ' 
.,n,· uth<:r unu· .1 ,I .. h.1rir"A- .. ,lluu tl1t· \u1 ~ 

u\JJl,tO(."('>, urh ., tht hm ,r 111 n 1l tf '"' ..tl , .f 
tt'n "'~" por-.11\('I tu th, dLl('hr-u:m of ol• -c 
....,.,,,. T.,hk I _,..,... llll .,. •• n,n,h1I 
dim rt"ON' 10 {rf"(\\U' Ol'\ l ·( th1 t ft tlllfL , __ • 

,,.N'n th~ , .tr1ou• .-..,tt·~orit..., h., '"' on ( •,q,o· 

Uff". Afh. r cx.anumn~ th" t.hn ., , \N.t ,on ,,. 1 

rn,.'ldC ~ to v. lwthf·r ur not ., 1 ulh ul 1t hlw 
,m11rl'IIM-d th•• rs.111u111·r c '-"'" " un"' u •I 111 

. . 

,n, " ""' u.-11 a,- , lu ,, , ll\' I' I tr•• 11°1 
,l r·IL"" Ion& ro<'ll, Cir , -xh·IL• l\·clv U11cl.r111•I 
plrurn f .. ,d, 111dJ\ ultu l <·•h cunlf•I .,, l'-•' 
,ng ftn unu-u.1l lil111 ,., ., <'Sl'I"""' in tt•m~ ol 
mNlic:,l lu••ton, .,ml Ill' n\lu r {, ,\1u1· 

thou~hl to ~ro1un1 (or 1hr unn-u ,I w 1w•. 1< 
-:1ncr of \\w hhu In "41111(' 1t "·'-- {u'.11ul th.,, 
., thrr.111"u lic lHln1111othonllt ('r 1,,1,ctrnn, 
" ·"- n I'°"' 1bk !or the, , ,,, ur.•I , It 111~ •- In 
otlll·I' ., <1, .,i:110•1> "' .._moich• ,- .•<'"""" •I '• 
r~, th,• 111"""<' .e l 1\m, ,,.,111, ,\Iler 1l,1• 
pr,,('('&,, the nu"'l-..r "' ,~ ..-.m• c\r1111•11• 

.. 

.. 

.. 
T1b1• 2 -Br11l.C011Wff of A1ntlll Dr G,oups 

,. 

u .,•ing nn """' " ,! hln• "'"'" •"''"' 1101 '• 
n,-co,U\tN.I "" on tl "''"' .. r I ""'" ntion ,I 
11, ('(.\ictll r\U'-(Kh' ,, --. c,,q,,, , ti ., .. • t""n , 1\1 

,,;c ol .~ cntr~or!' to \\l11,I, , .,ch ,,..1on,,• t 
T ~"'h1l

1 
l . A hi~hcr pr,-, 1\NK'' ''"' uv •I to 

~ P""'""'"' in th~ 1;rm•t l1 ., .. l , .__." u•I ,,, 

, ... , n1h 111h, 
ll·. ,t tht ..... \ ,h 1h, •\1110..-- ,. pu......_ nl th, tN11H• 

n ,I hl.,,1111 ph.1--t• .• r ~rim .. u t llb u-uh:w ; nr 

I"'""'' 111(' 1«~1urncv nl , .irimL• ,,.,111·<11. .. r 
J u do""" i't ti,., rflrtllc<·nu.r.1111 ",, 111 •• •I 
in rdotio1 :l,ip V> "tu~tJ,cr thC' \K'r-.4-m ,, .,. 

prcdo111i1\.~lltlv ., ck11o l. I 1dC1<'' •r """ 
C ~inro Vt.'ork1.1 r. No m<'nmnr {u\ , .1 r1 t l H n 
w~ {ound b(itwc<'n .inv c·xpo-.un· t. ,11t•c.11r 1, 

In Tobi(' '.?. the eomhil\r-d I rt'<l•"•nc,· nl 13 \' I' 
lV and V inert'O-----q(' of l\\'P. '"' l' \um: ""\\ 
or 0U1rr un~unl sluulows ..,...mrd lo \}(' 
hithe5I in tlmSC kn• t npo-cd to ftl>rou• 

11139s Cnlcificnlions ,.;thin ,hc lung .11111 h1lu111 

I ht· r• 1.,,,, . 1, lu\, \•one, nlr,,\tl nu{ rl 
"'" r- ,.1 tlll Ill -rr i. ..... lr nc th ,, con-,, tcnl 
, 11,1 the fut 1h,1t ,t ""'°'rt""- l 'Jtrr-nu-1,· lugb 
1 " ' ulf·<, ~r. .11<·r th 111 lh""'' U • ll'>II\· ,1,,, 
, ,,·cl ,n ....... -nw,1111 11•.111ul-""""'e ,,roe 
-~c.e.- LI• n 1h•"· i.:l.1!---. hh.· r-- to lt·11~th ... \ 
tlun l\\U c,r thfl"' \Ul\i~ tlu'1r 1\Ltri~l 

~nth in~ ,.. 1'no-A . ,1houl th" 1r ,s, 
h•11cth ul cl• '\lof'<' " Inch , 11lrr •• rul 
111.1in ,n tl-...· lune. hu\ 11 .... ll\.""' hkl'IY 

of thr l)'J)(' cl'-~r ctcr~tic ul hr:ilro prin>-"'' 
tub<?•culCl!!is o• .,! histopl~ mO!-is were c m 
moo, occurrtnll in 51)0 ~ ol th<' pcr<01L" , tucl -
icd Table l) . Since the population under 
sludY ti,ca in nn o.= \\hcre hi-topl.c.mo--i, 

th• \" \\.Ould no\ £ 1r t ·).M , ... 1 ' " ' """; 1l 
c-11 ch;,r,iclNi•ltc ol cl•"' f1hn. pl u1e 

thal glas,;--~'l • 1ho1tc--i• hiolog· - 11}' 

f,hro~<'"mr.· pn'p..1r~ nn'' (1.,r tht' find' 
ohtnincd in this sllllly. Whilc ,;o100 tibt 
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,,, ,f 1 11t,1 nlh Ir 1 1 11111 f111l11\l.1"4 I 
1d1u 111111, I 1 ti,• p,, 1t t 111 1,1 I 

""I 110\ 11,.111 .. 1 111, I I 1111\ ¥- I l\ ~ 'I 
0\1, J,f1 11.1 • 1 ll••"!lul f,1r ,t , purp .. .--. 

I 11 , •• , , • •• , •I 11• t I t•, n 111m h 1 "" 
1 i+lu 111111, 11 111 , , I I \ ii I In , I I 
I lir "'"'--" , ... 1\t I tit ,, II , I 1.111 

.,,.)q, h I m • 1 1r ,1,l,· frn111 1)1, hl11 r 11 t1 1· 

1f\ .. 1l11'1l1 Iii ,A !t I ,, •llii. ,, I ' 1-I 

, 1l 1H ,I ill ul11l111h 111d 11r ..,,I 
\t 111 ' I lu 11111• ri.1 I I thu11~H '" 1,. I ,I, 
I• di lfl• lt t ,1111111 ,I , 

1
•1•1 ., II. 

t, Ul•I u1 II• I• 11, 
J'h, ,~•lr11l1 11111 01I luh rh 111 ,, , I , .. , ,, 

tl1t11,u ti, 1 11', r I l 11,,..., 1, 1 111 , , •11101111 

I "1 ,11 111 11 1 ,,I 1111 th, IUt 

\1,I 1t il1 n1t1 pol\• t.t 111 1111 o il r. r1 ti"' 
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Fiber Glass 

Chemistr) and T ci:hnology 

CAIIEY P. \h{UIIO \I U . ' "'' 1,l,ur \ltd, 

Gun ho, l,ccn lnown lo m.,n for m1n• 
('Qtthir11•,. Todav. glass h.t• , 1rl1 w, 1,•. 

. pr,•,,tl .111,I comm,,nplau:n uug'" 1h 11 ii ,, JC• 
cq,tccl .is •"' r,s.m11 .. 1 p.11 I of our n a\C!.11 
'" c, ,\ Ca, I that i., htt I, l.111m t or .1p11r« 1.11, I 
1., 1h.1t ~1.w I< c.h.,olni:y h ,L, .11h .inu ti inn, c- 111 

the la,1 ,'jl) yr.,r, than in lhc prrc1·d1111, IOc 0-
plu• )r.11, ,i11tc its clisco,c,;. C,c1r111tfi, n • .. re.It 

rlurmi: th,· 20th et·ttlttry h.l, dn ,•lc,ptel ., "" ,·r· 
s1:y o! nL'\\ Jl' opcrhr, .md fonm of :;I.•"· 

One of the nc\\ : r fom., r, fibrnu, ;;I~,,. It , 
application\ hn, c rc.ultetl in :1 rbin~ lntew,l 111 
its pmpcrlic:s :incl in the pouihiltt) I r hu ,' ~·- .,\ 
c!T .. -.::s upon thu,c \\ 110 , 0111,· in L'01,: .. c.1 " :tit 11 
T he 1,urpo,c of thi1 orticlc i, lo dtspcl ),,n11• uf 
tbt- mntcrv 11,at se, rns tu nlh·ml tlu: m1n11f,w­
tim· .,;id hnudhng of fi1J ro11s gl.1.-s 

\\'hat ls Gluss? 
Cln<s is ddin,, J l,y the Amcric.,n Son dv for 

Testing '.\fatr, h is :i.s. ".in inorgan ic p, ,,tJ11ct 11! 
fusion which h,1s 111:1·11 mnlt'd tu n rii;rc.l cn11rli• 

·tion without er,· t.1l11 rnl.n11." It h dc,c11l,,·J .,, 
"n >11pc1cooled 1iq111J • It h ,-01,,llh·rcd ,.,,;1hcr 
:i tn.11· solid 11u1 " trnt• li1J11id. hut it co .. 1, :o .1 
,tnk 1nmcwherc h <' twccn lht' t\\o 

Chem ic!lll)', it is tcm1cd .in,nrpl10•1• r.1tl1t·r 
than cnst:illin~ a nti ii h cL-w;<'<l .1.s a ,,licalr. 
C:las, i ; ,, n.- of tl ,c must s t:1l,lc , 111 .,1.11,t~, 
kn,," 11 lo ma 11. 

Alth11u!!h th~r.:: :ire h1111dr• ds of ~l. 1, fnrrn11-
l.1t ious m me totl:iv the 111.1jo1 :11· o( enmi.wrc14I 
1t! :ss cnmpositiou~ . ,., 1111it,· ;i111:ljr. , .u~ rn ~ 
011lv in minor ,111:11,lilt<', o( this or tl,11 , h nuc.,I 
to priwidc the p rop,·rt1cs n11d ,•hJr.,ckra,li•"> 
su.il:iLI,· to thr cwnhml nppltc·at iou nf th,· ~,.,~, . 

Comm~rciol gla.sts 3rc fon11t'rl from ,,l,.-011 
I 

f'mru thr lntWutc c,f lu,h1.1trlel H r'••th, t:ni C" r u tr uf 
)1l1hiftt1, .\ no Arbor, )J'lch. 

, . 

Jin,uJ, ,i\ 1 •! tl' ,,,icl,' 1f '., 1(,1 ' 11H ur, J11d 

utfu r t U11•1J I, 1 ·1,1<.i: .1n111u1 h of ,,tl,1 r c.1, ,,,. 
11·.,h .1a• ,,ddn l ,,s rl''}1111 ,·•l 

F1lwr ,:l.1 , " ~u,1·:Jlh ~' ""r;' ,I " ., It • II • 
\11H .1lt• · :'• •·"' I cc .. u ,t I t rn11l.l1 I It ' ... ." """ 
I 111\ l.1l1ti) l!il .l\ 1,t p 1 •• H1l\ ~ •• 1tln Ji,•.,I 11 ,t,I • 
.u:1,:f', low1.: 1 tl1,·rrn .t1 , ,p. u,1,111 n•u l ,,, • • t , , •• 
" t .t~1l,· tu, ?.1. uc. ,1 .. tu, L 

To 11,m. 11n/Jn11l i.11 \\ ,ti, .:1.,,, • u1111• .. ,:1 •111 

~ml prv<l• , 11. •I•. ti ,.11111 f it lnr • "' 1,1, ,~ 111 

µl ."'.1> ,11. l • r pc.,r t , , .._ ... , t , ,11p, ..1!1 \ c l, ,1 11r\· 

lJ'" In • Jht~. tl1l' f ~ "d, 1u 111:111• t,1!111 p11,h• 
ltfH) lt) lx• 1, \t· rc-nrar ht.•!, ;(.; !!~.J,, r,1,. I~ l,1uJ,' ! t ' 

prod1:tc,I "" ;1 c, 1111 111•1.:1 ,I '"~Ir 
F1h1 1111> f:1.,ss " t< lrr,I ptn,l11c, J I ,r , · • , .. n.­

mc.rc-1.1I n ,ul.d 111 till' eJrl Jq"I)\ \I 1 .,1 !i., 
llbrr, ri,1J11t ,·J .11 th.,t irn,,; " ••· ,, ,I .• ~ ., 
Cltcrn,~ r .r, lium Jncl \\ er, \\ 111•11 c 11,1 '" ! t, 
n 1.t11) p, ,." 11t -Ju~ fi l1rh t •o:11 ,l .11ul 11.t!<•\i t ,t,· 

1t, j :.:, .. ,.., j, " ·.1y. ~1." m,, , • . ,,, 1,. , .1,·­
.!u ... ,n1 1, \\0111 1111.l tt ,tu1i. f • ... " l \LI,· · 1w:. , 
Jtl' u ,11.,!tv ~ 1n~11tc1,u, f,:.1i11, 1, f, , ,i t, 1 r , lt i u· .. l 
t,, ,lS \ J r,"'" · .11111 ,llf' £,rnnt•,i Ill lfJ ?lt11,11•1q, 11:" 

1111,·wl;,. ~ fil '<.'r.,, ,,ht n: .t, tlu ,,o,,1 111,, r, ,, ,. 
ionuc•d iu , ., , ing !, 11,;ll" 

.\111Jlh1 1 \ Jrj.1f1r,u h 11 1 :It. ftl u t ch.111wt, I' 

F,b,·r , 11.W'lli'r .. \\ JII r,ui t.,t f •n;11 ,,, • h, •••w·· 
h11n,hr,l-th•••·•·u1rlth, of ·"• 111d1 r~JC.:1 2 •n ! 
hl fn, , . .. L11111.!1 '-•tl--f"nC-ln u ,t!rt d •t lu,11 ... 111,!~)4, o~ .:u 

Jll\.h , l•' ll4l iu ' [l~ c.u1~. r, .. ,, '\•\II. 11111 1 .n 1 11~ 

tL,un1.• t~1i 1J111..:~ h ont ""'t\·-~t\•un, hur\? .. \l• 
t!11)U, •. 11,!l:, .. ~,t .1·1 IIH' h f'C .,"• u, .: t l ,,;Jh' 

l h~,ll ", "·r.•l11 u,du·tl·«l1 -t -l11n•Ur,·c!-:!.,111, 1:1d•~1.) 
of Jn t11rl, , .Ort7J.:; 10 .) 
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The d,.uu•·tc r nf ;:I."' I 1,N• •• , .,11,J hl pro­
• idc tht· d1.,r ... ·1u11lic, nc,d ·J '" •h c,cnh: I 
.ipplicalin:i or product to J,., •.1 .,le \\·h,•n f,._ ,. 
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111r,1 , 11l!n, r,1r '" ,1 I ",, , I 11. , 
li1t1J tltr h11lh 1,l11•I 1,1, 1 I , ,,,. , , , 1I, ,1 11 
llnal l,11111 h , ,1,,l,I, l 11 d .11111 ,,, "' • 11 1 'l 
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...tJIMb,,.ir.10 
bonoa...J 
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nlllle (IJ1..olum J,...,Jd 
lltoon 
c,1...,..,.1 
1,s,1..,. Wffll""'nJ• 
wlv,n l\llWe 
C\lllet 

Cl111111rnl , C.,',rd In 8/ntlers 

pt..l,ol lum,11Jtl11d• r "' 
ur .. fvma>l,.I.J,1J. 1nl11 
melauoln• r,..,naltleh1.l,, 

rmn 
)Xilyvlnvl acolJle 
\.111&11 M UI 

UTN 

1d1con• 
Y-atkJW JtN 
&nUlMJnhon 1ulr1ita 
,tirc-J1 

c.ubon fWl""""'" (bl.u~ 
p11Unenl) 

epo.,v ,nuu 
11ru1unuwn l1\-Jn1uJr 
m1ur.u l otl 

M111111fuct,11 iug Pruc,•st 

Ju ti,.- m.11111fJc hirc l)r i;l.i-., lillt0 1> th,-, J fl' 

l\\o b,mc 111c,ccs,r1: ui1e is for th,· n.Jn11fadur,• 
of the ·wool" proJ11ct. • .,J the other pm.i ,c.-, 
the tc,IIJ,, yftrr,s. Ouly th~ " ool pro,lucllv11 
p, oct·s, 1\ill L,· dlscuHctl iu this ar1" I<- Th.­
" ool f,~r, oc.· u,t•d for 1hr1111al inrnl.,ttr,m, 
filters, -.0111111 coutrol, oir hantlhng S) ~tc·nl\, , tc. 

'flic C.lnu n111cl1 fhf' m \l' motcri h 11,rd 

Ul ,, '\• I I r.1 ! '" , 1ff h~\t\{ ,! 1H tlu" 1 
.\l(h 

huu,1.- , fu 1111"'t o l th op- ,,.t,nn, ,1:r ~,o. 
Olitt~ r ,d, l 11,1t ,111c•111 vi th, t,.11J, U 
\\C1 ,.:!u·J :11 J r!il\1 ti int,, a I imr.-~tn in,!··· h 
Tl1r b..af l1 tl1u1 ,uh\,\, J t\) fu1ua,," "J re 

F i~. I . ' d11..•m,1tit h.(lrC'>cnt.1liun uf il.1plc: fiber 
, nn\\ pr,1u•, 1. 

Fig. 3. Schcmotic n,prese111.11inn ol .H · lorininl{ lino. 



, 
111 I.II 1,1 \\ 

it is nutom.11fcnlh feel into tlw fum.tlt· 1, rr-
quirc:d. • 

l'hn f"1,niace Chus flo11111l~·• Jfl• """l>O" ,I 
or t\\ O r.111m .uca, : th.-- Cl'()\\ ll c,r IIJl}'t' I P~'tltnu­
whcrr thl· hc31 i, srnrrntcd, nn<l tin 10 h, r (If 

lower •rctinn-whcrc the l,.,td1 " m~lli·,l T,·m­
pcrahm,s rnni;c f1on1 !!-100 F. lo ;!!Jt~J f . d, -
pcn1lin~ upou the type uf opr1 .11i1111 rN111i11·d 

The rnulteu gin ..... flows from lite h ,r11,1cr 
through II U,iw ehnn1hrr to the forrhr.11·1h 

1'/u- Forehturth 011rl Forming Opcrnlfon Th,· 
p11rpou: of tl1c fordwnrth is to pro, i1lr ,nul,cn 
glass for the r.hl·r-fo1111ing op,•rotion 

Th1•rc arc sc, crnl ml'lho<b h,· wliith f,h,·" arc 
fomwd. A general dc,criptio,"1 will pro, 11!, ,,n 
un1lcrstan,ling of the procc,,. 

11,c moltc·n !!1,LSs !low, into tl1,• filw•, m r 
whicl1 is motif of & lw.,t aucl corrorn,n 1c i,1.,11t 
mcrnlhc allo,· The fi licnz~r c<,ntJi11> h,11,drcoh 
of 1111tld orifices tl1rou~h "l1ich the ""'he., ~l ,>< 
trn,cls in tin) stre.uns of 11mf11rm ,!1.11111 trr .\ 
serit'.s of fihc1iziq~ 11111h :ire rc-qmn d i11 c .. ,c:h 
''lot"ht·•u th to prc,!.,cc t1,c q u.,•1t11~ o! !!l,1~~ 
6bc1 nC't'dcd. 

Upon leaving tlw Gbcri,.er, e.,el, ;.:!,,,, , trc-.1111 
is mrt :md :ransportcd hy stP.un or .1,r 1,•t, 
which ae(:c]~mtc the rate of llm1 .mrl fu rther 
reduce (:ittcnu~te) th,· , trcam into fihe,, o f <lr­
sil't'd di,tml'lers by thr Lra<·tivc or pul!m;: fr.·cc 

'"' · ··•/, -,,,,,,., , ' ,,,, 
,, ,, ,.. •I 

,,, I,/ ,,,,,~ 'J.. .., ...., 
... ,....,, ,., ) . ,,,,,, 

J'"· .-

- .... 

r,rrh cl 1111 t ',t \ ~ f:~..1,, \ li t .mt 1h1· ,p ·, ,! uf ; I., .. 
Ile\\\ n11<I th,· hl,r , ,11.1111, I< r " ,II lte ntl ,, t, ,! .11, I 
t·,111 h • ( , u1tr,,ll1·J lw t!,(" h ll11Jt1 1tun• ,,1 li re. 
~).l .. , .1rnl tit\· , tn·.1:,1 or ,.ur ))rt , ~u t l ti..,·c.l 

11;,,dt : ""J I. ,l,nr,ml t\11JJlwt:t :11,1 .\, t.w 
otl, 1111.1!1• J fiht r$ llUH I' ,I\\ ..I\ r, nru l i h · !ih, , ,, ..... 
thr l,1°hk:, .m,1 l1JhrieJr,,~ 1..1 ; 1• .1pplwd !,,· 1 

Sp1j\ ' ll_~ p ! (J( L°')\ , 

II 11,1/ J',/•,·r l 'ro,lw t l'on11,.,i: Tl., '-(1.,,, 

wuol f,hcr, t, ,nlt'd \ \1tl1 111u' 11r,·d h1•,,lt:, ,\ ' HI 

1uhiil ,lllt, \l" ~\ c..< l t ·> 1 lOII\ ••:.i •r \\ h,•:r• th~ ~ 
l c...,11lt.r in the <l ,•\11rtl m:l,, .rn.1 dt·ntl1 ,1' n • 
q,,irc·,1 !,u tl,c uhu11.1tc. prorkct h1 1,:!: f, .. 11,,·,1 
Tl.r ,I ·nsih· 1if lhr h•J.t·r m.1,, or hhu:...t t rn1 tL, 
COll" 1' \ 11r .~ contrullc•cl hy :h,• fih,·r 1· ri,d11ctuu1 

r.l!l· .111<l lh,· , p,·<'«! of tlw """")°' 
\ )l f.11'..!lit .fin<' '-Ol\\ 1~,nr 1, 11~ ·11 to r,1, 1J u, 

1h, .. 11,.1L h .1:t, .uu.1 p.,cl p,o,1uc. :, h. cJr1 , .J! I 
( .1f,1 :L ,:;11~ , 1r1t rat 1110, c-.01 I r- :,,·l"'~'l'::, liC"~) h, ,,11 

tht' ~. -::11m 1,.:, tn tlw r 1!tl ,,f t l,C' , •olf\ 1 '"' 11•1 

.\ , 11,r ;h" hl.1n"ct i , c,1n, " " ,I .-., ... 1, 1 :, •11 

d ,1 · ( .1:, ,·t 10t . .; ,lrt '.I. 1: I 11 l1" ,I .. ltrJ fl ... . , • :I 

\\hr 11· tlw d .1•,•n 11,(•ll 111,.:. l111u l,: i, tll •{·,J ,, 1 I, :,,. 

[)l' I \~•.1r, un-::i11~ rrnm -ltld F "' 5110 F. Cu·­
t·i,!l 1~r ,._.t.,, •., 11111st h 1• rc, t: : .. tc·<l l•l J 11 1 , t :i,. 
liJH·,I tl11lknt·~, ., :itl <lu11,1t, ;n-.1 thi, i, .u \ , 111-

pl,,h,·d ·, tlil' c11rint: f)\ ,·11 i1~ pn'llii:": ll ff 1oti:, .,ad 
pbtcs. 

Fo'l1H'- tn\.! :he cur inf..: np r,,tion, th<: h1., r,~t·t 
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Flt, !I. 011r r roc•" fnr lihtr Jl•u for·nah<m 
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rig. 7. FiUrr ~Inn np,,li.111rc iiuul,,tio11 brfon .mJ 
ofkr co11111rt\lln11 pncLJi;in~. 

e,h;r, m.- t rimrn,•d :111.t , ,11k1r hnn ,..,. ol I'•'!'" 
o,· foil lro applied Surne r rod11cts .ire , l,1 011,I 

C\11 tu >(ltdlle,l <linu n.ions " hil,· other, 1,rn• 

linuc to the end or the convc101 1n hl.1111,ct lnnn 
"hen· tlwy an· rolled i11to p,{cl,nl(<'<. 

Typical l'raJ,,cu r 
FiL,•r glos, is nuw 30 yrnrs old. Ouri,,,: 1l ,.1t 

time 11 h.is ht't'n n,-ccpte<l o, .1 p11rt of rl 11h Uc 
in th,,u~ 11\s of itl npplicalio111. 

Amoug it.,, vnlnnhlc 1m1pcrt11'1 on· 1!> 111r1 l• 
11c , 0 1111 chcmicol ,t.1h1lih : its cli111r11,11•11 ,1 ,1 ,. 

lulatv. ,t... r-·,hl.1111:c lt1 t1.u~•--, 111ui,t11r,· ,n,1 otln'1 
corrt'\.:111\t' ~~,-nlS; it< • ,c,·plio11:il , trc11'.!t l1•h•~ 
\\1'"i~h: uliu ib r~,11icu~ antl O,·\ll11ltt,. ,t, 
d li-1,-ctric or nnn .. 111rh1ct i,c p1np••rl11·, .111\1 11, 

th~rm,11 ,11111 &C'Omtu:al i11<ul.111n;:: q11.1l111r·• It " 
im1,ractic:u for thi< ortidc to m1·l11dc .111\ I.ire:,· 
portion or common npplic:itiu11,. Tht' l"t th.,t 
foUnwJ ls rnrrt>lv rep, .. ,cnt.1ti"· 

,.. 
i 
I 

~ 

1 •~· ti, I ,1., r cl..:a•h piJ ►'- rn ul,,1;.,11 ltui 11·1'.: 

• l J .... -
I 

,.. I 

.... 
F i..:, 0. I 1h I t.:I. ,,, ri1of1n..: t.Oh1i11t: o lf rrnrn •••• 1,,, ... 

Diul'1i1, .: ,, n '1 1,1/.. J , l1111m•. t, ,1,,11,1 ,, 1,,.,./ ' 
o r 11 .. lu\lrt,.f ,1,,, r:, , 11:, /wli,.:.:, 1,,. ,,,,,, : , 11, ,I 
l,L'lt!t• t Jw,1 /1111/,{11:1'\ 

Th1.·~n,.,: _.:, 1 , ,,11 : I •11l,l,1•l! 11"·'' ,c' ,1., 

,\ t"'l1,ut11 .. i cr1l ,1\!• ,, .. , , ,:1l1n(: , , ,u111, 

Fuu,,.cc r,1: I 

l)od ,,,1t111, ,,11, ! i t 11.,11! ,11,,11 

l}tt, 1.111\1 • , '.I jlll •' 

r :rr- '"'"'', 
1t1r'11\fd.1! .-.ptp11,1 \ 'hll

1 
, • " I 

11"",r,,; ,, ,1 t 11,,l .,.,,! 11,u,~ ,: i,,n 
l ~r,!J \lit•.;\:,\ 11,,•1' 1hfO 

,1 .. 11114• '"' ,1 It .. , 

1 l,rn :,1 n ,1 ,, ... 11, I .;i1o l••1o1111JH• U•'-•1'.,11 , i.e 

.-\L~.,11,!,r"'+! 11;1 1 ·t• \ • !,r,..;ll1n- ,., 
\ 11h1"111~, •JI • p 1!11 1,•: 

\ lh 1.1 h 

•n 1•n, .l: , , I 'l'l .ti •.'11~1 llu: , ,t,,J \ •jll,1Uill :' 

10,,1 L11 u,, 
-\11 mu .. , 1)1 ,,, , ~, ... rur 1,111!.liu..: (IJIII!)· '1 ' t h ·.1 I JV U'\ 

t111J ":, 11. i, ..,.1, c , 11•! I,,,?,, 1111 11h h • ,111i "1·11,I,,~ 

\IH J•td 
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11111,11 ,., ~" 

J • ., •• .. o,.,. ....... , .... , .. -

' "'"'" /lrr>tf11cl• 

In a1hJltl1111 lo the: IUl'qo,nii "" • .,f ,,.~,I 
l)'llf> lihn9'u. 111 ,. II•• h•\III«- unu 111 11•,· J 111 

1he follo\•11111 produch: 

( 11 0-11,. ""'1 I'""'~ 11111, IJn• 
r'wta..u •n.l dnl'ftlu 
Sl-tt w11a1n, tt«t,.,,..,,. 
Win,..,_. th.cl• 
I abl-n.ll,, , 

t.1•11•- t•-l.u11 
( I) A• " '"'"" ~nt• lnr rl•rllut tu 

\ • lolm llotll" >o,tl c,, ,p,,,oenh 
\f1pf1 .. ,u ... t'>ffl.,...1rt1lf 
1lpo,1t a.nJ ,_,,..11.,., eqtUlN1t1nt 
Ito.la ■nd m111lrt~• 
lutfwlrifll ""JU V'lfM'nt cc,n1,0MT1tt "~ '"" ~ , . 

l'UlllW AOnu,plwus Ir & . plpe. duet,. t.rn:..., l 
..-unillurw .urcl oaJtu,n tNdn,: 
• lHU, r~rc p1u1 fu,c. fonn .. 
r.,uolln~ ond r h,'1111,-..1 , 10,.111, , . .,,l, 
Spocw- ~ufr nnd mluil,, uom(")OffH.• 
\lll1t•rr w••l"'ftt) ••" l,,wly ,m,,. 
~ul•11aru11, {,;aJni,. ft 
01"'p ,ulu,-,uMr r1plonlio11 cull 
lbthrotWn tulJ,;, dw,,..,,. and uth,tr C"Gn)lll'" 11h 

ll111Lclln11 ponrl• 
Pularllln• !11th• l'•n•lt 

Bin/ogle Elle.cl• n/ E.rpos11rr 

Flbrr gbu, lik~ nil ronum\n fon11, of 1tl.u,, h 
o t•h,•mlMlll} inrrt •11l11t11nrc. It po, .. ·,v-, no 
L,101Vn loill• prnpon fo,. On II mrd,.rni, J I h,"ls, 
spicules may uhr.ulo 1hr , ki11 lc.tding to ,11p1·<· 
liciRl 111111 tnmsltory lnilntlon. Anmng flbrr gb<> 

111.~ h :- t14 l I I\ fh \\ \ '11f ~f h "'· I l1 1 '"' 

l''l,. , I, 1.Lt.- ,rr,1 .. :1u, 01.1 ,., l.ot ., u,t ,. 
mui , , \hho ,zl, r,,. 11lt, ,I u I m 1,,: I I• 

m.1n .Juul tJI tlH lt.tt-.!1 I r111 urltu1..:. 
11 , 1 Irr, , ,fu I •.c, ,,,, 11, th(' ~, fil r, ,,r l'• II~ 
uhin 1

1 I' ◄l1 1lh. \: ,1, hh .. '"· ' ., m I .:.· 0-'\ 

I.J ,... I -, 1 1,•t -· I t 0111-.t (11• " ,. tii.,t, h,-c. ,, I 

nt tJ,, p ul& I, ,fir (,Iv r t,.;1.,,--. 1, rwl 1,,1 r '•'~• 
.u,J ,}. i. u ,H,i,L, h 111 '1.!-u.1, 11,t• .,h, .. ,h ,r ,1 
1unJ1 ~,t ll •' ·" u ..atl, 1L, 11 ,~u t ,.! th 1.1•!'" r 
ff • (lit t •f\ t d !:, 1.,1 .. ii, 1• t1111, r h 1 !t, 
ll oJ,tt t1it·, nf 1,1,-·1 ~1.,, p 11l1c1 .. " u,', ,; , , ~ 
p 11Jt", h ..: 1 : • ,. t..,,,.,1 tu p , , L., p1.,·1 ••, ,,. 

11111~" I 111\,, ~,. u,,.,,. mi1,,,, t, 11c , : ·,, 

h,l\t' })l'C'li oLu·n, d t }1\,tn\ f l l~I \.t1'1L: .. 1 1., 
l~h h·.c1{c,i, r11u r c::l.1,, ., o ut J ~lh \ 1 1 l'• 
1'11111" I \rUllt.11 t•\tJit 11,tl1',il \\ Hii.. \\ i •1 I 

~1.tl l ,tlh. 11·, r,tn du, r,I 111: • 11,,· Jmu. 1 
(.11h. I t,l p!U\ ul:c l,11,11 I olllCt r '.\"n C'li,,•, .I 
'- 1u. \ or Iu11• ... t l lll"< r h.J, c h , ra ! r ... t.. d t.-, 
,-;I.,,, .., tJu ,ot111i.,· 

1\ tnr m11nlw"r l)r I lll' ,IIIC ., .. 1J1 1\1,l'ld .,!"\ I JO 

fihcr ~1.ui r o.lt1t•h1Ul Ill, \ ) j>( f\ I ... , vU11•· :. I' ,htl 
pro;,, , 11,•, A, , '"'"pl, t l11 111.n .l , . u1, I , l , 
parti.t.ll, 1,ol, 11,t , iL• ti 1n,aj, uf /·,rnul f1 .ii ,.! ,•. 
11) cir, or,., frn,,11 11tf, !,, cit ,11hl t 'Jhl\,1, ,i 1 
tl11mul1.· .u.J tri, 11:,tt, ti1\ I, 111 ',ii 1. ,11h c 
11,, oh ,. 1h, 1,1>1..·1 ;..l.i,\ 111 ti,,~. ,, h, , .. , ' ''-l·, 11(. 

,lrt' 11,l t lO')h •1;1pl.th•J , , t l11 , p : , u 1.!ll ,., 'n! 
do n ,t ,,, n· ,,, ,·1 t1• ,1,·01, L, ,· Ll,1·, .1 
mit111I,-, or to t.'Oll .. 11r,11 , 

All 0111~id1 rr 1 :,h1.•r ..:lb,. n1, . , 1, •! 1: 1\ • l,.1 
1:. om: ,11 ti,,· lt.·.hl ll.u111fiil ~11h , t,,1,,, L•,,, • 11 f,1 
inUn..,t,---

'"''''"' ,., (. J. •,· . · 111 •• ,. 
( ' nll• , .. ,., I]., rl t' j 

, \ 111 , , .,·,.., \t ,, I, t'.:ut 

tt.,,.,, .. ,, .. ,, ... , ..... . , ,., .,~,.,,,~, .,,· .. . ,-.1o-, ,~ 
\ " , .. : ,,.. : .. 

U! . . ... if,':;,'~: i~• .. '.~~·:-: .: ?.; ""' \ "';'.: J• ",. 

J~, ,.,.j ' f If I 
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Puhnonary Ha:ards from Expo ure to Glass Fibers 

AIIMEn N. M N 11, \ID , \1111 Arbor, Mich 

Tllll Till II 01.1ir.,, clwm1c-al compo<it ion, ancl 
othl'r chnractl'tistlcs or fibrous glnss hnvl' 

been reviewed hy McCord elsewhere in this 
iuuc.1 Thi> prr3Cfll ,e ,·icw 15 dc3igned ns n 
crllicnl <'valu11lio11 o r tl1e pert inent 111\ l'Stiga­
tions concrm1ng pulrnonnry hllZllrds from r ,­
pornre to glnss fihers. Neither the raw mnt«:rinls 
thnt ore usccl in thl' fo11nulo tion 0£ fibrous glnss 
nor the nncillary onrs thnt muy be nssocintccl 
with it in vnrio11, applications will he apprnisccl. 
Othl•r mnleriols th,,t brnr some resemblance in 
nnme or npplicntion to fibrous gla~s hnvc hccn 
sometimes inadequntcly clificrcnlintr d f, om it. 
These includi: 1111nl'ml wool. Fiberglas n ein­
forccd Plnstic nml l'lc,ii;' ~s. Thus, whilr Fiber• 
gins Reinforced Plnstic is n strueturnl material 
composl!d of fiht•rgl115s nnd n plnstie in appro,i­
mntcly equal proportions, Plr,igl:iss is not a 
gloss at nil, it is a hrnnd nnme of n ccrtnin plas­
tic. 11,c confosion hos 1•xtcnclcd to misnnming 
n clinical entity cloimrd to be clue lo inhalation 
of glnss fibers. Thi5 w ill bt· clhcusscd in more 
detail in reviewing the effects on human lwnlth. 

Experimenta l Studies on Animals 

Gross et al.' investigated the biologic effects 
of glnss dust on the conjunctiva, the gastro­
intestinal trnct, and the lung~ of experimental 
animals. The pulmonary studies consisted of 
one in which dmts wrre deposited by intra­
trnchcnl injection in the rnt. and one with ruts 
and guinea pig, in which p11lmonary deposi­
tion was ,,ccomplished hy inhala tion. Bec-ausc 
of the method used in its I repnn,tion. the glass 
dust employed contained an nppreciable amount 
of iron. Also, the animals were e1poscd lo n 
considerably higher ~ 'lcentrntion of a dust 
much more finely divided tl,nn that to he ex­
peetcd under conditions of industrial e,-pos•irc. 

Prom thr Unh·cn11y or Mld1l,an, l n.stllulC" of :mJu,trlol 
Health (Dr. ti . J. ~••1nu1nn, dln'Clor), Unl•enlty Hotpl• 
lal. Ann Arbor, lllt h. 
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Tl11s higlicr C"''ncc11tration is prl'su111.1hly opli• 
mal for the di', clop111c11t or lcsio11\. l nhnl::ition 
e,1)0s11re~ h1)tt'd 6 hr. pr r tiny, 5 clays jll.'r week, 
for I ) C'M. The pulmonnl) reaction lo tbe in• 
lml11ti,1u nr fine gloss dust wos no more severe 
thon the rcoc-tion to eq ually fine kaolin dust, 
and frequently less so. ll istologicnl t•~nminn­
tion or tl,e lungs re, en led a nonfihrngc•nic rcnc• 
lion which consi~lt•d l')Sl'ntiallv of ~nrnll collec­
tions of nh·colnr d m t cells, with no cv,dcnee of 
interstitia l deposit ion or hronehml or brnnchio­
lnr d1srase. Gross ct al., suggested that finely 
divided glass dnsl i, more bcni1.1n th.in is kao!in . 
This wn) allrihutctl to the fact that retained 
gl~s <lm: 1cmai11c<l alveolar imkad of mi• 
grating tu the int,•r~litial ti~•J.!; tllt'rcfore, it was 
more readilv mohi lilc<l and cll'nre<l. Coarse 
gins; <lust a

0

d111inbtcr,·<l into the lungs of •ats 
by inlr.1tr.1chl'al injection acted as inert foreign 
material nucl was as~ociated with minimal for­
eign-hocly reaction, with no significant collagen 
formation. llowc\'rr. tl1e high iron content of 
the glnss dust used in the e~periments nnd tJ1c 
shape of the particles as fiak<'s or plates rathe r 
tltan fibers are two fac tors that might hove in­
llnrnced the pulmonary response observed. The 
aclunl role pin~ cd hy tl1csc two factors can only 
he n mailer of specu lnlion. 

Schepers and D clnhnnt; and Schepers' stnd­
ied the effect of glass fihcrs on tlic lungs of rats 
and guinea pigs. C lass fibers ol three different 
diameters, ranging from l to 8 µ. suspended in 
nonnal saline, were used for inlratrnchrnl inj<'C· 
tion in the guinen pig. Lung pathology was 
studied at clifferl•nt time intervals, \'Brying from 
-I to 78 weeks. It was found tl1at glass fibers of 
the largest diameter were relal'\ l'ly inert. No 
animals died, and tl1c pulmonary lesions were 
minin,nl. Howl'\'C'r, in tl1e animals that were 
intralracl1l'ally injected with glass fihcrs 3 µ. or 
less in diamete,, fot:n l a telect:isis was the domi• 
nant lesion. Hi.'>tologieal examination re\'calcd 
bronchiol:lr dnmage and accumulation of glass 
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tlbcrs m tl1r hllar l)'mph nlll.lr,, \I 1thn111 "' 1 
denc:c or wcll-doflnrd 6bm"' l', 11111 011 111 
hal1tion chamber, the- ,.imc- m,!'\tig.itm, • .ii,,, 
OJ>Otcd rats nml gu1nM1 pig, In glim fllirr, . ,lfl 
prodmote,ly 6 µ. in cll11nw11 r, al .i cont'< 11ra11on 
or l.'-2..2 mflllon p1rt1clc, pc-r cubic £'IOI 0£ :iir 
Tho nuuimal period n£ c-,pomrr \\.U 10 month, 
It WU found thnt lnhnlollon of 11111.u filwr, cl11I 
not evoke an rnrl) acull' rt'11clfn11. I ltm.-. rr, 11 
produced inll'rstiUal .ind pl•nl,mnchinlnr 611111, 
cellular lnliltTntcs. togl'lher ",lh tndohro11cl 11n, 
Lar lesions with II lcndrnc\ lo cpilhel1JI In prr­
pla1io. In hoth the lntrn1rad1eal mjcchon nml 
lnhafaUon e,pcrimrnh, no control onimols \\ rr1· 
stucllcd and no n •frrrncl' \\ .i.1 mode lo spont~1u-­
ous locldcncc in thl' nnimul i.prcirs 11,rd of the 
observed pulmonary pnthclog1cal clmngr§. Thr 
Importance or this 11111st be emphu11rd. c,pe­
clally since thL period or r-cposure occupir d o 
consideroblc portion or thl' nomml Jarr-spnn of 
tbc :mimnls. Th11i., It would he mrrc conjrcturc 
to assess the signiliconcc or thr findin ;:;, in t hcsc 
experiments. 

Schepers cl al.• nnd Schr pcrs• ' • also in\'esti­
gatcd tJ,c clTccts or Fiherglns llcinforct'd Plru.tic 
In experimental animals. Thrsc reports ore cited 
to molce o cl<':ir distinction brhv<'en fihrous gl:m 
and Fiberglas llemforc<'cl Plastic. (The £1111 
name or the lnll<'r mnterinl is ~FibNglns-rein­
forced calcium cnrhonnl<' flllcd polymcrizrd 
polyester resin.") The filler may sometimes b<' 
calcium sulFotc irul<'acl or calcium carbonate, 
ond glo.ss fihers constituted 10 to ~07 in the 
different blnnds used in llm~e c,perimcnts. In 
adc!Hion, it containrd minute quantities or 
catalysis nncl retardants. the i<lcnlit} or which 
was not stated. Tiius, it is unjustifiable to mr 
the observations mnd<' in those in\'esligntions to 
:Oustralc tJ1e biologicnl c lTcets or elposurC' to 

-fibrous-glnss dust. In foci, the authors C'mpha­
sized that they were concerned with 1hr clTC'cls 
or the pulverized conglomcratr or F1b<'rgla,. 
plostic, nncl filler, ralhr r than with the <'ITecls 
of individual conslit11cnts. '.l:e \•ertJ1eless, Fiber­
glas Reinforced Plastic has not he<'n adequately 
dilTerentiatcd from fibrous gin~ in other r<'• 
ports dealing with the elT<'cls or the latter ma­
teri:11. 

The observations or Sch<'pers• on the tissue­
d:imaging e!Tccts or flnke glass nnd two voriell s 
of Fiberglas ReinfoT<'ecl Plastics. ore but on<' 
example to illustrate th<' foct that similarit ie~ 
in tJ1e composition of some materials do not 
n ecessarily lead to similarities in their biological 
ell'ecls. \Vbile all the three substances were 

J.._ ... , ., 
01n t•• • .. 1I U~ l MI 

f111uul 111 Ill' c,1111p,u ,,11., I~ uwr l, F,l,rrgla, 
ll1·1nln1u·1I l'l,1'tl1 \\tlh .1 tJl1111111 t·.irhonnh• 
r,11, ·r pmrllll l cl J \ l1i:htl , 111!111' Inc.al II ,lt h rm 
111,111 dad tl,r F1h,•114h1, II, 11,f,., , , ii l'l,1\lll \\ 1th 
,I u 1ln11rn \ lllr.,,,. fill, I Fl.1Lr .i:l,l\\ h,ul 11,,. 
lrJ,t ..rr, ct , 1111!1 11!111(' .. , tl11 W lll,lh'rt,11, 1nult1·1I 
m nrnpl .1, 111 lnm1.1I ttn, 

Thr die l t ol ,uh.,l.,111111 .,r i:""' m .. h Ill 

' ''I 1•r1111t•nlal .11n111,1I, .11'n li.t, lw,·n 1m ,·,t11.t,1l!!d 
,11 1111' Sar.111,11· I 1l•11.1lnl\ • •• lnh,11, t11m of 
g l,1,, fi11t t\ (n11h111w,l tu ,11111, ucguta,r r!'sulh 
O\C'T ,1 pcrioil nf JI) 11111111h, nl d.111, 1'\JIOSIITI' , 

nnd nnn•• ,,f tlil' m .. " llnJhllJ: Ill thr oir could 
he found in tliL· lung, nf 1' \ lltl\l'cl .1111111.11, E,­
per,n11 nl, "1th gla" fihn, 1 ,_. or lrn 111 1laam-
1•tN, nlM> failrd lo rr,<'al " ' 1tlL•11cc nf p11l111nnary 
rctC'l1tion It \\ a< concl11d1·1l th.it , 1., .. fihcrs 
usrd for 11m1lating p111pu§C'\ C'o11ld ult hr in­
haled into the lung,, , ince thr) arl' at lc·,u t thrc<' 
times as thick as th<' fihrr. mr1I in Ihm,· ,•,pcri­
mrnts. It has brr11 rngg1•,tr d I hat thr lt•111lrncy 
or glass fibNs, unlil-r Jshr,10,. lo form fr lt-like 
mnsse, 11po11 nnr ohjecl "ith "hich thry comr 
in contact. prold>ly pre, nnt, thr ir inhalation 
llm1c\cr, a slight drgr<'C' nf cluonic inOamma­
lion, similar to thnt ohser\'C'll with "harmlr,s" 
dusts. \\ as obsrrvrd. This " ,IS attrihulrd I'> 
D<'cu .. ,ulntion of nnnfihron, p.ul i<'ublr drl>a:: 
that remltr d from the , illlt•nt hratin,!! 11srd to 
break up the fihrnus g!,l!>s mah·rial. 

EITc<'lS on the Human Rcspirato~ System 

Bjurc et 11/.11 Slll(lird c.1rrliac Jncl pulmonary 
funC'l ions i11 6 workr1s who had hrrn c,11osrd 
to glasswool and roe!-,, ool, an<l 8 worl-C'rs who 
had hcen .,,posl'tl to a,hestus. Thr prrind or 
c.,pomr<' in holh group, ran)!~d from 7 to 30 
rears. Thr stud)' inclUllrd clin il·al, rndiologie, 
C'lectrocardioi:rnphic, lwmodp1amic, and spiro­
mrtric in\'C'sligation,. While th,· finding< in thC' 
group e,po,rd to a,hcst11s apprrci:iblr dc,·ioled 
from nomial. and wrrc in agrecmcnl \\ ith the 
finding nr other i11,.c,tig.1to1s. no dctcclahle 
functional impainnrn• wa< nh<rT\ I'd in th<' 
workr r< r~11oscd to glass "ool. 

~lurphy" r<'porlc·d a cas<' or an l'lrclrical 
,,orkc r who dr,<'loped hrmnrrhagic hronchio­
lit is artcr c,posurc to dust from fr~gmcnled 
fib<'r gl.JSs insulation on t'kclrical water llC';itcrs. 
This man ·s clbe:ise was call<'d "fihcr glass pneu­
moconiosis." Th<' USC' o r such nomencbtnrc ma}' 
ha\'e nnt hrcn justifiablr. Th<' ,50-}C.tr-old work­
er dcvclop<'cl congh. wl'ight loss, and hcmopty· 
sis following t'Xposurc to clonds or fine grcr 
dust wh:ch irritated his <'yes and skin. Undt'r 
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Fiberglus llc:i lth lluz:irJ l11 H :-.1i~:itiun 

W.U.Tt& J StUfllT, )ID 
St LoMil , Mu•••" 

'f 111 dtnlopm1111 and 1111 or a ""' bulc mat• 
rial rNqu,nt11 1h• r lH to a qu, lion a• to lh• 

poulblt health buarJ, !or wort.era banJllnr th• 
material. Cla11 ftbtr product,, now wltl,1y u1•J tor 
thermal and tltctr, al lnaulallt'", art 11111 or 1uch 
eomparallvwly , ..,.nt orl1ln 1ha1 th• qu• 110n or a pn• 
llblt hulth haurJ la not unnaturally u..c,c:1ated with 
th1111. 

Tblt auoclatlon, .. hilt II It to b, u1>1rt1d t>.<auu 
of the n1wnua of tho product,, la due In part to a 
special clrcumatanco. Tht \",ord 1lu1 ia aurroundt d 
bJ connolatlon1 "hie', 1u1111ut & hard, thtttnablt, 
tnnaparent matuiftl. Althou1h Fiberalat la 11ta"' 
In a new phyalcal Corm, and w"h phyrlcal prop, rtiu 
"hlch makt It 1mncornlublt H I•"" by peraon, who 
are famltl&r only with 11lua In ltt more convtnth,nal 
fonnt, Iha old connolatlona moy clln1t to the new 
pro,luctt. 

Purpote of the lm'u llaatlon 

TUii arllcla t ummarlzu an lnvutlir:illon which 
wu carrl1d out by the autho1 d11 ·ln1 the month 

or June, 1941, al the requu t or WII.LIA)I JI. BARTLEY, 
of th, la,v ftrm or Bartley and Mayfield, St Loui1. 
Mil. BAIITLBY It a ttorney for the lnternntlonal A110• 
elation or Hui and Frost l naulaton nod Asbutos 
Workers, Local Union No. I, of St. l .oula, ::.liuouri. 

1,,e purpose or tho ln,·ut1111tlon w31 to determine 
the 1d1t1nce or non-nl1tence or huitb huards in 
connection with Flberalas iherm•I lnsul:ilin11 mnte• 
rt,i. which arc ustd or ,,..,. be used b}' members or 
the union. The invutl11ot lon was conducted by the 
author as an unbiond, Independent consult ant, In no 
way, other than In carryln11 out the usii:nmcnt, aaso­
clatcd either with the union or with O\\ t n1-Corn in11 
Flbur1las Corporation, manurectu1·ers of Flbcral:is. 

Throu11hout the cour~e or the invut iaalion the 
author was elven comple•o coopernlion by Owens• 
Cornlntr F i1Jer11las Corpornt ion, and untr:immcled :IC• 

CM.I to all 11.s pertinent recorJt. The author, howt\'"• 
accepted no stotements made br the corporn• ·on'a oil!• 
clalt u ,·nli -1 unless supporlell by h i~ objecli\? cxami• 
nation of the records, and by obj~ ti,·e evidence 
adduced from disinterested sources and his 0\\n re­
uarcb. 

The lnvutlgatlon covered the followin11 specific 
pba■ea: 

1. P ulmonory disorders, diseases or the upper or 
lower respln,lory S)'l lem, and irastro-int.csli nnl dis' 
aucs, 

2. Eye, ear, nose 11nd throat infections, 
3. Dermatitis. 

Flberirlu n Form of Minero! Wool 

Fmz:IICLAS Is t rue 111:iss, but, chemicolly, It la 
aubstanlially identical with miner11I wool. It con 

properly be clusitlcd u n new, refined form of min-

[Nou: Da. S1tun, formerly aui1t•nt profeuor of 
palholop, w .. hln11ton Unl•tnity School of ~ledidne, h 
Patholocia• •nd O1.-«lur of u boratoriu of DePaul Hos­
plttl, Luthoran llo1pital, St. l .oul1; St. Jo1cph'1 lluspilol, 
Alton, !llonoi1, •nJ SI ~lary'a Hospilol, Coiro, Illinois 
Be 11 a mtml,or of the American Boord of Potholoin·, 
Amotlcan .uaoclallon of Pa1boloil1lJ and Docteriolo.;ist.,, 
A.metlcan A-i•tion of E~p• rim1ntal P:,tholo~. •nd 
tht Society -of E,rpenon,nt■I Blolon- and l!<dlcine.J 

,rJf • uol Th• f• I lhar n .. ntr'11 " ol h 11 !,,,1n uud 
for man) )tlrs w,•J,1 IJI raJ1 n; •'11' kn "" and-J tri•1 
d 11t11 ,.,, \¥half lJ no m• 1n, t nd1.nu1, ,n tt,rlf 1u1 

1••• th1l th•t• 11 ~•1th1111: in 1hr inhrrtnt ph)11c1I 
chtirart~r11tlr.t u! r,t,,ri.::on th:at 11 lili:tl}· to intro 
J ue:• 1n,· ., • ,, 1.11 ,,.... ,r.ata9,.:1I li1.u1r,J 

The ch,m1c3I anJ ph) ,, al ch:>uclr r1111 uf L,nJ. 
era used in manvf,.ct11rn:11 and proceu,ni: F1L··ri:'u . 
' h th, chtn,irol anti ph) •11 al ch,radtra " " o! th• 
1la•• t\l,on, ore I I ,t or :, ~,n,I r,,,m "h,ch ,., OUI In• 
du,trlat health prol,l•:nt \\ouhl thtoretic;illi oriu 
Thlt roncluaion is l••••d Ul"•n n,minot,on o! formu• 
la, u1t1I In the minufo,t•Jr• and pro.:u1ini; of F1btr· 
11h11 products 

I. No !ree a1 hra is present in the molerlal ~no,vn 
aa Fiber11lu. 

2. So carcino. nic h)•droculoons or other h;dro• 
carbons could be pruent i " F,bePias becou•e or tho 
extremely hi1h ten,rerfttu rra crrploycd in tusan11 tht 
batch durlna tl,t m3nufacturini: pr0<u!. 

3. No harmful fumes could be l:I\ Cn ofT, 11nce no 
1ub1tanc .. are prt•tnt In th• f 1l>eq113s "h1ch would 
volatilize within the recommended sen ice ranau . 

4. Absent from F,bcr.:lu is an)' Cree 1odium sili­
cate. 

6. Only lhrte binder aubslances ore present in 11lu• 
wool products U!ed for industrial lnsulntion. Then 
arc bokelite n r~nned m1nernl oil, anti bentonite. 

6. Bonlinite is a r,Craclory clay that is cmploy!O 
ns nn in11reJient "' unJ) " ith lhe co11ninncc or tho 
United Statu Food ond Drug Administration. There 
is no e\'idence from ftclor)· experience that either 
bokelile or the mineral oil uscJ Cor Lindini; sul,Jt3ncu 
I, the cause or :i health hozMd. 

Medlen! t.ileralure Starchccl 

Ai,; important phosc or the inl'<5t111nt ion was an 
• 'loustivc search of world medic:il literatur, 

for references to po,sible henlth hn:nrds in the hnn• 
dlin11 or F,beraln•. Thi< search foiled to re,·e3l ref• 
erenc,s to any new or unusu:il occupational hnz3 rds 
in the handlini: or these producu. 

In ,·iew o! the continually upandin11 morket for 
Fiber1112s producu s irce 193:!, nnd in ,·iew of the pr~­
motion and ad,·crl iJini: compn,i;ns directed townr<I 
incru sin11 their snlc, the scnrcitr ~~ reiercnces to the 
aubj,ct in the hlcralure of science and r 1cdicine. :ind 
lhe lock· or con~rol'ersy or inte« •t in the sub;ect on 
the pnrt or persons u~unllr nl,•rt to possiLlc indus, 
trial hazards, cnnnot be :ittributetl to n lack or famil­
iarity with the existence nnd use or the products. 
On the contrary, it wnrranls the conclusion th3l the 
handlin,i or the proJucl-' is a:tenJed b)' no ,i:1~ _:,1 
occupational hnzarJ. 

Flber11las Free of Du;,t lng Chnracleri~lics 

Q N the b:uis of h is own cn:eful observation, 3nd 
dust counts made In Owens-Cornin11's Ke\\:irk, 

Ohio, plant, the author finds thnt F1berclns is remnrk­
nbl)· free of the J ust which chnrncter izes cert3in prod­
ud s. Bec:iuse or the length of the fiber~ nnd the "pack 
, trenglh" or F iLtr11lns, there is nccli;:ibl• dustin11 ol 
the m3tcrinl duri1,i; h3nJling. The i.b•s fibers brt,k, 
rnlher than •h3t:er, nluni: clean edie• 3t poinl< \\here 
they are abr~ded br !~wing, chur,pini; or culling dur• 
in1 production line or fnbric~t in;: operations. 
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The followln1 utract IJ from "Rr ,an:hu of 
Mellon l n,lltut, 10 I~ U '' 

"L. \J CAJDl\U. O,reclor, Saranac I.at.oral r , h~• 
n ported on tht ,.,,ar-chu ...,h1ch th• Fnunda• Qn "'' I' 
pert, at hi• h,1tuutlon, • > lnr 1n p&rt • ' \\ • h•" 
Ileen 1lud1ln1 the efftcl of Inhaled s la I w ,cl Ap-
1M1nntl1 n1n tht ftput tnt1l1 ,1a,. .,t up u an 
1tmo1phtrlc Jutt 1, not lnhal,J In ,ppr..,1aLl• c.,r, •n 
tnllon, •nd dou not produca any dan1•rou1 ctr, h 
■pon Iha luna.'" 

A further report on Dl C ,UlDSD'I wor~ IJ'Pflrl 
In Iha Annual Report of tht s .. nnac Llhoral •r) for 
th• Study of Tub1rculo1l1 of tht Ech .. rJ L TruJ,a,, 
foundation for th, \'car 1940. The lollnl\ 1n1 ital• 
rn1nl 11 mad, on pas:• 11 of th, report : 

"'Tha apparent lack of pulmon.if')' dan,11• f rom t1· 
poaura to 111011 wool du1t la belnr d1mon1I rated h> 
an lnhtlollon np1rlm1nt. For O\'tr a > tar anlmah 
hava now bo1n UJloHu to u hlah a conc,nlratlon of 
th la maltrltl u could be malntalntd, "1th no arriou• 
alTact upon thtlr lun11. Tha dual hu buen pMJur,d 
by brealdna Into ahort l1n1th1 the nnu t l<'tllt stou 
that 11 madt but non, of tht nbcn !hill art ftn111 inir 
In th1 air can be found In lho lun11a of tho e~po.,J 
anlmalL Thtlr ttnJtncy, unl,kc lhat of atbut01, tn 
form ft lt,llh mu1t1 upon Oil$" obJtcl \\Ith "h1ch 
tht)' coma In contoct, probably prevcnta th~i, inhalu• 
Uon. Sllaht amounlJ of chronic lnftammatlon 1ln11lor 
to thou obaen·ad with other harmlcu du t,, ho>r 
n1ulttd from acc~mulnted par trcul11t, rlchris. These 
"ry nn,, non-nbrou1 portl:lu nre tl,c br-prolluct or 
tht vlolt nl butlna und to br•nk up the matcri~I " 

X•ra.,• Plnl11 of Employeo1 

TIii author e,nmh1ed ae,•erol hund rrd sltrcuscor ic 
a-ra.y plotu or tht chull of t mplo) cu of Owe11,­

Cornln1t Flbtri;lns Col't'lo- tlo~. Then wcr~ ~rlcctrd nt 
random by the nuthor from lhe ftlcs of tome IMO plnte, 
talcan • Inca the con,panr, In 1930, Ins tituted the polic!· 
of makln1r a-ray plates of tho chests of all t-rwark 
tmploy,u. Amoni: the plotes selected for spcciol in­
ti,.ctlon ware those of employees ,vorklni: in the liatrh 
hou1e whtre tho rnw mntcri.,11 for Filn•ralas ore ha11-
dl1d, and the platu of emplol ccs with records o' s ili­
coals. 

B111lnnlni: In Moy, 1930, sednl atereo•copic c11ut 
&m1 were made of the 15 men who are now worl.ing, 
or who hm,·a worl.cd, In tht batch hou• . A repent 
uamlnotlon of oll or tha men was made In June, 1911. 
In no case wos there any rodiogrophic C\' idcncc of pul ­
monary disease. 

Tb"t cuu of 1ilicosls were disco\'ered by the com­
pany, Nont or these men hod e,·er been emploi cu in 
tht batch house, but their employment does requi re tl,c 
1l1ndlln1 or Fiberi;bs products. It iii the 11olic> of the 
company neither to refuse 1m11loyment to, nor 11,s­
charae, any mnn for \\hom safe employment con be 

, found. The follo"ini: co,·cn the occupntionnl histori~s 
or thut three workers: 

1. CASE No. 1 worked Cc- another conil'ony ns n 
moldt r from 10:u to l!l~!l. :ind rocntgenos:1·oms or the 
chul were made In 1!120 btcaJsc or the presence of t u­
bertulosls In h is fnmil)·. Chest plntes \\ ere ai:nin mn<le 
111 1936 bfc4use of suspicion or ~ilicosis. He was fi rst 
•mploytd by Owcns-Cornini: r ,~eralas Corporation on 
June G, 19 10. 

2. CASE No. 2 wn• cmployeJ ns a bottle blo" er and 
mnchint opcrntor from l!lOl to 1930. He \\ as first em­
ployed by 0\\-.ns•Corning F ibtrirlu Corporntion on 
Marth 2~. l!l~I Sllico,is wu di:ii:-nosed followini: an 

••r■J' e11'mirat,0n " ' 1hr cl1t,1 ma,Jc on ~l ny !:!, l!lll 
a CA.It~" ;, ~ rL, ,J f,r I.!, • .,. Al. r." 1 h r b 

( dtr f)',rr rr u, .. ir-111 J •• J , ( 0 ,"'! C•r1, .,, r,t., rai1,u 
Corr,, n1t1CTr1 ,,n O· •11l,cr 21. 1~1~• S1ltcn1u ".i d1•1· 
nu t l f, IIQ,o,rr a, s•r•>· nall'1r.1 on ol tht <hut on 
Su1tml, r I, l~lll 

I n ,ach or th,., 1il,co111 ,..,, th•r, 11 a aufflcitnt 
rau .,,,, fart ,r in th• n11n'.1 pr.-\1,.01 ,rrrtoyment 
ht~lur) o r r,t1, r C't r cumtl.tr,f"t,. ar I th, f\td•n .,. 11 

anllrtl) 1n■J•~·,,1, to inJ,ote thJt th• cnnd,•ton of 
any Qn• of th, , 'Ir.• m,•n thnyl1J I,• atrrilut,,I tn any 

1lli o ~ ha:,1r1J ti u•.Jr.t.,rtJ rn handhnii F1h rata. 
.-~,n a 11·11 ,lf1f uch e h•:1arJ tu t\1Jt 

l'h> ■lclono Ch r fib, ri;los (' Iron nm 
EH\l l~ATIOl\ or the r,corJ• of d1uLll1t7 an,1 ab 

' 1,nt.,11m 1n tho om • or the 11lont ph) ,,c,an u ( tht 
C"•n Corntri. :0-r\\nr;. plonl rtH• I• that thore i1 no 
unu,u1I ln('1d,,.nc, o r rr~r,r,'\' nry mfe~tt,,n, a.mo,,, 
Owrn <"nr,11ni; employ« • Stat•mtnta rur1111hrd 
tliro. II) lo, l~r author uy :-iewa1k ph)11ci3l\S who f 
prnct ,cu arr 1,ni, t J to •) e, t ar, no,r anu throat 
d11,un, onu "h" ore ,n no \\3) offil1at,,I or a ,ociat•d 
w,th 1hr compony, fnd lrnte that thrsc aprcloh•ta no­
t,c. no unu,uol indd•nce or respiratory disturbances 
nmon11 th.I r pn, nte pot,rnlJ tmplo)·eJ b) th• compan) , 
• • compared \\Ith thl'ir pn,n', ;,atients \\ho are not 
rmplo)tr• 

The follo\\lni: 1, tte r. doleu ,June Ii, l!lll, \\ritten to 
lhe outhor h) JOUN F.. H E~Or.lChS, ) I.D., or " • "•rk, i• 
typka l of leltcr1 recei,·ed Crorn :0-c\\arl. eye, t>r, nose 
nnd throat sp<d&li~t• : 

"I am one of n,•c E: r-. T. [t>r, no•• and throat) 
apeci■llals toc•led in this city. I hu c prat ti:tJ m) 
1prd1ll)' In ?\i.:\,arL for th rt.,; ) tars rulluY. 1r t a 
four-)ear re.iJ crcy in an E:11tt1 n hfJl pita l, l1ur­
ln1t theae thrt'e )enr.s I hav,. lrt1'lt J my :,har,. • f 
o,,,ns-Corn1n1r unph •)t"l!I: 1 c:1n n rcl)• say that 
I hn\c nt»tiu·•l r:o uru1uil rr, r on !f'r;irce oC ht:iJ or 
lhro.at lnfcct,un~ "nm~~nr the•r Jl•1plc :u Cf'lfl'lJl:&rtd 
lo m)' othtr palil•nl, "hfl a r(' not emplo) t d there. 

'' If I t\!'t ma\.c- n t:.IJlr s h o t\in~ prrctnl31;u r! 
d1rT<'rtnl d 11 e1,o tho.t I ha.t l rt :\ltd, I !eel sure 
that tho,c 11 oulJ be onlr n nnrmol proportion of 
Owcn1,-Cornin,: r mplo)ot~ in ench clnu ifiution " 

On the basis of the c,·iuencc, the author lin<ls that 
wori.c rs homilini: F,bcrl!:'" pro1lucts nrc subjected to 
no special occupotionnl ha,arcl , that man1Cr$l thtm­
sel\'es in eie, enr, nose or throol u1sonlers, pulmona r} 
disorders, d1•eascs of the upper or lower respirator: 
~rstem, or diseases or the 1pstro-inlcstinal trnct. 

Tcmporory Skin Irritation 

N EIV employees or O\\ens-Corning Fibcri:las Cor-
poration eni:nircd in handling Fiberglas products 

occasionally sufTcr a n1cchaniral irritation or the skin 
for a few ,ln}s at the stnrt of the job. Ext ept for ex­
tremely rnrt ca~•• of worl.crs \\ho mar be olleri:ic to 
nn ini:re<lie11t of bind~r~ or lul.Jric:rnt.; U!ed in pioce!!· 
ini: gin~• fi bers, the irritation di-a11peon within n few 
d:iy,. The nt1W \\ Ork~r;l npr,,,rl'nt ly become- immuni;:rd 
aga111•t the action or the fillers, and they sufTcr no 
further discomfort. 

The company recommcncl< lhJI workers wear cloth­
ing loo•e :it the neck and wrists. nnd that they use 
plenl;· o f w.1rm wat~r nml ~flap \\ hen tht d:y' s wr .. k i! 
done. Soa11 and \\alet· h:,, pro,·cd mo, t t lTe~•"·e ,n 
rcmu\ i11J,: p.irtid~,:, o f filwr5, wiwther uf a;l:1;-11-< or nny 
ul h, r material, from the ,kin. The company ho3 found 
that there is <eld01n1, if c, cr, need or .;lo,e,, nrmlcts 
c.,r uthl•r prntldi-.·t· 1.:lothi11~ 111 th,· :ilhl'IIL~ of a;lo\t~:s 
or !'U1t il:ir pru lt!1.' th c doth in~ thL• r•• is h.--.:- tt:11J1:1h·y !or 
fiber p•rt,des to be rubbed into the ol-in. 



• .. T,to Hundred Emplora• Eumln,d 

0 H Sun, :,, 1011, the author mad• on wum•n•loon 
or th, .. , 1,i.., arm,. anklta, ntcl.1, t)H, .~ouldrr, 

1111d ••l•ta nr appro11mat•l1 :?00 production , mpto)t • 
-..19(1 In h1n1llln1 F11Hr1lae produclt on Ow•n•• 
Comins·• Ne10-■rk plant. T:,u, worker. " rt ,m. 
plo)'INI on production 11n .. and at fabrlca!lnr opera• 
jlona, culllnr, 11wln1, 1hapln1. t ran1portln1 and rark 
arlnr rlu, lhtrmal ln1ul1,ln1 v.ool, both bondw onJ 
unbondtd. 

Tb, author did not ue • 1lni;le cau or ey, l rrolftlton 
OT conjuncllvltla durlnir thia ln1rocetlon On!)· ont 
worktr who had be1un to work In th, plant tour d■) • 
11erore on a fahrkotlnir 10b 1howtd evldtnc• or 111n1n­
cant akin irrl!Jlllon. One 22-yea r-ohl omplo) re who 
told tha author h, had worked In the plant for tv.o ond 
a half y.ara 101d !hot, olthoui;h he hod ~om, accu,­
lomtd to hondtln1 F lller1t"1 nnd 1ufferetl no di1cnm• 
fort whlle continually on the job, h• hod nollc•d a 
mlld akin irrlt"t rnn that l11led ll few daya afte r r•• 
tumln1 lo the Job follow1n1 hi1 lwo-w,ek ,·acallon . 

uM Iona II I am worldn11 r l1hl 1lon1r," he told thr 
anthor "I , tay touahenrd up to It. But if I haven't 
been h~ndlln11 II for a whole, llke when I'm n~ my va• 
cation, then it toku " few daya to iiet over the itch 
when I &ta rt In a11oin." 

lfany of the work.rs who wore exomint d anid the 
temporary Irrita tion wni simila r to bll, ter. on the 
llanda th• t nre the result of u1111ccu,tomcd manual 
work while the hands ■re 11ettln11 tou11hcned to n job 
"It don't bother me none," was the repl)' r epeatedly 
heard by the author in ru pon•c lo his r1uealion •• lo 
whelhe~ the homllin11 of Fiber11l~s producu caused ir• 
rltatlon. 

Biopsy Specimens Tnkcn 

I\T TIii! request of the nuthor, OR. H. A . CA)IPDELL. 
n tho Ncwork plnnt 1>h)'aicinn, remo,·ed two biops)' 
apeclmena or skin from the arm of the newly-employed 
worker who sho\\cu n motlernte degree llf skin lrrotn• 
tlon. Serini mic'o·o~copic ~cclions of this t issue , howed 
a mild de11ree or cnpillnry dllotntion in the corium of 
the akin. In add it ion, there were II few 5Cllllcred lym• 
phocyte., around ,cvcr31 or the dilnted capilla ries. The 
epidermi• was entire!) normnl. No i:laM pnrlick s 
were found, There wu no eviJence of fibrosis, bac• 
terial Infection, nller11r or h)'pcrkerntosis. 

Severn! of the serinl sections re, enkd n s mnll nmount 
of a brownish pi1rmcnt in the corium which sho\\ ed no 
ln0ommatory reaction around it. It is n.,sumed that 
this pi11ment is bokelite , one of the substances used as n 
binder for the glass fibers. The fnct thnt there wns no 
forei11n body reaction nroun<I t his indicntc! thnt th i! 
material is an inert . ub,tance, nnd thnt it dors nol 
produce either n foreii;11 body reaction or a llbro, is. 
The extremely mild in0ommatory reaction in the cori• 
um of the skin woulJ result frori, any slight mechanical 
Irritation. 

Report of Louis , ille n cl'mntolo:;ist 

DR. ADOLPH D. L0l'EMAN, Louis,•ille dermntol-
01risl, reportini: on nn exnminntion of 10 work• 

era who handled Fiberi:lns, writes, " I did not find any 
evidence of n defin ite contnct der rnnt il i! on ony of the 
employeu nlthoui;h some comnlnined of n mild itching 
when hnndlini. the product. The dermntitis produced 
wu unquc!tionnbly of a very mild and transient 
nature. 

"l did uamine one pntient whu complained a great 
deal or a •ki11 •rupl1011 1111d who felt certuin il was <lue 
to the Fibe~las. He pruen:,d, howC\·er, a toxic er up-

toor., •"d """" q•1, 1ann1n1: hon, I l,nrned 11 h•J beon 
pre .. nt at t1mr1 11r,,.r to "'""'"' ,.,1h F1ber51IH 
s,,uth• :r ., '4t rtrr H,J tum fr,,m th., ._ork for ■ 
p,ronJ nr t•o or thr, ""•'· ofkr \\hoch I •i:•on n ­
am1n1d horn anoJ h• pre tnled ll,w 1Ame t)'P" of erup• 
1,on In th11 putornlu '""· It ia my opinion lhol hos 
t,eth ,.,r, prob•Lh •~• !oc, o! 1n!...:11on" 

The author t,,.1,~, ... that tho r, fl9wlnJ eeneroliu• 
t 1on 11 warrant.-.rl h:, th, f'\"1,len r f' • 

Contut with i:l•n wool ma) cau1r eph•merol dis­
comfort an,oni. 'I\ Or,era lnnpror .rncrd on hanJlini: the 
m■trroal Th• 1l11n orritAl1010. howe,rr. c•nnol be <'· 
1■rda-d •• a p,,\,,,. .. ,,r d,rm.at1lit, for H 11 non•tox1c 
and u,ually d,aarr•aro ,n 11 r.,, da) 1 In extremely 
ra r~ In tonr,., wher• :, wr,rktr mn)' be pretl11roHd lo 
1eco11darv efftcU of m«hnnicnl 1k1n l rritotinn be• 
cauu or' id101yncr:>1} . :,llni)'. or th• presence of foe, 
of ,nrectoon , In"~"• on h,. Lrnl)· and 11henv1sr du • 
1oc1ated Crom th• elT~t• or ml'Chanicol orr1l1l1un, 
le11ons may ptraiat But these c:uc5 arc tnco•,n!ertd 
wolh auch rnroly th•l th~y do Mt Justify 1ncrominotin11 
11l111 fiber os a cau;ot i,·e factor. 

No Claims for Wor~eu' Compensation \'nlidnted 

F IB£RGLA5 products ho,·• b•en produced on the 
Newar~, Ohio, plo,1t of O\\ cn1-Cornini. Fiber11los 

Corporat ion o,·er :, prri11l of non~ rears. The num~<r 
of employees hu rnnllt d from nppro~i mntety '.!O wht n 
product:on was stnr totl in l ~:13 t~ more than 1800 In 
1941. Ourin11 1h15 nine-ycn1· period no clnims for 
workers' comp,nsntion, on the bosis of an indus:rial 
doseue nriainii out or _ 11plo)'menl in lhr manufncturc 
and hnndlin11 or F1be11: lns, hn,·e he•n vnli,lnt•d in the 
State of Ohio . 
. A letlu dated June 17, 1941. from ~IR. J. A. Sruw. 

Claims n , rerto of the lndustrinl Commission of Ohir. 
Le1rnl Secti.in. -~Jre,sec! lJ \he author reads, in r 
as follows : 

"For )'ou r informRl ion, we 1c(06:nitc dist::un of 
,.,c resp1:atory tract a, compcns3lJle oc:cur :ition"'1 
diarosu, Juc:h aa silicosit, 1ubutosi.s. anthr:ico>il, 
and 1idcro1i,. As n n.auer of hct, there is a p10 , , .. 

,uon undf.'r the law to rec~suirr ony disr:u~ o ( th11 
l)'~ whit-h is cJuied b)· the inhal:uion o r .:u,~· inJ,lr­
ioua dusts. 

0 \\'e endca ,·or to keep n corrptete stat i,~icnl re-cord 
in the Oepar tmrnt or S:ifrty 3nd lly1.icnc of a!I 
cases or th1:1 t ype. [ h.:ivc m:,Je :1 thorough check 
wlth thl1 dep.:ir tmcnt, a nd to llntc we hn\"C! nt\'Cf 
had n clnim filed !or :i disc:111~ of t he uppc-r ru pi­
ratory tract ca u!ed by the a •cird in;,at:Jtion o! 
Fibcr&los p:irliclcs." 

He:illh Detter 11,nn AHrni;c 

T HI: health of F iberclns w~r~cr5 i! regarded ,s 
better than a\'eroge by the .-\ctn, Life Insurance 

Company, which underwrite, group iMuroncc (li fe, 
d isnbil il>·, , ickncss onJ hospitaliz~tion ) fo r employees 
or Owens-Cornin11 Fillcri;la; Corpor:ition. In a l~tter 
to an c,cer•: ti, c of the corpornt ion dnle<I J une 11, 1~41. 
JOHN A. HILL, Toledo Gener.,! Ai:cnt or the Aetna 
Life Insurnnce Comp3ny, \\'l'Ole. in part, 3 3 follow, : 

" Tho hrolth of rour emptor«. h,s b••n bolter 
thGn nvcrJfC. This is c\·idcn~cJ by the l:icl th:lt "c 
now hD\'C jn t ffc\!t :i 35~c rcducuon in r ate (from 
~taiuJt'lrd) on both thi: :sir~ncJs unJ hopil 1liu: ian 
insu rnncc 4,.•,11riC'd Ly you, enq)IO) l'U. T hi.i is th~ 
result or ne.uly four full )t-:ns' c,p1Jsuu?, :i r.d J ,. 
velops a r nlc lower than un;· J1mila.r indu.strr th.it 
we h r.Vl' insu retl. . . 

"There is in cff,.:·ct a pL•rmanC'nt nnd total tli~obit . 
ity fruturc in L·unn ... ~dio11 \\1th )'uur lift in:sa r:incc 
1.111d n~ yet th..:1..: h:is L..:i:n u11 lr u11l' d:iim fr'1m i,n 
cmplo)'ec, a.nJ this w,1s due to a. non-occ:upotional 



at, far ...,,. .. d fnu11 1M _.., •f hb _,._ 
,-i»n or from anr health bauNI la bla occopa­
t1oe.• 

The author rarard• u pullcularly ■lrnlllcant the 
owlnr pararraph from Mr. HIii'• letter : 

• . . . our C&J~alty Company <arrlu wllat lo 
bown &J producu llablllt1 at an e11rornel1 lo• 
rate, and no claim hu tHr been prnented, lndlut-

Ins, of co~n•. Olal U:tre I no llaurd in lh1 u11 
of FlbtrclH or any of IU pr...Suct.o ·• 

In 1ubmltllnr h,a but jud~rn. nt, ba , d on h11 pro­
r .. 1on1I lnterprttatton of ~;. facto uumbltd In the 
coune or the lnveet11a1lon. th, author !Ind• that there 
la no 1IUc01l1, tlbt1>1lt or du•t hatanl sonnt(tt d "Ith 
worldnr with F1btrrlu, and that the man ·,tacture, 
fabr ication and application or F,btral .. prodv.:u II. 
attended b7 no unusual occupational huard,. 
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The Pulmonary Reaction 
to High Concentrations 
of Fibrous Glass Dust 
A PNliininary R~port 

Paul G,-, MD: J\loriann , Kruclwl; Ethrl B Tolltrr, 
Mary Ann Bobyal; Md nobut T. P dr Tr,nl/e, /\ID. ScD. Pit11bur1h 

TIM pulmonary roepon1e. In bolh ral1 and ham­
-., la Ille pruence ol nbrou, glau du1L Is 
dlaract11lad bJ rel.ollulJ ,mall accun,ullllon• 
OI 111aeroph- , "'"' algnlncant ai,om11 
change. Whelller the ftbrou1 gtua du1t uud WH 
caaled (ell!, .. with a phenol-lormaldt hyck lype 
...in ar with e lulll•IJP• binder) or noL lh11e 
- no delllOftllrable dlfference In reaction. Thie 
lllologlc " lnwtnen" ol nbrou1 gl111 dull pll­
llaled In 1plle ol an extremely high Iota! H • 

~2• month• ta dust conc1nlrallon• which 
..,..gld IOtMWhal In uc1u ol 100 mg/cu rn. 

WITH INCREASED use nrul produc­
tion of fibrous materials of vnrious kinds, 
then, is likely to be on incrcll5C in lhe 
amount of dust derived from incrdenlnl com­
minulion of lhcir fibers. This is portic'Ulnrly 
true for fibrous glass producis. A fiber is 
defined ns a porticle whose length is ot (cost 
three times ita dinmclcr. 

The hazllrd posed by the inhnlolion ol 
ftbrous glru;a ,Just wns fi rst investigated by 
Leroy U. Gordner• who concluded that the 
dmt ;:,f 111.aa; wool was not injurious lo lungs 
beauso it was not respirablc. 11,c problem 
of how hlwlrdous the inimlntion ol the dust 
ol one particular fibrous gl= product might 
be wns investigated by Schepers et at= who 
studfod a dust composed ol fibrous gloS'l and 

Suhmillod far publication 5,pl 8, IOG!l, •""'Piro 
rl0¥1'. 

Fnxn th• lodualrial Hy1iene ne.etth Unit, Dt­
part,Mnl of Om,petionol Hoolth, Gnoduale School 
af PubUc H.tth. Univers,ly or Piltsbursh. ond tho 
lnduolrial Hy&ime Foundation, Pitbllu11h IOr. do 
T,r,ilta) . 

Reprint nq~ta to !i~l Cenlffl Ave, Pilbburi;h 
15232 (Or. do 1ffv;llo). 

n plMtic. Unrortunutdy. thcs, inve&tigolors 
foilrd lo 05CCrt.:iin U,c rcloti"c amounts or 
slruis ond ;,lascic in the dust to which the 
onirMl9 hnd been c:rposro. Nor did they 
dctMminr how much or the gl0.'!1! in the dust 
wns ftl.>rous ond how mrJch nonlibrouo; and 
how much or the fibrous du,t wllS respimblc, 
ie, wllllt pcrrenloge or th<' gla.ss fibers in the 
d ust wns k,g; thon 31, in diomNn, The lock 
or Utls ,•itnl infornmtion vitfolc,, the canclu­
sions drawn as oppli,•d to fibrous ~lnss per 
ac. l n onother publirnlion, dl'61ing with 
11!,rous gloss derived Crom gln!I.S wool, 
Schepers-' concluded U1.11 g!Ms wool dust 
mused endobronchiolar ond pr ribmnchiolnr 
lesions. a "tendency tm,ard bronchial epi­
thelial hypcrplnsic" ond intcrstitinl pncu­
monitis. The validity or these conclusions 
may be qnl'Stioncd in , icw of the foci Umt 
such changes ns ore described and otlribuLMI 
lo glOlil dust occur commonly in stock rots 
os endemic diSC'osc; but no mention is mode 
in the rC>port thnt the lungs of control rots 
lmd been studiC>d. 

The pulmonnry r~sponse to the inhololton 
ol o nonfibrous ~lag; dust was investigated 
in this laboratory more than len }'<"<If!' ogo.• 
This d ust was prC>pared from gossomer-Uiin 
flukes ol gloss hnll-milled and then further 
comminutcd to on overage particle size of 
1.11, by oplic:il microscope sizing ond 0.06,. 
by electron microscope sizing. Inholotion 
I rots ond guineo pigs) ol this dust (17 and 
18 mg/cu m for '>nc year) ond its introtrn­
chcnl injection l '.!5 mg, ruts only) resulted 
in a pulmonary rcspon.«- compoocd solely ol 
focnl nmcrophogc reaclion. ThNe wus no 
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S"""N'l' ol Cllau Dusi Admlnlttralian In Animals 

Ho. ol N o,,1 of 
T~or0t.a11 Ham11e,1 ..... 

Uraco.atMS 1n 
JO 

12 
I& 
JO 

c:;;i;d wilf'I JO 
plWnol lo,mal JO 
dehrd• , a,1n u 

12 
12 

10 
~o 

Coaled with JO 
ttar~ binder 30 

12 

" 30 
Cantrall 20 20 
Totaf1 170 ;160 

fibl'Ollis. n,e 11lnSB dust was lronspor~d lo 
atelUte lymph nodes but there it was nlso 
not &9l!004ted with fibrosis. 

Although another vitrooll!I fibr-ous d ust 
• (cernmic aluminwn silimtc) hns been dem­
onstrated lo be biologicolly "inert" when 
inhnlcd or injectc<l inlrolrochca.lly,1 the pcs­
..;"bility of &cvcre pulmonory drurulge f. m 
the inholotion of dust derived from fibrous 
11D.sa tins recently been given atu,ntion bc­
aiusc of the dcl!lycd occurrence 1lr lwnors 
ll!&OCia~d with exposures lo s till another 
fibrous dust,.......asbcstos. 

A11ainst U1is background relDtive lo the 
pothogenicity of fibrous d usts and gins., dust 
in particular and the recent renlfirmation or 
the concept U111t noruibrous pnrlkulntcs or 
asbesl06 were nonpothogenic,8 we are re­
porting the lwo-ycor results of an iJwcstign­
tion into the pathogenicity of fibrous glnss 
d u&t. Two specific questions were lo be nn­
awercd: (1) Docs the fibrous shape or glass 
particles render fibrous gins& oust pathogen­
ic? And (2) docs a 0011ling on the guss 
fiber., o! dthcr a phenol-fonnnldchydc type 
resin (used m U1e ronstruction or insul11tion 
industry) or n starch type billder (used for 
teJ:tiles) conlribull! lo its p11thogenicity? 

In subsequent communications we shall 
report on the surviving animals ll111l lived 
beyond the present two.year period, and on 
the rnle ot whicl1 the fibrous glnss was 

IMal•lJon CNmtiiet-

No. of "-at.a "a.d 
'"''•tuche1I ,.,. ......... 

ln,.c tJot'I Conc.•nlr•l• n. 
OoM.~1/tum 6mo 12-

11' , 5 
135 , , 

l ,c J 5 
l ,cl 5 

10 I< J 5 
IOI , 5 
106 , 5 

I ,c J 5 
2 >C I 75 
l ,c 3 ,5 
J ,c(l 5 

10 x J 5 
Il l 5 , 
11 3 , , 

l ,cl 5 
3X35 

10 x l 5 

JO 30 

clcorcd from the luncs of the animals. We 
ahnll al.so report on the poi;lmoMm pulmo­
nary fuulings m a 11eries or 18 lon1-tenn 
employees of the oldest fibrous awa factory 
in U,e world. Some or U 1C1C men had w-ork.ed 
in the production of Fbrous glui when the 
illduslry ,. m ils inlan..")' up lo the pre1ent 
-a period spnn.,in1 about 30 ymn,. 

&hlerial.1 1111d Method 

In orc!or to e1Ju111 def)Oailion of fibrowo 11.ua 
dmt upon the lllvffllor mmnbrnne. a specially 
made fibrowo 1tn. 11veraain1 1P in diametar 
wn1 obtained thro1.1&h the cooperation ol the 
three lar1eat produt11ra al librowo 11JUL One 
bolch ol Iha gla.u ,.,.. cooled with a phfflol­
lormnldehyde rain, another batch wu cooled 
with o 1t.11n:h binder, llnd o lhinl batch wu lelt 
uncoalod. The dilfe~t bDtcha of 6.broU!t 1IU1 
""re bnU.miJINI until the fiber l■nctho were 
prodominonUy around 50~ or Ima. 

The dwot-dilperain1 apparalua coruiltad or a 
1lau L-1hJped N!SOrvoir which Juul a 1pjral 
worm-lttd mechanism in the boriz.o.ntal limb. 
Thil wu turned by o &mall 6-rpm motor. Tho 
1lowly turnini: worm transported small amounll 
ol du,t at o fairly constant ralb lo lhe md ol 
lho hori,onlru tube -.hich COMecled with a 
4-inrh diamelPr ,.,,tir:,J ludte tubo. Th• lo_, 
end , r 11, .. lucile tube wu conllnuo\15 ,.~lh the 
verlic:il lunb or II roundod en.ttmbl• or ph11-
niird ◄•inch tubin1 (1lavepipe) which. wilh the 
vcrlicnl lud te tube, lormr,d the l■tlu "d." Tbe 
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f1Q 1,-1.aft. Ou1t lacul In Ill lhol d-od alter 
112\4, month• ol upaou,. to 135 mg/cu m ol ur 
caled flbroul gltl.l du1I Mac,ophagt con11,n,~ 
1tveall lrl duttvtd tboUI 11h,ec,l1t duel. not 1t1tt< 
talk. ""9 Mp(tl •1111 ■re not fitMOUC Soml 11 
-,&or nn11111 Calli ora 11tghlly hypoflrophltd and 
llyperJliatrc Cnta,ood macropll1gn coni.•n nu 
-9 flnt Ol)IQUI QllnUltl kma alY«>II lhtw 
MCIOUO ., ,,,.c,Ol)hlQU by loll ol .. 11 dill and 

ahorl wrtkal limb op1-1tt tho ludtr luh• "u 
biaarted by an lnaertoJ equirrel mp blo,.•r 
which t'.9uaad D lurlrulant ranu11n1 u! tho dual 
throush the blo,<ar A amall 1, 1mh tubt-, 
ent■rlnl the upper horrsont,il lrmh o! th• ahoel 
metal .,,.....bla, 1n1«t9<1 arr into th• l)1lem a l 
a rate of l littr/mln Thr1 1njl"<'lod "" rnetl 
the ftner • J dlunra1atod dual ,,..,1.Juu u11• 
-n1 lnto the upper portron or th• ,orlll'OI 
ludte tube n .. tau .. ,-on11..-1at1 .. ,1.h th• in 
halalilXI c,hamlll'r by mroru or • nshl anal• 
band Bad\ of tl1e lhra• mholotion , luml,ero 
bad lie own du,! d11pen1n1 01>1"''"'"' 

The lnhalatrM chamb,n mNUur,d 2 ,< 4 )( 
•~ !eel (0 61 ,c I 22 >C I 37 m•l•nl and ron 
talned 86 eq r .. , II 02 n.t ml Tht, "~"' ,·on 
at,u,ud ol ..-I ucepl !or • ' • inch lunle 
!ronl pll"'«I Eath ch■mbor h•ld ;;.> ..,i. ontl 30 
hamalen hou-1 ,n 20 ,.,,.. c:11n 1uap<'nd,d 
from tncb !ultn•d lo the 1011 or the rhnmlll'r 
The ca.-,...,. rot,iled ffrh da, lo a.,u,,. lh~I 
.JI aJ\lmab .,;thin tl1• chomben --••• 1ubJ0<. le.I 
to comparable n1,ooura Th• ,pant ,,hambt-r 
air ..u pullNl el tht '11!e o! I htor/m1n 

diUPPNfU~ I of nuc~ (h1meto.•-ylln eosln 1t1ln, 
• 150) Center, Same f11ld 1tt1r ,mp,1gn11,on w.:n 
111w, AJthOuQh thert II foe.a.I tncrNM 1n lr,;JIY 
,optul,c flber1 of ■ ,.,. at"eoi' (f1Qhl and upPlf 11n) 
ciilMIQ•nlHIIOO II tbltnt and an1tomc lnteguty of 
a lt 1p1Cfl II Intact (Gorden tnd S•NU, ,c l ~,O) 
fUght. Compu1.1l1 ,:"Kintttt1on P'(tur• ot um■ fttld 
1h<M~ Lvtr •mount of gl111 du1t 111oct•tad w,ltl 
macroplll'JH and <Y1011lum,c d1brl l (>C l !IO) 

lhrou5h n 10 mrh furnn re type Oller ronlAininc 
n pre111.,,11h•d filler t>DI"'' The me,....., in 
-.ersht o! tho filler l'"P"' ol lhc M<I , , th• 
dA) ·• n111 dividl'<I b) tho ,-olum• o! ,no ~owing 
lhrou1h Ute chnmber equalled the o,nni1e con­
,..,n1rolion of 1lllll dual durin& the e,r,oture 
Th~ overnCt" conl"entr.1t1on of dull m the c.hom· 
ben w:u in tl,e neiahborhv<><I ol 100 m1/cu m 
(Tobie) Tho e11><11urc. were !or • i• houn per 
day, fh o do)-. 1,er "'eek, !or 24 montlu Aller 
earh 1i1-hour •11to1urr. th, animal■ ,uth their 
101•• """' n,moved !rom th• mholotron chllm­
har ond plnr.,d m o rack in a lore• room 

Peno<l1<'8lly the 1lnu dual in the inholnlion 
chnmbc,n WIH anm11led by m._.n~ of o m1ll11,ore 
filler throu1l1 "hirh choml,c,r orr "" ,,ullod ol 
tho m te o! I l iter/min !or 11• houn. Tho 1lU1 
du•l wiu n-mlJ\'NI !rom tJ,o millipor~ memhrnne 
ontl plaC'ed on D 1lnu 1li1I• W,th 1mm•n1s,1 orl 
n1 mountinK mtdtum nnll a phue contnut 
11hulom1<'....,.,ll", 70":, lo 76";, of the du,I 11ar• 
heir■ wt"re found to be fibrou1 and 2◄"; to 30i..~ 
nonfihrou, Th• overn,~ diameter o! lhe fiber1 
\\ill found to be 0 5111 "ilhin o u,ry nnrro" 
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f'lg 2-A foa,1 or •IV'IOI• ,--.,0111 u 1At04Jnt1rlld 
Ln I law ,.ts. Tht1 rat d•.O .ttw 22 '/2 months .-... 
paau,w to uncoalltd gl.lU dYJt PteNnce ol Chofffllrol 
~Mdll 1pec.ee ~th rfpldtc: uwcroohag• and their t. t.,1, 
In tJr 1peca (1I\IWOl1r 1lnl1J) Mems to apt1ln flbr0Si1 
~•l•ty (htrnfitoxyiln eotJn 1t11n, ,c 150). 

ran1e. The avera1• lon1th wiu in tho noichbor­
bood or 10.v, wilh an &flproa:imotc rnn1a or 5,­
to 20~. 

Fivw rnta nnd 6,·e hmn.1h,ra from each chnm­
ber _,. killod with e ther ~r,., 6 and 12 
monlh1 of du.at e1po1ure. reepcc-tiwly. fur pm­
plin1 purix-- Thoae a nd all onunaLi which 
died durin1 tho upo,ure " ·ere aubj .. ted to 
autop1y during which the lunp were di• t•ndod 
with 10% fonru1hn under n h•ad of 12 cm of 
water. The rom.oinder 0£ the a.nunol.1 \,ere 
putured ofter 2• monlh1 or d u,I npo,uro. 
They will be n!low«I lo live out their lh1~" in 
otder lo obtain dato on the tondoncy or the 
animnlJ Hpoa,cl to gin&> du_•I to dove lop pulmo• 
1uiry neoplmms. 

An additional 150 rats nm) fJO ham, ten re­
cei\•N:I intmtrnchaol injection• of the snme 
dwta 01 were di,pcr,cd in th~ inhalntion r lu:u·,, . 
bt-ra. The T obi• li.,t. the dos.,~,• (3 5 mg dust 
,wpended in 1 ml wator) one.I tl,e number nr 
1U.ch injed.ions whieh \\t'rt, corrict.J out wiU1 tl,e 

an1m,,l1 under lithl olh., anNlho,o1a nnd with 
lhe &1d or a laryn..,_...,p,. oporulwn 

Allor pardln impr-hnn or blO< u cut 
lrom the dialend..t lun.-,,. --uon, .. ,.. cul al 
611 Th .. ~•r• 1Luned ruullni!ly ,.-,t,h Mmato1 
ylJn and -u, Porunonl 6old, from a.arh -· 
uon ., .. ,. photo1raphrJ on ~ mm ftlm Th,, 
..-1..- ...,. 11,.n ,i.-:olnruod ■nd impresnattd 
w,th 11l•er by th• Gotd•n and 5.,...,ta t..-h. 
aiquo The oem• 6•1<» """' tMn repboto• 
1n1p""'1 n- photo,-rapho yloldtd <ktadod 
data on the NII 1trorna 1nlerrelahoruh1p e, 
unport&nt for Ut•rtainlnc lhe anatomic 1Uhu 
ol an al•oolar w■U Allfr th- Lui photo-
1rar1hl ,..,. takon. tho ro.., r 11lpo of tho -­
Oona ,i,ere r•moi.·l'<I inc.I the Mt'tJont ~,. tn· 

""""'!,Id for one hour at flOO C 1n ■n eleclric 
mufflo lurnare Allor lha ahd• ,..,.. traalod 
,..,th rnncentrolod h, drochlorir and. wuhad. 
and dned. the aam• field, ,..ore photo,~phod 
for the thin! time. but on Uu11i OC'CUion. urulH 
dark-6rtd rond1hona. Tho wl photos,aplu. 
when corr.lated with the previou.t on••· 14\ .. 
apecifie information re1-.rdin1 tho rotation or 
11.aa dual dopolita to an1tomic cbansw in al­
wol■r wallJ Beeau_ae tho ind•• ol refraction ol 
the 11■• dUJI u very doae lo that ol tho 
embeddin1 medium. tho dUJI la pmetic:ally in­
viaib1e e.1.ctpt aft.e r inrlnemllon. TI1e 1t1.1dy of 
incineralr!d aecliora wu ol porticu.Jar impor. 
tome t,, rlotennine ii loatl alveolar fibl'OJUI wu 
or wu not 4a0Clat.ed \lli-ith the prett:nce of class 
du1I dopolita 

A 1trica of 20 rate and 20 hamltaro lrom the 
arune ahipmenta III tha t ol tho 01perimental 
animalJ aorved Ill IAboratory c:ontroLi. They, 
l.ike the ezperimcntal nnimnb. Md ncceu lo 
food ond water od libitum_ The9e control IUU• 
malt were hm.aed in wire co,ee aimila r to those 
or the n.nimnl1 ezpoaod to du_al. but thoy were 
not kept in inha lnCion chnmbera. The,..lore. 
unlike lhc 1speriment41 nnimnb 111rrho.,e air sup. 
ply ,.,,.. limited during tho dUJI ••J- ~!'tl. the 
control• had unlimited suppliu or fresh air 01 

olltim~. 

Results 

It has not been possible to detect dil­
lercna,s m the tissue reaction ol the Urrce 
different types of fibrous glnss dusts: wh,,th­
er uncoated or rooted with o phenol-fonrol­
dehyde lypc or resin or wiU, o stnrch binder. 
For thu; reason, one description ol the re­
sult~ opplics Pqunlly to thoec lo: nil three 
d usts. 

lnhnhtion Scrics.-Rors.-Crossly, no s ig­
nific:inl olmomwlity or U,., lungs of these 
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animnla wos cba.?rvcd except for pncu ,nL, 
llJtd the cnd.,mic proi..,ncc of chronic bron. 
chitia nnd ill! ~ uclllc. 

Microacopicnlly, the outstnnrling nbno:­
mality from the cnrlil'St plnnncd ohscrvntion 
period (aix months) to the end or the dust 
e%Jl(l&Ure (two yMrs) w ll.!' Uie 1,r=ncc or 
macrophaae-wnlninin& uh-coli clustNcd 
around l'l'lliPirntory bronchioles. These mnc­
rophq .. -,o filled wiU, gl= d ust < Fig 1 l. 
Thc nWDr or mncrophngcs per nh colus 
was not 10 SrNlt ns to completely /ill the nir 
speCOI nor Wt're the lotter ntelcclntic. Occn­
llional cx-tmcellular glom fibers were also 
~l"VNI. The chnnlcter of th<' dust mnculr 
u obaervcd' in Fig l is typicnl of the dll!it 
reaction in nil nnimnls. 

The IDOIII a;gnifiClllll observntion rcgnrd­
in& those d ui;t nccumulntions wns thr fact 

• 

lhlck bundJu o f pale 1L1inm1J ccll1gtn (h•-1toayhn• 
«>1,10 ltlln. X 150) Right, Sima held lfttr ,mp,egnI 
l ion With 1,111, .. , Norm.I rtliculln strorna ii In 1ubap 
MJlar aw1u, t 'MWhtrt, d1l1c.ate 1..,ei ,-.ely d111t1butld 
,.oculm tlbe-" haw bNn 1tpl1cf'd by d•n11 n,rwa,tt of 
c0i1r11 coll1g1n bundlt1 (Gordtn and 5.,ffh, x 150) 

U,ot U1c nl\'colnr septn in U10 proximity or 
Uw glDSS dust deposits were not thickcnro. 
There wns focnl incwased celluln.rity or nl­
vcolnr walls nnd U1e olvcolnr 5urlnce cells 
were enln:gro; but U,crc was no evidence of 
collngrniwtion or nl,rolar septa, or for U,at 
mntler, or nny other component of lung 
t i$ur in U1e vast nu jority of tl,c :mimnls. 
111,ere were n few exceptions which will be 
dcsrribcd here.) Slight orboriwtion or nl• 
,·rolnr argyrophilic stromn \\US dcmonstra• 
bl<' in some regions or dust accumulation . 

In U1c lungs of a few rots lhnl hnd bl'cn 
exJ)06C<l to high dust conc-cntrations for al­
most t"'o yt'nrs, sc,·erol foci of 5eplnl coll!l­
genous libr06is " ere found. Thi' oh·coli here 
oontil incd mncrophogt'S and cellulnr drbris. 
Among this cellula r debris, chol<'StNol nrc­
dlc spaces were founc ( Fig 2). Althoueh 
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Flo , .-l..aft. Oust focu, in lu"1 of hamsta.r 
which died attar 211h montM uposur• to unc0111d 
ftbfou1 Q._. d\llt. Ah,.:>11r duct running length• 
wtae (11ft of anttr) hH most of ltJ 9V1gln1tlno 
afwotl ftJlld wtlh maued, M Ii praerwd ma:.,o, 
phagn ~In OCJlln tl.lln. x 150) C.,t.or, 

Cllllll dust wos also prc5('nl, il \VOS ICS!l nhun• 
dnnt than Uw t !N!ll in regions wiU1out 
fibrol!is. 

Although little evidence of lymphatic 
lronSport or glll!ll! d U!ll was dcmons lrahlc ol 
tho six•month period, tl,e ammml of glusa 
dllit in eomc of U,c &atcllitc lymph nodC9 
near the end or the two-year CXJ}Ol!Ure wn.s 
ma!Eivc, occupying rut much os one hnlf of 
U1Cir moderately enlarged volumes. Yet, 
with nil this \ympholic tronsporl. none of 
the gloss 9l!CJra to have been arrested in the 
intcrsliliol tissues, for none Wll5 ,lctcct<'d 
there. 

At six months, small clusters of lnrge 
phococytic a:lls filled with gloss dust but 
without a significant associated stromol in• 
crease were demonstrable L-1 some of U,e 
Mtellite ly mph nodes. At 12 montl,s, the 
accumulolions or 1lass-fillcd eel~ were 
krger; but generally, the dusl foci \\NC not 
ll!B>cioted with an inCTCOSC in argyrophil,c 
ntroma. In 11 few mis ncor tlit end of the 
11C00nd year, many or tho phogocytic cells in 

S1m11 n.td •fltt loitvtt lmpr~n1Uon 1howl 1tv1ot., 
archllr.tu,, undltlurbed 1od no 1tpUI tl'llckan,ng 
With tJ;oht foul 1rbotnc1nc1 of 1fV9olar rehalljn. 
(Gordin and Swett■, x 150). Right. lnclntr1tlon 
comPo1it• of ume fl1ld 1howl llrge amount of 
gl11s d111t 1n mec.roph1011 (x 150) . 

the sou-llite lymph nodrs were necrotic and 
much or tJ,r stroma was heav;Jy collngi,nized 
(Fig 3 ) . 

HamJJlers.- Exccpl for the animals thot 
died of pncumonin, the Juni;s or these ham­
sters showed no gross lesion. A,, in rots, 
oh coli clU!llcrcd around respiratory bran• 
chioll'S and nlvcolar duels conloinc-d dust. 
filled mncrophagrs. ·,hr lotter were more 
numerous nnd more crowded than in rots. 
Atclrctasis was absent <Fig 4) . In the mrun, 
lhe prC!lCncc of glass dust in tlu, lungs or 
ham.stcrs caused chnngC9 that dilTcrcd from 
thOS<! seen in the lungs or rots in two other 
import.nnl respects: the presence of fe rrugi• 
nous bodies' which were abundant in ham­
sters (Fig 5) but obo;cnt in rats, :ind tho 
prescnro of laminated, cnlcific olveolnr mi• 
croliths in tJ,e lungs of some lwmsters killed 
at the 24•month ,,criod. These were likewise 
not seen in r:its. These microlilhs =re 
found nmidst the collcclions of dust.filled 
macrophoi;C9. 

In cont.rast to tho &alcllite lymph nodes of 
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l"Dla, thole of hamsters werr not cnlorgcd, 
even at 24 months. The S11tcllitc lymph 
nodea of )Llllllllters killed nt 24 months con­
tain~ anwl ond larger chutcrs or la rge pole 
pharocytic celli filled with gln!S dust. The 
ailvcr-imprelPU't.ed preparations showed ~mt 
these phag()(t'tie cell clusters were not = 
ciat.ed with an incroo.sc in stromnl <>lcmcnts. 

lntratnu:mal lnjections.-lt hns previous­
ly been reported tha l fibrous dusts of di vcr.;e 
oompo&ition when injected intrntrncheally in­
to rats ore areble of causing the production 
of polypoid nwi;es or in.llruM10lory tissue in 
111Mller bronchial divisions, ond fibroll.'! glass 
was one of the awls. 1 Sud, lesions were 
fowld in the rat lungs !our dnys ofter the 
intrntrnd,ool injectiPns. However, nnirnals 
killed afl<'r one year or later foiled to show 
any evidmCl' of sucb brolll'!,b!or lesions, 
suggestina lhnt tJ,e,;c polypoid proliferotive 
lesion, were reversible. 

Tiu, Inter results of intratmchenlly inject­
ed fibrous gins& dusts in rots were similn r to 
those tlmt developed in this spccics from the 
inhalation or tJ1csc dusts, er«'pl UU1t the 
aize of the dust foci wns smaller and the 
number of such foci wns rcdua?d. No nh ·eo­
lnr fibrDRis or other significant septa! 
chnngcs were ol'51'rvcd. 

Sino:, hnmslers were not s:unpled \1.ithin 
one week ofter the intrnlrnchcnl dust injec­
tions, it is not known whcU1cr or not these 
sp<'Cil'S nlso rencl<'d to the fibrous dust injec­
tions with polypoid innommntion in the 
nir-ronducting tubes. No looion was seen in 
thes<' structures in the nnimnls sampled at 
lhe six-month period. The hrunsler lungs 
responded to lhe inlratrncl,cal injections 
with the development of dust foci very simi­
lar to lh05C observed in mis. As in the cnsc 
or hamsters which inhnlcd tJ,e dusts, forrugi­
nous bodies were nbunclnnt in U,e dust foci 
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caiad by lntrattach..ally inj«tl!d llbro1.11 
11- d 1.191.. H.,_,,.,, a l w,ola r rruc, rolJ Iha 
_,. not found. n..rl' wns one addJtional 
ftndln1 In lhe lunp of u- MmMl'ra .. tuch 
- alao prean. but lo 11 1-, a~ on 
hamlUlra and rata lhal had inhalrd !ht' 1laa 
dusta. Thia - • diffua:-. blftnd, ac.llular. 
a,lla1ffl01a pleural fthroaa , F11 6 Th 
lnc:lnt-rall'd 81!Ctlonl llhowtd !ht' prtW'fla' or 
•• dual In an oa:uional macropha1t l llU• 

•lad in the hunt'n of one or o fr,,, of u,.. 
llllbplt'UnlJ al veoli, no 1IMI dual could bt' 
_, In the lhlclc.rncd plf'Um it.rlr 

Comment 

We were a,nfronted with lwo imml'dialc 
problenw In 1hr dcaign ot tl1ia 1tudy OM 
wu conooffll!d with the di111ne1A.>r or thr glim 
ffbera requi!ffl lo allow ii. IJllrllcles lo rcsch 
the alveoli. Some helpful dalll were oblftined 
from • recent pilot 11udy in which we found 
lhat the dual ilolatl!d rrom the lunp or 
Piltabur1hers conlllinl!d man) naked fibers 
and the vut majority or these fibcrs C75"r,l 
h.ad diameters belWt'Cll 1.51, nnd 2.5i,; 

• whereaa 1 .. th.an 6% had dinmt'ters Kreoler 
than ◄µ. Inasmuch u tl1c evcmce d i4meler 
or the CDmmercially available fibrous glllSI is 
about 9µ, we k it lhnt this would be ullS.'.11, 
iaractory u o 10un'O for respirnble dust to 
which animat. v.-erc to be expost'd. We, 
therefore, asked for M d 'Jblnined fibrous 
11Ms with an nvernge diometer or 111. 

The aecond problem invoh•ed the magni­
tude of the dU1t oonC<'nlrotion lo which the 
animala were lo be expo&ed. Although the 
threshold limit ,olue (TLVl or o "nuisnnce" 
dust hos been St'l at 15 mE/CU m,• our 
P= ious cxperiena, wilh gins dust' ond o 
vitreous fibrous dust• suggested that onimols 
could be expo&ed to d ust concentrations or 
fibrous KU su!-4;tantinlly higher than the 
TLV or a "nuisance'' dusl without encoun• 
lering scrious problems such os oh'l'Olor pro­
toinoeis•• and 1'-11dogcnous lipid pneumoni­
t.ia11 " because or a lveolnr doorance foilure. 

In o preliminary experiment ( unpublished 
dat.o) during which we exposed rats lo 
fibrous glBSS dust concer.trolions thnt ranged 
as high os 2,000 me/ ~:i m, we -re surpri:.ed 
at the relolively sm.'.111 nmounts o: dust that 
aiuld be found in the lunw St'ctions. Thil. 
result led us to consider o glOSli dust conC<'n-

tnlion in the inhalation clwn1-rs of 100 
ma/cu m u probably alp i,rov!dtd lhal lhe 
dust wu in the 0111eeory or "nuiAnc:e" dual 
Ttua dual conamtntion provi,cl to be wry 
d i.co t.o tho! limit which alloWl'd adrquatc 
pc,rfomlllnct on ~ pnrt or the alVN>lar 
cloaranct m«luinim>. u WIii ind,0111«1 by 
th,, focnl collal!'nOUI 111\'f<llar llbroau aaoci• 
alNI "',th mncro11ha1ic dcbn• a.nd cholt11ler­
"I nNVllt' apaCOI tlllll were round in • few 
rai. n..r alwolar fibraats wu ~'ffY libly a 
lalllt'l of endoaenoua lipid pn~umonitia11 12 

and !ht- lat!A!r, in tum, nm-ra lo be related 
t.o raully clrara,:c• ol brc1tkdown producla or 
mncro11ho1ts 

Alclcclll.l.iL ia commonly found OllllOC1lltcd 
with tho pl'f.'6('nlll! or nonfibrogcnic d U!ll in 
a.ir IJl'IClll"" And moy be a ttributed lo im• 
pai red 1RJrf11clftnl ■l'Crction by alveola.r lin, 
ing crlla. Tht' noteworthy alwncc or alelec­
ta.sia in tho, animai. of the prnacnl study, in 
spilt or the pre,-,,ncc or obundanl fibrnua 
KY dual, ,rugg..,.ls that the aurlac14nl aecre­
tion rem11iru unimpaired. Th ... ;,, lum, ia 
another indiaillon or the biolo1ic " inert­
ness" or this dust. 

The fonruilion or microlitha in the lunp 
or aome honu!A!n; surviving 24 monlha or 
gloss dU5t inhnlotion is interpreted u still 
a nother indicntion ol nlseolar clcornnre fail­
ure couaed by tl1e extremely high dust d011-
ogc. This cleornnro f11.1lure is definitely 
d()(;('-dcpcndcnl inasmuch Oll microlilha were 
not found In onimols e%J)Olcd to dust for 
l!'S& than 24 months, nor v..Pre lhey lonned 
in the lungs or hamsltni receiving introtro­
cheol injections ol the same dusts. 

The polypoid infiommolory lesion. in the 
oir-ronducling lubes ol rats, lhol developed 
oiler inlr:1trnchcnl injections or fibrous gins&, 
were opparent\y reveniible since they were 
not lo be found in r:,15 &tlmplcd later in ~c 
year. Furtl\ennorc, the lesions were consid­
ered to be ortilnctuol since thry did n,,: 
occur in rots which inhaled the same dust&.• 
The cxplonolion offered WOll thol during the 
process of injection, the fibeni olign lhem­
sclves porollrl lo the rapidly flowing stream 
or fluid, the velocity or which incrcascs as it 
JlDS&'S !rum the barrPI ol Ilic syringe into 
II c norrow bore or the nccdlr. BeCllW'C ol 
this orientotion :ind th~ force ol the injec­
tion, the mass or the fibers tend to impin1c 
JlOinl,fil sl upon the mucosn or the branching 
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~uct.lnl tuba Thia, medlllniclll lnju 
ry - Wllctad upon muaal IUrlaco. by 
the i.chnlqua i..t lo lntroduot the dual 
mlo the lunp. 

'11a "-aruJt.Y of lymph nodal fibrog 
aimb1Md with 1M ai.nae of pulmonary 
~ -,idaJY lo dUlll d,,_.ia In rat. 
IIIQ be a:pl&in«I po•i'bly on Iha hula of 
two~ n,..1, u,., U.u,,e rmpo<ldins 
ID the llbTOla dual In the two dlffar,,nl alttW 
.,. qulta dlll'ffl'flL In U,o lun1. thr aht'Olar 
mmibnlne al anlodarmal orisln l'CIIJ'Ondl; 
wtw.. In lymph nod19, moarnchymol ti. 
- of ~I orisln rap,nd II s«-­
md, the accumulaliona of ph11IOC)'lic Cl'lla 
appa, lo be aYUCU!ar: and thr IDr1~r the 
all u-. tho more vulnuable tllt'y nppe11r 
lo br ·' metabolic re11riclions Thi.I would 
aplalr. .. .e nec:roaia ol 0- cella and lht 
a1bRq11anl ooliaafflOUI llbrom found In 
lymph nodm with lnr1t1 depoaita. Althougl: 
the alanm of lymph nodal libroaia in hnm-

I. O<ud- LU; A-I R,-, ot IN .s.,,,,,-, 
,...,,..,.,,, /r, rh Sludy o/ T"!Httubr. o/ rA, 
•-L. Trud..,. ~ou•dorlon. &ranoc l •ka. NY, 
lftO.pll, afl, p& 

t. ~ CWH. ., al· ,,_ bialaai<'lll odlan o1 
.,_.lu ;,ludc d,.L Ard l•dutlr HNIIA 1.11:34-~7, 
u.... 

ll. ""-9 OWll: Tho lnclaslnl octlan ol 1laa 
-- Arch llwutr 1/,altA uaeo l1!17, IOM 

'- a,- P, et ol: Olaa dW1I: A lludy o1 ita 
Woia■lc ·- Aldi 1.c1,,,,, ,,..,,.,, 21110 23, 1900 
~ 0- P. et al. Tho ollo<ta ol • m,tllotlc 

..-amJc O"- duol upon tho lun,w ol rate. Arch 
1-Tlooltll UolGl -11!1!, llltlO. 

1.· wai.r l Path FC: Tllfl l)Ollqwo•lo ol 
---.e., lo ~ ol th, lnt,rrt:JflfJNJI C:in 
/-co °" ,,,...,,,_ro,1,, Jolv,Mff/Ju,.. South 
A/rlee. April 13-May I, JNP. Pl' &-G4. 

7. c;,_ P. et al: Ntnonal")' furu11-noua boili-. 
o...laomlot In -- to ftl■montow d,.ta ond • 
..u.ad cl. lool■llan ■nd ~nlratlon. Arch l'oth 
--6C6. l llll8. 

I. Q,- P. ol Ill· Tho pu]ma,ar), - lo 
61,rQ,. d1ata cl. dl-- .,....,_ition, Amrr lndu■tr 
Hy• "'- J, ID bo puhll ■ h «I. 

I. Throahold Umlt nluoo ol 1.i, homo contamJ. 
M.Dta ror 1988. A mcricao Coaf UWK'e of CO\ ■mmcn • 
la! IDd\alri.1.1 fl,y11mi,t■. Clndllnall. 1008, p H . 

,..,,.. • t:!IJ>lainable on the bult that larp 
dtal d,,paaita did not occur In thla apacia, 
Ihm:- ia no npwwlion .. hy lymphatk tran. 
port ol ..... dUR wu nunlm.al In hanwtmi 

Thl- cklAY'Nl tnnaport of flbroul 1laa 
di.at to •lflllt.,, lymph nodm II anolJwr 
fMtu,.. charnruriatic of a diat that hu liltJC! 
or no palhopnic potmt.tal ••" Tbll I■ a• 
pL11nt'd on the bui.1 ol lht' mncept that dial 
perlicl• C'afl pm~tralA'.' inlo lhe luns lnte!l'ltl-
1,um only u naktd parlicl• and that, lher~ 
for,,, thrlr lymphatic tranaport i.l 0011tins-nt 
upon their ottainms an ex1ncellular 1tatua. 
The rapirlity with which du■t particlN Dl"f' 
t1'11mJ)Orted lo 111tollito b'mrh nodea, there­
lorr, ronecta their cytotoslcity. Since non­
pelho1cnic parliclN would not be ut>f't"INI 
lo m u_. doolh and diain~l.bt of the crib 
which hn~ t-11,ulf~ lht-m, their nlractllu­
lar 1IAIU1, and hence their l)l!nclrallon or the 
a lvt'OIM ml!mbnmc and IIIDNqlJ('fll lymplull­
ic lil1NJ')Orl. "1,uld M d~layNI 

10. c,- P. do TTmllo RTP; Alwolar r,rotalno­
..,. I la npon-,,1■1 p,oductlon In ""1mta. Ard 
Poth N:2M-:!GI, 111118_ 

11. c,_ P, ol al E-rimontal md-oua 
llpoid pnoumani■. Am,r J Patio 21!:211•!21. l lln 

12,. KJOIUrkftlt•r \V. TI•1upetm.ent.lle Uat.,au. 
chuna., ru- d■a llelnlrw,pumo .. n tlor 1.w.., .. 
,1,ch lly• Dall Ul:258 Zl~. 11187. 

L1. c,- P. N■u CA: U,nita end tho <l.ri,od 
•t.-m-Ktivalfd c• rbao TIie pulmonary rftpon.N to 
lhei, u~ At"l"'la Bnrlt('II l ·haW. 14~..(GO. 1967. 

It. a,_ P. do Trwvillo flTI' EmphyMfflll and 
pnoumoc,onicmo· An uporimonl■I rtudy an lholl 
lnt.-nlaticnsh11, Anh £n&..1ron llrollh 18;340-340. 
IOOll. 

UI. 0.- I' Pneumcx,mlooil: An upocl Jn,m ■ 
dlltoronl -•• l>u Chnt 4':100, l !IG:I 

18. Klmt.rl<Olt.r W, E-1 HJ· Qu■nlll■livo 
UaRspuirTW1Jtell• Untersurhunpn Uber dm Ab­
t.ran.rxn't von Staub eua drn Lunaen lo dje ra,KJN 
Ion Lymphknoton. Arch H y• Dur I U:JG7..'.k .... 
1116/i. 

17. N1p.l.athmidt G et el: TI,e ffCO'o'flY of quartz 
and other min1nlJ tram th. lunp ol nl&. ArcA 
J•dwt, 11,olth 16:183-202. 1!157. 

18. c,- P , H■l<b T · TI,. roqulromonto for 
h,mphatk dust tzan.port. lnl Arch Gr1Hrb1palh 
ID:600.«.G. IOGl. 
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Environmcn~ Co::it.rc,l Adm 'nistr:iltc.1 11u,11 ro, 

M.-u-ch H., l !lG!) 
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Mr. Do:i Sholdon 11 ! ~ 1., 1 

o/o Fors11h'l Dot'J:C':inn-V~c~; ,. "1 
1201 30th Strc:it, N.W • • 
Cnnt011, Ohlo ~70:, 

Dear M.r. Sh'3ldon: 

Thin lettor Jo 1n rcspoll!io to yi;ur t~!cl)llono rcc:ucst for 1:-Jo.m:itlon ~ t'l 
1Dhnlll?.ic"1 hllll\I't!!l from tho u=o o! !i.°?rcus cl:iss itwu.l:l'.loa m:ilc::l:1.1 in du-:t ~::>='.t. 

Fibrous i;l:,.ss c.?:d slmll:u- mn!.orl.'lls cuch r s ct::-.sJ wco1 :!nd roe:: wool :ir.i 
practically inert tn:\tcrl:us whlt::i o! !°!cmo~lvc-:. do oot h:wo ~Y si!;lli!ic:i.-.t to.de 
eUect.";. Th'l prlncip:u dl.!ucu!:y :ittin:; from workin:; ,·,1th uiy gl:iss m:it:ir1:il 
used in ill.Gu!ntfoo. wor!-- wc:ild b'l 1.rr!t.."\tlo:i ~d llchin:; or tho s!dn. Sm:-.11 fi'J:r:J 
bccomo imt:,d~cd 1."l. :ho :::!d!l ttd c:.usc itch.!.."lg Md mcch:ic!~:.! !nit~•.io.;, or ilio 
akin. Th.,:;o :U-c:!.!l r.1:iy ,:;::n•,3 cs lo:::il poinlo o! scco:icbry in!cctio::i. Such 
Woct!c.l:l m:i.y bo r,r::vc.~td bj• r;co:l h, Jico~i: pr:ict.lcc:., :is with or.y ,·1uun.! or 
ab1·:in!on. U not prcz,:,rly trc:1.tc:l, such k!ccti.os rp.:i:t become quite soricu.:: 
u(\ cc:i&tit\\t.., tho rrrcn~:>t dr.,,:i:r cf \'.'or:d.-:: wlt11 !lb=o·J:; i;t:-.s~. Tho fib_·o~!.'.. 

• r £1,0.00 net:> 01\:,, r:; c. I!locbr.nic::l n:.;:;nt w:i!ch G;:J:!n!l a p:>.L'm:ly !or b:ic:crl:i to 
i.tt.ac;. t?l!l C '.:in. 

StudieJ of t".10 lab:1ktio:i or dm~t fro::xi !ib?'CUS BU!:::i c:itorl:lls h:i•:o not sho .. 71 wcm 
to produco ::ny to::ic m:!nli'c::~tlo::is or poi.::o:io.is cffcctJ bcyo::d the s!:in i::-rlt.:~t 
proportlcs \'1:ucb :.!'O mcch::!l!ccl l:i o:-.~ro. In :i. r :lt:1-::::- rccc:1t :irticlc, "Mmo:\':-y 
H~:lr<lD !rci:'1 E:-!)osu::-:::i to G:.'.!.::i Fii::ir:;," b:t .,\bnc:! N. ~,!. N:isr (Ji:u~ .!_~ 
Occun:!!0.1:-l ~.TccJic;:10 !):2,:5, :!d:t l!:67), t!o :-.ut.ilo::- ccr.cluc!e:s ei:it, "As far :is 

could bJ :i::;:-c-rl:iin~n fro~ :i. C'::lr:::~o: ~:iA,-:;1Jr!c::i.."1 n:1u t.'.1') :::.i::-op<!.l..'l litc::-:it, i:-c , 
av:ill:!ble c,i,~:::co 1::itlico.tcs th:it W:>:C'JS 1:;l:!Ss is :i. rd:i!iv:::ly .i.ncr~ r.i:!tor i~l ,·:it:\ 
110 !lb:o:c::.lc c:- c;t?icr :.1:;ci!ic:'..!lt to:.:ic r,rc;.cr t!cs. 11 Th!s :irtic!c :i.rd o:.hr.r:; 
Jnd.lc:ito 1n c::;sc:ic:, t:1:,t thc.c c; no dc:noI!Str :ililo pu!r.10:1'.!rJ c~cct c '.lc to lo:i:.;-
tor:n e:.po::u::-o to !ib:-o>Js i;!:l!i:;. ~~ oti!c:- coI:1r.:~::t b tr.~ o.,ticlc by D::-. N:-.:.:. 
ts, 117.:o si::o o: i;l.iss !ib::rr.; fa cc-.:o:-:ion ~!),:11.ic:itio:i a::d liic!r t.:-nclc:::.cy to io:-r,1 
fclt--!1!:,:, m:>_j.s::::; \.'!)::, ~oy o~j::.:t wit~ ,·;hl6 :~::y co:nc b co.i.t:ict, pro'!:>~~'.J p;; :::::.t 
ln.~-:d r;l:i~.:i fi.!>or.::t !..om p:.,:tr::t~~ bt!> tl:c r,:.:!.~o~.,.cy ::h-~oli. 11 
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You also monl.lo11ed 11.Sbestos, Asb03tos Is not to bo con!uncd with !ibrou:; cw::::1, 
Thero Js no ofmilartty chomlc:illy nor pb:,.;lolo;lc~y b:itwcc:i W>ra-.is 1:l:l:::J c.cl 
ubosto!I, 

Evon atudio!l m:1o with ID>rous cl:1So pl:is~'J p:-clucts hr.vo not tr.cllc:itcd !.h'Jro 
woro cny r.i:po::\.So!l otltor ti:m t!io c:it:?Jt'!'l' ol r.n "inert dust, " D:.. Schc_>:i::-s1 

1n one or hlD c.rticlc::1, st.'\~5 thct th'J rac:it luport.:l:lt !:le~ cHc!:ctl by this 
e:q,orlmcn~ lnc:ulry into th~ blolo:tc:il cctlo:i of inh:llcd Fib:ir~l::is p!c:;tio ~ 
oonoamo it:J ne::U:Iiblo toxicity, h c!br s~dle:; b:t Dr. sc;1:pcrJ with ci:cct 
Qbrou.1 cl~o rilo::tic m:itcri~:>, b 1J,,:?·,·:1so report:J t.i:-.t j1:c:;ln:; by tho rc:;~c~'l~ 
1n tho thrao c=.uucl a:;,,clc~ :.redl-:d, Clo tu:.t 1:-::.:i:.v~d ~ n t,!o!o::-tcnUy Inert 

• aubstance, • 

Inn lntor ob.!•ly by Dr, Ecl.t~,!)()r!l ho c~lorcd by 1!:tr..~:i.c:,C\~l ~~ 1ntr:'..7CDC\lS 

1nJcrt1o.l!l, cclJ:..it~C'.1.!l 1mp!..,11b!.io:i, C'Jt~cc~ 1!:r:ic~o::i :!.!::l or:ul:ir Jn::till:'..ttc:i 
' Ibo t:1eor:Uc:il pc:J!l!i>Wty that flin:~i1:; cl:-;J pl.!stt::; or other compo:!()a..S :m!.:~ 

pin occcr.:, t'> ::-:ilicut:i.:iec\!3 tl!:='.lc:>, m:ly 1'.Tlt:?.t3 t:: "l coi.:-:::i., o= m~ t::com:3 
lo'.lgc<l l!l oc:::oo ot::.-::r o.-,:;u. Ho cc::cluC:d lli~t, "Nc::J oz ~'l mb:;t:.,c.:i~ c:u:cd 
fibrn:.b cx~pt 1u n c::;o c! Fil::ir.:;l:•'.l b:, ~i>:ut".r.ec\l.J L-n!J!'.!!ltntio!l. N!!c:o~i~'.lb 
did not ccou:.•, k:i!on:1 rc:c-1,;~:1 f.!.!'(.•J:b ri~=-~':t-~~2.. c! r.:~c.l p:u-::ick:i." 

In n ot1uly by E. D, l!c!::ol end J, B. li!tc".!~ll, "◊Jt.:ir.-::c'!J Rc:'..ct!on to Flb~r:t:-.:i1
11 

• (Indu!itri:!l l.!!d!Cln'l :>!1:1 S•~I"'/ 2G:!;17, ·:C::,c~mbr 1:)5'!), tho :?nfoo.,..; r .. :,o::t 
th11t t!loy ,·:c.o una!llo to 1!:tl11c3 c::::i.:;!tl7i.~ cy rn.:i:-.:lJ or p:1tc.1 cr.d r.wil!.n:; te:;t!l, 
kJy rc:ctic:J.!l cJ:;or..:-J ,·:cr:1 l.nt:ir:i:-::~-::1 r.:> b:-m:; 1:-=:~ly cuo to oech~c:!.l 
!rribtiO!l wl:Jc,i ,·r-:i t::uitor; l!l n:~.:i. • 

Wo nN e::iclo:;l!':r a]'' ; o! r~:•Y:'C:lC~:l o m>rcu.tJ t;l:l::'.l, Yc•J c:in p:.o'Jr.b!:r lcc:-.~J 
zncny of t:ic:.o b r;u ,Uc or u'cl::::::-:i!t:, 1!1>1·:u-lc:. :l·;ill~1!'J to :JC'l, Wo he;,:~ u:i 
tn.fom~o!l !Jr.I!. -il-:::1 ,·.1.U b l!cl,:,~ c:.:11' 'r/1) c~ l:J cZ l'.u:-~".l.c:: t.C::.!.:;~c:i, wo 
ebill bl cl~ to do co, 

.... S!!lC1J::-.!l;, yc:-.!l·.;, 
., ,. , 

(. t;.ic:,;_;, ~ ,.,.,. :c·;/ ~ ;:, ,I' 
E, ED:i~:J :.ro==:11, Jr. 
Imfa.:;t!'l:-1 Hy~:mt 
Sc!,;::i~o P.:.:c!·.:::c J S'il:;-ti::i 

~c:m c.! C::C"J!):l::i~ S~:i~ :-::d Hc~D 
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EXPOSURES or 11;s1.11..u10:1 \.:ORi:ERS TO 

AIRBOR.-.E FIBROUS CLASS 

W. Clar~ ~oop~r , ~.D., J. LeRoy B.:i l zor and D~uglaa P . Fovler 
School of Public nealth 

Univara ity of Cali fornia 
Berkeley , Cali fornia 

This study vaa unde:-t~l:en as part of our inves tig11 tior, of the ,.ork 

anviron~ent of inoul ating vorkers ; and is a continuation of a previously 

r eporteil study on the exposures of 1n5ulation workers to asbes tos fibers 

and other enviro=cntal stres&es .1 •2 

The s t ated objective of thi_~ part of our study was : "To definl! . , 
quali t ntivel y and quo:ititatively the airbor ne concentrot.i.on of fibrous 

glass in the bre, thing z~nes of workers er:1ged in t he fabrication, 

application, finishing and other operat ions involved in the ins t allation 

of prefab r i cated and other fibrous glass insula tion mat er!.il s ." To attain 

this objective: (1) ,wer 100 s amples of fibrous glass insulation proilucts 

vere ex&~ined; (2) the conditions of use of these ~ateiials were eva luated 

during visi~s to over 50 cons truc tion sites where the materials we re being 

·1nstalled by mecbers of the lnte:nat ional Association of Heat and : rost 

Insulators and Asbestos Wor kers Local 16; (Northe rn California and Sorthern 

Nevada) (3) the ac t ual con · entrations af airborne fibrous gl ass ~ere 

determined during representa tive ins tallation ope rations by t aking and 

analys i ng s amples of the air in the breathing zones of those workers, and 

in areas surrounding the oper a tions . 
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The aane ra l vork envi ron• en t of i nsulat ing worker s has been described 

2 previously, p~rticularly in r e l a tion to a•b~st os ex?o•ure ; as have been 
• 3 

uny of the che~ica l and phys ica l prorertias of f i brous glass . The use 

of fibrous glas■ insul a t i on has increased aar kedly i n r ecent yea- s , and it 

1■ now probahly the oos t co=only us~d therr.:~l end acous ticel insulation 

.. terial. As its uses have increased , so have the variety of foras in 

whJch it is rroduced. It has found wide!lt use in the fore of "batts" or 

"blanket!!" of light-density fibrous class either ,"1th or without a b11ckin3 

oi protective and/or v11ter i :;,peroc11ble rnatcrinl such a s foil , vinyl, or 

treated ?•per. In this forn it i~ used by the in sulation workers studied 

to thermally ins ulate ventilatio:1 ductwork. Another i m?ortant source cf .. 
exposure to the insulatio:1 worker is the h~ndlinc of higher density "boards " 

of fibrous class (which m.iy be coated with :1coprenc or other substances) 

used for the the=al or acous tical insulation of ~alls, ccilinbs and other 

flat aurfaces, particularly in mechanical rooms and ~enti l ation plenums of 

large buildincs, A third primary source of class fiber exposure is in the 

insttllatio:l of flbrous gl.:iss pipe 1n'sulation, in ,,hich half-round sections 

of compresscJ fibrous glass arc used for the=al in~ulation. Fibrous glass 

products arc also used by ins ula tion workers for scoustical/thennal insula­

tion of mechanical equipment, and .:ire formed into special shapes by them 

on job sites. 

Because of the varying ccphases of ~ocal contractors, it is difficult 

to estimate a "typical" exposure to fibrous glass , but it is probable that 
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aor• thlln half of an avcra,e ineulator' 11 wo rk experience ( :n the :~orther n 

California and Nevada loca l union studied) is with fibrous glass insulation 

of variou1 types . IICT.Jever, u1age varies and ao::ie insulators ' e:r.perience 

iuy be elcost totally with glas1. Further, the use of these caterials i■ 

continuing to increase . 

The job cla13ifications ua~u by Salzer1 for the descrip t ion of work ~~th 

a1beato11 -contaiuin~ produc t s do not appropr iately describe ~ork \Tith fibrous 

,1as11 products, since one can ,..tll ordinarily fab ricate , apply, and finish 

a aincle piece of fibrous gl ass material. There fore, such classifications 

are not used, eiccept where definite separa tion of ~or k t asks ,.:as obser,•ed . 

Fibrous Class Insulation ~a terials 

Fifty-seven iibr-."~" g:.oss insulation i, ,oduc t s "ere suppU ed by manu­

facture rs coop~ ratini;. in t he project. Additioual sawplLs of 50 products 

~~re collected in the field, so~e of which were duplicates of those supplied. 

From each product, a r epr esentative saraple was taken, includi ns portions of 

all appa rent types of mate rial, and this sa~pl<' 11as eic=ined u:-ider phase 

contras t mfrr oscopy a t 430X usini a mounting medium with a refractive inde ic 

below that of slass . The diame t ers of 50 individual fibers were estir.:ated 

by cocparison 11ith a Parton eyepiece reticle, and t he size distribu~ion ?f 

fibers in each product detemined . Although it is customary to characterize 

particle size ~istributions by georaetric mean and geometric standard 

devia tion, th1$ Yas not done for these da td, since the dis tributi on of fiber 
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diameter, did not er.actly fit t he expec t ~d sie1p l e log-norca l distribution . 

Although SOl!IC of t his c!cvia tion fro-:i l og -nor.:.al 1. t :,• was undoubtedly 

due to s a::iplinc variation, 1J!\ich ""as then c;.ignified in effect by our 

relatively s1:1all sa::iples, ::iuc.:1 of t he deviation is "real", and 11as con­

firced for several products by s izing 400 to 500 fibe r s . The r e vas 

"1moothing" of the size distribution curves , and exten"io,, o f the ra:i;;e 

of sizes encountered i n large r s ~,plc:s; but t he basic. conclus ions were 

not changed. 

To per.nit co::iparison a·•on3 1111 terlals , accu::il!l.tteJ data on product 

fiber diameters are su=arized in Table 1. The dia~eter distributions of 

1oll!e typ~cal p:-oducts are sho1m in Appendix A, with so::ie co-:1?arisons of 

the results obtained uhen larse and se1all 11u-:1bcrs of fi!Jer s uer e sizer'. 

Exposures of lnsulation Workers 

The exposures of i nsulation t.-orkers Lo fibrous glass, like their 

exposures to other environ~entnl cont~-:1inants , cannot be described by 

ti'l!le-weigh ted average expos ures bec:a~se of the na ture of the trade. An 

insulation vorl:er will be exposed , during a worl:ing day, t o a series of 

"peak exposures" to the etaterial uhich he is handlins. One can will 

ordinarily cut, apply, and finish a sinsle piece of glass fiber insula­

t~on material. This differs from the situation usually found in a 

production plant, or in some applications of asbestos-co,,tainine produc 

vhere a worker cay repeat a single operation for cost of his uorkiog day, 

so that enviroru:iental conta~ination tends to fluctuate l ess widel y . The 

r 



'• 

in u11tlo~work1r ~ov, 1bout frequently, and ~ay work on 1av1ral floor• of 

I lara• bulldln1 tn 1 11n;l ~ wor~tn: ohift, wlth a cona,quent variety of 

• • po1ur1 ~o onv1 ron ontal contariln1nt11. Furthor , the 11orl<er \/ho today h 

1n1t1ll1nc calclu, 1lllc:at• lnaul ntion ln an &ncl o•cd boiler r oo:i1 , with 

11tr1~1Jy hlah conc1n Lratlon1 of airborne a1be1to1 fJbera , may t o~orr ow be 

vrapp1n1 duc t 111th flbrou 1 ;lau in • r lativel>• open area of the u:ie 

buildtna , with nnt urlll vontUatJon from open windO','I serv!na, t o rc:nove ait ­

borna 11111 flbara trol'D hi■ vicini t y nearly aa 100n aa they a rc produced. 

l1tpo1ur11, thon, cannot ba accuutoly charact&rc<l 1111 thou:;h they verc 

con1t1nt , but 111u1t bo related to the work be ing perComed at the t ice of 

th• 111po1uro. Short t1m ■al'l'plfns periods nre required in order to .is&ess 

th• 1nvlron~1nt1l e11po1urc . 

Concantratlor of Chu T1h1ra in Air 

In t abla I1 aro ahown the mean fiber d ia"leters of the fibrous slass 

utorlala u11d , and conc1ntration1 and sizes of the .iirborne gl.iss fibers 

found durin& in1toll1tion of fibrou s gl a11 Jn1ul1tion at the cons truction 

1it11 fl'Om which air 1amplo1 were t aken. 

l111pHn1 t1chniqu11 u•ed in this 1tudy have been ..!tscribcd previously. 2 

lrilfly , air for br11thtn1 aone ur:iple1 was dr1Hm throush 0.8 111:1 (mean pore 

1la1) tlillipon au1br1nt Ciltera by ~ISA }lonitair e pUMps at Clo-... rates of 2 

to l lit r■ oar inute. Area ,a,,.plc11 were t aken in the sa'"le way , using punps 

vtth flo-, •au■ of 25 to 3" liter■ pcir 1111,,ute . The filter holders fo r t:1e 

ar•• 1uplt11 Vire about 5 to 6 feet above floor level and 10 to 20 feet a~ay 

froca th locatlon. of the lnatdlaticin operations . Sa.,:pl•~; jj,aiods \.'e re 

IO to 60 alnvt11. 
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DIDber of ~ork •ites were vi•ited, those descrlbcd wer e ■elected for •a.:ipling 

•• r•prHentative of the insulators' uorl< envlronnent . Iii th eech dc•cript ion 

b a flaure •hovin3 the di11111c t er dhtribution of t ho naterial used , t l.e 

breathing zone aa.aple• and t he area sa■ples. 

[IISCUSSIO:I OF' P.!:St:LTS 

Th• expo■urcs of insulators to airborne fibrous glass during the appli­

cation of fibrous glass in~ulati~n products ronccd fro~ 0 .5 to 8 fibers/cl 

vlth a median of 1.26 and mean of 1.8 f1be rs/::il. This is si;nificenth- lo,.,c r 

than their exposures t o other fibrous materials . 2 The potential exposures of 

other cons truction tr.ides to airborne glass fibe rs as a recul: of "fallout" ·.., 

from insulatina opcra ~ion~ ,.,ere s till lo~~c, ranging f rom bel~.- 0.02 fioers/ml 

to 0.47 fibe:s/m1 with a ~eci1zn of 0.07 f1~~r G/ral and a mean of 0,1 fib~:s / ml, 

at a distance of 10-20 feet from the in~ulacor during his applica tion of 

fibrous glas s materials. 

The maximum levels were found in confined spaces , ~here there was little 

circulation of air, and where clean-up (inc~uding s~eeping and packing of 

•~raps of fibrous glass residue) had generated high conc~n:raLions of airborne 

dust of all kinds . Altnough, as stated previously, it is di fficult to 

gener~lize about the occupa t i onal environ~ent of the insulator, it is probable 

thEt exposur~s of this sort arc relatively rare. It is cost coramon for clean­

up to take place only at the end of a work shift. Because of the bulkiness 



-10-

or fibrou1 1la11 1n1ulation producta, cutt ilng ii usually done in a r elatively 

op1n aru vhich afrord1 th• 1pac1 necenary for layout and measurement . 

On• or t h atrtlr.ina £1nding1 of the 11:udy , as 1hm:n in Figure 1, 1• 

that the mean fiber diae,eter of the parent products is not a reliab!e 

pradictor of the maan diacetor of the fibers in the aerosol cenccated from 

thoae producta . .\lthouch the deterr.iin11nts of "repirability" of airbornr 

Uber, ar• not fully agreed upon, it ii pr<>oab'e that respirability is 

4 di1met1r-dopendent . Timbrell'• experiments , usin& t he aerosol spec tromet er , 

3 1ugge1tcd tha t fiber, uith densities of less than 3.5 g/cm and larce aspect 

ratios (length lo vidth ra tios) coul d be considered "respira!>le" if the 

Ube.· diameter was less than 3.5 mi~ro111e te1:s . Fibrous glass (with a density 

or 2.4 - 2,6 g/cm3) fits his definition and thus glass fibers less than 3.5 ... , 
microns in di r -~ter wil 1 be deCined as "re!;, ~rable." As can be seen in 

Figure 2, about one half of the airborne glass fibers generated from the 

handling '>f fibrous glass insulation ma teri.als are below this upper limit. 

Thus, it would seem that the often encountered statement that the diace:er 

of the maj .. ri ty of glass fibers is such tha, t they will not penetrate to the 

lover respiratory •rac t is true of the parent ma ter ials, but generally not of 

the airborne fibers which are of primary concern in occup.itional health. 

Although our observations eight appear to be at variance with those of 

Johnson~. who recently studied the airborne dust concentrations i~ glass 

fiber insulation and textile manufacturing plants, our conclusions are 

essentia lly the same as theirs; the concentra t ions of soall diamet er airborne 

fibers ar e very low. 

I 

I 

I 

I 

::.J 
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What do the c:onc:entrations of fibrous glass which Yere found aun in 

. terms of potentia l hazard t o hea lth? The c:onsc~sus of present opinion is 

that fibrous g l aH , althoush mcc:hanic:ally irritating to the skin and upper 

respiratory t ract , i s per sc r e latively inert and that it does not cause 

chronic pulmonary disuse when inhaled.5•7•8 •9 Although Hilby and Wolf 

have r eported coses i ndica tive of respiratory irrita tion in individuals 

vho had removed insulation materials or otherwise been expostd to fibrous 

glass ~O and Hurphy in 1961 reported a case of hcmorrhagi-: bronchiolitis 

11 after heavy exposure to dus t during rccov,1 of glas s insulation, no 

documented cases o! pneumoc:onios is or other chronic pulconary diseases due 

to fibrous glas s are known to us . I~tubation studies in lower anicals 

12 13 have sho\.-n rela tively little biolocic: ac:th-ity. ' 
.';-,•' 

This is the basis upon which the Alnerit'an Conference of Governmental 

Industrial Rysienists, in 1969, set the tent~tive threshold limit value f~r 

fib:ous glass at the sac,e l evel as that for inert dusts, 110w 10 mg/m3 (for 

fibers under.5 to 7 micrometers in dfameter). Al.though gravioetric: de t r.r­

minations of glass are not feasible in the ~ons truc:tion trad e, the fiber 

counts that we observed have been calcula t ed to represent amounts of glass 

far below the TLV. These were the conc:entration5 during actual installation 

operations and not time~eighted averages. The insula eor ' s tice-~eighced 

average Yould be muc:h lower than the figures given. 

Because there are unquestionably respirable fibers in most fibrous glass 

materials and there are many possible variations in c~ati ngs , binders , etc: . , 

r· 



-14-

prudeace dictate• thAt there be continued aurveillanca of the axpo1uraa o! 

••rioua aroupa to fibroua al••••• 11 b•tn1 dona by the Public Health 

lervica.5 Tho •••II.Mid abaence ot chronic effect• ahould be checked by 

approprtata long-ter-. obaervatiou o! those whose vor\ involves -frequent or 

dally inhalation ot al•••• 
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Conclusions 

1. In»ulation wor~crs , during the actu.31 application of fibrous glass 

insulation produr.t& were exposed to airborne concentrations of glass 

fibers ranning from 0.5 to 8 fibers/cii, with a medfon of 1.3 Cibers/cil 

and 11eau of 1.8 fibers/ml . 

2. Tho computed graviaetric conr.entratlons of airborne glass fiber~ less 

tha:i 7 11m in diameter did not exceed the tentative Threshold Linit 

3 Value of 10 cs/m during ar, peak period. The najority of these 
• 3 

11ea11urecients were less than 1.0 mg/c . 

3. No time-weiehted average could be co:nputed whi::h would be representa-
... ·,-.· 

tive of a work day exposure. Tn any case, it would be cons iderably 

less than the peak concentrations oeasc~crl. 

4. Insulators work .1th fibrous glass containin& m.:iterials from l ess than 

10% to 1001. of their time depending on employer and type of construc­

tion site. 

S. It is doubtful that the concentrations of airborne fibrous glass found 

in .our study are of long-t erm biological signifi cance . 

The techuica1 assistance of !Ir. Jack :turchio and microscopy of Hr. Arturo 
DeLeon are grateful~y a~knowledged. 
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Exposure to Fibers in the Manuforture 

of Fibrous Glass 

OOUfJLAS L JOIL,"SON, J[llOME 1 IIF.Al,EY. HO\\ARD E AYEll, 
ud JtllEMIAII R. L\'!'oCH 

,.,, •• of o,,.,.ri••·' s-,,,, J■, 11,.1,1i. l S o,,. ,,,,., .. , of,,, . ,.,., £d1a U II .J'I 

u,I W1lf•11. 1014 1J, .. tlw• 1, C,11euu,, 11. Oluo 4.5,o? 

• /la part of h• ,rudy al bah!> huanl, a»O<i.,.,d wi1h th, aaoulactutt end p OC• 

aa.iac of filtNUJ ma1c:ri1b.. tht 8urnu of Octup11ional Saft1) and Uu hh i, .:on· 
du<till1 a cohort ualym ol pur wor••n In th, &brow ,i. .. lodwry Eonronm,nal 
•""Tl to ntlmatc Lbc dqne: of c•poaurt of fibrow 11.ua •orktn 10 6bcn l ~t arc 
rapirablt Indicated that the cspo1urr had bun nccliciblt. P,ntnl annsc cancm• 
tntioD.1 of fibcn TII air arc Jo,. , u ■ the tot.JI airbomc clan conun1ra1ion. Co-J\.CD• 

tntion nnra aad a.·cn1a in ct.A 6brr lnauJa1ioa :and cbu 1utilr 6bu mamJu. 
n.arin1 arc compurd whb thOIC ui.ninc Jo 01bn miarnl induu,io for poltnti.al huh.b 
lmpliu 1ion1. 

T H E BURE.nU OF OCCUPf.TIC':-OAL 
SAFETY Al'-D I IE ... LTH of 1ho L' S 

Public Heah.h Se,vice a pr=nrly cond11c1ing 
a c.>hort anolysi, of pHI workon in rhe fi. 
brow glau indu11ry. 11,o pcnnnncl record, 
were obtained for 1he subjecr worl-en from 
fi,-o of the oldrst planu in thr l 'ni1td S1a1e< 
that manufac1urc fihrou, gliw produ; u 
Mortality data .. ;11 be developccl for 1hi1 
group of workers from record, of the Burrall 
of Rerinemcnt and Su" i,ors l nsur.1nce, So­
cial Security Admini11,a1ion. Thi, record, 
11udy is being 11ndcrtal-rn in ronjuncriun \\ilh 
thr U. S. Publi< Hcahh Srrvicr <tudv of 
morulity rnres in the asheuo1 prnduct manu• 
fanuring indu11r,· Since 1hr t\\O popula­
tion, or indmrri,l workers s.·lrcred OIC ••· 

po>rd lo two difTerenr fibrou, ma1erial., ogr­
adjusrrd drarh ra1rs by cau..- can be com­
pnn,d for pombl~ rrlatiM 10 industrial duJI 
e.• posu re.s. 

An cn,ironmental sun ·ey of the fibrnus 
glus planu 10 c,rimalt rhc exposure of wo,k-

rn to airborne fibrn or rr1pl1;1,hlc site \,JJ 

condurtNI when 1hc JX'nonnrl recorch "ere 
ob1.1ined. The <>.n1pling l t'l hniquc, and 
mrthod, nf ch,racrrro,in~ rspomrrs that 113d 
httn dr>·clop,d for 1hr a,b« ro, ,rudr \\ere 
w,,d in this srudy ah,o 1 h11 pap,,r ,um­
mn.riUJ the ronrmtr::ltion, of J. irbornr dull 
a nd fibers in five fibrous gla•, foctorir,, four 
manufac,urtng inrnl:uinn. and onr maki.1g 
rextilc, 

Bedground 

Gl;w has bcrn '"''" n 10 man for 111anv 
ft!"nlurirs. hut it h:i, onh· b~n sincr th~ 
1930's rha: gla1> h.u b,•c~ produc,d in rhc 
fibrom fonn "hirh is thr ba,is for many 
unique and u.,[111 apµliearion- Fibrous gl•s.• 
is cl,wified inro l\\O i;rl'nps . ( I \ 'l<OOI fibers 
and ('.!I tr.iile fibe r• \\'ool lil,, rs arr uw:d 
in the manufac1urin~ of arau,11ral and ther­
m.:11 in111l:ll1on. :iroustirJ.I rr11ing m:itr 1i:il, 
air fihtt,, and similar prod11c1, T extile fibers 
are ~ in fabric,, ins11b1ing rapes, and rt• 
in!orcemenu for pll,ric. and orher nureri:ils. 
Tne fibers differ in rh,r rlie r,xrile lit-crs 
are produced in a r.onrinuous filament and 
arr generally smoll1 r in diam<lrr, rnngin11 to 
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• low of 4 microns (p) in d,arne1er The 
'WOOi fibut are productd in vauying leng1l11 
and are usually about 5 to 14 ,. in diameter, 
depending on the appliation.' 'Inc fiber 
diarmten arc varitd to provide 1he detirrd 
charactcn11oc !or the pan,rulAr 3ppliation 
but are clowly ron1rollcd for earh :ipplico­
tion. 

Concern about poniblc hcJhh haurdt as­
toeiated "ith fibrau1 gl3u hu bc<-n incrc=d 
by the C\•idrncc that links .ubc11ot fibcn "11h 
carcinoma or 1he lun~ 11,i, 3sbertos uprri-

T-'IU, 1 
Cmu (Clan) Ow1 Conc~nU'31ioru bp 

Plant a"d Oiwn.unn. 
( milligranu/rubic- meter) 
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No, 1mb,r-Drctmbrt, 1'169 

rnrr conlr3SU "ith 1h•t !or fibrous gla11. 
where nc1thrr ~nim;iJ tXJ)t"runtnU nur hurnJ n 
c•p•ricncr 10 date "31 drmnnmattd 11,n,fi­
unl dTccu on the rcipirntory lrMI 

Grou ti al ' in,·cstiga1rJ 1he biologi,,1 ef­
!ccu of glau dun on the lung, of <'l><'romrn-
1:ll •nimah. Thry found that inhalJ1100 ,.. 
posurc cau\C'd ~ pulmon11r y n•:u 11On no more 
..-verc 1h;ui "ould Ix c•pcc1cd from fin, ~Jo• 

lin du" anJ a nonftbrogrni-: rcacuon ,n1h no 
bronchial o r bron,·hiolar d ,...,.., <;ct11·p<:n 
:ind Orlah3.nt,1 • Slut.l ied Ilic elT«u or gl>•• 
libcn or di!Trrtnl dinmrrrr, ,n 1he lun~• or 
rau and guinea 1>ig, The) found 1h~• tloe 
largrr-diamctrr fibcn were rclafr, ei, inrrt 
when admini,tertd b) mtr.- :1 ilchca.l mjt••.- tlr•n, 
bul 1luit injecttd gl•~ nbc,. 1 µ or h.-., ,n d i­
ameter provokr<l hronchiol,i dam•~•· "11.h­
aul ,., II.denned fibrosi,. T he IJller concl111,m 
w.u aho rcporled from 1.loeir inhal~o,on 
11udies with 6-µ-diamcier fibrrs 

Human c,cpcrience IC' d31r indica1r1 thll 
fibrou, gloss cau,cs onl) upper rc,pioaoor, 
irrit:11ior:• • Cardiac and pulmona')· !unc1u>n 
studin re,·c:ilf'd no func1ion.J.I impa.irment in 
workr n who had b,,cn cxpo«-d for • nun,btr 
nl )''""· In reported C:u<'S or lung di"'""" 
associattd with fi brous glu, expmurc, 1he 
di>eosc h;u b,.,n :icu1c, and in!crrion h;u 
pl•1·•d a major role.' The conS<•ruus or the 
toxicological li1eraiurc "'°"" 10 be tha1 fi. 
brous glau is a biologicalli inerl malcrial 

Procedure 

The en, iron menial por1ion of the field 
s1ud1· or 1he fib"' ,, glass in~uSI') u1ili,ed 
some or the i.:ir.te "-lmplin~ proceduoes cm­
ploi·ed in the studi· or the asbr nos produc1. 
industric-s • The workers' cxposurr-s were 
ch=c1cri>cd by a ,·vic11· or s-,mpling tech­
niqun to utimi\le the dun concentracion in 
trmts of the grou duSI exposure, rcspirable 
dus1 exposure. gron fibrr cxpnmrc and rc­
spu able fib, , exposure. Membrane filler 
i;.impliah1 liowC\ er, W!ll sclec1ed ~ •he rrin. 
ripal mrLhod 10 be used in 1his Sludi . The 
s-,mpling medium u•cd wa• \fillipQ!c T)'fl<' 
AA mcmur,nc filler wi1h • pore SIZC ur O 8 
µ. A 37-mm pb!lic fih,r holder was usrd for 
sampling at • no..- r:ilc of 1.7 lilrn per min­
ute. C ross airbomc s., mplcs were roll, cird 
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f aoc11 1. Cwnulati,r h rqucn.cr diJ1ribu1i.on of 111.t, duu u mplr1 t>, 
plant. 

with t.'ic hold,·r o~ n i for 11,e re•pir:,blr s~rn­
plcs, the filter holder was fitted wi1h a 10-mon 
nylon cyclone dncribcd by Lippm:inn :ind 
H~• .u meeting the "respir:ib,lit) ·• cri­
lenon susgcsied ,u :, 1961 Los Alamo, con­
fon:nce sporuorrd by the U. S. ,6,tc,n1ic ~n­
crgy Commission's Office of He:ih h :i.nd Safe­
ty. Both personal and gencr:il air Ym[>lo 
wo-c collec1cd with the 37-mn, Filters Pn­
,ooal sample, were collcc:ed for per"' van­
ing from 2 10 7 hours by me:ins of batttf)'· 
powered di.iphrag,n puinpi worn b)· tl,c 
worlten. Gross airborne :ind lugcM<>lum~ 
"n:spirabJf" <lull ...,mr:,lcs .. ere coll,ucd with 
h~gh-,·olumt l.'l171Plrrs optr:it,ng al a rale of 
3::> cfrn. An A1•ro1u-2 ti~ w:lcctor was used 
prior lo the fihu (,:;, tho rollcction of '"rcs­
pirahlc'' sampln 1" 

The sample, "'·rre anal)·ttd b)· t"o metl,­
ods. A ponion C'lf •ad, of the Millipore s.,m­
plcs was rcndrrrd iransp:ircnt :ind counted :it 
430X m:,gnifiu11on !Jy the procedure de­
lailcd b)· F.c!lv:ird• .and Lynch.:: F:hen, de­
fined as dong-:itrd p~r1ides with a length-to­
width ratio of 3 or gttaler, were counted on 
three siu rangt"s: 101al fibers, fibt-rs longer 
th:i.n S /l and fibers longer th:i.n IO /l· A Pl"r­
ton cyr1,1n:e ~ellclc "~s USl'd to define the 
collnting fidd and :u an :i.id in the si1ing of 
the fibt-n . The 01her portion or the M illi­
pore filters :ind 1he high-volume filters were 
anal,-zcd for to1al ,ilic3 by the Talvitie n1cth­
od." On the b:uis of a composition o( 50'i, 
total silic:i for film,u, g13ss, tl:e d ust conccn-

• 

lrMinn, "''ere ai::iputct! in ,-. "" of 1hc 
:i.mount of g13n dun prr>ent in the ;iun,,._ 

phcre. 

Re,ulh 

Mn."• an<l rangr-1 "r concentm1 ru of 
glass dun -..: prcscntrd ir. T:iblN I fll!'nB) 
~ II ( rcspin1ble) by p13nt .U1d princ1p:i.l 
oi-,er•11on T he batch and marble, 01~ntioru 
OC'CUr pri.>r to 1he forming of the fibcn; 
ll1en-!orc, an exposure to fibc,, \\1'11ld not bc 
antinp:ild Tu Up<'r:lllons whcr• a fiber u ­
posure would be e,c1..:rtrd, the :iirbome con­
ccnlnltions in :all fi,-c 11l;in11 " "~ wdl bclo"' 
the 1969 ll11eil1old limi1 ,:il1.ir tTLV' of IS 
mg/m' propo!<'d b~· the :\mt11r;in Confcr­
en~ of GO\cmmcn~I l ndu,tri.11 H,Jtienists.11 

~bnv "f the ra" ma1eri.1ls usc-d in ;he buch 
plant ha,·c :i. high pt rcrnlJi;c 11! fr•• silir.i ; 
the hn;;irds from q11JrU npl"'urt lhJI ma, 
cxi1t in <Clme of tire pbnu :\re -.cn,rall~ rcc-
0!1" i,crl and "i II nol h,: di-,c11,scd ,n thi• pa­
~ r. 

:-Oinn gr°'' :1nr. 1Mp1r:iblc dtl't con«ntr.t­
rioru :ire sho" n in F1g11rc I. Tht hne .11 the 
far right '!r the gnph is the propo,Nl TL\' 
of 15 mg/ m'. It can ~ 0ttn th:11 the con«n­
tDtioru found Arc "ell bclo" the proposed 
TLV. 

Table Tl! (gross) :ind T:iblc I\' Crespin• 
blc) present 1hc me.ins :ind nnsrs of 6bcT 
concentrations in 101al fibers, fibc,n longt-r 
than 5 p, and fibrn lon~r tlun 10 ,._ Tht 
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worker,' C<J>OIWCI •.t'r~ e, Jlua1rd in lcrm1 
of the .;rbnme fib,, con•cnlrntion 10 com­
pan 1hr upcnure on 1hr lib10 " 111:u, 111anu­
rac1urin1 1nd1"I'} ,,. 1h1• r •p.• 11ru found 
by the ume rn,1hod• in 1hr au lot pr!>CM<· 
in, indualr) , althou~I· 11,rH• 11 " " r~1dentt 
that glau fibt11 pmd11t• ,f.'er11 rn 1hr l11n1 
compas,ible tu 1how of •'1>.·su,, dust O ne 
poaible rc:uon for 1h11 app.uen1 1h1Ttrrn<t 
would be 1hc ao1rnce 111 1hr fibmu, ~hw ir,. 
dusuy of "fl01urc: en fil>C!n or 3 rrspuahlc 

-~ 

hhruu, s lau pfanu arr ,omparrd ,.,th 1J.,.c 
tn a"1n101 1t•tilc p lani• 11u, bar chart'"""' 
1hu IIH' .tn cnnuntu1ion1 of fibru found on 
the ribrou, 11la•1 intlu11ry 3re ,.,11 bclo,- 1hoie 
found 111 1he a\lit1101 1r,11le indu11rv. It 
ahc,uld ~ po1n1C'd out thmi the a.bc-1t01 tM• 
ult plant• ha,c adop1tcl du,1 control mra 
,u,.-., Jnd thrre m:\Y J,.. foul r or no dol<'ut 
ti" rl,•pmg at the du11 l••eu ,ho,-n In f~ct, 
tlir ""~ ,,ix-.s,,. conr~ntn11on ii len 1han 
luolr tlie 1%9 pro)JOl(d fL\' for alb,...101 or 
12 fibc,,.. ptr cubic centimr tcr o-.r 5 ,. in 
leng1h" In contr.ait, thr fibrr con,cntra-In ;igurc: 2. 1hr fiber cn11crn1nu""' ,n 
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F10u• & ~ Cooieiruon of mun 6ber conrtno .. 1io nt a1ht>•10, 1ut.1lt 
vitnu• fibrrnn 11ua mJu11ry ( fiber, per cubir ren1ir., rrrr 1 

1ion1 found in 1hr gins fiber industry were 
onr-rorticth or thr proposed ubr1t(M TLV. 
No &:lntplr takc11 in 1hc fibmu, gl• u indus­
try reached 1l1t roncrntr.11inn lcHI or thr 
proposed uhrm>< TL\' Our re.ult, ronfi,rn 
the fi ndings or pnor imcstig••on that the 
fibrn produrrd in theJC fibrous g lo.s, planu 
were too hu~r lo rtsuh in ,ignificant conr c11-
tr2tion1 or rMpuablr fiber$. 

In the plants 111,-,-,-d, httlc or nn locnl 
ah:lU\l , entil:uion was bcini; used .:it mnst 
oprr•tiom Tl,rrdorr. it "oultl "'''" unlike­
ly that 3irbornc fibri and dust concrntralion, 
higher than thow, lnund in 0111 sun ri " ould 
be r'ncountrrt.~d unlr ss the prcv nt prncrs, 
i, rhanged. 

Summery 

In this papn the rrsult, of rn, ironmcntai 
1t11di~ of four r,1.:rnu manufac1u rim: fibrous 
gl:us insufotiun and ont" pl.int manuf~1\.'hiri11~ 
fibrous gla"' tr,tilr proJ'ICIS arr p«·scntrd 
The reiultJ in 1cnm of :iirbomc conrentra­
tion of g lw fih,,n •nd 101:il d11<1 "nuld in­

dicate that thl' ,, orkman's rxpt., .. u1c to thr "-· 
matrrinls is n.-sl•!(•blr. The ai, bomc con­
ceotratinns found m llir fibrous i;J,.., indus­
try arc conlrnurd to tho,c found in similar 
cnvizonmc-nt:ll ~amj>lr" taken in :i uw.Jy or 
the asbcsto, lrstilr indullry. E,po1un,s in 

• 

t.hc a.,brnos t.-1ilr incl11<11y to fibe rs :ire of 
thr ordrr n( t\\Cnt, 1i111rs t~o"' in 1hr fibrous 
glnu indu,tr"}' 

Ani1ni.1I eicpt"rimrnr, an,t hum.in e'<pcri­
entt" r,po1 1cd in 1hr lttrr31ure srcm to indi­
r:\lr th.it htlroui ~I.a,, 1, .1 rl'ln1i, t·h· int n m::i­
trrial ,,ith nn fil>r~rn,r nr othr r ,ignificant 
lo'<ic propl·rtir\ 

From the rn\' ff<,n1111'ntal n:·,uhs found in 
thi, 1111ne>· :md da1:i [rom 1he pre, ious toxi­
cnlogic • nd ""'~r r studirs, 1hrrr 3ppran l0 
be no rr..1son to cla,, the m.1n nfattHrr of fi. 
hrous ~l3,, pu.J11rt< ~l' a h:17.i rdou, ocrupl'l· 
tion. 

Roforenco, 
I. ..:.u ,., , \\ T . •t1d \I k Z.nw., Orin,P-'' "' " "'' lb,, 

.udt oi l,Pf" llm .. lAh,,. , A,,4 £ 111 ,u•. /(ut,fa U 11'l 
IJ.-,,«i l 

g~:•~:,· \l.s,~ .'~j-~!c:n:u1::! J:·fl~u ~.14'7~f'j~J-. 
11 • .i,,. ZI tn 11r(,I , 

, c:. 11t1•••· c \\ 11 . ,,.,, , I) nu .... ,1,vr A" C.• s,«11° 
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Notrmbtr-Dra11,b" l'169 

Poison Concrol Fdul·acion 

Tiu: Ed11r111nn Cornm,11rc or 1hr Amen,·111 Auoruuion or P1,t'0n Conul"'. 
r-<'nlr11 hu pn,parrd sc,,·cral \lru1I aid, chat roncrrn them>l'l\l:J ,.-ith prtn•u 
tion of 1rcidrn11I poi.oning Thnc includr: 

Slide 11lk, Thr /Jret1;,,rs--~0 '.15 mm color slid<s and Slll(gCJtcd coonmtn• 
C.I) c~-cring 1n11drncc. haurds, prrHnti,e mruure, and lint-aid rnggntion, 
($12.,0J 

25 3~ mm raptinnrd rnlor slidtt 'iuicahlr fo r use on an a11toma1ir pmjeccnr 
\\i lh 111 ,colf,ror11a1nrd scn,cn ($6 001 

Color filmJlrip, C o1 S, r4 a11rl H rd, , with Jn ill11J1•11rd ,cript Or.i~nrd for 
r ltn1tn1a,., sd,nol ch,ldrrn, 11 d i,cu,,cs chemical ha>Jrds rn 1hc hnmc and loo\\ 
actidrn11I po1,oning ran~ prn·rn1cd 1$6.50\ 

P<><l<r Ed11hi1 Sr1., I n rlrt Blin4 OJ "" E)·r-Thr« colnrful 1>1111,n-i;rrtn 
13n and, iolet--princcd on hravy 11ock. Earh pnster meanrrrs 25" X 33" and " 
111itable a, ha.sic :na1cri1I for eyr -cacchoni; •~h,bic l mtruction, for rmlinc 
,on,:ral h-prs of •~h,biu arc includrd. /S3 ~Ol 

F,nc-!\id for Poi,oning Cord- A 6" X 9· card of instruction, for handlinq 
poi,oning cmugrncirs Q u,ntities of 200 or lrss uc fr« .-. rcproduccion proof 
suicablr for lo.:al printing iJ , va1l1ble free for tho« "ho need lar~rr qu.1n1i1iri 

Potlrr, Sy,up of lpaac-a "'!Jroducrion proof ruiuble fnr local princin~ os 
availablr free. The poller is 81/, • X 11 • Md sho"' thr piccurc of ;, botllr or 
')'rup or ip«ac and the legr nd "Parent•, Get ~Ir and Krep ~le 1 l~nd,·" 

All r<qursu d,m,ld be made to: Amcriean Auocrarion of Pni,on Conc,-,1 
C.nler<, Education C:-nmmit1cc, c/ o .-.c,t.lern)' nf ~frdiiine of Clt>rl,nd, 1052; 
Cam,gir ;\vrnu,•, C:-J,.-,1,nd, Ohio HI06 
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_ By 
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TKE §8QS!OH OF l"ll!ERS ~.ROH IUS'l'J-.L.U:O rumcus G~UCT£ 

By 

Jacob Cholak, Ch . E. , and Lawrence J. Sch a ~er, B. S. (Ch. E.) 

Prom the Kett~ring Labor~tory in the Depa:tmenL 
.. of Environmenta l Hen!th, Colley~ of 1-ledici::e 

__ Unjversity of ~inclnnati , Ci.n~inr.ati , u~lc 

ABSTili\CT 

-A field study of installed fibrol.!s c;la:;:; duct systems ;-1hich 

__ _j 

~ad been in service for some time at six differer.t sites was unde:­

taken as a follow-up of a study of ne~ fibrous glass ffiatcrials 

which had been t ested in accordan;::e with specifications by thi? 

Underwriter 's Leboratories, I nc. As was the case with "";!1e <:arlier 

test, air samp~es collected at the outlets of t he installec due~ 

systems showed no evidence of the erosion o: fibers. Dust w~,ich 

had settled -on superstructures or which had been rcmove1 by wiping 

walls near thi? sampling sites generally contained sc.mc glass fibers. 

The presence of glass fibers in these dusts is attributed to dust 

• · - which had accumulated over several ye~rs- er more from many possible 

sources. 

--
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THE EROSION OF FlDCRS ~Ror: INS·r1u.1cu L'tl3ROUS G!.ASS DUCTS 

By 

J~cob Cholak, Ch.E ., and Lawrer.cc J. Schafer , B.S. (Ch. E.) 

From the Kettering Laboretory in the Dep~ r tmen t 
of Environmental Hea l th , Colle3c or f.lediC"ine 

. University of Cincinnati , Cincinnati , Oh i o 

Apprehe nsion has been expressed over lhe heal th problera due to 

the possibl e erosion of glass fibers from the surface of fibro~s 

glass duct liners in c ~ntact with air streams in typical heat~ng and 

air condi tioning ducts and subsequent en trainment of these fibers 

in the air!' 2 '' Concern over the probler.1 has spread to the point 

where a bi11 t c prohibit installation of asbestos or fiber glass 

liners in interiors of air duct systems has been introduced in the 

California Legislature ' and some scientists and other interested 

Fersons are pr"mising support for, or J. ~ve supported, similar l~g~$­

lation in other states!' 5 

The Underwriter 's Laboratories, Inc., in their Standard UL 181 

on air ducts! requires that "materiul of an air duct shal l not 

break away, flake off, or show evidence of delaminati ~~ when air is 

passed through typical sections." Consequently, starting in late 

1966 end extending through April, 1967, a laboratory study was con­

ducted in which a typical duct configuration, as specified by Under­

writer's Laboratories , Inc.,' was tested to determine the quantities 

and nature of particulates ~hich could be eroded from a variet~ of 

fibrous glass materials. From this study of ne1~ duct systems it was 

concluded that during the test period fibr.ous duct systems and ducts 

lined with fibrous glass U.ncrs showed no evidence of e rosion of fibers? 

----
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It was f e .lt that the laboro~ory 1,tudy shoulrl oc co 11p.!.c.-env?c 

fielrl otudy of installed !lbrous glus~ duct s~sten~ which h~d 

in service for some time. ThereforP , a st1.dy was unde:-t"S:~c:1 

the deter~inat ion of the conLent of fibrous qlass 

in air i ssuing from the duc.s , incl~d~c eY~~:natio~s 

__glJet-..t,led dusts J:'. illOVCd ~rc.m ,str1.:cturc~ anc! 1:alls _in c!-:" "rea:. ser-

viced by ventilation duct work . The le5ts ~,ere cc.nducteG at six sll~s 

selected to det-2rmine , if possible , quantitntive cliffe::-cr,c:es in t he 

potentia l erosion o f glass fibErs between i nstalled systcr-.!; 11h :.c!-1 

would be ex~ected to produce the grc3test and the l east cr~Jion . 

'This paper gives t he results of the t ests carried out at the six 

sites rlPring t he period o f Februucy 18 , 1969 to August 2!, 1~69. 

PROCF.DURES - ----·--

The six diffe rent sites of installed syster.1s are listed in 

Table 1. The tatle gives ~:e i nsta llation dates , the t ypes of ducts , 

the t est periods , and the locdt ions of thf! t1w s.:.r.1r>ling l o:::atior.s 

in e ach system. 'l'hc downstrca.-n lo-:::r.Uon was the air inlet fror.1 ti:c 

duct, and the upstream locacion was the control . r epresentative o f 

either outside air or air from an inl et which ~~uld be expe~t~cl t~ 

have l 2ss erosion t!lan the downstr c.:m site . 

Samplinq ~ethods 

The atnios pheric dust s an?l er used to remove p~rticul?t~z fro~ 

air stream Wi\S sil".ila:?: to t'.1c'.t di:?scribec i n U.3. Public llealt~ 

Publica tion i 999 AF-12 ! The airburce p5rti:ul a t e£ were 



cpllectel! on 106 m'l1 di JN"ter., 3 micl:cn pore l!S .l-!.!.llipore fi l ters 

-4uring • perioJ of ftpproxi~aL~ly 48 hours at an a,~rage r ate of ebout 

C cubic feet per minute. 

At each sampling site whei:e a:, a:'r sdr.lplci: wAs s~ t up, a strip 

of 2" wide 3M vinylchloride adhesive tape was susp~ndec near the 

opening with t he adhesiv~ side exp-:,sccl to Lt.e air stream exiting f!"om 

e openi!lg.~his strip hopefully could be exp~ctt>d ':o ti:ap fibers 

preaent in the air but which 1-:e::e not in the i;:une1ic te areu in­

fluenced by the s ampler . In addition, dust whi~h had settled on 

ledges , l iglat fixtures, or other superstructures was co!.l~ctcd near 

each s ampli!lg location . Appropriate ar eas o f walls or permanc!lt 

atructure s in rooms \\"ere a lso wiped ,-.ith 4" c ircles of What.::1an :,n 
...filter paper to r emove surface deposits of dusts. 

S~p.les t.o be used for tesUng for pathogenic b.:!.cteria we r e 

-collected at eacr sampli r'J station ,-,it!. equip::icnt ::ir,d the p:-~cec" :res 

described by the M.illipore Corporation in their Technical Bulletin 4C~ 

Ana l ytical ?rocedures 

Tota l Weight of Dust5 

Prior to use , Millipore filters ~:ere numbered and weighed af ter 

conditioni ng for ~4 hours in the balance room . Each filter was in­

serted into a separate plastic petri dish . After use , t he filters 

were returned in the ir plastic di she!: w j th re:::orc: fonr.s t o the l ab­

oratory whe:.:e they were again conditioni:tl i11 the balanc~ room and 

weighed to determine the total amount o f du:;t ~ollecte:i du=ing a test. 

In the case of settled du~t , all or a portion of the du:;t was 

weighed anrl was then analyzed as de:;cribe:i below fo:- ash ,:eights end 
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milligr ams of "glass". W~ighLs for d~st collected on ~dh~s ive tape 

could not be obta ined b~caus~ o ~ tl:a variabl e we i gh l s of eqtiiva lent 

areas of the unoxpoa~d adhesive t apo . However, a s h weights were 

obtained by a shing tho sample strip and s ~=tr act ing from c~o re~ull­

ant weight tho weight of ash of an equa l a r ea of ur.~Y.posed t ape . 

Weights of dust coll~ctcd en Wha t.man ~41 filt~r papc~s were obLainc~ 

by weighir.g samples and subtr.acting the weight of a·1 <:!qui\•a l ent nunber 

of unexposed filters . 'l'he samples i,.·ei.:e t hen a r.c1 ly7cd as descr i bad 

below. 

Ash l'leight ant3 Milliqrams of "Glas s" 

A wedge representing 101 of tnc total f i lter was cut from each 

filter with the aid of a specjal temt'!ate. The remainin~ 90% portion 

was placed in a weighed platinw~ aish and was ashed in an eleccric 

muffl e furnace Raintained at 500°C. TJ:~ ashed material re:r,.:il"ir,g· in 

dish was then treated with hydrofluoric acid . After evaporating to 

dryness, the dish was again placed in the ~uffle for a few minutes. 

Following removal and cooling, the dish was weighed to obtain -::he 

loss due to the volatilization of the silica whi=h may have been 

present in the ash . A chemical ana lysi!l wa_s made of «,!lass fib':! rs 

th.: I 

from a number of sources and it was observed that 50% of total silica 

was· equivalent to 100 percent ''glas~". Assuming tha t the loss in weight 

~as due solely to the volatilization of silica preseut in glass fib~r, 

then twice the loss was t aken as the amount of "gl~ss" whic:1 conld 

ha11e been present in the dust . A change i11 weight of 1 ll'illigram or 

less was considered as indicating the absence of "glass". 

Determination of Glass Fibers 

The wedge representing 10% of the :ilter was exar.iincd by light 

- field microscopy in order to determine the pre3er.ce or abs~nce of 



glass fibers . A numbor ~f 1/4 inch circles were punched from ci~­

ferent areas of the w~dge and were fastened to a glass slide b1 ~~ans 

of loo~e l eaf paper reinforcing rings. The slide was then inverted 

over a beaker containing ac~tone . On applying gentle heat, t.'le va­

pors of acetone reacted with the membri:ne filter to produce a c lear 

transparent film in which th ~ dust particles could easily be see:,. 

Several fields in each circle were exawined dt nagnifici:tio:is o f 

200 and 900. A..~y particle having a cylindrical appearance and l en~th 

to diameter ratio of 2:1 or greater was considered a fiber. In the 

c ase of settled dust and t he ash of material obtained on wiping a 

surface , r epresenta tive po=tions were spread over a microscope slide 

and were exillTlinee at a number of magni fication!: for the pre:.;en<.:e o f 

glass fiber s . Before being ashed, the adhesive tapes were .:.lso 

examined microscoµically f or the presei.ce or absence of the fibe:::s . 

Determination of Pathogen.:.r !::c1~!:e--ia 

Upon return to the laboratory the filters were incubated at 3~"C 

for 24 hours. They were then dipped in a solution of crystal violet 

and the colonies were counted in the usual fashion. 

RESULTS 

The r esults o f the ex~mination of the mat erial trap?ed on the 

filters of the particulate air samplers are given in ~able 2 , As 

may be seen , except for a cownstream sar.iple in the Suburban Depi:rt;;1e:1!:. 

Stor·e , smaller quantities of dust were usually coll ected by the 

downstream sampl er tha~ by the upstream sampl er. Thiz was most l ikely 

due par tly to the deposition of some of the particulate: matte= on 

the walls of t he ducts as the air stream ~ovcc through the aucts and 

--
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partly to the action of t h.! nir clcnners i n the sy! '.:e:r.s . The s light 

incre ase ir. the guanlity of du:it in the down:. t.·.ean n i r in tre c ase 

of the samples collected at the Suburban D<=pa r tment Store could have 

been du~ to the collection of dus t ~roduced a s a r esult of p ro~o unceu 

activi ty in the busy stock r oom in wh ich t!:e test was milrle. 

In only one downstream s a:npler (Subu=ban De part.'ncnt ::tore) 11as 

the calcula t e d quantity of "glass " greater · than 1:as preser.t in the 

upstream s ar.1pler. The sourc2 of the si~ica is unl:now"l but is not 

believed to ha✓c been due to erosion of the duct1; since examin.it.ion 

of the fi l ter on which the ciuat was collected indicated th,.:, abs ence 

of glass fibers. The calculated "glass" values listed in this and 

other tables should not be considered as indicat i n~ the prese nce o f 

fibrous glass material since any silicious ma terial p=esenl--;~ar.tz 

(send), silic<'.~c , etc. ,--c::n:.l c. also be ::espo~~ibl e ~or the 1-:,ss :,:_.-

serv~d on t reatr.:ent with hydrofluoric acid. 

Microscopic examination of the adhesive tapes suspended at the 

duct opcr!ings near the aiI sarnpl<:r !c: sho•.11ec\ that in only one c ;:-.se 

(Hospital B) were glass fibe.:s present (Tab l e 3). Only a fc:: fibers 

were seen b~t their presence could not be verified by chemical ~e~~s . 

The few fiberi:; on the adhesive tares set up at Hospitai B may have 

been due to dust resulting frora the general construction wo=k inclu<l­

ing the installation o f gl ass fibe r ciuct~ ur.d~rw~y in an adjoining 

wing. It is a l so necessary to point out that the -oom in ~.h i e~ the 

air intake wa3 located had been stripped r~ccn~ly fo r r a~odelling 

and that some concrete cutting had been done in th!:! area. 

Examinati-:>r. of settled dusts (Tabl ~ 4) and ,1ip<? s a.11pl es iTable 5) 

indicate that gl ass fibers ~.;ere generally present in the "'~ dt:s ts. 

- --
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Since these samples repre~e,1t accumu l ations o~ dust genex~lly over 

•everal years, it .'s likely tha t the fibers seen h3d their origin 

- during. p~riods in which th~ fibro~s gla ss ducts wer2 first installed. 

Settled dusts collected n.a.:ir the downstrea1n s.:i.r.•plers were generally 

--4<:>wer in silicious material than •,1as the case nea: th€. up:;tcea;r, s.:imp-

____ 1.._e .... r .... s --!the loss ..due-to- -tre.:itme~c-wi t h- hydroriuoric- aci.c w::s much 

gr~ater than coulc:. have been due to the fe1.1 fibecs seen i n t!le dust. 

The sourGe of silica raust have been ca terial other than °glass" : for 

example, sand or sandy soil such as -,..as observed to be present i n 

l arge amounts ir, settled dust collecti:!d 3t the Hospital A site in 

Orlando , Florida . 

Tests for pctt.hogenic bacteria in the duct S}'Sterns L"l.1i.::at2e that , 

except for Hospit?.l B, concentrations were \lithin the reported ra=ige 

o f O .25 t o 6 colonies per cubic foot o~ fresh air c,1 the outsl-i-':·s 

o f a t own. The mmber of colo=iies in the upstream sam,>le at. R:>spital 

B, however , was ~ell bclo,,,. the peak of 65 cclonies pe r c~bic fo-:>t re- · 

ported as being present i n air s ampled in a crowded typist:; ' offica! 0 

CONCLUSIONS 

The concl ..ision drawn fr.om these studies is that for the period 

o f testing there was no evicence to indicate erosion of fibers frora 

the ducts. The only definite evidence of t.h7 presence of glass 

fjbers was obtdined on the analysis of dusts 11hich had :;~ttled on 

struc t ures or 1·.'h.ich were removed frc11 surf.ii::es by wiping. These 

dusts may represent accl:mulations of !-evecal years or rr.ore fi:-c:m ;nany 

possible so~rces. 

----
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TABLE 1 

- - - - ---------1• 
L EGENDS 

DESCRIPTION OF SITCS AT \lilICH EROSIO,~ T!::STS OF 

FIBROUS GLASS DUCTS ;•TERE M,\DE 

CONCENTR.11.TIONS JI.ND CHJ.RATERIZT,TIOSS OF PARTI­

----rc"'OrTIJ\-,,.TES RErrovED r"RC~t 1\Tn -STRE:"-.i·!S Z.:OV!:iG 1N 1\ 

NUMBER OF VENTILJ\TIOtl SYS'i'F'lS 

TABLE 3 ••••• • RESULTS OF ANALYSCS OF PARTICULA?ES CCL LECTED 

ON ADHESIVE TAPES 

TABLE 4 . • . . • . C~.RACTERIZATION OF PARTICl 1LP.TES RE!IOVED FROM 

TABLE 5 

_ ___EQC'IP1'IB1IT AND LEDGES NEAR T HC .A I RBQ~;JE SAMPLI~G 

SITES 

RESOL'l'S OF ANALYSIS OF P:11.R'l'lCULA?l::S UIPED FP.C:•t 

SURFACES \'/I TH WHJI.T!•tll..~ : 41 FILTER Pl>.PERS 

TABLE 6 •. .. . • RESULTS OF TESTS TO DETERMI NE PATnOGES!C BAC­

TERIA IN AIR STREAMS 

- ---



SIT£ 

:uburba.n Office Building, 
J:.&,:lce t S t reet, · 
~h il~delr,h i u, ~ennay:­
va.:,ia 

Up11 trcam 

')ownstrean 

li ospita l A, Orlando , 
Fl orida 

Up~trtam 

Dow,'\s tr cam 

TABLB l 

DESCEP'l'ION' Oi' SITES AT IP-ICB EBOSl:CII ffS'!'S 0? 

PIBBODS GLASS DUCTS WEHE MOE: 

Tes: I DI .TE or 
PERIOD INSTALJ..aTIOR 

211s- 21/69 I !962 

3/24-26/69 1963 

TYPES OP DOCT 
, Aill CLBMIEP.. 

A coated !i.ber glass 
duct liner, 3 PCP 
density 

T-ne o! ai= c!eaner: 
Electrostatic Pre­
cipitator 

Type HD S PCP dens 1 ty 
glass !ibers (main) 
and SD- 3 l/4 PCF 
density branches 

Type of ai= cleaner: 
glass !iber filters 

SAJIIPI.m1. 
LOCATIOS 

Both s .uipl r s i n fi!., 
r oo.-: or: SU\ floor 

At the ai r outlet 
22 f eet up~tre~ 
fron the .:owns t:-e 
Sa!ll?l ng sit ~ ~'\e 

l ~0 f~e t f r o~ 1n~ 
p l cm.r.i 

At. tl1e air o u-cl et o 
the duct s ~•ste111 

In the maintenance 
shop between the 
fresh air inlet 
and lou·,1ers to 
outs id:? 

8 inche& ~elw the 
ccihn ~ 01.1tlet in 
tht s to::age roo.:i 
approxi111a toly 50 
feet fro1r. upi:. treil!k 
location • 
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Table l (continued) 

SITE 

Hospi t al B1 Eustis, 
Florida 

Upstream 

Downs t1:ea.-n 

Downtown Office Building, 
North High Street, 
Colu::ibus, Ohio 

U!)stre.,m 

Dowr.stt·eam 

TEST 
PERIOD 

3/26-28/69 

4/14-16/69 

-2-

DATE 0 1? 
INSTALLAT:.ON 

1953 

' ' ' 
I 

I 

_J 
I 

TYPES OP DUCT I , AIR CLEANER 
I 

Type HD 5 PCF dens!ty 
glass fibers (main) 
and SD-3 l/4 PCF den­
sity branches 

Typo of air cleanei: 
glass fiber filters 

I 

I 
Unlined metal duct I 

(Return duct l i ned 
with glass wool ~n­
sulation. Return 
duct short circul ted 
duri~ test. used 
100~ fresh mak~- alr 
during tcs t i 

Type of air cleaner: 
glass fiber filters 

I 

' I' ' . • 
I 
~ . 
i 

I 
I 

SAMPLINC 
LOCATIOt.f I 

. I 
On first J10Jr in­

l et be~e6 n fil­
ters and louvers 
to outside 

B inches below the 
ceiling outlet i 
th~ clnssi."o.:.m ab 
25 feet frohl uo­
stre~n dir inlit 

I 

Inaido of l . Jinad 
metal duct, 18 
inches fron\ the 
louvers to the 
outside • 

6 inches l.>elciw the 
ceiling outle.: 
aLout 50 iuct 
dowr,s trcam from 
the .:iir inlet 



r T@le 1. (continued) 
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TEST DATE OP 
SITE PEJuOD !NSTALLATI ON 

~uburban Department St ore , 5/5- 9/69 1%; 
Wost Broac Street, 
Columbus, Ohi o 

Upstream 

Downstream 

11unicipul 1\u~i.toriu.'11, I 8/19- 21/69 1965 
Ri ch1nor11.l, " -' rginia 

I 

I 
Upstr eam 

Downstream 

,. I - -
L ·. j 

TYPES OP DUCT 
& AIR CLEANER 

I 

A rigid round fiber glass 
duc t - 3 PC? density 

Type of air cleaner : 
glase fiber filters 

~ 

I 

l 

Uncoated duc t liner 
This is a duo tlen-
3ity product - 1/8 
inch skin 4 PCF 
density backed up 
with 7/8" t:iick l PCF 
density 

Type o f air cleaner : 
glass fibe r filters 

I ., 
-----

. . 

I. .. ~ 
I . . , . I 

i I 
I 

SAMPLING 
LOCATION 

In the outside:. 
olenum between 
the !ilter b 
and fan ~3 

In t h e 1st flcor 1 

supply room 12 
in:::hcs below 
ceiling eiutlet 
aml about 50 f 
from the ,u.r i 
let fans 

I n the sub-bas em 
6 inches in f?:, 
of tha outside 
louvers 

4 inches below 
ceil illg outlet 
on the stage i<J 
the b11scmen t 
ballroor~ 



,... - -
' .,; . . . - . 

TAB!,E 2 . . 
,i • 1 . 

. 
CONCENTRATIONS AND CHARACTERIZAT1ONS OP PARTICl'ff..A'l'ES REMOVED P!U>M 

AIR STREAMS MOVI~G IN A NUMBER OF VENTILATION SYSTEMS 

. I 

Glass F.1.1 

M3 of 
Mgs wss Mgs Idonti!i 

Site Test Mg L>ust t Ash D.ie tll Calculated by 
Period Air Colloctad 3 in Dus'; Treatment As Gl.sss• lticroscc 

Sampled Total Per M witl\ HP !::xruainat 

Suburban Office Building, 2/18-
Mark.et Street, 21/69 
Philad~lph ia, Pennsyl-
•rnnia 

fJ ;:;.~ ~r(:"'lill 168 <5.0 <0.03 <l.O o.o absent 

Doun:.: ::r.?.am 164 <5.0 <0 . 03 <l.O o.o absent 

--·· 
I HospitBl A, Orlando, 3/24-

Florida I 26/69 

I U,Vi trc,a:n (outside a!.r) 376 11.3 0,030 60.0 <1.0 o.o presar 

Dc,•.,n .. ; t c ~ar11 I 369 4. 3 

- . 
0.012 60 , Cl <1.0 0.0 absent 

Hospital n, Eustis, 3/26- I I 
Florida 28/G9 

Upsl::.:0.::1:11 (outside air) 390 111.4 0.2P, 6 61.2 7.4 14.8 .?.bscnt 

Dow:istrcam 390 11.2 0.029 79.S <1.0 o.o absent 

-

I I 1 
Do11ntown ()ffic.:~ Building, 4/14-
• 1loi-th High Street, 16/69 

n ~~c,l 1.!!1tbt!s , Ohio (continued) 

t_ 
- -- - ~ -



• ---- . -.---•· . . -' ~ 

. . 
I-

-2- . . 
"" I 

• ' . 
! I 
I 

• I 

I dlass ! 

M3 of 
Hgs Ibss Mgs IdcntJ 

Si te Test Mg Dust t Ash Due 'to Ca,lculat ed b~ 
Period Air Collected 3 in Dus t T:-eatlnent As Glass• 1-ucroi 

Sarnoled Total Per M wi t h HF E..'<Ulil 

Downtown Offic~ Building, 4/14- . 
~Orth High Street 16/69 I 

Co l u.'lJ.>us , Ohio • I 
I 

(c ::m-.:inucacl) • 
u ,1s ti:ca m 386 16.6 0.043 · 50.0 <l. O o. o I abser 

t:,01-ms tr cam ! 380 6.6 0.017 so.o <.10 o.o. abse1 

--- -· ---
3ubo • ,an D:::pa rtment Store, 5/5-

\Ir.!!> t JJ1:oad street, 9/G9 
Cc l .imbus , Ohio 

' 

Ui:,s t i:c t.1m 347 ll.7 0.034 23. " <l.O o.o I a!:ls e r 

Down5trc .:.m 3'14 32.G 0.095 49.0 '1. o· 8. 0 a!:lsa r 

~ I ~~~i cio~l Auditori ~~, 8/19-
Rich!lll.HH.1, Virginie 21/69 

U;_:, s t r 1::: .i~1 I 381 21. 6 0.057 43.2 3. 8 7 .6 abs~r 

Do;J:,3 t::c:.am I 379 10.9 : 0.027 26.4 <l.O o.o abse:i 
I 

I I I ! 
I 

• C.:i.lc-u l ation basc.c! on as~urnption that all of thf! Sio2 is due to glass fibers and t hat t he fibet"s 

l 
con~a i n 501 Si02. 

I ' 
I 

' 
I 



,.. 
- . . 

'!!· 
TJ\BL'2 3 . 

RESULTS OF ANI\LYSES OF PARTICULATES . 
COLLEC'l'EO ON ADH!::SIVE TJ\PES I 

I 
I 

I Mgs. o f ~ih 
I Glass Fibers 

Mgs . Loss HP Loss I dentified ny 
? e:- 24 cm , Due t o '.!.'re.itment Calculated as 1-licros::opic 

Location Test Period :,,: !'aJmr With HF Gla9s (Mgc,) Determination 

Suburban Office Building, 
Market Street , Phila-

2/18 .. 21/69 
Could not be determined, 

dclphia, Pennsylvania Control (Gruber's "Sticky 
Pai?er [111 " ) was found to be 

Up~t::ec1m 6.8 too high in ash content. Absent 
I 

Downs t1:aam I 3.8 Absent 
-

hospi t a l A, 3/24-26/69 
Oclando, Florida 

Up5cr2am (outside air) I 4.:;: <1.0 o.o Absent' 

DO1mstrcam I 1.7 <l.0 0.0 J\bsent 
I 

!!Ospital B, 3/26-28i69 I EuE:t .is, Florida 
I 
I 

Ur,;!.: t::c<.m (outside air) I 3. !) <1.0 0.0 Present 
I -

Dow~~l:-:-cam I 4. 7 <l.0 0. 0 Presont 

I 
, . 

' \ 
. \ 

' 
I 

(continued) 
I 

I 
• I 

I 
----



,.... Table 3 (continued) -.. -. - . . ... 
Glass Fibers 

Mgs. 0£ A~h Mgs. Loss HF Loss Identified By 
per 21, cm Due to Treatment Calculated as Micro£copic 

Location Test Period of Paper With HF Glass (Kgs.) Determination 

Downtown Office Building 4/11.-16/69 . 
Columbug, Ohio 

lip::itree..":l : 14.P <l.O o.o Absent 
I I Down~tr~arn l.8 <l.0 o.o Absent 

sullurl);:in Oe~arunent Store i:/14-16/69 I 

Wesi•. Brend Street I C.clumbu:;, Ohio .. 
:JpSt:l'i:?,~lr. <l.O <l.O o.o Absent 

lj rJ•,,J;~~; ~1:,=am <l.O <l.O o.o 1\~sont 
- ·- ··- ---· -----

:1•.micipul .a.uditorium i:/19-21/69 
Richruontl, Virginia 

U?:;"=;-::.am 

I 
4.2 <l.O 0.0 hbsem~ 

Down~trea1:1 1.7 <.1..0 o.o Absent 

' . \ 
I . 

, . I --~ - -- -



T ir 

' -'ABT,E 4 

CHA!t.~CTERIZATION OF PARTICULATES REM01D PROM EQUIPMENT 

Site 

Suburban Office Building 
!t;;irk!a!t Street 
Philadelphia, Pennsylvania 

Upc:;t:rc::,am (from light 
i:h:ture:) 

Downstream l i:rom light 
fixtu:.-o) 

NEAR THE AI~DORNE SAMPLING SITES 

Test Period 

2/18-21/69 

Mgs. 
of Dl•st 
J\nalyzl.C 

16.2 

25.7 

Mgs. Loss Due 
Mgs. t To Treatment 

of Ash With HF 

6.2 1.6 

9,5 2.0 

" 
I 

J
I_ l 

LEiGES 

BF Loss· 
Calculated 

as Glass* 
(Mgs.) 

3.2 

4.0 

I 
Glas!i P!bers ! 

Identified Dyl 
•Ucroscopic 
Deterlllination , 

• Prc!:ent 

Pre!:cnt 

-----------------------t---------+-------+------11----------..----------+----------
Hospital A 
O~lanJc , Florida 

Uu~~rcam (ne~~ a ir in-
• l<:!t: duct) 

ne,.._r air vent) 

3/24-26/69 

104 . 5 102 .3 83,3 102.3 Present 

:::.::•.-.•,i•;trt:!am (co;, of_cluct I I 97 . 5 I 77.0 1

1 
17 . 9 I 35.8 I Present 

--------- I 
Hospitrl B 

t:l•s ti ... , Flor ic1a 
3/26-28/69 

I I 
• ~indings not valid. See text . 

,, 

No ledges er superstructures present to 
provide settled cust 

(continued) 

,, 
!' 

I 

1 ' 

I 

! 



-
lrf . , . . . . ,, . .. 

I 
HP Loss Glass' Pi!>e:-s I Mgs. Mgs. Loss Due Calculated Identifiac! B . o~ Dust Mgs. To Treatment as Glass• Microscopic 

Site I Test Period Analyzcc! of Ash With H? (Mgs.) Determinat~.:, 

Down~own Office Building 4/14-16/69 

I 
Cu!.ur:-.bus , Ohio 

lJps~1:cn:n (from louvers of 102.7 73.8 15.0 30.0 Absent 
the air intake . 
sy::::tem) 

nownstre:am /f rom light fix- I 107.l 47.S 11.0 22.0 Present 
turcs below I cc.:ili n~ oc.tlct) I -

Subu.!:ban De"9a.·tment Store 5/5-9/69 
West ~Load StLeet 
C,,lwr.bus , Ohio 

L'f.1:: t1.-car.. (.!:,;r.10'/CC f!:'O!n 

I 
100.0 82.5 24.9 49.8 Present 

air :;u?ply 
t.:.n f.3 ) 

I 
. 

D01-1n !1 t;:::-~:<•J ( fro·:1 ~,clving 100.0 27.6 6.9 13. 8 P!:"esent 
S 1i'i j)O!'"CS he-
ne:;i ':!~ ~~iling I cc.::lct) 

Municipal Auditorium 8/19-21/69 
rtich,11onC:., Virginia 

llps:::rcam !=rom louvers at J.50.0 104.4 41.0 82. i) Absent 
alr int.:i.ke ) I 

Dc•.1;, ~ trca1;\ i f rom 1-1, ll tile, 287.t. Hl.4 28.7 57 .4 Present 
in ballroom) 

------
·, 

I - -
J I 



,: 

1'1 

'!'.\P.LB 5 

RESULTS OF J\N:I\LYSIS OF PAR?ICULJ\TES WIPED PROM SURPACES 

W!TP. WHATM.l'\N ~41 FILTER PAPERS 

1 
!-!gs . 

of Dust 
Location i. Test Period I Analy2.ed 

~uburban Office ~uilding 
Marl-:ct £treet 
fhiladelp~ia , Pennsylvania 

Upstc:::;;im (f ~o~ to~ of shelf 
Lele.,, ceiling 
outle t) 

1 

Do1m!:.tream {f t·c-,m top of I 
r;t,;:.if below 
,..,,.;ling outlet) 

2/18-21/6!> 

7.2 

40.6 

I Mgs . Loss Due 
Mgs. To Treatment 

of Ash with fill' 

l.6 <l.O 

5.l <l.O 

HF Loss 
Calcul:ited 

as Glass• 
{~gs . ) 

0.0 

o.o 

.· 
' -

Glass Pi~~= I 
Identified • ~ 
Microscopic 
lletex,:u.natio 

•• •I 

•• 

-- -------- - 1---------i- - -----+-----+------ ----+------------------ .. 
!iOSPital A 
Orlando , Flori da 

Up!:tl'.aa:n {f OJ.) of stc,::age 
~ank r.eur ai..: 
l.~.ict) 

Down strcc.'11 ( f:-or:: t op or 
l.,cko r belr.M 
::ciling ot1tlet) 

ciosoi t al B 
J::ustis, rlori da 

3/24-26/69 

13/26-20; 69 l 

29 . 6 10.7 l.8 3.6 

719 . 7 445.l 13.7 

I I 
27.4 

Wipe sample yielded insufficient quantity 
for ar:alysis 

(continued) 

•• 

•• 



r, 

""llli" ra-

Locat i on 

Downtown Office Bui l d ing 
Columbus , Ohio 

U~sti:.,ara ( ::rom ins iclc o f 
duct near air 
inlet) 

Downst.ream (from top o f 
sto::age cabi­
nci:) 

Suburban Derartment Store 
W~st Eroad Street 
Columbus , Ohio 

:,;;,::.ti.:c.i.-:1 (fi:om the tcp 
c t" i; 3 .::iir in­
l e t =an) 

Cownstr earn (from shel f 

Tes t Period 

4/!.4- 16/ 69 

I 

I 5/5-9/ 69 

- 2-

Mgs , 
o f Dust 
Anal yzed 

564 . fl 

293,3 

27.0 

127. 2 

I 

I 

Mgs. 
of JI.sh 

H2 . 4 

97.0 

23.2 

37.0 

Mgs. Loss Due 
To Treatment 

with J!P 

90.l 

21 . l 

B.2 

7.1 

I 

I 

HF Loss 
Calculated 

as Glass* 
(Mgs.) 

180.2 

42.2 

lG.4 

14 , 1 i 

Glas11 Fit-itrs 
I dentified By 
Microsco-:>ic 
Determination 

•• 

•• 

A'!:lscnt 

Pre s e nt 
be.!.ow ceiling 
outl..,t) 1 

I 
----- --------------..--- I -
Kunicipal Auditorium 
Richmond , Virginia 

U~s t .i:cd.Ir. ( f rc11, the l ouvers i 
in t he s ,:b-basn- ! 
f,h::nt.) 

Downs t ream (f r om the 
ccili1~g outlet) 

8/19-21/69 

I 
221 . 5 I 139. 6 

l 
1\ 1\.5 16 .5 

66.l ! 32.2 

5. 4 10 . B 

1'.cesent 

1',bgc,nt ' ' 

------------------------~-----~------------------------------
•rir~~ ~ tt~rn?~S to exa~ine filter s wer e unr ewar ding bec ause o f interference by paper fibers, later 

ex~mina tions were made on .::ished filters . 

1• Find~ngs not va lid. See t ext . 
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II 

I 
1, 

II 

LOCA1'IO.-. 

Suburban Office Building 
Market Stree t 
Philade lphia , Pennsylvania 

Upstrcn:, 

Down&tr.?an 

Hospital A 
Orlando, For ida 

Upstrear,1 

Downs lr.e,em 
- ~ 

Ho,;pital B -Eus tis, Flo:-icia 

Upstrea;n 

Downstrea;n 

Downtown Office Building 
Colunbus, Ohio 

Upstrean 

Downstrca'!I 

Suburban Department Store 
West Broad Street 
Columbus , Ohio 

Upstrc.im 

Do-.mstrea.-:1 

-

. 

Tl,'lLr. 6 

BJ\CTCRI A rn tl !ll S'l•:-·· :..c; 

TEST 
PERIOD 

2/20/69 

3/26/G9 

3/2C/69 

5/6/G9 

5/9/G9 

CU:lIC.: r :"E'l' OF 
AI R !::,'\;,:t• LCO 

10 

10 

11 

11 

i1 

11 

11 

11 

I NUMB:::R OF coLo:n::s 

PCk FT 3 OF J\IR 

0.5 

o.o 

2,0 · 

0.3 

26 . 0 

11.0 

0.2 

1.0 

o.o 

- - --- - -------------:-------;-- --------1------------
Munic ipal Audi~orium 
Rlchmond , Virginia 

10 

10 0. 8 

Upst.n:.ir.: 

DO',.'flSl ':"c:lr.l 
10 

10 

. 

1.2 

1.9 

I . .. 

-

" 
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,_ 

Material s 

Submitted1 

Required, 

11nly11is Samplo 
:umber Number 

• .,.:\-50}7 o -64 

,(A-50:,8 o-65 

Sample of particulate mat.tor collected during the l\ir El'os lon '!'<sting 
on a duc t system ofter 7 years of service at cape Kennedy• 

,, . 

E-

Sept ember 11, 1967 by c. o. Smith, Product Testing Laboratcrios, Building :,oo, 
owena-corning Fiberglaa corporation, P.O. Box 1115, Oranv~lle, Ohio 

Determination or quanti t y and nature or matr.rial erod~d from the duct oystem 

MJ 
Mg LOSO Glass P1bcrs 

Test· Mes Duot I~ Ash DUO t o Mgs or Identi f ied b:, 
Number+ . Dura\.ion or Air Collected _ • in Treatment Glass Mic roaoopio 
Location or Teot samoled 'l'OtQJ Per M' oust With HF Pound Examination· 

#26 
136 hra. 

. 
16.9 Ups tream 905 r,.019 30 . 5 0 0 nono 

/126 
1}6 hra. Downstream 785 7.} 0.009 24.o 0 0 none 

•see the attached deaor1pt1on aheete 

:,,tet A• waa the oaee 1n earlier tetits, the loo:, due to tree tment,..with Hl' wao inaigniricant, 
generally being lea■ than l fng., equivalent to 0.001 mge./M✓ or air. 

-. 

P~ • the Kettering Laboratory i n the Department 
ot Environmental Health, College or Med1o1no 
UnivereiCy ot Cinoinnati, Cincinnati, Ohio 

Reported1 10-}0-67 
I • • 

.... 



Ma t e rial : 

Date of Test: 

Subr:itted: 

~equired: 

!,~r.=R::..:G LA30nA70.~'.' 
COLLCC.C 01' :~ni:o:c a•.tG. u ~:vcnii;.r•t or CISC11'iNA71 

s :,llN .,_V..HU::0 Clt4CINNATI, OHIO ◄D::t. 19 

Sam? l es of particulate matter collected at ~ne grill openingiof a duct 
s ystem at tlle Plakington House , Milwaukee , Wisconsin 

May 6 to May 8, 1968 

~ 

F-

May 10, 196a, bys. R. George, Owens-Corning Te c~nical Ce nter, Granville , Ohio 

Determination of quantity a r~ nature of mate rial eroded from the duct system 

Glass F1.bers -My Loss I 
ia l ys1.s Sar.i;:,le I Duration 

MJ Mg Dust I Ash Due to 
Mg o f Identified by 

of Air Collected in Glass ·,;:i;~ a r Loca t i on 'of Test Treatment I Microscopic Sampled Total I Per M3 Oust wi.th HF 
Found Examination 

8A- 29 36 I Room 709 48.3 hr. 344 8.2 0 . 024 9 . 8 0 0 None 

BA-2938 I Rooa 84S 26 hr. 184 lS . 6 0.085 41.6 0 0 None 

,~te : 'l'°'le los& due to treatment with BP was insignificant , generally being ~ess than one mg. 

Reported: 5-20-68 

. ., . 
• \ 
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A study of the e!fect of air veloci t y on fibrous glass 

materials in contact with the l!"Oving a ir strean in typical heat­

ing and ai r conditioning ducts was made to deterrine if f;bers 

were eroded from the fibro• s glass ll'aterials and entrained in 

the air stream. 

No fibers were found in the air streall' exiting frorr 

seven separate duct systems constructed frorr coll'rerci~lly avail­

able fibrous glass duct materia ls exposed to air traveling at 

3000 fpm continuously for 136 hours. 

No !ihers were f ound in the air streall' exiting froll' 

t wo duct systell's composed of flexible , wire re.i.nforced , flbrous 

glass duct materials tested under the sarr.e conditions . 

In a similar test of 16 diffe~ent duct lining mater.i~ ls, 

only one fiber was observed by t he ~icroscopic exa~in;ition o: 

dust removed from t.'1e air strear.. Since this fi!:ler •1.:ts the only 

one observed in over 2000 hours of testin~ of liner ~aterials , 

it has l ittle or no significance as ;i !'leasure of eros;_on .:\nd 

could hi\\'e been due to the fabri cation o: the lined cluct at the 

test site. 

It mi\y be concludec t!l~t dud ng th.i.s test period 

fibrous duct systems and ducts linec ·:1ith "ihrous <;lass l iner 

sho\1-?d no evidence of erosion of f il:-er s . 

I 
I 
I 

I 

I 
l 
I 
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Purcc.c;e 

Concern h3s been expressec' over the nc~s ible eros ion 

of glaas fiber!! from the ~urfaces o: fih r ous glass c'uct liners 

or duct 111aterials i n contact ~•ith the air stream i.n typical 

heating And air conditioning rJucts a nd t"e subsequent entrain-

mentor these fibers i n the ai r strear, ':'ests ..,ere c'eviserl to 

aimulate a typical duc t configuration incorporating fibrous 

glass materials and to s ub ject the~ for an extended oeriod of 

t il':'le to a continuous strear, of air rroving a t a ve loci ty in excess 

of the velocity for which the m<'teria ls uncler test are norma lly 

recor..mr.nded and then t o continu0usly gache, a ~arple of the par -

ticles, i f any, in L~e air stream under isokinetic conditions . 

Backcrounc 

Modern .iir conditionjnq and heating syster.:s utilizing 

ducts f or the distribution of air a r e corrcnly treated for t he 

control of heat and sound. 7he rost c orrrron ~ethorl of obtaining 

sound absorption in duct systerrs 1-..ts been to line the duct with 

abs orbing materiel , A good sound ahsorbing rrater i~ l is t ypically 

porous so tha t it c ;in absorb the enerqr of irr,ri.nqinc:, sound ,:aves. 

The porous s tructur e p resen t s ;i nu111ber c : potent i~ l problerrs c f 

s trengt !: ancl h:,•g5 ene L~a t rrust be ret be:ore a good sound absorb-

ing rrateria l can be cons idered useful as P duct l ! nin~ rraterial 

or d d1.1.:t 1~at t!.c.:.a1 in itsel : . Other consider ations , includinq 

f i r e r esis t ance, a r e also impo~t ant . nesices the need f or ~ood 
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acou•tic properti•• • the Ar-9rican Society o' Heating, JleCr.i.9erat­

ing and Air Lunditionlng Enqineer~ recognize• ~our requirements 

fur a goud ■ound ah1orptio11 rreterial for uae in ducts: 

1. adequate ■trength to avoid ~raa~age and crumbling1 

2. Cira re■ i■tance and corrpliance wit1l building co~e requirer:,enta 1 

3. particle• ahould not fray oft at the high>i! r deaign velocities; 

4. freedom from odor when either dry or wet . (1) 

Fibroua glasa duct materials have been used f or sound 

abaorption within duct■ aince 1946. The blanket or hoard is 

cemented or attachud 1t1echanical ly to the inside s urfl'lce of the 

duct, Th• arrount of lining rcquir~d can be calculated on the 

basis of the sound energy and the f requency that needs to be 

aLsorbud. 

In 1960 the ba~ic fibrous gldSS ~uct l inin~ nat~cinl 

was developed into a forrr in ·A·.icl-i it coula serve as the duct 

itself rathur thdn as Jus t d ie line r. The m,;ijor rleveloprnent 

involved an increase in the c'ensity of the !'\' ,'lterial. In addi­

tion, a facing strong enough to allo,: <1rcovin~ :\nd colding of 

the fibrous rnateri~l and su~~equent forrri~g into ti-\~ air duct 

was added to the outside sur~acP. This cut~iae surface facing 

also provides a Vl\l'.lor h! rrier, giving t!1e "ibrous glass duct 

material nll the essential ch i' r acteri'ltic.3 ne ccs!o',;i r.y ror t!--.e 

control of heat and noise. 

Tests h,we been deve loped by t!\e unden. n. ters' 

Labor11:ori es (UL) to describe a series of requirerent,; w:1..i.ch 

fil glass material shculd reet in oraer to be acce~table f ~r 



aae aa II c!uct aaurial. Thu• requirelNlnt■ are included in 

Stanclarc! lJL 181 of the Ul\den1rit•r•' Laboratories . (2) 

... id•• Naaurin~ fire r~•i•t~nc• c~aracteristics, the 

UL teat.a al.ao evaluate th• atrangth c.~aracteri■tics of the duct 

r.aterlua. the nautance to mildew am\ 111:,ld attack and other 

upect.s t.'lat 1111 adequate material !Ohould exhibit. 

OL l&l alao require■ that the susceptibility of fibrous 

vJ..aa• duct 111atarlala to air stream erosion he 111easured. The tests 

are made an a duct asse.ri>ly following a simulated ~ging process 

aDl1 are conducted at a velocity two and one-hal! times the rated 

... 1oclty of the i!t:'ct system ll!Aterial for fc,ur hours. The air is 

d.lacbarged into a collection chamber fitted on one side with a 

baffle and on tlle otber with a 200 USS stand~rd screen over the 

ooUet. '!l'he standard reguires that no ~acroscopic particles of 

duct material. 1::-e f-:>u!ld in the charr.ber or on the screen following 

t:. fo11r-hour exposure nor can the interior duct surfaces show 

e'ri.de.nce of cracking, f l aking or delamination . 

~e question o! how t.~ese materials would perform 

1111der a velocity closer to the rated velocity c,! tr.e materials 

mta for an extenden perio~ of time ~as cnnsinered of interest 

and the National Insulation !1anuf acturers Association asked the 

Sett:ering Laboratory to conduct the investigation in late 1966. 

'!be te~tii,g program was completed in ~pril, 1967. 

~ Procedures 

~ test was aesigned to subject to a controlled stream 

of air either actual sections of f ibrous glass duct 111aterial formed 
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into th• elemant1 nomally found in duct systems or duct aections 

of the •eme 1ize and configuration lined with the fibrous glass 

lining material. Th• expo■ure was continued for a reaaoneble 

time during which periGd sa~~ling for particulates entrained in 

the air etreAm •,a■ continuous . At the conclusion of the exposure 

period the aampling filter was examined for the presence of fibroua 

glae• particles . 

A teat velocity of 3000 f pm was selected. Host of the 

fibrous g lass duct materials are not reco11111"ended for use with air 

velucities over 2400 ~pm and t he 251 higher test condition dupli­

cates satisfactorily t.~e maxir.u~ condition t hat might occur i n a 

proper~.y designed and installed conventiona l air distribution 

aystem. The recommended air velocit1 f or main eucts in conven­

tiona l air s ys tem,; varies from 1200 to 1800 fpm with a ll'aximum 

recommended velocity of lGOO tp~ t or ducts in other than indus­

trial buildings and only 2200 fpm in industrial buildings. (J ) 

A periorl of 136 hours was selected for each test. 

Outdoor ai r was used continuous ly, no atte~pt being made to con­

trol the air temperature or humidity. Tests were conducted in 

Granville, Ohio , during the ll'Onths of July, 1966, to Mar ch, 1967. 

There was no evidence that the air tell'perature or humidity had 

any effect on results of the tests. 

~ Conditions 

To provide a standard tes~ situation, the test set-up 

was designed along thE lines of apparatus used hy the Under­

writers'. Lahoratories in its evaluation of air ducts according 

to llL 181. 
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'1'be ■et-up, i l luatrated in Figures l, 2, 3, and 4 

provi.ded: 

1. a m■chaniaffl !oT filtering a source of air to eliminate as 

many forei~ particle■ a■ possible; 

2. a method of aeasuring the particle content of the filtered 

air atreaJr to provide a baseline for subsequent measure~ents 

after the air passes through the test section: 

3. a fan to accelerate the air stream to the desired veloci t y; 

4. a method for eli~inating the turbulence caused by the fan to 

provide nearly unifor~ air entry to the test section; 

5. a tdst section containing elements typical of a nortl'al duct 

system: and 

6. a me~'lod for measuring whe~~er any fiber particles have been 

entrained in the air stream passing through the test section. 

~ Set-uo 

In the test set-up used, shc\m in Figures 1, 2, an~ 3, 

the air was drawn through a filter box, the filters being pro­

tected frorr. the elements by a containing box with a louvered air 

entrance. Two !eet downstream fro~ the filters, the air passed 

through a f'lo11 nozzle which gave a reason;lbly flat velocity 

profile. The upstreal" sampling device which proviced the base­

lin~ measure of particles in the entering air strea!T' was located 

just a.'lead of the transition connecting the flew nozzle ancl the 

blower. A dar.per asser,bly on the louer intake provided flow 

rate control. 

.J. 
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On the di•charge •ide of the blower , air wa• pas■ed 

throu~h a •traightening s ecti on two feet long, constructed in an 

•99 crate configuration with 2 inch square openi~gs . The straight­

•n•r wa■ located in a duct 12 inches x 12 inches x 8 feet which 

•nd•d in a transition section over which the entrance aide of the 

teat section was ali~ped . Test sections either 11 inches x 11 

inche• square or 12 inches i n diameter could be attached to the 

tran■ ition ~action . At the end of the test duct, another metal 

duct of the same s ize waa slipped i nside the discharge end of the 

t es t section to hold the t est probe f o• the dmmstream sampling, 

The test section consisted of a s traight run connected 

to a thr ee piec~ 90-degree elbow (to provide a typical duct tur­

bulence condition) followed by a second straig~t run of the test 

material. After the test assembly was attached to the blower, the 

ducts were blown out for a period of one hour at the test velocity 

to clear out any construction fraqments. ~verage velocity was 

me.1sured by a Hastings Preci s i on Air Meter, using an 11 point 

traverse f or sq11are ducts and a 9 point traverse on round ducts. 

Sample s were collected through the use of an isokinetic 

flow no7zle of approxirnately 1/ 2 inch diameter located in the center 

of the air stream. The sal"piing nozzle attached to a funnel arrange­

ment was connected to a filter holc:!er fitted with a 3 micron pore 

size, 104 mm diameter, Type i,;s Millipore (R) !:ilter. The filter 

h~lder was connected to a suction purnp to provide the isokinetic 

velocit y condition. Figure 4 shows t he sample collection mechanism. 

I 
I . 

. 
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!!!!, Nateriftla Taate~ 

Rigid~ Syate~~. ribrous glass duct syatems are 

made with ~aterial• that co~bine a thickne~s of glass fibers and 

phenolic binder with either a IN!!tal foil or vinyl f!lm vapor 

barrier on the exterior surface . The test materials vary in 

denaity. The smaller dia!N!!ter round duct and th~ standard duty 

flat board shape have b density of 3 pounds per cubic foot (pcf); 

the larger dian•eter round duct has a densitv of 4.5 pcf and heavy 

duty board has a density of 5 pc f . 

Flexible p~ Syste~~ . Flexl ~le fibrous glass duct 

uses a plillble form of the fi.hrous glass and phenolic binder 

surrounding a spiral wire r.einforce~ent on the inner surface. 

A plastic film vapor harrier covers the outside, 

~ ~- Fibrous glass duct liner comes in batt 

or blanket form. It is si~ilar in formation to the cuct board 

material, generally ~onsisting of materials having a censity of 

1.5 pcf or 3.0 pcf but without the exterior vap~r barrier surface. 

In some cases the inner surface has a thin sprayed film or coat­

ing of neoprene to provide a lower coeff icient of friction. 

Seven different samples of rigid duct hoard materjal, 

supplied by three manufacturers were tested. The rigid samples 

are described i n Table 1. Two different forms c,f flexible 

fibrous glass duct having a nominal t~ickness of one inch ~ere 

tested. Table 2 gives their characteristics. In Table 3 are 

listed the 16 different f.orms of fibrous glass duct that were 

tested, These were supplied by !:our manu:acturers. 
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Pa.brication 2£. ~ Sdl!Ulles 

All fabrication of fibrous glaa• ducts and lined sheet 

metal Jucta was 4..:cordiny to m11nufacturer recunlffldndatior,.s. l'abri­

cation of tha teat sections was by skilled workers employed by 

an experienced sheet metal contractor. 

Rigid Rectangular ~ • i\11 r.i.gid ducts formed fron, 

fibrous gluda clucl system boar~~ were made by V- grooving the 

inner f~ce of the board as dictated by the dimension of the final 

• cluct, folding along Lhe ycc,c,ves that for:.ied the firlol t three corners 

and then stapling the flap that forms the fourth corner. The 

seam along the flap was made either with rrastic and tape or heat­

seal tape as recommended by the supplier. Duct sections were 

each four feet long and the t wo 8-feet straight runs in the test 

configuration were made by joining together two se~tions. Joints 

were grooved according to instructions, with the male end placed 

on the upstream side and stapled and tRped Recording to directions. 

The elbow was formed in three sections, laid out in accordance 

with recommendations, grooved, folded, and asselru'1 cd, 

In a typical duct section the~e were four cut edges 

(along each corner) and a single cut edge around the perimeter at 

each joint. Normally the folding operation covers the raw edges 

exposed by the grooving, but the test conditions duplicated the 

amount of cut edge that good workmanship would normally expose 

within the due~. Figure 5 shows the typical conf iguration used 

and the relative location of the cut edges present in the con­

figurations. 

j 
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No cut~ing vr ~rooving is required to form t he rigid 

round duc.t aa it is au~plied in E-foot seardess lenyths . With 

rigid round ducts two joint systema are us ed. To f orm joints in 

ducts m.1dw wit:h .square ends, a sheet l"Cta l sleeve is inserted 

in■ide the butted ends and the joint is taped, 

To form joints in ducts ~ade with molded ends , the 

male end 1■ slipped within the female and the joint i s taped , 

Th• elbow required was made from three segments of the duct held 

together by small sheet metal clips , then taped , 

Pl~xible Round~• There was no cutting required with 

th~ flexible duct samples . They are also ~ade with male and female 

ends and joints are made by sli pping one within the other, stapliny 

the ove:tl appi11g outer face and teping. Three si>!: f oot lengths 

w~re us~d t o form the test section , two strai ght and the third 

for the 90 degree lurn. 

~ ~. Duct liners were cut and dffixed accord­

ing i;o norm&l ~ractic:e3 . Cutti11y is usua lly done with a knife 

along a straight edge, though folds are used in corners whe re 

appropriate , with or w~thout grooving as the thickness requires. 

Liners were attached w· ', n adhesivo:? o:r mechanica l fasteners 

a~cording to the usual re~o1111nentlations. The lined ducts tested 

had one less seam than the rigid rectangular fibrous glass 

duct configura tion as the liner is in eight foot lengths and 

did not have to !:>e joi1 .d to !oi:m the straight run sections. 
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Analytical ~ ocedures 

~ Weight of ~ 

Prior to use, Mill i pore filte r s . -~ numbered and 

weighed a fter condi t:ioning for 24 ho•,rs i n t.,1e balance room. 

Each filter was inserted into a separate plas tic box and the 

lot was shipped to the tes t site . After use , the filters were 

returned in their plastic boxes with record forms to the Ketter­

ing Laboratory where they were again conditioned in the balance 

r.0011 and weighed to determine the total amount of dust collected 

during a test . 

~ Weicht ~ !.!9.!. £! G~ass 

A wedge representing 101 of the t~tal fi lter was cut 

from each filter with the aid of a special t emplate. The 901 

portion of the filter web was then placed in a weighed platinum 

dish and was ashed in an electric muffle furnace maintained at 

500°c. The material remaining represented the ash in the dust. 

The contents of the dish were then treated ~ith hydrof luor ic 

acid, and after evaporating to dryness the dish was ~gain placed 

in the muffle furnace for a few minutes . Following removal and 

cooling, the dish was weighed. The anticipat ed loss in weight 

was expected to he due to volatilization c,f silica, which con­

stituted about 501 of the g l uss fiLers as was determined f r om 

analysis of products produced by one plant. In no test was the 

weight loss greater than the error in weighing (±0.5 t o ±1 mg.) 

and, therefore, all findings listed as milligruns of glass and HF 

loss a re reported as zero. This assumption appeared to be justi­

fied on the basis of the absence of visible glass fibers and the 

l 

I 
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fai l ure of ~ust ronoved from the downstream air to show ash 

values gre.iter than those shown by dust removed from the 

upstream air. 

Dllrtermination o f Glas, ribers --
The wedge repr.:senting 101 of the filter w2s examined 

b y l ight field Microscopy i n ord1u to determine the presence 

o r absence of glass fibers . A number of representati"-e 1/4-

i nch circles were punched fror.1 different areas ot t.'ie wedge 

and were fastened to a glas s slide 'Jy ll"eans of loose-lea f paper 

reinf orcing rings . The slide \:a$ then inverted over a beaker 

c ontaining acetone. The vapors .:1f acetone evolved on pplying 

gentle heat, reac ted with the me1~brane filter to produce a clear 

transparent film in which t.~e du!3t pa rticles were plainly visible . 

Several fie l ds in each punched ci- c le were examined under inag­

nifi cat i on~ of 200 and 900. :.ny particle having a cylindrical 

appearance and length to diaroete·r ratie> o f 2: l or greater was 

cons i der e d a fi~er . 

Results 

Res ults of t he tests ar1e shown in Table 4 . ;.s r1lly be 

seen, s maller total quantities of dust we re generally collected 

at the do\ms t ream sanpl ing point than was the c ase a t t ?1e u9-

s t ream sarnpling point. This was lt'Os t likely due to the depe>l:'l-­

t i on of s ome of t he particulate matter present in the entrance 

air on t he walls o ! the ducts as the air stream tl'cvec throug~ 

the duct . 
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In veneral , there were no aiqnificant difference• 

bit.ween the ath oont•••t• of the duat• collected at the entrance• 

and th011 of duet• collected ~t the exit• of the te■ t duc t•. 

lignificanl incn•••• in t he ••h content of th• duat• collected 

It the downetreaM aampling atation would have been due to gla•• 

tibera erode~ from the duct■ , That thi• did not occur is 

furt.her confirnwd by the failure of the chemical treatment to 

indicate incr••••• in the ei~iciuua material in the dusts 

collected downatream over t hat i n dusts collected up■tream, 

While no fibrous duct particle• were ohaerved by the 

na~ed eyo in any of the 25 te■t• , one fibrous glass particle 

waa detected m.lcroacopically in du■t collected in testing one 

of the 16 line r materiala, Thia fiber was the only one observed 

in duat1 collected downstream in over 2000 hours of testing c-f 

liner material , It• presence cannot be t aken as proof of 

e roaion aince it could also ~avo resulted f rom fabrication of 

th• duct at the t eat site . 

Conclusions 

It may be concluded that fibrous glass duct systems 

and duct■ lined with fibrols gl ass liner showed no evidence 

of eroeion of fiber• ,\ut.1.., . "' t:his test period when exposed for 

a continuoua peric-d of 136 hours t o an air stream moving at 

a velocity of up to 3000 fee t per minute, a velocity 25 \ higher 

th·.\ the recorunended operating veloci t y for the material under 

teat. 
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CHARACTERISTICS 2! E ~ .Q££! SYSTEMS TESTED 

~rnP-1!. 

A( U) 

S ( ! 2) 

C(l22) 

D(123) 

Et,8) 

Sample 

F ( 124) 

G ( 13) 

Rectan~~ 

Thickness 
(inches) 

1 
1 
1 
1.s 
l 

Density 
(pcf) 

3.25 

s.oo 
3.50 

s.oo 
3.00 

~!l2.~ 

!!!.! 
12" dian,eter 

12" dianiet er 

Coatin9: 

Coating 

No 

No 

No 

No 

No 

No 

No 

(Numbers in parentheses refer to order in test program.) 
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01.l.P.Ac:TERISTICS 2!:. FLEXIBI.E ~ E!!£!_ SYSTEIIS TESTED 

Sample lli!. coatin9: 

H(l4) 12• diameter No 

I ( 125) 12• diameter No 
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CH~CTERISTICS Q!. FIBPOUS ~ LINERS TESTED 

Thickne■- oena i ty 
Samele (i nches) <ectl Coatin9 

J (f6) 0.5 1. : Yes 

1t(l 5) l 1.5 Yea 

L(l7) l 3. 0 Yes 

M(l10) 0.5 1.5 Yes 

N (19) l 1.5 Yes 

0(111) l Dual Yes 

P(l13) l 1.5 Yes 
(joint coat) 

0(114) l 1.5 Yes 

R( l12) l 3. 0 Yes 

S <• ~7) 0.5 1,5 Yes 

T (118) l 1.5 Yes 

U(l20) 0.5 1.5 Yes 

V ( ll9) l 1. 5 Yes 
( joint coat) 

W(ll6) 0.5 3.0 Yes 

X( t 21 ) 1 3.0 Yes 

Y (115) 1 Dua l No 

(Joi nt coating refers t o practi ce of coveri ng butt j oi nts 
wilh a "buttered" coati ng of mast.ic1 l i ner s were tested 
with and without the joint coating.) 
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PP.SULT$ OBTAINEO !!! !!!! EROSION TESTING Q!:. PIBnous ~ ~ ~ 

••g Loss GlaH Fiber■ 
M3 :ta nust Collected I J\sh Due to fig of Identified by 

Sample and of Air 
Per ,.,3 in Treatment Glass ~1c:roacoplc 

Location Sall'pled ~ nust ~....!!L ~ EXAaination 

\ I 
Fibrous~~ Systems 

I 
J:igid ~ctangular 

A 
Upstream 845 39 .0 0.046 11),0 0 0 None 
[)ow- ,; tre ill'1 880 39.5 0.1)45 8.9 0 0 None 

B 
Upstream 940 22,5 0.024 10.7 I) 0 None 
Downstream 910 19.4 0.021 10.9 I) 0 None 

C 
Upstream 900 21). 6 0.023 17.0 0 0 None 
Downstream 775 lG.3 0, 021 15.9 0 0 None 

0 
Upstream 890 28.8 0,032 18.0 0 0 None 
Oownstreall' 765 20.9 0.027 17.7 0 0 None 

E 
Upstream 900 38.3 0.043 30.6 0 0 None 
Oo·,mstrearn ElO 26.6 0.033 29.0 0 0 Nono 

', 
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!!e!!. ! continued -2-
"\ 

M3 
l'g Loss Class Fibers 

~g oust Collected I Ash Due to Mg o f Identified by 
Sample and of Air 

Per ~ 3 
in Treatment Glass Microscopic 

Location Sampled Total Dust with !i"F ~ Exalll.ination 

Fibrous ~ ~ !l&te111B 

Rigid~ 

F 
Upstream 925 19,0 0.021 19.0 0 0 None 
Downstream 780 15,9 0.020 23.3 0 0 None 

G 
Upstream 945 25.7 0,027 30.7 0 0 Nona 
Downstream 905 22.6 0.025 29.0 0 0 None 

Flexible~ 

I H 
Upstream 925 23.7 0,025 16.0 0 0 None I 
Downstream 880 17.9 0.020 16.8 0 0 None i 

I 
I 

Upstream 900 19.5 0.022 21,5 0 0 None 
Downstream 775 15.5 0 . 020 22,6 0 0 None 

- - -
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t.\3 
Ng Loa• Glu• Fiber• 

M~ Dust Collected I Ash Due to ,.,a o f Identifiet by 
Sample and of Air 

Per M3 in Trel\tment Glass i.<icro•copic 
Location !':ampled Total ~ with ~F ~ Exaroinatlon 

Metallic~• Fibrous~~ 

J 
Upstrear:: 960 25.0 0,026 22.0 0 0 Pone 
Downstream 865 18.9 0.02 2 21.0 0 0 None 

Y. 
Upstream 945 35.3 0.037 18.4 0 0 None 
Downstream 865 27.9 0.032 22.2 I) 0 None 

L 
Upstream 900 37.5 0.042 17.0 0 0 None 
Downstream 790 27.0 0.034 14.4 0 0 None 

M 
Upstream 920 21.2 0.023 17.9 0 0 None 
Dcwnst ream 830 17.8 0.021 17.9 0 0 None 

N 
Upstream 925 22.7 0.025 20.7 0 0 None 
Downstream 790 21.7 0.028 29,5 0 C None 

0 
Upstream 960 19.9 0.021 16.6 0 0 None 
Downstream 800 13.8 0.017 13.0 0 0 None 

p 
Upstream 960 24,1 0.025 18,6 0 0 None 
D,:.wnstream 815 17.9 0.022 19.5 0 0 None 



~ .! p__ontinued -•-
~3 

"9 Less ClflH Fiber• 
Ma nust Collected I 1'.Sh Due to ~go• Identified by 

Sample and of 1\ir 
Per "t3 

in Trea~nt Glass .. ieroseop1e 
Location SaJ11pled Total ~ with HP ~ Exanination 

f.l.etallic ~• Fibrous .!il!!!. ~ 

0 
Upstream 935 25.5 0.027 20.0 0 0 None 

l'ownstr eam 800 18.4 0 , 023 25.0 0 0 None 

n 
t,Jps tream 960 25.1 ll.026 13.l 0 0 None 

Downs tream 790 17.6 0.022 13.4 0 0 None 

s 
Upstream 970 17.3 0.010 20,2 0 0 None 

Downstream 795 13,0 0,016 19,4 0 0 1 fiber 30:., long 
+ Ju in di1U1111ter 

T 
Upstream 925 32.5 0,035 10,8 0 0 None 

cownstream 810 14 .1 !:',017 14.9 0 0 None 

L' 
Upstream 890 30.1 0,034 7.1 0 0 None 

Downstream 7B0 23.1 0,030 8.3 0 0 None 

V 
Upstream 890 20.6 0.023 13.0 0 0 None 

Oownstream 775 20.0 0.020 7,5 0 0 None 



II"' 

. " 
1 
' I 

~!continued 
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~·3 
"!g Lo•s Gla•• Fiber• 

H~ Oust r.ollected \ 1.ah rue to vq of Idontifled by 

Sample and of l\ir 
Per .. 3 

in Treat111ent Glass -.1croacoplc 

Lot:ation Samoled Total ~ with HF Found r.xa::ilnatlon 

netallic Duct, Fibrous £!!!!. ~ 

w 
Upstream 9B0 17,7 0,018 13,0 0 0 None 

nownstream 806 13.6 0.017 8.8 0 0 None 

X 
Upstream B30 34.6 0. 0 42 14.2 0 0 None 

Downstream 765 2B .3 0.037 12.7 0 0 None 

y 
Upstream 935 21.0 0.023 18.l 0 0 None 

PO'mstream 795 16. 0 0.020 12.5 0 0 None 

_,J 
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DAMPER 

[i] 

FLOW NOZZLE 
1" (12 2 I. 0.) LOUVER 

2' EGG CRATE STRAIGHTENER 
IN 8' 12"x 1211 DUCT 

TRANSITION SECTION 
(ll"x II" OR 12

11 
RD.) 

TEST SECTION 

(i] UPSTREAM SAMPLING POINT 

@ DOWNSTREAM SAMPLING POINT 

Pigure 1. Plan of NI~JI. Test Set-up Showing 
Location of Sampling Points 

rn 
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Figure 2. Photograph of Test Set- up in 
Operation in Granville, 0hio 
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Figure 3. Photograph Showing oowns t=eam Saropling Loca tion 
and Pump Attache d to !so- k inetic Sampling Nozzle 
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Figure 4. Close-up of Pump and Filter Housing 



STAPL I NG 
FLAP 

CUT EDGE 

Figures. Steps in the Construction of Rigid Rectangular 
Duct from Fibrous Glass Dur.t Board 

STAPLED 
JOINT 
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'1111.0IJS Ct.ASS LUIED AIR TIWISHISSION SYST£1~: 

AH ASSESSHERT OF "HEIR ENVIRONMENTAL EFF!!CTS 

V. Clark Coopar, K,D., J , LeRoy B•lzer an~ Douglaa P, Fovler 

'l'hi■ ■tudy vu undartaken a■ ~•rt ot a coctinuing proj ect vhich 11 

aimed at dataraining th• expoaurea to airborne fib roua materiala of certain 
I 

occupatiocal group■, and of the general public , 

thia part of our a,udy vaa " •.. to obtain quantitative estimates of the 

The atated obj ective of 

/. 
uiount■ of fibrous slaa■ introduced into liviug and working area■ from 

Yentilation or heating duct■ lined vith fibrou, glass." I I 
To attain thi■ obj ective, ve ■ought the moat direct method available' 

• for making auch estimatea. Heasurement of the concentrations of glass 

fiber■ in air bt for0 and =~t~r pasaage of th-~ air through fibrous glass 

lined air trana~ias ion systems vas aelected. 

SAMPLING METHOD 

I I 

All air samples were taken by dra1o1ing air through Millipore type AA 

(0.8 '11111 mean pore size) organic membrane filters at flov rates between 0.1 

and 2,0 cubic feet per minute. Samples taken from moving air strem:is were 

~en "iao-kinetically"; air velocities st the faces of the sample filter 

; , .. holders matched(vithin ± 25%) the velocities of the sir streams from which 

aamplea were taken. This was 6ccomplished by selection of filter holders 

vith auitable size openings for the general rang~ of the velocity of interest 

and then adjusting pump flow rate to bring the face velocity within tolerance • 

... .... 
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Alf J.'lTlCAL METHOD 

Analyai• of •aap1~ • . ,.L by the •tandard method developed by Lynch 

et al, of the United State• Pub1. lic~lth Service~ A randomly ■elected 

portion of tha expoH d filter was aovntad •. ., "-:leared" by addition of 

a aountina medi11111 matchina tha refractive index of ti.. £!.lter medium; 
' 2 t· 

100 randomly ~• l~cted micro•copic fields (area of each field• (7b ... ) ~ 
I 

The
1 

I • 

wra examined under phase contrant microscopy at 430~ ~~gnification. .. ' 

~ aicroacopic field w•• defined !,ya Pnrton eyepiece reticle, which was 

al10 u•ed to deten ne fiber eize (after calibration against 1 •tage 

mlcrometer). From thi1 examination= determined the number of fibers per 

unit area of filter, the aizes of those fibers, and made a preli minary 

identification. Th~a pral!:11nery identification was based on the morphology 

of the fiber• 1een, The presence or absence of biological cellular structure; 

_the presence or abeence of 1ynthctic resin coa~ing; the appearance of the 

broken ends of the fiber■; variation in fiber diameter in individual fibers; 

and the gross morphology (curved vs. "rod- like"; bundled vs. individual etc.) 

were all found to be significant identifiers of certain types of fibers. 

Each ample (and each fiber previously counted within those s.imples) was 

• further examined using petrographic microscopy, for more complet~ identifi­

cation of fibers. 

From the combination of microscopic methods six categories of fiber 

t:,pea were developed: 

r 
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1, Alloq,houa aynthatic ■inual (f1brou11 &lau) 

2, Cryatallioe natural ■ineral (a1be1 tifor1:1 ■inerall) 

3, Other mineral fib1r1 (include, uorphous fiber■ oot 

ideutlfiable •• fibrou1 ghu, fiber·• 1111aller than 

•- • __ the li■it of raaolution for politivc, identification 

but believed to be mineral on the b1lsh of morphology 

and lize, and other mineral fibers 11uch as the naturally 

occurrln& platy-aerpentinea .) 

4. Biological fiben (animal and insect: parts, plant fibers, 

yeaata, and molds,) 

S. Synthetic organic fibers (Nylon, Rayon, Orlon, et al.) 

6. Unidentified fibera. 

Cheractedu tion of fibers vas based pdmarily on our examination 

. \ 

I ,. 
I 

l 
:l. 

h 
I 

I 

of aampleD of fibrous materials, vith some rt!lionce on descriptive studiea 

from the acieotific literature.2 Our samples were obtained either from 

unufacturers of the material in question or from samples of fibrous glass 

liner■ at installation sites, 

SENSITIVITY AND RELIABILITY OF THE METHOD 

It 11 essential to consider the sensitivity (or lower limit of detec-

• tion) and reliability (reproducibility and accuracy) of the method, since we .- . 
,. must define the limits within which our quant:itative descriptions are valid . 

. ~hes~ will be dependent on inherent limitaticms of the method, as well as 

i • the care and skill vith which the method ill tlpplied, 

. . ... . . -. . -

r 



-4-
. 

'rb• •eu•1t1v1ty of th• ••thod of •upl1ng •nd analy•1• 1• prioarily 

dependent on th• li■1t• oC r■aolution of the m1cro1copic exa~1nation of 

ch• filt•r•• Our obviou• lover limit of detection 1• one fiber, in the 

totel aru of th• filter axaained. The nalle1t fiber whlch can be •een 

1· 
!.-

t 

(and identified•• fibrou•) in the pha1e contrast m1cro,copc has a diaceter 

of 0,5 1111. Th• nall••t fib■r vhich vill give an identifiable pattern in our 

, petroaraphic exUIJ.nation haa a diueter of about 1,6 \1111, Since it 11 

critical to determine th• cry•tallinity of fiber• to differentiate between 

1le1e end other mineral fiber•, our low, limit of detection ia one gla•• 

fiber lvith a diameter of 1,6 um, or greater, and a len&th (from the defini­

tion of "fibrodty113) of 4 .8 um, J per 7800 um2 of filter. 

It 1• more app:opriate, however, to convert our "absolute" ■ensitivity 

(of one fiber) ~o a volumetric •ensitivity, exprc11se~ aa fibers per liter. 

To calculate •r-1itivity on this basis, we dl~ide our li~.it of detection 

(one fiber) by the fraction of the filter taken for analysis (approx . 1/1500), 

divide the result (approximately 1500) by the sample air volune in liters. 

Aa an example, con•ider a •ample taken at a flow rate of one cubic foot of 

air per minute (28.3 liters per minute) for 16 hours. The total volume 

•ampled is 27, 168 liters, and the sensitivity is 1500/27, 168 • 0.055 

fibers per liter. 

It ia theoreticnlly possible to increase sensitivity by several cethods . 

~ Perhaps the most apparent of these is cxamir,tion of e greater proportion 

of the filter. Thia ia not a practically valuable method, qince it rapid!y 

become• burdensome in terms of time for microscopy, ~e estimate that the 

r 
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ti• required to eccuretaly count, ai,e, and identify the fibers found in 

100 llicro1copic field• 11 approxillately one hour. If, for the aake of 

eot1plet1ne11 of en1ly1i1, va vi1had to exaaine the total araa of a filter, 
I 

thi• would require approxia4taly 28 11an-<.1ceka for microscopy alone, witho\' t 
I 

con1id1retion of the ti•• required £or anal yaia of data . We have found 

that 100 f i • lda i i the optimU.: for our examination, primarily because of 

the eye-1train involved in thia exacting anlllyais . Further, we feel that 1 

it i• 11ora producttva to &XU\ine additional s amples of air t aken at 

different times rather than attempting to extrapolate from a 

examined aamplea. 

few intensively 
I 
l. 
i 

Another apparent aathod for increasing ~ur volU111etric densitivity would 
I 

•ba the t aking of ur1er air aamplea; this was done for ■everal samples (~d 

i• reflected iL the lower limit• of detection f~. aevc.&l of the aystelll5 

in Table I). 1 .. the1e samples, (aome of whit:,, were taken for as long as 

80 hours) it was noted tha t there' was a definite trend to\.•ard "los,'' of 

fibers. Thia wa, due to the l arge quantities of mi scellaneous particulate 

material , which tended to cover and obscure the fibers, making microscopic 

uamination very nearly useless. 

Although our sens itivity is an i mportant factor :o be considered in 

data evaluation, perhaps of more i mportance is the reliability of the method. 

We do not attempt to make any 0U111erical definition of our accuracy ; detemina­

' tion of this would require extensive preparotton, dispersion, and sampling 

of know concentra tions of fibrous glass aerosols in the r P,ge of concen­

trations reported here, and the present state of aerosol technology has not 

• 1 .. . 
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advuced co th• point where thi■ i• pos■ible~ The other =ajor co~ponent 

of rall■bility i■ reproducibility the dear•• vith which ■ucr.eooive measuro­

aant■ of th• ■Ula (or purportedly 1imil■r) quantities ere in agreeaent. 

1D our ca1a ve vi1b to luiov bov closely ve are able co describe the varia7 
uon in concentration■ eatiuted from the same air. There are several 

I 

point■ at which aupling variation can have an effect on our result■. In ; 

the progrea■lon of eventa vhlch culminate in the counting of fibers on a l 

prepared filter mounted on a microscopo alide, the first point at which 

variation might be expected i s the air ■ampling. We are unable to give a!· 
quantitative description of the reproducibility of our results at this 

,. 
,; 

pojut; aequential 1amples are not representative of the same body of air, I · 

aampling from e~de-by-aide filter holders introduces disturbance into the 

"flova of air into the filters, and (as previously stated) ue are unable to 

senerate known aerosols (or uniform aerosols) in uhich this variation could 

be measured. 

Bouever ve can teat the reproducibility of rereading the same oounted 

·. ,ample and the variation introduced by taking several different oounts of 

the s ame filter. The coefficient of variation for rereading the sa:ne 

mounted sample vas 6.0%. Several portions of the same filter were oounted 

• and counted on several occasions; the differances ranged from Oto over 200%. 

'.. • It ie our feeling that this is the moat important determinant of sampling var-

iation in our method. . i 

.. , 

!I 

,. 
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l!LEctlOK or SAMPLING SITES 

On• of th• ■o■ t chall• ot ina rortlon■ of tha ■ tudy va• the ,election of 

lit•• for 1u plin1. Th• obvioue aim va■ to ■elect air tran■mi11 lon ■y1tei::ia 

which would be rrpra■entativa of ■11 auch ■ye tem, . Early io the project 

it va1 raaliced thar thi• va■ 'ar. impo■aibility; the variety of type1 and 

ua•• of fibrou■ alu■ product■ in air ducts precluded~ complete ,urvey. 

rurthar, it va1 found to be difficult to de1cribe the 1y1tems which vere 

1ean. ThGra vera di■crapancie• between the extent of fibrous glass lining 

de1cribed in plan• and that vhich vae seen in the 1yetems; operating engineer, 

.(in charge of the building, ■urveyed) frequently were found to have an in: 

. accurate ldea of the location, and extent of such liners; and the systems 

were frequently difficult to inspect, making an ::n-site c••aluation diffict • ~. 

Naverthel11a 1 ~- do not feel that our ■ tudy ~s invalid because of these 

factors. We 1elected 1 from 30 building systems which were surveyed (either 

by a review of the plans, or physical inspection), 13 systems from which air 

1amplH were taken. In these 13 systems, we were certain (from physical 

in1pection) of the presence of fibrous glass in at least one portion of the 

1y1tems; samples were taken of the air after it had passed through these 

portions. [The assumption was made that any effect ~f fibrous glass lining 

on the quality of the air coming through the aystem would be noted after 

. passage of the air through the secti on of the system which was known to be lined]. 

-· \ . 
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l!SULTS 

Data fro■ the 13 ayate■e ere auaurized in Table I, Because of 

conatrainta on available ahplin& ait ea , tt wea not poa■ible to obtain 

•••Pl•• from aqldvalent aitea at each of the ayatem.s, Because it wa1 

., 

ao1t convenient to take air ~••pling in three building• on the Univer ity 

of California'• Berkeley Campu■, aeveral hundred samples were taken in 

than, Hated u Syatau 1, 2 and 3, Systelllll 4 through 13, where the 

nwaber of •••plea wee leaa, are grouped together . Individual anmple 

reaulta for theae aitea are reported in the Appendix. 

I , 

Although thero were wide variations in concentrations of glass fibers 

in Clutaide air, within ducts, and within buildings, air within ducts 

,•• ahowed consistently lower concentrations than outside air. Figures 1 

and 2 illustrate the relationships observed, 

Although there were far too few fibers in the acctDJulated air 

aa■plea from any one eystem to draw a statistically valid conclusion 

regarding the size distribution of glass fibers, the general ranges 

vere 1.6 micrometers to 35.3 micrometers in diameter. An estimated 

1eometric mean was 4.S micrcmaters. 

DISCUSSION 

In the 13 ayetems studied, there did not appear to be any measurable 

increase in air-borne fibrous glass due to the passage of the air stream 

over fibrous ~l~ss duct linings. If there v&s erosion, it was offset by 

• ' 

,. 
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depoeitiCK1 aod mitrapMnt of fibera. In nearly all instances , air 

vithin ducta had f..,er al••• fiber• than either outa ide air or air 

i-diately after paaaage through inlet filters. The decrease was 

both in concentration• of air-borne gla11 fibers and in the proportion 

of total fibers Ldentifiable,a■ gl••• · Over 95% of matched individual 

air aamples (taken the S&IIIC day in the ■aoc building) showed such a 

nlation■hip. 

Statiatical comparison of the sizes of the fibers which went into 

and ca111e out of duct systems showed diffe~ences for "other fibers" ae 

,. 
I: 

I 
well aa glass fibers. The concentrations and characteris tics of the total 

fiber "populations" in air pa91!1.tog through thr. systems studied were 

changed, but the causes of these changes could oot be deteroioed with 

the lilllited dntn available. 

To place the :oncentrations of fibers which were observed in proper 

perspective, we would like to emphasize that the numbers were quite sa:all. 

In spite of the relatively lo~ge volumes of air sampled in the three 

syatems which were intensively studied, glass fibers were relatively rare. 

The highest concentrations were found in ambient air. In ambient air 

samples in the San Francisco Bay Area (which included but were not 

lilllited ta the results reported in Table I), we have found glass fiber 

concentrations to range from <0.05 to 10 f/L, with a cean of approximately 

0.2 f/L. The estimated weight of the "overage" glass fibe:.- "-hich cakes up 

,I 

r 

.1 

I 

I 

I 
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deposition and mtrapaent of fibera. In neorly all inatances, air 

vithin duct5 had f~cr glu■ fiber■ than tlthcr outs ide air or air 

illlllldiately eftcr pa■aage through inlet filters. The decrease was 

both in concentrations of air-borne glaao fibers and in the proportion 

of total fibers identifieblc,as glass. Over 95% of matched individ11.1l 

air 11a11ples (taken the sa111e day in the ■ame building) 11howed 11uch a 

relationship. 

Stati11tical comparison of the size~ of the fibers which vent into 

and came out of duct aystems 11howcd diffc~encea for "other fibers" as 
I 

vell ea glas11 fibers. The concentrotionc and characteris tics of the total 

fiber "populations" in air passing through the aystem.s studied were 

changed, but the causes of these changes could not be detcn:uoed vith 

the limited data available. 

To place the concentrations of fibers which were observed in proper 

perspective, ve would like to emphasize that the numbers vere quite sital.J. 

Io spite of the relatively large volumes of air sampled in the three 

aystems which were intensively studied, glass fibers vere relatively rare. 

The highest concentrations vere found in ambient air. In ambient air 

samples in the Sao Francisco Bay Area (which included but vere not 

limited to the results reported in Table I), ve have found glass fiber 

concentrations to range from <0,05 to 10 f/L, vith a mean of approximately 

0.1 f/L. The estimated weight of the "average" glass fiber which makes up 

,\ 

r 

I 
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1veepin& 1ener1lization.1. Conclusions based on the 13 systelt.5 studied 

1hould not be extended to other 1ystems less well desi gned, poorly 

uintained, or conatr~cted from aiateri ala no t intended for use in air 

IIOVing ay1tecs. We do feel that the aystelll!I ve studied are widely 

representative and that; the p
0
eriods of s11111pl.ing and nucber s of samples 

(over 600) were adequate to indicate tha t pr·oper;y designe~, constructed 

and maintained air tranambdon systell'..9 line,d with fibrous glass do not 

add glasa fiber■ to the air stream. 

SUMMARY 

1. In 13 air transmission systems line,d vi th fibrous glass , 

' I. 

I. 
there was a decrease in concentrations of glass fibers in air after the 

air had passed through the systems, both in number of glass fibers and in 

the relative proportion of total fibers whic:h were identifiable as glass. 

2. Data did not preclude the occurrenc:e of erosion, but any which 

' • occurred apparently was more than offset by deposition and entrapment 

• of fiben in filters and elsewhere within the sys teCIS. 

3. Glass fibers within buildings corn!lsted more closely with fiber 

concentrations in ambient air than with air exiting from the air supply 

systems lined with fibrous glass. 

4. The concentrati~ns of total fibers and glass fibers in ambient 

air, in air exiting air supply systems, and in buildi ng areas were extre~ely 

low and do uot appear biologi.:ally significant. 
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CLASS AND OTIIER !'IDER CONCEIITRATIONS IN I • ~ 

TlllRTEEN AIR TP.ANSMISSIOII SYSTeMS 
, 

I 
I 

' I '~ ( FIUlms PF.R LITlm) I 

' I I I ' 
Outside Air Filtered Outside Air Air Within Ducts I Duildtnc Spoc! Ai~ 

Fibers Averacc Rnnce of Average RMce of Average Rnnce of I Averace Range of 
per I Conccn- Conccn- Conccn- Concen- Concen- Concen-

I 
Concen- Conccn-

Liter trat1ons trot1ons trat1ons trotions trottuns trntions trotJ.ons trations 

Syate11 Cl:lss Other Class Other ,:a Cl1111s Other Closs '.lther ,:a Class Other Clase Other ,:6 Class Other Class Other 7.a 

l 0,26 1.51 <O,l- o.s- lS 0.05 0,24 <0,04- <0.04- 16 0,03 0,15 <0,02- <0,02-
15 0.17 1.35 <0,05- 0.1- 10 0,56 2.6 0,45 1.2 0.2 O,(i3 0.55 2,6 

I 

<0.05 0.2- I <0,05-
2 0.27 2.42 l,23 9.3 12 0,05 0,60 8 

' 

<O.'ll- <0,01- l34 <0,01- <0,01- I 
3 • ·* ti * 0.11 0.22 0.02 0,14 12 ' 0,9, 0,93 0.19 0,56 I 

I 

4-13 4.47 3.33 0.4- 57 1.22 1.43 <0,1- <0.1- 46 3,6 8.16 <0,1- <0,1- 31 
8.8 7,0 10.0 9.0 20.0 

.-. 
I ' 

• Z of all fiber■ wldch were gla■■ , 
I 

Taken fro■ ■ccumuloted fiber d■to; may not -tch concentration data, 
I 

• l 
' Out.■14e air coccentrations probably dail■r to those in Syatema 1 and 2. I 

I : I I - --·-- --------- --•·-- -~--:.-. . . ·--- - • 
I t. l . • • . .. .. . . . . 
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lyatm No. 1 . Thia ia • large acienc• building (about 7 years old) 

containiu; clu arooms , labora torie,, offices , and ■hops , The total volume 

of tha air aupply ay■tG i■ about 300,00r cubic feet per minute . Air is 

takan in t hrough a around level inloc, \ iltered through a fibrous filter, 

heatad or cooled by puaage through w- ter-cootaining coils, aod discharged 

into a larga main air ahaft for dalivery to the floors of the building. 

'Ihia air abaft i■ lined with 1' thick coated fibrous glass insulation of 

5 lb■, per cubic foot dent lty, and air is t aken from it to the occupied 

-apace■ vi.thin t he building through unlined sheet me t al ducts, Exhaust of · 

air frr,m the building i a accomplished by the chemical fume hoods in the 

la~ora tories, and ahauat outlets are on the roof of the building (about 9 

floor• above the inlet). There is no recirculation of air. 

Haxicum air velocity i n the systec (in areas lined with fibrous glass) 

1a about 2500 fpm a t the fdn outlet i mmediately prior to discharge into the 

ma.in air ■haft. Velocities decrease with height of the shaft, as portiond 

of the air aro taken for each of the floors in turn, until an effective 

- - zero velocity is reached at the top of the shaft at roof level. 

In order to define the concentrations of fibers within this systec, 

air samples were taken over a tvo-'Clonth period at four sites within the 

aystec, Samples were t aken at the inlet of the system before filtration of 

the air (des i guat ed : "Pre")• immediately af ter the filter, before entry of 

the air into the fan and passage through the duct system (designated: ''?ost") • 



Within an outlet du~ di1charging into the 8th floor hallway (designated : 

"Duct"), and in the 8th floor hallway about 50 feet away from the outlet 

of the duct above (duignatcd : "Ball"). 

Syatee1 No . 2. Thia 1y1tem aervea the ground and first floors of a 

110darata •~~ed building, containing claasrooms, laboratories, and offices. 

The building 1■ about 10 years old. Although the main ducts both upstream 

and downstream of the fan■ contain fibrous gl• ss lining, this extends 

(linearly) only about 30-40 feet; and the bulk of the duct work is unlined 

aheet metal, externally insulated with fibrous gluss. Total capacity of 

the aystec is 25,000 cfm, and maximum velocity in the ducts containing 

fibrous glass ia 1500 fpm. The ayatem draws air from a plenu.c on a roof 

■urface at the 3rd floor level and discharges vith an exhaust fan throu6h 

■tacks at the 6th floor roof l ~vel. There 1s no r ecirculation of air. 

The fibrous glass lining is a low density 1-inch blanket, vith obvious 

tesra and patchc1 removed, particularly in the damper area where it has 

apparently been used as a valkvay and work surface without protection, 

Because of the design of the system, it was n~t practicable to sao?le 

the •1~ after filtration but before passage through the ducts. In order to 

obtain a reasonable comparison, simultaneous samples were taken at the roof 

level entry to the system and within a duct on the first floor. 

System No. 3. This syutem serves part of another moderate sized 

building on c.mpua, again vith classrooms, offices and laboratories. This 

,-
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,uild ina vaa built about 5 year• ago. The volumetric rate in thi■ ay1t eia 

1a about .50,000 cfg, and the maximw:i velocity over the fibrous glas■ 

ltnin& ia about 2000 feet per ■inute. The duct work in thi■ aya t em is 

■oro extensively lined with fibrous glass than in either of the fir■t two 

6 lb. density, 1-inch thick, and is used in all 

■ain aupply ducta up to the final delivery ducts leading to the occupied 

apaces which are aarved. Por all ■paces, then, only tho las t "run" of 

duct is unlined, varyins from 4 to SO feet in l ength. Exhaust of ai r ia 

through a separate exhaust system, dis~harging at roof level, while air 

is supplied to the system through a ground level entry. There is no 

recirculation of air. 

Air aa:i?lea were taken at two points vi.thin the st~t em : i=cdlately 

,. 

'! 
I ,. 
t l 

' . 

after the fUt~-: before entry into the fon a,1d :!:Jct v~:-~~ ( ''Plenum" aampl .;) , 

and vi thin an ~•Jtlet duct on the 4th floor, ;upplied by the same fan 

("duct" sacples). There· are about 160 feet of lined duct between these 

two points. 

System No. 4. Nev Construction. The opportunity to deter:nine the 

amount of erosion from a nev systec was presenteJ by the completion of d 

new building on the cacpus. This system i s of . ~latively lov velocity and 

is lined throughout wit h fibrous glass. There is no recirculati on of air 

in this system. Samples vere taken of the general air inside and outside 

the building during cons truction and of t~e air within the ducts during 

the first "blov out" of the syGtem as vell as of the air during initial 

stages of balancing the system. 
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The ob1arved concentration■ of &laas fiber• within the duct■ durlr; 

th• initial "blov out" vere 0.4 f/L, 0.5 f/L, and 0.6 f/L. In the air of 

- tbe roo:i.s 1erved by the above duct1, the concentration, were 1.0, 0.7, 

The outside air, vhich ~as draw throush the system unfiltered at 

thi■ time, contained 0.8 gla11 fibers/liter. 

A month later, am:iplea were taken when the system wes again activated. 

At this time, outside air contained 1.5 glass fibers/li:er; air after 

pusaie through the duct work contained 0.2 glass fibers/liter; and rooc 
I 

air contained 0.3 glasa fibers/liter. j. 

Samples were taken overnight at this time, after the ventilation 

ayatem had been shut off, and outside 3ir wns found to contain 0.2 glass 

fibers/liter while air i~side the building ~tso contained about 0.2 glas~ 

fibers/liter . 

Syste:u No. 5. This 7 year old aystec serves a drafting room in a 

highschool arts and crafts building. The system consists of a furnace/ 

forced air "conditioning" system and s·erves only the one rooc. Air is 

taken in at ground level inlet, heated (depending on need), and dispersed 

through a fibrous glass-lined duct system with t~o branches; one about 

■ix feet long and the other about 28 feet long. The lining is 1 1/2 lb. 

per cubic foot faced liner. Exhaust froc the room is by diffusion through 

doors and windows and through a single exhaust vent exiting at roof level 

of the sinile story building . There is no exhaust fan. Velocity is about 

300 feet per minute in the supply ducts. At the time samples were taken, 

r 
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cha sys tem lad been shut dovn for about two weeks. The ays t em was 

reactivate d for our v111t and had beeo opcra: ina for about one -half hour 

before aampl1ng waa begun, 

the outs ide air at the entry to the 1ystem showed 

. 
; 
I 
I 

I· 
I 

concent ratiol15 of S.9 and 8.S glues fibers/liter ,•h Ue a smaple of outs ida I"" 
V 

air t aken on the other aide of the building cont t i ned 6.8 glass fibers/liter. 

The air after pos1• ge through the six foo t duct contained 0.6 glass fiber/ 

liter; after the 28 foot duct the concentration was 0,8 glass fibers/liter. 

Tli• air within the room s erved by the ~ystem contained 5,2 glas s fibers / 

liler. 

System No. 6. This nys tem serves about one-fourth of a grade school 

buildir.6 and WAS installed in 1967. Filtration of the air i s by standard 

disposable "furnace filters". Air enters tl,e system at roof l evel and 

is distributed through a combination of heavy duty fibrous glass duct 

1ystem and flexible fibrous glass ducts. Representative outside air 

samples could not be obtained at this site. Samples were t aken within 

the building at three sites: within the diffuser openings of c,.,o sepnrate 

. "runs" of the fibrous glass duct system and of the general rooo air iu the 

room served by the two ducts. Recoval of air from the building is by forced 

exhaust to a roof-top vent separated from the entry to the systec cy nbout 

• 50 feet and an intervaning gable roof, The level of glass fibers at the 

first duct outlet, downstream of about 55 feet of duct system and six feet 

of flexible fibrous glass duct, was 0.3 fibe~s/liter. At the second duct 

syste::i , downstream of about 20 feet of heavy duty duct and again about six 

feet of flexible duct, the concentration was 0,4 fibers /liter. Room air 

concentration was 9.0 fibers/liter. 

r 
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Sy1tH No. 7. This 11 a newly cons tructed (1969) junior collc&e 

bu1ine11 ac!miniatrotion buildina. The 1yste~ r ecycle, air, the respective 

_ pnrcenta~e• of out1ide and recirculat ed air depending on the inside/outaide 

caperature dl~feren_t!al, "1th control of the percentage controlled 

autoaatically by theraos tat. At the time of the visit, the percentage of 

recirculated air was about 35%. The return air _passes through a false 

ceilin& plenum which ia lined with sprayed fire?roofing. Although it was 

aot possible to obtain a 1ample of this material, it was the impression of 

the buildin0 manager that the material contained asbestos. Air was filtered 

by a standard mediwn efficiency filter, both the outside air entering the 

1yatem for the first time and the portion of the return air which was to 

• oe recirculated. The portion of the air exhausted froc the rooms of tl•e 

building which was to be ~dumped" was discharged at roof level of the two 

atory building. Maximum velocity was about 950 fpm. Air samples were 

taken in the filtered air stream entering the system (concentration: 2.5 

&lass fibers/liter), within a duct outlet dowr,strcam of about 60 feet of 

duct lined with a "multi-density" duct, liner (concentration: 2 .6 glass 

fibers/liter), in the air stream entering the return air system froc the 

room (less than about 1 fiber/liter), and within the room served by the 

aupply duct sampled, where the concentration was 3.8 glass fibers/liter. 

System No. 8. This is a large system serving a college library 

butlcting. The system has been extensively remodeled and altered since 

original installation about 6 years ago. Building plans were incomplete, 

and details of the extent of duct lining were sketchy, but it appeared 

r 
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llltely that
0

001t 1upply duct, vere nearly cocpletely lined with fibrous 

.,lau of varyins d0nsitie1. M4lcicum :iir vellocity over lined portions of 

the duct work vas judsed as probably belo\l lLS00 feet per minute. The 

9Yate1:1 =k•• uae of rocircul:ited air• and the percent aise at the tice of 

· • -:;--the- viait 1n1 about 80% recircul.ated and 20it outside air. Entry of outlide 

air to the ayatem is through a ground level inlet, and exh:iust of the 

portion of the return air which ia not reci1rculated is through a roof level 
I 

(fifth floor) discharge. Single samples sh1,wed concentration vithin the 

etreai:o of u.nf1ltered ratside air was 2.4 glass fibers/li:er; within the 

plenum, where ouuide and recirculated air are mixed after filtration 

.through a "mediUC1-efficiency .ft lter" • the c1mcentration was 0 (less than 

_ 0.4 glass fibers/liter); at a duct oi.tlet on the third floor of the 

building downst_..:am of about 80 feet of limid 01.o.:t, th~ .:.:ncentration \las 

1.5 &lass fibe.- 0 /liter; at the our.let of a d··-:t serving a ground floor 

rooc, the concentration was 7.0; and the air within the ground floor rooc 

contained 0 (kss than Ci .3 glass f1bers/lit1?r). This last duct \las about 

150 feet long an~ appeared t.o be completely lined with fibrous glass, 

althouz~ of a different type than that cal11?d for by the materi:il specifi­

cations for the building. 

System No. 9. This again was a large system, serving a college arts 

building which had been constructed in 1964 .. Air was also recirculated in 

this ayatem with the percentase recirculated at the time of the visit :ibout 

85%. Maxim= velocity of the air stream in the lined portions of the duct 

► ~. 
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ayatea vu )uda•d to be not areater th.:in 2000 fpi:i. The fibrous i;l.:iss 

product uaed in this aystem V4■ i:iedium density !aced liner. Exhaust fr= 

the aysteo vas through a roof-top discharge , about six stories above the 

around level entry. Single samples at t he entry in the unfiltered outside 

air streu indicated a concentration of 0.4 glass fibers/liter; of the 

filtered, mixed,return and outside air wa, 1.3 glass fibers/liter. Within 

tvo supply ducts on the firs t and fourth floors of the building, do~~stre= 

of, reapectively, 40 feet and l !i0 feet of lined duct, the glass fibers/liter 

vere respectively 0.3 and O ( le~a :han 0.1). 
~ 

System No. 10. Thie 5 year old system vas somewhat different fro~ 

those previously discussed since it was a high- pressure, high-velocit/ 

.ayateo . Bot and cold air vere supplied aep.:irately to general are.is of the 

building, such ~G ~ sing!: !arge room or a g. Jup of small offices, through 

hii;h-velocity unli:1ed du::s, and mixed for C:~livery throu~h lined ducts in 

aall fibrous glass lined plenums, with the mix controlled by are.:i 

themostats, The ple11ums served an additional purpose as "sound traps" for 

suppression of fan noise, The system recirculated nearly all air with ~nly 

about 10% outside air added, All outside and return air was filtered after 

mixture through a high efficiency, double filter systec. The maxim= 

velocity of air traversing the fibrous glass liner, after passage through 

the high-velocity portion of the system vas about 500 fpm, and it vas 

reported by the building engineer that the system had no fibrous glass in 

the air stream except downstreac of the mixing plenums/sound traps. Sa:l?les 

were taken of the mixed/filtered air stream and within a supply duct 28 feet 
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d01111Strell: ot a mixing plen= , with air velocity of about 300 fpm through 

the length of tho duct to t ho aingle outlet . The concentration of glass 

fiber• 1n tho iaixed inlet ai r after filtratio~ was 2.1 fibers/liter; the air 

tne teateil outlet- duct contained 0.1 glass fibers /liter. 

Syatcm ~o. 11. This sys tem, also about 5 years old, served a junior 

. collei;e clasaroom and office building and was a i•mediuo-high velocity" 

1y1tem, with air paGaing th=ough fibrous glass lined ducts at an average 

velocity of about 1500 fpm for most of the distance froc fans to the roocs 

aerved. A3 in the previous system, cold and warm air were separated for 

. most of their travel and mixed in plenu::is before delivery to general areas 

• of the building. Entry of air was through roof-level grilles at about the 

third floor le,.el , ,ihile discharge was at the fourth floor level, about 

100 horizontal &eet from the entry. The fih·~us glass liner in all 

visible portions of the duct work was mediw:i density. Air was recirculated 

here also, vith a mix of about 25% outside air to 75% recirculated air. 

Samples of air were taken at the ent ry plenum in the stream of unfiltered 

outside air where the concentration was 0.8 fibers/liter; downs tre..o oi 

the filter through which passed the return air before mixini; with the 

·outside air for filtration and delivery to the building, there was a 

concentration of 0.3 fibers/liter. The concentration within a supply duct 

downstream of about 200 feet of lined duct was O (less than 0.5 glass fibers/ 

liter). 

Systec No. 12. This system, installed in 1960 1 served a cafeteria 

.... 
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within an oifice buildins. Air velocity was lov throughout the 1yste..i 

and the mo.ximu:u length of fibrous glass lined duct was about 25 feet. The 

liner in the syatcm wu light density and oll air used wos exhausted. 

Valid s;u:iples of the outside and room air were not obtained because power 

•upplies to the •maplers were turned off during the course of the sma~lina 

time. The concentration of glass fibers at the outlet of the supply ouct 

vas 0.9 glass fibera /liter, a level ~hich is simtlar to concentra tions oE 

al1LSs fibers in the outside air obtained at nearby sites during subsequent 

1ampling. 

System No. 13 . This system serves the 11th through the 19th floors 

of a large office building. Air is not recirculated in this syste~ but 

is discharged after passage through the building. The exact extent of 

fibrous glass H.ner in this system could nor he determined even after 

extensive plan review with the assislant building superintendent and 

physical inspection of the s7stem with him. Be had been in char0c of 

the fuilding inspection for the tenant firm during construction of the 

building. Maximw:i velocity of air through the system, at points lined 

vi.th fibrous glass, was about 2200 feet per minute. The liner specified 

in the plans was a medium dens ity faced liner. Sawplcs of air were taken 

vi.thin three outlet dur!ts, downs treac of about 150-200 feet of (pres\Clably} 

: , lined duct. The concentra tions of glass fibers/liter of air were 0.8, 

1.5, and 1.3 fibers/liter. It was not possible to obtain samples of 

outside air at the entry of this syste~. 
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~~nutac turar■ A■■oc1ot•on. ! &crvc •• Chatmon of the Nationol tn■ul•Llon 

~..tnufacturera .u■oc1at1on H alth and Safety Committee. 

With regard to the p,opoaod ?ollution Control Board Regul ation R- 71-16, 

Aab~•toa and Spray Inaulation, we re,pc~tful l y cal l your attention to 

P~rt lll, Section 302, paragraph (b) ~'hich rcada as follows : 

"Any plen= or other s. cuct1.,rc coa.cd with or contain1ng fibrous 

in■ulatlon and used i n the circulation of air 1n a building ahall 

be thoroughly cl1?.Jned of all debris and waste insulation. All 

appl1ed fibcr- contain.n6 1nsulut1on within a plenum or duct shall 

bl? coated with a ~~~lor.t which precl~de1 cxpoaureof the fiber­

containing :oacerlal to t,1>! c1rculuting air." 

We urge you to consi~er reviuing ?art Iil, Section 302 , paragraph (g) by 

inserting the word "sprayed" in both the first and second sentences as 

follows : 

"Any pl enum or other structure coated with or conta in ing (spr ayed) 

fibrous insul ation and used in the circulatior. of ai r i n a building 

shall be thoroughly cleaned o( all debr.s and waste inoulation . All 

(spr ayed) applied (1ber- cont3ining insulation wi thi n a plenum or 

duct 11hall be co3ted with a so!alant which pr ecludes exposure of the 

fiber-ccmtaining raateri,Jl to the circulating ai r . " 
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W ar reque1t,ng tht1 r~vl,.un ,o cl•r.fy the fundament al purpoae of 

to 111pnyed" fibtow.s in■u at ion. 

W b■lleve tht1 clarlficatlon i1 required because fib rou1 g l a11 ins ulation 

i1 applied in a i r tran,mi11ion 1y1tcn:1 . This material is applied by hand 

in board or blank■: form and •• not •?rayed . Unl ike sprayed in■ulat lon , 

fibrou■ glass duc t i ns ulation 1Wtcrial s are preformed and bonded. 

Fibrous glass duct insulation rna t er~al s meet the requirements of national ly 

recognized standard-mak1ng bodieb and arc approved for us e by key govern­

mental agencies . 

;:xtensive industr1al ;,ygiti:le engineering research s tudies ha"e been cnrried 

out by highly qualified univer s ity affiliated indus tri al hygiene engineers 

nnd phys~ciana . Studies both in the laboratory and in actual ins tallat1on1 

Jemonstra ce no significant erosion frorn the s tandpoint oi either heal th or 

comfort . 

The subject of safety and heal th has been utilized extensively by a certain 

few individual s and groups for the purpose of eliminating fibrous gl ass 

thermal and acous t iccl i nsulation {rom t he inside of ducts. This str a t egy 

and cam~aign has been pursued unsuccessfully. '11lc preponderance of medical 

and engineering scientific r esearch to dace shows fibrous glass i nsulation 

to be a biologically inert , safe , effective material . 

I 
I 
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Publl•h•d authoritative ~c~~cal •cient ftc r~aearch 1tudie1 over the pa•t 

JO yaara •how ftbrou1 gla11 to b a biologi cally inert 1ub1 tance wh i ch 

pra1eot1 no health ri1£ 6reater than any other innocuoue duat. 

The /uaart.can Confer ence of Coverru:iental Industrial Hygienist& has &crutinl~ed 

the 1c1ent1fic r e1e1rch studie1 concerning t he pulmonary effect• of f i brous 

gl••• and ha1 claaaificd this material as an iner t or nuisance-type dust . 

'Il,e Federal Occu?atlonal Safety Lnd Hea! th Act Standards of 1971 have con-

irmed thi1 cl aaeificat1on. 

All eubstanciatin~ evidence conce~ning the hea lth aspects of fibrous glass 

ar u listed i n our attached Nntiona l lnGulution Manufacturers Associati on 

bc.oklet, "Heal th Aspects of i:"ii>rous Cl.1su" . One copy of the supporting 

medical and engineering &ci~nti:i~ d~ta ih enclosed for cormni ttee review. 

We wish to thank you for the O?portunity of appearing before your Col:lllll t tee . 

Cli fford L. Sheckler, Chair:nan 
Nat ional Insulation Manufacturers Association 
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PREFACE 

lL 1• th• dncare dulre of Caterpillar Tr.actor Co. to cooperate with 

and H■J ■t the State of Illlnoia PolluLton Control Board in t he prep­

aration of the propo1ed Asbestos and Spray Insulation Regulations 

R71-16 in accordance with the Environmental Pr o t ection Act of the 

State o! I l linois . 

The purpose o f thi ■ bookle t prepared by Cate rpi llar Tractor Co. i s to 

s upplement t he statement and documen t th<? information present ed b:, the 

Comj\any at the Regional Hea ring on A.s besto:s and Spray Insulnt lon ileg­

ulations at Waukegan, Illinois on October 19 , 1971 

I ocluded in this booklet a r e : (1) CaLerpi llar ' s concerns r egarding the 

possible prohibition o f asbestos brake linings; and (2) Cnter pillar 's 

recommenda tions r elative to t h e proposed R,egu l otions which would ban 

asbestos brake linings by 1975. Also 1ncluded i n Appendix Bis a copy 

of Caterpillar Tractor Co . ' s o r al t estimony presented a t the Waukegan 

Hearing■ , October 19, 1971 . 

1i 
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I, INTRODUCTION 

A. Purpose of BooklcL 

The purpose of this bookle t is to supplement and s upport the 

oral statement made by Ca tetplllor Trnctor Co . at th e Regional 

Hearing on Asbestos and Spray Ins ulation Re&ulations at Waukegan, 

Illinois on October 19 , 1971. Recoll!m<'ndotions and sui;gcstions 

contained herein are intended to apply o~ly Lo products of a 

type and kind built by Caterpillar Tractor Co . TI1c information 

presented is bri.ef; the inte nt. is t o provide the Company ' s posi­

tion relative to the proposed ban on the use of asbcs to'l brake 

linings . 

B. Caterpillar Pr~duc t Linc 

Caterpillar currently produce1; 52 models of track or wheele d 

earthmoving equipment (in addttion to 53 model!. of Towmotor 

material h andling equipment), all of which have braking sys t elIIS 

which utilize as1>cstos fricti,on material. The following 1 i s t­

ing gives the number of model s in each specific product Unc 

(Appendix A pictorially i~lus trates the Caterpillar product 

line ) : 

6 - model s of track-type tractors 
6 - models o{ wheel- type tractors and compactor s 
5 - models of track- type loaders 
7 - models of whee l loa de rs 
5 - models of pipe l ayer s 

13 - 1nodels of wheel tractor-scr apers 
6 - models of ruotor graders 
2 - models of off-hi i;h1.·ay trucks 

....£ - models c,f off-hi.11i1way tractors 

52 - Total Mcidels 

1 
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ll, C.,Ti!Rl'Ii,LAA CO!fCER!lS 

A. PropoHd II gul tlon R71-16, " Aabc•to• and Spray ln uhtlo"" 

The 1p1cHic portion of the propoac,tl Rep.u lllt•on t hat co, I'm■ 

C■tarpUl■r Tra to r Co. 1■ l'ut Vll - o\Jlb<'ll to• Containing rrod­

uct1, ~act ion 702 , which 1tatl'~' 

"The u. of Ubl'■to■ Ir. the brakc lining .,f vchich•l'> 

manufdctur d alter January 1, 19/5, a~d aoJd for u»e 

in Illino is 1■ prohihlted . " 

B. t>at.ln.lLion of• Vchrc l e 

'Mic l11ck of a definition for the wort! "vehicle" in the proposed 

regulat ion ia of concern lo Cut e rpil l ar Tractor Co. The I l l inois 

Veh icle Code (Sect ion 1-217) def ln1.s o vehicle, as " eve ry dcvlcc , 

i n , upon o r by .,hich ony person or property rnoy b c t r &nsported 

o r d rawn upon a h ighway ... " . Al t hough this ,lefinilion could 

provi de some c l ariftcatlon Lo ti..- proposcd r egu lallon ( J f 

included), it i s obviousl y quite general. Carthmovi ng equ1 p-

ment doca not normally operate on public highways c.,d i~ not 

deai11ned for s u ch use , al though certain r qui pmcnt such 11s LIIL 

613 Elevating Scraper i s small and li gh L enough to b e driven 

on t he h i ghway in its movement from one job s ite t o anot her ; 

motor graders may also ~e used to repair and ma intain existing 

roads . 

Regul atory statu tes t~pically have Jifferent int cd between mot or 

vehicles a nd carlhmoving equipment . It is , therefore , the 

C.1111pany's sugge11tion t hat thi s dist i nct ion should be recognized 

2 
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aod dealt vJth by including Lhe followlr,& d!"flnitlon of vehicle 

in Section 103 of the propoacd Refulnllon 

Vehicle - Any aelf-propc 1 lcd drvlrc dcalgnl!d prlm11rlly 

for tranaportlng ptreons or prop rty on J s lre t or 

h hway. 

A apac1 {1c deCinHlon of thls t )' pc would propl!rly exclude fro,,, 

the propoaed RcaulaLion Parthmovlng and con1tructJon ~qulpment 

not dcalgncd primarily for uac on public highway■ . 

C. R!-aaona for Caterpilla r Concrm 

Unavarl! of the full intent of lh l! propos<'d Regul11lion and un­

certain as to whether or not Caterp i ll nr rroduct is included 

in t:te proposed Reculation, the Compnny felt iL manda t ory lo 

present its ca.se nssuroing the intent was to include e.'.lrthcov­

ing equipment . 

1. .Prohibition _tl Ashcstos Brake Linin~s 

It is t he Company ' s concern th~l ill "use of asbestos Jn 

btnkc lining ... 1.s prohibited . " /\sbcstos brake linings are 

used in all Caterpillar product because of their demons tra t ed 

safety and durabill ty chJract erlst ics (which will be discussed 

in more detail later) . At this tice , Caterpillar is unrn,are 

of a safe substitute for asbestos brake linings ( our c~periencc 

with sintered Ml!tal brake ma ter I .'.I I h as h,:,cn unsatisfactory) . 

fhe brakes on !o ome of Catcrpillur ' s equipr:tcnt arc tota lly 

enclosed . The brakes on many m<>clcls arc ir.uncrsed and rot .-~­

ing in cooling oil. In these cases , asbestos wear products 
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c ,tnt'C &«l into the etlNlap'iere exrepl poe•lb l y when the 

~cako COClparl~cnt cover• er r ovcd (or ■crvicc . Olhrr 

aodda havt brake■ wi lh 1httlda wh i ch 11n nol air ti ght 

and t.hWI brekll Uning wear product• can l!acapc Lo the 

a1 \Oaphern . The ch■ractcrlalica of the c wear produc-ta 

ere dcecr1bcd in Section ll l of this bookl et . 

Some Caterpillar model s uae coli pl'•· dis c brakes , which 

arc not enclosed, and the brake pads , containing 11sb<>s L01 , 

can Clli t their wear products dirt>clly into the air. 

2. Some ~ of Disc _!!rakes Art> No t .!!. Solution 

In the explanation of Proposed Regulations (R71-16), Lhe 

stotcmcmt i s made : "It is•conl l'lllplatcd lh:ll Lhc bon wi ll 

necessitate des i gn chonges , probauly to disc brnkes . . . " 

As previously mentioned, Caterpilla r Tractor Co . currently 

utillzea caliper disc brakes on s ome of i cs models; however, 

asbestos friction 11atcriol pads are stlll uLili zeJ in this 

tyre of brake because of Lhc s :ifc , !>ure slop LlH•y prc,vidc . 

It must be pointed out t ha t c.ilio!'1 disc brakes a rc nol an 

alternative solution .h!?_ honning ~.!!.£. ~ £f. asbes tos £_rake 

linings . In fact , with the open nature of cal ipl' r disc 

b rakes, it is easy for brake-pad wear products to he 

emitted . 
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III. PROB~tH lDDn"lFIC..\TIOS 

A. Type■ of C11trrplllar l'rodud llr:il. .. 

A■br■ lo■-Lvr frlcLJoo ratrnal 111 u t-.! l,•r t,rah llnln• lhtour,h­

out th entire• Jin~ of CAI< tplllnr Tr,1c1,,r rn.' <<trlhl1' •vlnr 

cqulp■•nt. A fc.., of t he r. 1Jcls .u,• ~hovn In Fl run• ::lo. I: A Is 

• whrl' l-typr- Lrarto r, D la • 1110t1, r i;rod,•r , C I~ 1 1,;hccl-tyrr. 

FIGUR!' NO . I 
EXAl'fi'LCS or CATERP II LAR C,\ RTWk1\' l~G ::QUll''trr:r 

loodcr , Die o wheel t r acLor- s cr.,r cr , ;,•1d E 1s .in off·hlt,hwJy 

t ruck . Asbes t os f r iction r,aLt'rio l is not used i n C,1 t crpi lia r ' s 

brakes f r om happc nst,rncc hut i s chosc•n f o r it!. p< rforr.tancc, r c ­

liobilHy nnd safel y . Sore of Lht' products use tl ry frict i on 

s urface br.ikcs and some arc bathe I in coolini; o il. For cxa:nplc , 

Lh c o!f-hi r,11'.Jav Lr11c-k ( C) h is t o l ullv t"nrlosed oi l coohd rnu!Li ­

dis c b r akes whil e Lhe whe el t 1act or-scr r, r ( D) h,1~ shoe b rake,; . 

Each :-,roducl (c . i: ,, Lruck , wh et' ! Lrnclor- scr.1per, e tc . ) r equires 

a spcci.fic brake lypc nml fr i clion mn Lt'rln l dcpcnd ini.: on it s pr imar y 

application, 

5 
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M early u 1937 C.11terrl 1 I r waa ,~ondurt in& rur,,rch wnri, to 

identify operalln& char Cll'rlat lcN of all 1,nown typr of bu~e 

lln1n& ■altr1al. ll!!.~ nPnully !.b_11..!_ C111,•rplll r pruvldc 

.!.L!' Su,tt9!Srp ~ il)_e l!.£.!l_ prrfoMlnf ant! s11fC>st br11k1 ~ 

.!.!lli.· So rar , II llllll'rl1tl ■up,rlnr ln " br tn~- t ypc lhAl fulfill s 

a ll the r equir arnta nc,l'dt'd for lhc hcnvv-duty '., rakcb rcqulrod on 

oa1 Lh■ovln1 equlpmcnl h oa nol hero found . 

TOIQUl •TIMI DIAOIIAM JOI TWO 
DlmllNJ rllCTION MAHIJAU 

ftnQUI CUIVI A 

FIGURE NO .. 2 
TORQUE CURVES OF FRI C!' ION MATERIAI.S 

Figure No. 2 i s o s Lr j p chore r e,:ordl ns of the t orquc -L i me r e­

l a tions hip for t wo diff<: r nt fric t ion ra t c ri a l s . These t wo 

traces il lustrnle Lh e f rictional beh nviour th rouKhouL a broke 

opplicnLion . In curve A, note the Sl!IOnth drcc I crat ion or brak­

i ng os Lhc ~1cel speed ls r educed Lo Zl' r o , from heginnlag t o 

e nd of s lop . This is one o f the char.ic t <'r i stics we cxpecL f roo 

asbes tos-t ype cmlerinl. On the o l he r ha nd , curve D o f o uon­

asbestos fri c l i on mat e r l ol s how5 undesi r ob le spcl'd ch ange eondl tions . 

The trace exhibit s considuab l e fri c t i onal v ibration. Thi s results 
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in nolaa and undu• alr•■- i n thr who l e br,~·r 1y1lr■, Thr abrupt 

chanp to • a tati c leve l at tne rnd o f b ralr.ln1 (as drcl<',I in 

Pl1ura No. 2 on tht riaht of c ur c II) cauau i nat i b t llty and an 

erratic , un1af~ brake ope rnt lon . 

FIGURE NO. J 
TRACK-TYPE LOADER WITH RAISED BUCKL'T 

If a track-type loader ( sec Pigurc No. 3) s t ops ab ruptl y , r a the r 

tha n smoot hly , whil e: back ing up wi th a r o i!Jed b11 ckc t full o f r ocks , 

1ome o f the r ocks l eave tne huckct and cont i nue i n the r e arward 

direc t i on and end up in the opernto, ' s l np. This s afet y h azard 

0 1 1 0 appl i e s t o o the r ea-rt hmoving cachi ne s wh i ch can spil l a 

load due t o an abrupt s top . 
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FICUIIB NO . 11 

TRACK-TYPE TRACTOR 
ENCLOSCD BRAKE COMPARTMENT 

The enclosed broke c0111partmenL in Figure No . 4 , s h own w! th 

covers removed, has bond brakes (noted by a rrows) , which arc 

used either dry or bathed in oil . In cf Lher case , due to Lhc 

enclosure, brake wear products cannol be emitted inlo Lhe run­

bie nt air dul"ing nol'mal oper a LJon. Whe, servicing thes e 

compartments, t !1cy arc exposed to the ambl ent o l r and tlae 

products found (Figures No . 11 and 12 and discuss ion) arc 

powder ralhc r than fibrous in nalurc and submicron in size . 
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FIGURE NO. 5 
OFF-ltlCHWAY 1'RUC 

ENC.LOSED, OIL COOLED, ~nJLTlDl SC BllAKC 

Figure No. 5 is an exampl e crf multidioc brah•s whi ch ar<' totally 

enclosed and bathed in cooling oil . Thr only Lil'lP brake wear 

product11 from this Lypr b rol r ore expo"t•d to 1 he ambient ai r 

i■ during servicing. Thfo brake ,.,as originnlly designed Lo 

uae s inLcred metal friction maLcrial. ro.,r tH rformanc<' , rc­

llabJ.1 1 ty, and safely rcqui rcmcnls ncccssi l :lLC"d c change Lo 

asbcatoo-typc -,,at cri,,1. 

-
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FIGl'l-L NO . 6 
rRTCTlON PLATr .;:rn WTP:<. rt A'fr. 

rnm, DRAKE rn nr.rnr ,;,1 . s 

Figure No . (, s11ows lh t' asbt't<tos cc,ntninlnr fr lcl l on plat,• used 

in the p1 cvtousl y mt'n tl oncd nu lli di,, off-hlthway Lruc l· br.,kt' 

des i gn. Th i s design of di sc brake sys t ,•m ca nno t em it w,•a r proil­

uc l s into the al r durlng o,c r .it ion due• l o ll s oi l cnv!ro,w,nl 

and the (ncl lho l il i & conl,llncd i n .in c,nc l oscJ comp.,nncnl . 

Flu\JRE NO . i 
MOTOR GRADER SIIOE DRAKE (DRml PC"·:OVF.D) 
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Plgur.- lfo, 7 1huwa a ■ hol• hr11h lo, 111 <'J In t he wh,·l I . ul rubht r­

ll r ed earlhmovl11g ,•q11tpml'nt. Hnlor 1, , a,1< r ... 1,0, hr.,1,,, . ., o[ thl~ 

,ype nonually an, ■hrou lc-,1 lo rro11•, t lhc <•11•1J1l in i: ,,. rt.11111 ., , 

n,c: 1l1t<Judlng r1ey allw hr11h• w.:or rroJ11l1 11 lo I,, 11:dllt1I lntu 

Lhc: a'lbit:nt olr alntt• It dor,a nol provl<J.• nn 11lrtlr,hl c,1.-11.inr •nl. 

HGURE NO. 8 
WllE{.L TYPE I.OADCR C/\Ll l'ER n1sc: 1\1:AKC 

Convent lonul caliper di sc b r akes or e ,also us c:u on some Co t crril lar 

product and arc sh own in Figure No . 8. Tlw pails in Liu· broke cal­

iper contnl n a!lbes tns . Wi Lh this type of brakl sy: L<cm .my brnk-, 

wear producls ore c,nltlc<I direct ly inlo Lhe ambitnl air . 
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The heavy-duty parfonuncc of Caterpillar anchines and their 

brak.ing r equir•ont a arc conalderab ly 111orr s tringent Lhnn auto­

_,tive appl ication• and need t o be explulned . It lh nonno l 

for track.- type or wheel loadrrs to ~o !orv,rd nnd reverse 311 

!raquent l J H 180 th1•• per hour , a ll day loni , nnd oft en t lirce 

ahtfu a day . Thfa means as many os 360 brnke appllca•. l ons prr 

hour. Bulldo&in& oper ation• alao requ~r e seve re usage ~f brake• 

11nce track-type tractors i r e s t eered by the broke& . 

Caterpillar 666 Wheel Tractor-Scraper1 welsh ~50 ,000 pounds when 

loaded to capaci t y . Typical npplicati:>ns w! 11 find these ,ma-

chines going downhill when fully loaded . The brokcs on " 230 ,000 

pour.J ac1aper, a topping from 45 miles per hour on the l evel , con­

vert enough energy into heal t c me l t 41 pounds of iron. (A t ypical 

pllSscnger car stopping from this s ame s peed wovld develop enough 

heat to melt 2/3 of n pound of 1 ron . ) Of course , dow-nhil l opC' r11-

tion increases the ener gy diss i pation fu rthc r. Of f - highwn:,, true ks 

weigh sli ghtly lesb and must pcrf~~ in sirnilor si tuntion~. 

Pipclaycr brakes must hold as much as 200,000 pounds of pip.? s us ­

pended over a trench, while men arc working bC!tleath t he pipe . 

Track- type tractors often operate in conditions where very s teep 

elopes must be ne1,1otia t ed (in forward and r everse) . Since thc-se 

machines arc steered by the brakes , the safest possible linings 

mu&t be used to prevent broke fai lure which could result in o 

1114chine attaining runawo~ speeds on these s t eep slopes . 
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lt I• Cncrpill•r'• c indid oplni,,n lh,it t h1• pn>hlhl t lnn of as­

b toa from bra•l' lining• would p l c1• a ,even r rr1olty on t hr 

,,erforwanc• and ••hty or <'llrlh"ovini:; tquli'l!IC11l. 

B. Brue Wri:r Procluc t• 

In the 01c,11ber 1968, •1 1 Pollution Cr•lltrnl A~~ndll!lnn l rwrn11l,, 

Jeremiah Lynch preaent,•d the rc•1,ll ■ of hi s !I Ludy cnt it l rd "llr.1kc 

Lining Dccompo■ilion Products . " ln on inlliol 11tudy, du'< t • 11n·r l cs 

t11ken f rom automobile broke dru11111 were examined . e l ectron micro­

grarh■ did not reveal the presence of ,1ny !rcr fiber. /\Jdilional 

study, on n laboratory bna is, W3S conducted . Decomposi tion prod­

uct■ of various brake linings wer e sacplcd undt'r s i mu l ated oper a ting 

c,ndiciom, . In oll but • very few COBCS thr linings LC'lted bhOWcd 

less than 1% free obscstos fiber in the deco-,,ro11 Ilion producl. 

This i'l II signlflcont finding since the origina l linings averaged 

50% asbestos by weight. rn the isolntc,1 c-.:i,;es where ,;igniCJ con t 

!ree asbes tos Ube r was found , the tes t condil Ions wen· s uch t h.,t 

broke failure would hove occurred if thL linlni;s h ad b,•en s ub-

jected to like condltinn• In .i vchlck . 

1.ynch states that i n a ll but the mos t extrem~ c!rivinc conditions , 

only a very sm'lll fr.icllon of the 30% - ::i0% a :.l,c,- tos pn·;.,ent in 

brake lining escapes into the wnbient atr.iosph<·rc ns ., free fibe r. 

Wear apparently occurs not by abrasion but ln minute areas o 

intense heat at points of contact betwt'en the ,lrum and lining . 

At these Lempt:ra tures , about 900° F . , de cr,.posltion products do 

not generally contain free fiber , but are a different miner al 

reaulting from the thermal breakdown of the as bes tos . 
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Recently, to■t• wer e u de hy Cat erpillar ' • Ru~ard1 Dt-pa rt■c.-nt 

on the weer debris found in an cnc l oat-J, t ractor , dry brakt' 

conpartllcnt which corrobor at e• Lynch' s f l ndl n&• · The fou r 

photograph• on the oppos i Le pa,io were madt- wt th .. n e l ac t roo 

microacope at 5000 x magn! H cot i on . Not e the 5 inicr on ( two 

t ch thousandths of an Inch or 0.0002") 'ICal c i n t h cent er 

of page No, 14 . Section 601 JII the propoaed Regulat i on 11tatu 

tha l "only fibers of 5 microns or greate r in l ength ... s hall be 

c •nled" in the c-:.'ssiona from a factory i nt o ambi ent ai r. The 

acrapings from an unus ed asbestos brake linlng s hown in F11ure 

No . 9 obviously have fibe r s longer Lhnn 5 mic rons in lentlh . 

Heating these scrapings (which prov1Jcs II l aborat ory s i ciulDLion 

of continued brake applications) froci an unuseu broke lining 

des troys thc fibroua; ncl ture . This is shC'IWn i n flt;11rc No . 10 . 

Mechanically rubbing t he deteriora t ed fibers In II brake would 

furtl.er powder t his uie t eriol. Fi gures No. 11 and No . 12 show 

the actual debri s found in dry brake compart ment s . Any f ibers 

visible arc submicron in s ize. With the int ense heat r esulting 

frrym brake application, it is expected tha t a breakdmm t o sob­

micron debris would als o occur in cncloseJ , oi l cool ed brako 

compartment s . 

I f the stander<! ln Section 601 of t?,c proposed Regul a t ion wer.: 

applied t o brake emis s ions into the ai r , the Drake w~a r product s 

of heavy-duty earthmoving equi pment woul d be under 5 microns in 

size and therefore be within thr eshold limils . 
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It ahould bo poinlt'd out thot there nre W<'ll over 100 dtff.!rent 

natural ■lnerala havtna a degree of fibrous 11t ruc-t11rc . Soi,ie 1n­

vutia1t ora conaider rcapirahle ftbtrs to be ubiqu1 Lous (evcryvhere 

at th• 11111c t i me) and fc l that nuch nor, definllivr infonutlon 

ffllllt b e obtained on the ir ide ntifi cation, source , and b iologic 

reaponaa . 

A good cxaaple of th i• t s ta l cum power which is f ound in almos t 

every h0111e and is a measu rable s ource of asb es tos fibe r . Tremo­

lite , another form of asbes los , occu r s neturnlly i n mos t t alc 

u sed in this country and is thus found in talcum powder . ln­

du1 trial t a l c 11ay contolt1 as ~ ch es 30% tre:nolil e . Since more 

than 750,000 tons of talc .>re us,.d in this country onnuolly , it 

1111111t b e consid red to be n prime source of res pi rab l e ashestos 

Ubril11 . (The fincs l singl e fiber shown in Figurr 'fo . 9 can be 

railed a fibril . ) 

C. Afbestos Usage - Caterpillar vs . U.S. Coosut:1pt ion 

Finally , it s hould be pointed out tha t of the core than 600 , 000 

toos of asb es tos used in this country each yenr, onl y about 3% 

of this goes into the manufacture of friction ma t erial s such ns 

brake linings . Caterpil l a r' s dry brake asbes t os mat e r ial usage 

amounla to 0 . 006% o( the totnl asbes tos us3ge in th e U.S.A. and 

less than 0 . 2% of the t o t al fricti on motrri nl usog~ of asbes t os 

in the U. S . A. I t is felt that the amount of f r ee asbestos fiber 

that can potentia lly become oirbonir, os u resu lt of b r enl<down 

of brak lioiogs of earthmoving equi pment, i s quite low and un­

likely to b e a igni!icant from a heal th standpoint . 
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J tJ. OntltR <X>NCl!RlfS 

A. An Jllinol ■ Stand■rJ Would Dl<'Latr W~rldw!Jn Cn t f'rp illa r 
R■qui r<""C11t 

Th■ H l llblhh11ent of a ■ L11ndord whtrh prohlbll" lh<' use of a 

moterlal i n vehicle• \o'hich arc aumuf Clurc-J and solJ for use 

in lllinoi■ hu Lho effect of set t ing nationlll or even lnll'r­

n■Uonal aLandarJ■ . It ta lr,po11. lbh to knol." the ultinatl' 

de■ Ltnat on of Cat erp il lar l'Ulchlncs as thl'y nrc L'l&cmblc-d 

and to provide for ■l'lccl ivc as&Pmbly or 111Lernal<' b role s ys­

tems for those to be sold in Illinoi s . In order Lo provlde 

compe titive l eadership on II worldwl~e bast s , Catlrpillar hos 

ea l abliehed the policy to use interchangeab l e pans on all 

model& so thot apecificationG .:nn b!' fol 101-•cd for pur ch .1bP 

and nwnu(octure o t 11ny plant in Lhc world 

l{ the r e wece a ciaterlol l hct woul d do the sru:,e job as asbes t os 

in brakes , 1L is highly ir.iprobable that 1 L could be a direct 

s ubstitute . Othe r mech ontc11l porls would have l o be modified to 

■dapt this new nwterio l. The r esults would be an "Illinois only" 

machine with parts only availnb I e l ocally , nol worldw ide . The 

cualome r could iamediately r eact to this and buy a sLanrlnrd 

mochine in II neighbor! ng Sl nLe 11nd r.iove It In l o 11 linois as 11 

used machine . 

Coterpi llar Tr11clor Co. h as long hc,en n l ending 1111d vil11 l l y im­

portant co~pMy fn Illinois . As the stote's largest prlvote 

caployer wi th OVl!r t,1,000 empl oyl!CS and 6 monufucLuri:1g !ociHties, 

it hu become Lhc l ~rgeat dollar exporte r of product in Lhc United 

17 
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Statoe, Over 52' of lhe $2. l billion annual aalu re.ached in 

1970 were outaide the United SLatu. lllinoh would nc.,l be lhe 

loadtn1 atat• in export• to other countrtea withouL Calcrpillar. 

l mpoeition or a ban on Lhe uae of asbestos in brake~ would i111poae 

a eevf're r triction upon Cate,pillar Tractor ro. 

B. Effect of PropoHd Rf'gulattoM on lll1noh C'11t,-.-p1llar Dt"nll'r, 

The raquir•cnl for II apecific deaign of earthmoving equipment 

for lll1no1a could r esult i n II hardship !or C11terpillar deal ers 

and Ill inoia earthmoving contrnctors , and II subsequent loss of 

aal u Lax to t he State . Special brake assemblies to meet t he 

llli noi a requirement would , of nec!'ssity, result in h igher fir11t 

coat o f product . Thie higher first cost would resul l in higher 

bid prices for road uu i l din& anct car thcoving contracts . 'Chus , 

with a fixed State budget for rond improvement , etc., less wor k 

would be done , and fewer machines would be sol d . 
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V. StnNAlY A.~D RECO'iME!fnATlOSS 

Caterpillar Tractor Co. aincenly bdii,vc,. that t he infomntion 

pruented in thia bookl~t eatabliahc■ 1en•on~ble dou~L about the 

real cont ribution ~r aarthmovlng cquip~ent to the• bcalos en­

viron~tal problem. It ltu been pointed out th•t t"ach Catl'rplllnr 

product uae■ a diatinctivc brake systc• dealgn which is influenced 

by ita working environment, job application spcrt r llll , performance 

criteria and ■ afcty requirements . However , .!!.!.! Cattrpillar prod-

uct brake ayaceas use asbes t os friction material since it has evolved 

uver the years as the mo•t satisfac tory mater i a l, ill aspects 

(particularly s afety) considered . Caterpillar T~ac t or Co . tt'st& and 

' total Company usage of asbestos both indicate thnt .isbcst os friction 

material used in our p:-oJuct dot's ~ sign!flc11:1tl y co:1trlbutc t o th t' 

l evel of asbe£tos fibers in ru:iblcnt eir - - al least not co the poin t 

wharc its use should be prohibi t ed! 

Based on the a forementioned points and the s i gnificant intt'rsta t c 

and international co1111Dcrcc aspec t s , Caterpilla r Tractor Co . questions 

whether the intent of the Asbestos and Spray Jnsula t icn Rcgulat io1.s 

is actually accomplished by t he proposed ban of asbes t os brake linings . 

If r esearch work and data on ambient concentration l evels of asbestos 

fibers which arc detriment al t o s ociPLy C!'tohl J,;h il need for asbesl<'S 

brake control and/or rcgulatiou , Caterpillar recoC!fflc>nds th:i~ Scctiun 

702, Part VII of R71-16 (Asbes tos and Spray Insulation Rt"gulations) 

be !llOdified to allow the following exceptions: 

19 
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1. That ubratoa braka linin11 (fri ction ■ate1ial) may be uerd in 

a braka 1y1Lam when the friction mat er ial opcratca in either a 

dey or oil-wet ted envirolllllent in a totally enclo1od brake com­

part nt which preveula the emhslon of brake wear products lnlo 

the ■-biant a1 r. 

2. That aabeatos brake linings (friction mat eria l) muy be used in 

• brake ayetc■ , when the friction ma t e ri al opera t es in a ~ 

encloaed brake compartment, until conclus ive med ical evidence 

proves that the ecitted brake wear products cont ain hannful 

amount• of aabca , os fibers. 

If all evidence indicat es the need f or asbestos brake controls and/or 

regulations , Ca t e rpillar would further r eco:1111end tha t reosonobl e 

threshold limits of as bes tos fiber be es t ablished by quali f ied per­

sonnel (bnsed on scientific fact and foreseeable t echnologica l advonccs) . 

Test procedures which measure the concent ration of osbes tos fibers 

must also be developed which arc understandable, repeatab l e , and rc-nlis t i c . 

Place the burden on the 1nanufacturer to des i gn hi s product to me<.> t rea­

sonable, attainable standards -- don' t just prohibit t he use of asbestos 

for brakes . 

As mertioned at the beginning of this bookle t, Caterpillar Troctor Co. 

agrees in principle with the objectives of the Environnental ?rotection 

Act. The Company stands r eady and willing to assis t the Boord in the 

eatablishment of asbestos regulations which serve the intent of the 

l esislation. 
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Under Ill!, flags ol almost every na1,on r, ,~c \\Orld. 
people recognize lhe big yellow machines th~t do •he h~:iw 
work On roads and dams. 1n l ,elds and lorests, 01 bu,ld, ,g 
s,les end a,rpor1s on docks, In mines and quarries. 
around laclorics and worohousos Behind lhcse lomll1ar 
machines are Calerp,llar people and lac1lol1es. our 
subsidiaries, and 1he world-wide dealer ne1work 

We are mechanics. s relories oll,cers. sales consullanls. 
parts suppliers service specialists. financ,Jl experts 
assembly workers. researchers engineers •~Jepcndon1 
dealers ana salesmen . all wc-r~ing mull1na1<onally 10 bulla 
sell nnd service !hose machines lhal mean ~rogrrss 
wherever you sec thorn 

And we make many d1florcn1 ones because proorcss 
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CATERPILLAR PRODUCT LINI 
---TIIACftlll-NIIA/ ............... t r::an:;z:;--....... .......... 2 .... 
la • ...._, Ill ._ .._ • ...,. HIICIII .......................... 
ST AND ARD SCRAPERS/ ...... ....., .,.,_ ..,,_.., .-..,,. · ---.,.. ... _ 
tHellfnet of .,otl ea,t,.o,owl~II 
..,.- A ........ llltwoencl.,,_ _____ .. ......,.,.,.. ......._ ... ...,,,._. .. 
~ .... --
~ ... 
IIOl'WHP 

~ 
M1■ 
mo-... 
NfC 
415-

r,:-:,;a,... 

Ut -­,., ... ,_ 
111111-"l 

TANDEM POWEREDIPuth 
k)aded NMmolleft Wllh ad(hl~&I engine 
on ,11, for all-whHl--d,lv• can c limb 
QI- up IO ~ fu lly ,_ .,.., •Olk 
on 90n Of ml.l'ddy ground 

N1 
640FWHP 
.:: , JO ,: y ye 
pe llm') 

~ 
827 
•~FWHP 
14/20 cu rd 
(11/1Sm•1 

EL[VA TING SCFIAPERS , ,... 

833C Jll21 
• , r ..., . • ,·, , 

PUSH-PULL!s.i, . .,_,t>Q pa, .. ...,.,.,.1 
Mpe,1t1 •nd ri1u1 ,nesepena..,-• ,. .., ,L_.• 1 
tract.an and power 

&27Pulol'lll 
O O F'WPH 
14- 10cwyd 
f11 1~ IT'l1, 

., I '" J 

Dresel Fuel 'W I .. I - I • : • I • ' • • 
l DH11..::r•1D_3118·TA I D37@.•TA D353·TA D3411-TAI D348•TA, D348·TA 0343•TA 

1NouSTiiAL AA11NO I ' .. I I 
I 

~.r IA 
I 

~:::::::::::==~- I -
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813 
1SO f'WHP 
11 CU)dl8,m1 J 

MOTOR GRADERS / ou, d •nd 
m11ru11n , 01<11 f1n11h g,aoe bu o,no 111tt1 ti,gh• 
Wl'W'I and IUPo'11 con11ruc1 ,.,,.. •• , 1no f11m 
tnrr1ce1 Oper1to,a qu1r-li.ly po111,on b t1cJo to 
dUch 1lope o r CIII W or1i. 100'11 Dlldfll ophon, 
■utom■I IC bl1d1 contro11 bl1d• bO••• t1ppe,,. 
1c1rlller1. 

WA 
No.1e ,,s F1,.._r,ae1 UP 
,a QOO ID bU1C ooe,•1 no 1111e,ghl 
122 200 >gl 

No.14E 
ISO rwHP 
Ju 7il0 lb 
113eoo •o• 

No. 140 
11,,1 F~'.Hfl' 
, 810.l It, 
If "' !NO -.91 

No, 12F 
11~ FWHP 
;'77l-Olb 
ti !,()J1i.g1 

!4o. 120 
12!, FWHP 
:'14 3, i) lb 
(11 ('!"l()ti.g) 

No. 112F 
100 FWHP 
• I (,00 lb 
19 900 kg) 

e:,ercoolt-d T- T u,bochorgcd NA-Naturally asplro1od. -I • • • • D333•T D330•T 31«10·NA 3150•NA 3145•NA 

350 2IIO 250 165 CIO 165 160 

:,,00 2200 2200 2<00 2N>O lOvO C:100 

90 75 to 50 
75 00 50 4D 

H 150 

I 

WHEEL LOADERS/H,ghlpcru-
11 fl tnlllf'flfll hand11,1 1h11 1010 Huck.I and ,a,. 
art ttou.pue m11111111 111d noppe,e. aou an 

r11r r loOI and lumber All ha~ Grl1Culatod 
1t1me 11eer1ng fOf 1hor1 turns Quick maneuver­
ing Wor1i. 10011 general and 1p1c1n1 bucl(ets 
100 and lumber ro,,1 ripp1r-1canftera 

1192 
~S, F ,.,..,., HP 
1J cu ~3 t:1,,1c•11 
t'"fl~m•, 

1150 
130 rWftP 
"}', I .t cw \od 
p 7'l.1.:>J06m1J 

~~ 
325 F\•,HP IJQ FWHP 
~•: 106'~ cu,.:, ii, tolcu',U 
14 2010 ,. 9Sm11 ,1 J4 I 1 SJm>1 

1180!1 
260 FY,HP 
4 to S cu -,o 
13 C'6 I~ 3 81 m •1 

11eac 
170 FWHP 
3 lo 5 cu yd 
(130 10 Jez m 1) 

Natural Gas I-
Q31111•TA 

IUOUSTRIAL RATING 
Cunl nUllUI HP" 9JO 

PPM l .r...O 

ELECTRIC SETS 
KW" 6,0ttt G50 

SOHz 565 

1120 
60 FWHP 
11 , IO 11, Cu yd 
111!,10 1 )4 m>1 

• • G3118•TA G3711•TA 

700 -1200 

500 J25 
420 2110 



COMPACTORS/r .. 1 mO<:trn lamp 
ng enc, 1he9p1too1 cornpae:11on on h1gh•·•r• 

. d&ml. 1 1,por11 H ighly maneu'tf'•abll with IHIC• 
ulllld ham• IINJlng 

WHl!l!L DOZl!RS/Hlgh 1J)ffd dor• 
lno on roadwaya and dam• CIHn up , ,ound 
m1n1ng 1hovel1 Art1cu1111e1 111errng 111ow1 
1h11p 1urn1 for CIOH QUlfll f Ww'Ork 

.... 
••s C1mp1c111 
~ F' lywhoel HP 

7ft 000 lb ctQUIDDCld 
ONfll1ng we ight 
135 800 kg) 

825■ c1■,1c10, 
300 FWHP 
IIAIIOO lb 
129 000 kg) 

~~~~11c11r 
311200 lb 
117'00 kgl 

834 Dim 
400 Fly.nffl HP 
1)8 800 Ill t,Qu•PPC!d 
cre111,no-"< ,g,,1 ,,o JOO ~01 

8248 Dmr 
300 fWt-tP 
72300 lb 
131 900 •ol 

814 Di m 
'70 FWHP 
,o.700 lb 
I 18 500 kg) 

TRACK•TYPI! TRACTORS/ H,gh l• act••• powo, lo, 
heavy bulldor,no for -"111t,u1r,g ,oc., 1h11 onco ,nqunt't1 bla11,ng ond to, 
puah 1oad1no 111nd1rd 1c,1pera Log 1la1ddt11 and ra•m lfacto~ or 1 1c1p-
1Jon1I power Ind lh1btllly Wo rk 10011 l9 bulljOHf"I tight t1pP4tra lhfll 
tool baB 

8a8 D9Q 
770FWHP 
193 500 lb 
187 800 kg) 

lilL 
D7F 
t80 FWHP 
, o 000 lb 
119 100 kg) 

D5 
gJFWliP 
13 , oo lb 
110600kg) 

D4D 
6S FWHP 
19900 lb 

all' 
D8C8A ,,s OBHP 
26 100 lb 
111 800 kgJ 

DllH 
DO OBHP 
20.000 lb 
19 300 kgJ 

D8 LOP 
93 FWHP 
29000'b 
:13 100 ~ .. , 

D4D LOP 
es FWHP 
20 500 lb 
(9301Hgl 

• ... - • Truck Diesel Engines • • • OaA•TA OMa·TA OM2·TA 03H•TA OFF-HIGHWAY D349•TA D348•TA DMO•TA 
HP 11 30 ' O 1200 8S0 lo g90 ses 1r.> 600 

220 
@ RPM 2JOO 2000 2'lOO 

3SC, 295 • • • • 1100 1200 1800 

HEAVY DUTY •te93·T 1874•TA 1en•T 
HP @ PPM J25 12100 270@ 2200 2soe 2200 • • ~ 



TRACTOR DRAWN 
SCRAPERS/Lu1d • •• ,,,J,.~r<' 
,~c n t •ou• Jc ti, Ollcn 1r ~ c.~• , pr11i.1, ,11 , ~,,. 
m(J._.,,1u "1J'\U,titJ ,n •~I c •,m.,,, -. A 111 b w 
,,.~,.,., C1am1 fMm pcin tJ1. ll•icJ l( lrJC.l\ Ea, l 
lo•ll1flQ nllh IOll'r L1 "' ' d l'l•1'n 

483F 

g'-­·~ ,e,l!l -,, ,, .... ,,., 

gh 
a --43 !IF 

. 1 .~~u,ll' 1.,• '• ILcPJ 1, t 8 oJ , j 
11(1 • t ' m1 j I II_, • 1) 8 l'l'\1J 

TRACK• TYPE LOADERS/ Hoo•) c•ta•••o" tor d ·Q 
g,ng ba,emon t, de\elop ng bu1I01ng sIIc, I0.1d,ng r,om oanks Si c,., 
1lag c101nou1 10g load,ng o ther tough JCbs Autcmaltc t:a.1 r • ol con1ro1s 
edvanced pcdJ.1 sleermg w o,k tools general and spec,~t buc~ci, IOJ 
one lumbo, lorMI, 11pper•scr.,il 1e11 

983 
275 Fl,.whecl UP 
''1 10 5 cu , e1 bi.1c• c1s 
(J.44 ro 3 82 m•t 

~•~!il IJ(:0 (1 111 (. f't 1td , 
t•lll 7u, ~ 11 

977K 

I ,:_, J U 1 •! 
19, , .... ;'')r'"'I J 

9511K 
115 FWHP 
11,.- I :, 2 cu "td 
I I 3 4 to 1 SJ m 1 ) 

l I I ll 

J Jl:!w ~'J I 

OFF-HIGHWAY TRUCKS/ H,oh-, pccd rcnr-dump haul<•• , fo r Oil' m nc o,crbur~cn quo" r 
rock lough h19hwoy c•c.11.1a110n Speeds 10 43 mph ,69 km, h) 01I-pn1:umlu,c ~-usp cr,r,,on ~moollls. lhc ,,de 
,,, fast ,oad,ng Ca~ 01t•co0Ied disc bra"cs o,o nor-fad .,a 

a g"-i-
43111! 
11<'17Cu 't1 
I J: , ] tr l J 

--i-
No. ISO 
; , ·el , 5,~u., j 
I~ 4 / PC, J e ffl 1 1 

-91119 
es FWHP 
P,to 1\i cu 'r1 
11 1!) I:> 1,JA m 1) 

Ill. 
941 
70 FWHP 
,. , cu .,1 
11.om•1 

.J 
571 
[ ' J 't 

,,~ 

561C 
., ·1 

11 B t,., J 1,, 7, 

~ 

I 

~~j 
&00 Ftr,,hlll HP •15 FWHP 
50-1.0n c1pacUy ~Ion capaotlJ 

;. 
Cd 
or-
+I S 

I 
i. 
I 
n' I 

-
• 
)-' 
o', 

J25 
2eo 
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ORAL TESTIMONY 

by 

CATERPILLAR TRACTOR CO. 

to 

State of lllinoi• 

Pollution Control Board 

llt 

Regional Rearing on Asbestos and Spr•y Insulation 

Waukegan, Illinois 

October 19, 1971 
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Hr. Olai,-..n, aeabar• of th panc-1, ny na1:u: Is !'rod £.ngeo'"in . I Jr,lneJ 

Caterpillar in Peoria in 1937 ■ Ct r reo eivin a de&rce in Ch~ Jcal En­

aine•rina ftOl"I Purdue UnJveraily. 1 have been worklna on friction meterlala 

for over 20 yeara. Prumtly, direct the Reaearch and Develop nL pro-

gra tor nonaeLallic: ■aterial , includlna !rtction .,,at,•rlal, in the 

Rcaearch Depart■ent. 1 h ave been a cc 

Te■lina Hat•rial• •ubcoauaittf'eon Friction la terial since 1957. 

Catcrpill .. r is pleaaed to have the opportunity to appea r befor e the Board 

today. We have aix manufac turing £11cllitle• I n the state , and arc Lhc 

lorgeet private employer in the Stal~ o( Illinois, with over 41 ,000 cm­

ployeea. We are vitally interested in thee.fort s of th e: llli~oJ s Pollution 

Control Board to guard the hea lth and environment . 

1 am h rore today to present to you in£orm11tion that 1 hope will assist 

you in efforts to r egula te the use of asbestos and spr ay insulation in 

t he State ~t !llinois . Copies !'f our complete submission are Jn your 

hands , and J t is our sincere hope Lhat each of you wlll £ind ti me to 

read the entire booklet. My oral r emorks are included in Appendix D. 

The Cate rpillar product line includes primarily earthmoving equipment. 

Al l of this equipment u tilizes asbestos b r ake linings and it is for this 

renson that we are concerned with Section 702 of Port VI l of the pro­

po3ed Re&ulatjon. 

Appendix A of the booklet provides a listing of the Caterpillar product 

line ',ich Jncludes 52 m<'dcl,- of c a tthmo-.i:lg equipr::1.'lll nnd 53 models of 

material handling equipment. 
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The lack of a de finill on for th• word "vt.hlde" I n l h propost-d Regulati on 

11 al10 of concern. Typically , raau h l or y 1ttat u t e have diHn• ntlated 

between motor vehiclca and Hrth110ving equi!P nl . There are 1uggc■ Liona 

for the de finition of "vohiclt>" in th e writ ten tr1 t 1•ony. 

n,are ere reuone for our conrern : 

Aabe■toa ii uaed in .!ll typr-11 of b ra; I'S in .• 11 Ca t e rpillar m11chine11 becaus e 

it hu outetanding safoty ~nd durability cha r acteris tics. I n s pite of many 

years of r uearch , Lhen• are no known 1afe ,1ubstilutes for as bes tos brake 

lining• !or our t ype o[ equi pcitnt. I would like to acquaint you with a few 

types of machines other than the familiar l r ack-type tra ctor . 

SLIDE 1 

Starting in the upper left h and corner and goinc clockwise, there i s a 

• wheel tractor, motor grader, ofI-hichway truck and whee l l ractor-s crnpcr. 

• 

A wheel tractor loader is in the center. 

Unlike mos t vehicles ynu mny know obout , we havr 5 different typr.s of brakes. 

They are dry s hoe brakes , dry calipe r disc brakes , dry band brakes , oil 

cooled band brakes , and oil cooled disc brakes . 

SLIDE 2 

Conventional shoe brakes with dry linings ore used in wheel l• o.:.,u.­

scrapers, motor graders and must wheel loaders . These brakes are a lways 

shrouded to minimize the entry of d ebris from the outside . Broke lining 

wear products can be emitted into th e environccnt from this type brake. 

Smaller si~es of this type arc used on passenger cars . 
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SLIDL 3 

Tho socond lrpt is ca lled a caliper disc brake. The a~bcstos-containinp pads 

aro forcod to 11rip the disc to produce tho bralin11 power. This is the most 

exposed type of brake nnd ,obvious ly, wear products can easil y ent er the 

environacnt . Many U .S. -■adc passcnrcr car\ arc now usina thi, t ype brake on 

the front wheola only. Ho u~c caliper disc bral.cs on nll whea l s of so•c 

loaders , 

SLlDI: 4 

The next throe typos of brakes arc totally enclosed and may be l ess fa■ i li ar 

to you. Wear products cannot be emitted into the environment due to thei r 

containment . Tracl.-typc tractors and track-type loaders use bond brakes . 

In this photo, the covers have been rc11oved from the cocportments so that the 

broke~ arc visible. Our l arge r machines use band brakes ba thed in coolinr 

oil such as is shoh'll. The smaller machi nes use n dry- t ype banJ bral.cs 

without oil. 

SLIDE S 

The fifth typo i s the totally enclosed oil-cooled disc bral.e used in our 

off-highway trucks. TI1ese have many discs ..-hich arc forced to rub ngninst 

mating steel di scs and prov ide brnl.inr. power. Uue to lnrge rubbing surface 

,,rea and the oil media, t her e i s very little wear in tl1is tv:,-:.- t;;.,\c . there 

arc no emissions into the environment . 



• SLID!: 6 

TI1h ha typica l friction due >1th its " ot1ng Ilise 'l~ is used in oi l­

coolod, 111.1ltlple disc brakes shown in the previous alldc. 

Break 11ear products: 

It is IIIY undorstandln11 that the technical paper by ~tr . Jcrcr;, i:ih Lynch of 

tho U. S. Public Health Service on "Brnke Lining Decor,position Products " hos 

been entered into the record in earlie r testiraony before this Board nt 

Granite City, Illinois. 

We have done similar, but less extensive work , on brake decompos ition 

SLIDE 7 

products . This slitle shows scrnpinJ?S from nn unused brake as photographed 

• with on e lectron microscope nt hi l?h magnification. Sc )'OU wi ll have a better 

fee l for this hi1Jh mncnification, the thickness of human ha ir :it this s:icc 

m:i11ni ficntion would cover n screen twice :is l:irge as we have in this room . 

• 

I have included n S micron sc:ilc on this anJ the three succeeding s lides 

because Section 601 in the proposed Regul:ition st:ites th:it "only fibers of 

S microns or crc:itcr in length . .. sha ll be counted" in the emissions from n 

factory into nmbient nir. ll'e believe that if it is safe for a factory to 

emit t1bers l ess than S microns in l ength, it shou ld a l so be safe for a 

brake to e1:1i t fibers less th;rn S nicrons in l ength into the acbient air. 

Additiona l resenrch by qualified medical personnel may c\·en show tha t asbestos 

fibers much larger than S microns arc safe in the ambient air. Since these 

are f ibers scraped from unused brake material, they arc l arger than S micr?ns . 
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Soae a1b11to1 fiber■ troa new friction 11oterhl were heated in an oven to 

raove tho wator of cryst1lli1at1on Inherent 1n asbestos. This destroys tho 

flbroua nature, and ■ochllnically rubbinr. tho deteriorated fiber5 further 

reduce, the fibers to powder. n,1s 11 D 1iaulation of the forllllltion of brale 

woar products. You will noto no flbcrs oro loni:er than 5 aicrons . 

SLIDL 9 

A. sup lo of brako woar products wns tnl en fro11 a dry hrakc cOTWpartment. 

Thero aro a faw fibors sho,,init and they arc much shorter than S microns. 

Dust or clUIIJ>S of dust occupy most of the picture. 

SLIDI: 10 

This last slido on brake wear proJucts from n dry bral.c compa rtnent also 

shows very few fibers nnd none of sipn1ficant s120 . There :ire r:,any ,lust 

particles . 

Wo believe that our li111itcd study subst antiates the findinJ!S of ~Ir. Lynch of 

tho U. S. Public lloalth Service , t h.it few fibers arc emitted as wear products 

from bnkcs . 

Smoothness of bral.e operation is vital t o safe operat ion of Caterpillar 

equipment. You r.my have experienced a malfunctioninr. passenr.cr car brake 

SLID1' 11 

which grabbed and throw you fon.-ard at t he end of a stop . This pair of curves 

shows what is happening when you brake a vehicle. In curve fl, asbestos material 
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la stoppln th1 v1hiclo. Thi! bra~C! tornuo or stoppinr powC!r bui Ith up ■t 

thl beJinnln , Stl)'S 11100th and constant, :ind f1nDlly increase! s liRhtly ■t 

tho end of th• atop. Thi! sinttrNI ~etal friction ~•ter!al produces rouRh 

braking in curve B. TI1C!rO is a lot of vthntlon and no1~c followed hy n 

drastic increase in torque at tho end. The suJdcn increo~e in stoppinr. 

powor cau■o1 uterlal to spi ll out of Nlthlnes. 

SLIOfi 12 

If this l oader is backinr up with a r■ i seJ bucl.ct full of dirt or rock, 

and tho m~chine stops abr~pt l y, due to rrabbing bra~cs, tho materia l will 

spill out of the bucket and end up in the operator's J:ip. Smooth brnl.inr 

action is absolutoly necessary for s:ifc operation of our mnchines . 

Safct~: 

Whan a br11le is dcsipncd for o Caterpi ll ar rn:ichine, there :ire three \'ita l 

fnctors: safoty, durnbility, ond smoothness of stoppin11. The l ast two 

factors onhanco the safety fa..:tor. The br:il.e must bo :iblc to stop the a.1ch inc 

in a reasonab le distance, time-of ter-ti111e . Asbe~tos brol.o material s h;wc 

proven porforYnce and durabi lit}'. 

I woul d like to Sllllllllariie and mal.e some recoll'l!lcnd:itions. C.iterpillar Tr:ictor 

Co. questions whether the intent of the Asbestos ond Spray Insulot;on kegula­

tions is actua lly :iccompli shcd by the proposed bun of asbestos brake lininrs . 

lf rosC!nrch work and dat:i on ambient concentrotion !C\'cls of :isbcsto::; fibers 

which 11re detrimental to society establi sh :i need for oshcstos br.ik<' control 

and/or regulation , Caterpill:ir reco~~ends th:it Section 702, Part VII of 

R71-16 (Asbestos and Spr:iy Insulation nr •ulations) be modified to allow the 

following exceptions: 
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be1to1 breu linin (trlction aterial) ay be uaed in • bre e 

vh10 the friction aattrlal operate• in ei th• r a dry or oil-vettad 

ent in a totally encl.gtl!d brn.e co, putmrn t vhich pnv1mta thl' 

111lHi.on of brake vear produc:u into the abil'nt air . 

2. That 11butoa br1ko lininaa ( friction mutrrial) ••Y be usl'd in a brake 

•y•t• , vhen the (rlction DILl'rial opc r alt•s ln a nonencl oscd b rake 

coapartment, until concluaiva 11tdical avidenco proves thot the emitted 

breke wear product• contain harmful 1111ounts nf asbes tos fibers . 

lf all evidence 1nd1catu the nord for asbestos brake controls 11nd /or 

reaulationa , Cat orpUlar woul d. further roco1111Ucnd tna t r easonab l e threshold 

li111ita o! asboato1 fiber be established by quali fi ed pcr&onnel (bas ed on 

1cicntific fac t a11d foreseeable t echnological advances) . Test procedures 

which meuure t h e concnntr11tion o f aabeslos fibers mus t also be deve loped 

which are undorst11nd11bl e , r cpcotnble , and r ealistic. Plscc t he burden o,l 

the manufacturer to desi gn hi s product to mee t r e asonabl e, attainable 

1tsndorda -- don ' t just prohibit the us e o f as bestos for b rakes . 

/uJ mantioned ot the beginning of this booklet , Ca terpillar Trac t or Co . 

agrees in princ iple with the objectives of the Environment a l Protection 

Act. The Company s t1mde reedy and willing t o assist the lloard in t he 

establ hhmcnt of asbestos r egulations -.i1ich serve t he intent of the 

l egisl a tion. 
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1 I rr. 

~ 'let.hod U •d t,y t.t" II, .. l•Jt!\r.1
1

• \th ~,r-,\r" 

,0( t)nJlfrftlOQ of A hM~Q-, f\ • • ~n ,' -• r n fl) trn 

Georg• 11. tdwiLnlll QNi J11rcn\oh n. l,ynch" 

Jntroduct.ion 
ln th• rarly epl.denlologic ot.udl,.., nr th'l L~l •lo• in1ualry hy ru1t~n 
(l9J~) 11r.-l Dnorn (l?J8) , tho 1r.rl11i;er wn• :> 1.tl~d ur!ln II U,,. .,1..,.1-
ard 11ell nd ror nri,r"uln~ :luot.in•·•"· S!ncr r..-.. Cllt'rll wcrr ouen H 
W88 r,OClllfllll)' lO COUii\. l)CIO rr1in• u.1 f\lf'l'l 10 Olt.!,

1
11 II alnl• t•ll ­

calJ:J uoeful count. dupl.t.o •ti., ,i, ,:- r tion 111.,t a•lc u,,.j wa~ ,n ••..t 
by ru,or•• ihlll lncon5l5t.er,cy nol•• ·•~•,u l\r·, dull\. e('ntrnl t 11•rd ... n 
1Jnpin11c-r rtosulU has gr11atly rr<111:r I V•• inc1tlf'1iCO or n~t•• ,tn~• , wh,•rl!! 
Lt. h11t1 b .. en conscirn1 \0'1'1Y a;,r•l , , ! In the n M ,1.0, 1.oxt I 1"' 1,•-t·1"I •"J • 
l!Dlfev"r, 11 ~ber or invo,.Li c,,tor:) (l~r.rh nrr .,'II th , }<>~S; ,...,n. 1°·,~) 
h1\VO nurrrstf"I '>It.er l,eal\.h hl1a.r,1, o,,oc1.,l•-I •tlh 0,1,,,tn~, n.1,J 11 
aor'l rl\l ,wont. anti 11e1,sl t.tvci c,.l\,o,I 1~ r, •l'• 11, 1 fo- 0.111mnl I on or thn 
haznrd, e~prcle1ly in ir,du1111••r,~ u:ilnc o,--Jy J ,\l't. ~t.,,to.i in u,,.lr 

r-~~ .. rt. 

A further wultn"'" in thft lmpinr"'" r.'lthnd Is tl.:\l \!, 1n nu, , . .... •.:r 
to lor.g pe:-tru.tl lllol'lplea. lt. i~ hcll<"•"j ll ,·. r ,r,o•,IU ,. ') ·~ 'b'l.l 
opprox-\nat.o t.h• worker • s act.uol n1.csu1 .. , n,,1 honch. (l q6t,) hall :-occn-
111l'nd•d a s111Dpl• dur,.tion or 1 on work ol,i ft.:, for cinoral dun1oo , 

Naw m~thodll were t.hercifor o need«!, nn<' rr.onr th030 otu,I!. .. ~ ,rr,n fl., .. r 
counts ot. 1,JOX phn~e cont:-ost :.u mml ranr fll t.oro thnl. ho:! t.eo:n :-,o le 
t.rnnsp"rcnl , 'lhl, paper dual.> with t.ho dovoloµnont. n,1<1 stnnli11rdi211-

t.1on or t.ln:, met.ho I. 

Thn rrincipal var1nulo which 1 ,.,drd to he cc,Mtdnnd .in~ tl.o ro1,nt.ini:; 
procoduro 1.n r elot.ion to mwom= trnnsrnr•,.r:; ond tho off,·ct. of t.in•• on 
the, dim'lr.'\ior.ru Gt.ability of lt,n r ,nun\., i: .. 1t.01s uslnr. 1r..a,1r~.on 011, :,,l:-­
pli..'l0 glue or 11cct.ni.~ wl!r• fcur ,J tn tr cltb r tc,o c~~bn,,,,,,. or r • H d 
in an \J"pori•ct.ly cl~ar.,.: or t::"lllr1 flllt1', r111·ticul :ly ns vlr-..1.J ,nt.h 
phn:;o cont.r&11t. uptics . In r:ot.1,c.d:i 11hhh t1o, ,1: rl t.1,n nt 1ic,,t.1on t l 
liquid O\'Or the dust. deposit. lli" mova::ont. of lho r.,C':.1ccuu ou:>!I~ t.n" 
dcpo111t. aamcitic:cs c .. u,ed r 11111~1.rihut.l.on or tho duot. 'Tho uoo of o 50-50 

•u. s. Dopartoent. o f llea.l.l.t, , fAucot.1011, OJVJ 
1

,1.,li'olJ'e 

Pl•'Jllc Heal.t.n S•rvico - IIC\Jl:I 
Occ:upnt.loPa.l. Henlt.h Proari;:a 
l.OlJ. aroadw-.r, Clnclnn,.t1, ui,lo 1.5202 
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alxt.ure o( dlell\)tl oxalat.••-~U11,.teyl ph• halatn wM 11Lt• r Lfld uld rourvf 
to ruul l in uL11fact.ory clf'arance, 11r..,rvrr, 111nc" • h13 11r<11.n dlft-
1olved the lilt.or, the migration or rr.rt.lclM r oswt"' I ln cha.n,:ine 
cow,t.1 wit.h tlatll and n1edod t.o b11 uminl'd to !'valu~t.n th11 ■11t.t,M , 

Sepling Proendure 

S0111rlo■ (or count. 11re coll11et.Pd on Hill lr<'r•lfi• t.yp,, AA f\l trr·• hy 
pnr11onal 111mpl oro op-r at.lKI by bnttory poo<rr"<l r,,m,r~ ",rr. Ly th" ..,,. ... 
ployou, and 119 ,imult.aneou11 51>1!1('1lM collrctod ln con junction with 
i_mplngera. The filt,,n &Z'O contain"<l ln rl:inic fll trr hr>l rlrra and 
aro ■upport.ed on U1lck pads which nl~o :cld rn contrnlhn,: tho d1~Lri­
hut1on rt olr tl110uch the tUtnr. Sevrr.:il mrthcJ, of :-.t,ntt.111.i; nir to 
t.ho fll t.er have bf'on at.urcptrd. W1 ll, thn fl\c,- ror rr .o, ,,J aoo th,. 
tilt.or c01nplet.el,y upootd, the air r.ir\)' rr,trr th!' f1 l t • r rvr11ty, I ut 
·111rce higt, nlocl t.y particles .ind forrl rn ooj rct.~ ,,. .:1 n1 ~o t.il I ho 
tilt.er and po,slbly cauftc d0.11oac , A3 M al ternat.ivr, ltot> faro cr,p 1111\Y 
be left in ploco and t.he emal l plug rrr:ovrd . Tho p110•.:iar of a.i r • hronp), 
t.hia 4 nn OJ.A'1ol ng ot. o no-" rate of 2 11 tcr~ per r:il rn,v prnduco~ o 
v11loc1\.y or 265 a,/ooc, which yields en lnpnctton p:irr".lrlrr of 0,001 for 
l Dlicror: (11) uni t d .. ,.,it.y !lphrr o, . A.Hl.n11ch th111 iM11ction rnr111o,,, t,,r 
would preihct. " vn;• lnw collect.ion effldonr;- or l ,. r a.·tic lr•• 1-·y im-
p ..... L~ '"'*·, !C. .. v !_.-' ., ... :-1,.w:•ic]: ·J:! • --- 1 ·, !'or •r:-- --" , ..-f O'l th<' rrnt.or 
of tho (U t1r. ihi, wall found nr>t to nffnct r ount. di,• ribution, winch 
is d0111inatnd by Mall p11rt.icl 011 ; hcwnv,.r, it. dor, r.,c,ult in obJcud:1g 
11 11111111 port.ion of t.hn fllt ,,r , pnrticulnrl,y if mQJ\Y ]Ill'&" rnrtlclrs 
are pr11,ent., all in friction product plru1t,. Tho t.hlrd altrmativn wn, 
t.o drill aix odrlit.ional I, r.r., holes i n ~c,,c faco caps ond to fit t.hoso 
pcr!orat.ed caps t.o t.he filte r holder during 1ompling. nu, r~Jucod 
t.ho volocity t.o JO au/sec thus nllmina ting t nn 1mpnction problMl whilo 
et.ill prot~ct.ing tho t ilt.er from domngo. 

Mounting the Snnpln 

The mount.ins mcdiw:i uaod in this method io proparcrl hy dissol\~ng 
0,11'}11 or mmbrnne filter mot@rial prr nl of c l:l nr,Jutton of dir.lPthyl 
phthalot.o nnd dieteyl oxalato, The "X..Wt. proport.1011, of tho J ccmron­
entll are not critical, but. t.hn m~.dlu:n 1.113t havo 03 h 1r,h a vis co,ity as 
pooaiblo without bolnc difficult. t.o hn,. no. Tho l.ntlnx of .-.. f,•nc tir>:1 
of t..h• 111odi1r.1 thus pr"))arcd 111 llo • l. ,, 7. 

To prcp11t11 a s11111ple f or microscopic CXM1inot1on, a drop r,f t.hc mounting 
medium is r,lacod on a freshly clflant>d nt.:.ndard (25 m-, :i.. 75 =) micro-
11copo elido, using a rl ropper or apJ,llcator. 1hr vnlll-,,. nf tho drop ill 
npproxllllat.nly 0,05 ml. A wndg,....~hoprul pl ncn 1,l-0111. l c,n Ly 2 CJII 13 
'IXC\aNl fr01n ti,., f\Jt t1r 110J11r, o oc..:J1,nl nr,:1 f r,1•crpn, nrid plncfld rluot 
aide up on t.h11 drop or moun~ing oolutlon (Y!guro 1), A Hl-1/ 2 covor-
11lip caroruUy chnnlld with leno t.111,uo i,1 plocod ov~r tho filtor 
wedgo, Slight. r1rooour11 on u,,. covN·nHp or.hl ovno co11t.nct. hat.ween it. 
ard the mount.ing 1aecti1111, 
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ClearlJII or I.he tilt.er wit.h thi, 11,U,cJ lo al.,., , r oqulrlnc about. 15 
111-raiU• • Th• s•pl• •AY be OllllUAUI ao aoon u tho aount. 1~ 1.rnn•-

parttnt, 

Th• tran11t.\on or t.h• duot.-support.w· nub1tr11t.i, frca t.rollU1"t"nt., 1011d 
11• bran• t ilt er ceUulo•• Hlf'r ancriAl t.o n t.nr,aparent , opucal.y 
haaogeneoun ael l l Yel")' gent.lo , arA nt. no t.l11• do•o n meni DCJ3 nwn~p 
,eron thn llu■ t. dopollt. , Rathor, I hll s.:1 :., ,t.11 slo,1ly aof LrM b,1111'/llh 
the duet, Md t.h•r • 1a no opport.unit.y for woal11nB nw~ or r l'dht.rlbu-

Uon ot t.hv duet., 

Th• optical haoogenelt.y or the ro1ult.lng mount 111 nearly perfrc t., with 
only a ali aht bnekgro11nd grnnularit.y un:lor J ha!le cont.r~t., which dia-

appHrD wit.hln l or 2 days, 

Ob1erver1 not.eel a reduct.ion with t. :~~ in appa.icnt. conccr.tratlrn for 
11111plH 111ount.ed wilh only dl.::lot.hyl nhthl\llll.r. or:J dlelhyl ox.untr, l}J 
oburvat.ion, t.hla looa wu duo to thr r.iigrat.lon of tho duot p111·t.icl o:, 
out.wan! rrom ~h• cf'nt.er throuch the r,ol a tinouo r.io~~rilll or tho !!Jtcd 
111ount, wit.h a docrca111 i ,1 areal conccnt.rat1on , To oetemino t.he 0011-

nit.ud• or thia losa, a group o r SU'lpl e3 w.is ooui,ted u,ing l:l dlmct.h:,l 
pht.halnt• ar.d dlathyl oxalate only , roid count rd at. on~ tlay to thr«-d~y 
1nt.crv,uo f or -per1od11 r .u1git1g u1, to 76 Jn:,•11 . CoWlt.D w, r o dlsploycd 1111 
fract.iona in perc~nt 01 't.no or, t. 11 nu. , or ; •• • ~ d .. y c.,•."1t • f l'i1 111·0 2 ) . 
At t.he end of one woek , aan:ples tto11nVd by lhts noth<'.1 )i old<'rl only 
75l' of thoir original valu,.o . Ry JO dny/1 oft.Pr r.:ounting, tho c<'unto 
ueing t.hiD method hid d ttclincd to /.(If, of t.hoir t1r11t. day v.,J.uo, nnd 
continued at. thi• l evel with no f\l1t.hor decline unt il countin& waa 
t.enuinat.ed 76 day11 aft.er mounting, 

A ,troup or :,oruples mountod in tho method doncribod in t.hr :il'ction 
"HounUng t he :l11111plo" u11i ng high- vlsco, it.y mounting 1111'div:i Wl're count~ 
at. one-cloy int.orvlllo for elevon ll~•s . 1:0 l <':1::1 o f arcnl concPntrotion 
Willi eppa.r.,nt over this 11hort. p11rlod and a oncnr,l group wnu ~imt.: nrly 
mountt!d and count."11 for o poriod or forty-:ii.X d n:,·,. Tho compol!i tr ~r 
t.he■o t.wo nttrioll 1/1 11hD'lfn in fl guro 2 . !lo ) ono of conc<'11t1·nl ion w;iq 
dotectoblc during the rirsl. JO deyo , but tho ccunt d!lclinrd t.o 05,; or 
1t.11 original value hy I.he /,6th dey, wl,cn t.hc ut'riC!I wao t onnlnntcd. 

A 6 111D 11quaro or 1:1anbrane rilt.nr wi.t.h " vncu11m- ocpooitert film or cr.i-­
bon was 111ounted in the 111;umer rli:sc1·i\1P!I t.o provldo n rnocro3coric 
observation of the dist.or t.lon of t ho filter orc:i, . Ai'l<'r o r cw deyo, 
the squoro 'began t o d i s lnt.ecrat.o nt. tho ci.tcr3, but. tho mojo,· port l on 
11howed no dhcont.inuity during t.hr initial JO dny poriorl, By U10 end 
ot 62 doya , moot. oft.he aquarn hnrl rll" l nt ... grnt o,t nnd the rr .. f!111onts 
tlligrat.ed ovor nn aroa 16 an by l 7 run , 
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Evaluation 

Tho tilter eonples nounlnd in the mAl\!1rr prnviously drscrlb~d nre 
evaluated in Lema or greln Md CH,rr concrnt,rallon nr-1 fiber oha, 
Binocular r ea•arch 111icro~copoll l'qulpp•ct vi t h fin d m11chanicru. Stft&09 
have been ueed, Phann contra:it opt ic, f l tLl'd t o thrso lnotnncnts 
include M Aboe condenser with rot.at.lllr. phaoo t 1,M'nt 1111d n 4 11m 

"high-dry" achra11nt.lc objective uacd for nil mrnbrnn11 filter det,.nni na­
tions. In all cues l OX 1/~gcns eyrplrcea, onr or which contninel! a 
!'Or ton reticle ot the lrvol ot the f1cld-llmit1ng d \ nphro6J11, wore uood. 
The left half or the Port.on reticle f1Gl.d aerved to dnfine t ho counti ng 
area or ticild. 

A r ibbon tilB111ent 1llura1nator was crit1cnlly odjuatod to provide 
Knhlor il1 1X11in~tion through~ clear blue filter . 

'Jw~r.ty fleld located at r andom on tho s0111ple wer e countrd ~ total 
gr1tins , total fiber o, fibnrs great.or t.hon '.i µ 1 end fibers grontor thnn 
10 µ wero rncordod, Any part.icle ho~ ~s an ospect r atio of) or greater 
wa.s considered a f i ber, 

Recording of Data 

Sinco it lfl\ t roee-r. s,«f e.u-l.y in thn 9lu':l:, of tho e:1b11stos product:, 
i ndustry t h~ h• large nu111ber c f !'cpl ~s to bn collnc~rd would present 
a burdensome c:'1ta procosoirag probl c:n, thr dot11 wor11 colloct od on form:i 
designed tor t ransoJ'lption to punch cord:i (Figuro ) ). Cmputcr progrl\lllll 
wero then written to cal.cul11te dust conccn1roL1ono arrl to produce :ita­
t111ticA1 aunrnorios con:iioting of m~nn, :it11r.dard a oviation, mcd1M1 etc., 
for 111\Y group of 11ample11 by plant, cprrollon, job, type, otc. Tne:111 
pru.v1111111 1 writ.tern w Aut.omnth (Fortran 11) are npplicobl e to 61'1 prob­
lm uolng the DIIIJ\ple and count fom:i o:i oourco doc111t1nnt11, Addi tional 
nnaly11ee po11eible o.r11 correl~tion n11l rogrea11ion of 01Jnultanoou11 
earaples nnd Poi11,on wdex of diep~ro1on of f iold counts for variou11 
co1U1ter11, 

~ method for sarapling and counting n,~c:i t o~ dus t u:iinr. mmihr onn filters 
has be"n develoi,ed M d ovolunt'!d , 1ho mountinr, mrd i um devrl oped clcnr:i 
the fil ter g1>ntly :io os to net rPdi:J tr1u:itr- the d11:it deposit, and pro­
duces o mount with artequate dlmension:,l Jt:ibili ty for II period of t:-il.rty 
do,ys. n,is mothod has been used in •lo,·cLnpinr. env1rorrncntal dato in 
connection with the Public Heollh Sr>rv1co :itudy of thn o.sbe:,tos products 
industry, Md is r ecoc:J11cnded for ro:ir ru•ch :iturlios 111 other dusty trodes 
althour,h not for appllcoUon to Thrrshold Limit Vnlueo . A oyotcm of 
dota handling i nvolving oloctronic ca:ir,u tnr procesowg, which 1e abo 
applic.-bl11 to othor otudioo, was dis cuosed. 
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Doll, R, Mortality troa Lung C1111c1r in Asb,•t.os Work1r11. Brithh 
Journal ot lnduat.rhl Kedicine, g: 81-85 (1955), 

DrH■an, W. C., J. K, Dalla Valle, T. I. F..dwardo, J. K. Killer, Ml.I 
R. R. Seyar,. A Study or A.1beat.0■10 in t.ho Aabast.oa TeJCt.Ue Indutt.ry. 
l'llblic H•al.t.h Dullat.1n No, 241, U. S. C:ovPrment. Printing Otrico, 
Wuhingt.on, D, C. (19)8), 

Mton, W, D, , A. Dooley, J . L. Hat.thrw, , and R. L. Houtz. Asbeatosis . 
PeMaylvanJ.n °"J,art.aaent ot Labor and lnduat.ry, npecial. Bulletin 1,2 
(1935), 

1.Jnch, ~. K. and W. A. 911.tth. Carc1ncmn ot Lwlj! in A,b,.l\to11-Silicosie. 
AIHrican J ournal ot Cuicer, !!t: Sl>-64 (l?JS), 

1'.oach, s. A. A Hor"I Ratto,..i. Buis t or Air S.V.pli.11g f'rogr1111D11s . ka. 
Ind. HJ,c, Aaan. J., 27, l (.rll,._l',.b. l9U,). 

NOTE: 

Hilliporotij) fUtors aro nanicd in th1:, J'bJ>C'r oinco t.h,. met.hod wao 
developed using t.hu brand r,f f!l l..,r, . llcwrvor, thi II dor.::i not Jr,ply 
indoraeaaent. by I.he Unitod Slate~ 0'1pu'tn>rrat, of llcallh, &lucatioi,, wid 
WGltu-11 or tho Puhlic He&lth So1vico. SlJDil.lU' t.nchniquea mn.y bo 
developed for other tilt.er b1·ands. 
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P18\l.l"O ), Count tabulot.ion Com used fort.ho ovnl.unt.ion of duot on::ploo 
t.Dlccn on mmbranc filters . I! • 11anbrMo tilt.er, U • filuLri­
otod mcmbrano filter, D • OrooLhlng zono umplo, C • Gcnornl 
a oinplc, P • Per~onal s11111plo, !i • Soquontinl 011:r.plo, C • 
Count (lot), R • RocounL, 11COUll'r' provi<lo, tor tho tochni­
cian• :s 1nlti olc, " O!lJ POWE1l" imic,~Lc:s tho mll8llif~c t.ion, 
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FIBERGLAS 

OW'ENS·COftNINQ FIBE,.GLAS COflPORATlON FIBERGLAS TOWER TOLEDO OHIO 4SOOI f4 tOl 2~ 3000 

aHTliOWAI 
0fNC10t of ~ 0ol'llt1III 

Decuber 1) , 1971 

Suuel T, Lawton Jr, 
I l llnola Pollution Control Boa.rd 
189 Veat Hadlson St.rwlet, Suite 900 
Chloa«o, I lllnola 60602 

Dear Hr, Lawton: 

wf have the following couente with 
A'a.beatos Regulations n 71-16. 

regard to the proposed final draf t of 

),#._ l. Part V, #502, We believe that the use of the word "enclose" 1n 
th1a atate11ent la tco reirlrictive 1ri this sense . iile strongly 
recoamend that the word "c!>ntrol" bet substituted. 

One possible interpvetat.ion of the 11reaent statement would be 
that enclosures have to be built arcmnd processing equipment. 
Thia ;iould make 1t alllost !.mpossibl ei to operate . 

2, Pa.rt V, #504, We believe the present statement provides opportunity 
for harassment and burdensome coats . We recom.mend that the statement 
be changed to require annual sampling on asbestos emission sources. 
When gajor modifications in equipmen,t and processes are made and when 
sampling results demonstrate the nee,d, more f requent sampling may be 
required. 

J , Part V, #501. The June )0, 1972 t1111e for control of asbestos emissions , 
1.e. no vie1ble 8lllissions and no em1.ss1ons of concenti:ations of asbestos 
to exceed 2 f ibers/ cubic centimeter, is unreasonable. We reco1111Dend that 
1n order to properly engineer, procu1Ie , construct, startup , and evaluate 
an ea1se1on control system that will meet regulatory standards while 
controlling coste each project should be considered on its own merits. 

Sincerely , 

0~- C0RNING FIBERGLAS C0RPORATl0N 

~ ,J. 7- / ~r;.r.-~ 
S, H. Thomas 
Director of Environmental Control 

VJKjds 
cc: G, E, Devitt - 11 

Dr, J , IConESn - 11 
W, L. Kreutz - 26 
X, Preston - Blooalngton 
J , Young - 12 
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Decembe r 15, 1971 

IllinoiP Pollution Control Board 
189 West Madison Street 
Chicago, Illinois 60602 

Attention: Hr . Samue l T . Lawton, Jr . 

~itlUW~~ 
DEC15 1971 

POLLUTION CONTROL BIARD 

Re: Proposed Asbestos and Spray Insulation and 
Fireproofing Rules and Re gulations of 
November 30, 1971. 

Dear Hr . Lawton: 

United States Gypsum Company manufactures 
nume1ous products used throughout the country in the economical 
building of homes and business structures . Some of these prod­
ucts involve the use of asbestos , includ i ng , for example , t he 
joint compound used in wal lboard construction. 1'he Company 
maintains a plant for the production of joint compound in 
Chicago, Illinois. Sal es of the product exceed $4 ,000,000 for 
1971. The plant machinery is worth approximatel y $650,000. 

Part V, Section S0l (a ) of the above rules and 
regulations requires that by J une 30, 1972, no visible emission 
of particulate matter discharge f r om t he manufacture of our 
joint treatment product , and t hat no asbestos f i ber concentra ­
tions, exceeding t wo ( 2) fibers per cubic centimeter of air, 
emit f rom s uch manufacture. Whi l e s ome ambiguity exist s , we 
assume that t his requirement obtains both inside and outside 
the manufacturing plant . 

A review of t hi s matter l eads us t o conclude 
that the manufacturing process now being used cannot be modified 
to conform to the new r equirements by J une 30, 1972, if ever . 
We do not know that all the air wi thin the plant can e ve r be 
fi ltered sufficiently with the existing equipment, or that dust 
collector equipment is now, or will be in t he foreseeable future , 
available to r educe exterior plant emissions t o the required 
leve l s . Whil e our research department has been working for some 
time to discover satisfacto1~ substitutes fo r asbestos in t his 

.. . / .. . 



lllino • Pollution ContLol Board 
Chicago, Illinoi• 60602 

Ra: Propo•ed Aabe•to• and Spray In•ulation and 
Pireproofing Rule• and Re9ulat1ona of 
November 30, 1971. 

product, none ha• b• n discovered yet. 

Page 2 -

December 15 , 1971 

In these circumstances, we are faced with 
•topping production at the plant or using unsatisfactory sub­
stitutes for a•beato•. We believe that this will result i~ 
losing the plant'• mar~et for the product, which will be 
supplied by •ources out•ide the State of Illinois. 

Accordingly, we suggest either that enforcement 
of Part V be held in suspension until such time as effectuation 
of the •tringent requirements becom~s technically and economically 
fea•ible or that the manufacturing emission standards be revised 
to be no more stringent than the standards in the "Emergency 
Standard for Exposure to Asbestos Dust", Title 29, CFR- Part 1910 
Occupational Safety and Health Standards. Effective December 7, 
1971 , 36 Federal Register 8754 . 

We suggest that the regulations might also 
contain some provision for a gradual phase- in of the new program . 
In view of the sudden shift from no control to severe con~~ol, 
and in view of the substantibl amounts of existing equipment which 
may otherwise be rendered useless, a time table might be 
established to permit transition from existing Federal standards 
to the proposed Illinois standards. 

Please feel free to contact us i- you hav~ any 
questions with regard to this matter. We will be pleased to 
provide you with any additional information which you might 
require. 

Respec tful ly submitted, 

UNITED S GYPSUM COMPANY 

Operations 

ARR/is 
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No. R71-16 

Waukegan Public L1bl'&l'J 
Waukegan, Ill1no1• 
October 19. 1971 
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BffOBB THB 

r:;.:r..DOIS POLLUTIOB COll'l'ROL BOARD 

In the llatter ot: ! 
110. R 71·16 

A■beato■ regulation■, control of 
epra.y 1nsu.1at1on. 

Be1d on Tueada7, October 19, 1971, coauune1n1 

at the hour ot 10:00 o'clock a.a., 1n the vauugu 

Public Library, Waukegan, Ill1Jlo1a, Xr. Samuel 

ir. Lawton, ;n., Bea.ring Officer, preaidtng. 

BKPOJIE: 

11r. eaauel T. Lawton, Jr., Hear~ ~f1cer • 

ALSO PBESBIT: 

xr. ftaothy Harker, .&.da1n1atrat1ve 
.&.sai■tant, Pollut1.n~ control Board. 

•ellhers ot the PJ'eaa 
•ellbera ot the Public 
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HIABDIJ OFPICD LAV'l'OII: Ka.y •• •t U.Ddena,y, 

pl••••• 

~h1• 11th• third he&ri.nc on the propoaed 

aabeatoa reaul.at1ona that have been adopted tor 

pupoa•• ot ~•U'i.n& only by the Pollution co~trol 

Board ot th• state ot Ill.1.nob. 

•• ha•• bad one beu1.ng 1n Oruai.te C1t7. 

wb1ob ••• Y8.r7 ••s•rly atteadec!. Ve had a Tfa1 

pod beart..q 1n Cbloago lut week and. I am pleaaed 

,o •••bow....,- people baYe coae to tbia part1cYlar 

be&r!'IS • 

•oar,•• h&Ye a 11at of w1tneeae, that h&Ye 

,reYiouJ.1' ladteated their deaire to teat1ty. 

At thi• t1u I Will read those that ban 

a1p1f1ed a dealre to teatity, &Ad then I will aak 

&117oae llere Ybo 1• not on that l.1.at whl) wishes to 

teatlfy to pleue aake out a little card and give 

it to Ill'. B&l'ku on~ :right and•• will p'lt you iD 

the llne-up. 

U at the moment you have not aade up 

your a1ad ~~ether you want to testify that la al.l 

risbt, 1:Qo. 'fh• on1y thing is tb&t by g1rt.i,g ws 

70lll" .... aow, you are at leaat assured ot your 

poa1Uoa aa tbe aohedul.e. 
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We b&Ye 1.cd1cated ao tu a Npreaantat1Te 

ot th11 I1l.1Ao1a Chaaber of COIIIIUrce. Ia be or 

tha7 praaQtf wo. 

Proa th• ~rtroneental Protection Asenoy, 

II!'. aeddy .ta here. 

D. JllmDT: Yee. 

HKAIXP o:n1cn LlVTOll: :,ram the Satlonal 

naaulatloa D~actU%'ttra' Asaec1&ti.on we h••• 

patlemea h••• and caterp111.a1" Tractor, a.11 right. 

irow, I lfill aalt that thoae who wieh to 

teat1ty who ha•• not bean itemJ.zed 1D that list, 

U they would please do 80 aa4 si•e us a slip, U 

tbat 18 your dea1re. 

All I aa1d, it you do not choose to do it, 

at the t1ae the bearing 18 completed so far as 

th• ·•op1e I h&Te listed u-e COJIC8l'Jled, ~•Ody that 

nata to •~•ak Yill certa1Jll.7 be able to do so. 

The proceedings are bebg transcribed. 

Tboae of you who wish to have copies of the tran­

ac:r1pt, U you nll aalte uraagementa with xr. GOld­

atine on IQ' 1ett, you w111 be able to obtain a cop7 

at 701.1r e-J,t, I might add. 

ne hearing t oday a&J' ~ aay not be the 

laat one, de»e:adiag upon wbat dffelopa today aa4 
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what the BO&rd ObOOH■ to do w1tb :regard to the 

propoae4 r•sul&Uon■ • 

It th• regulat10ZII are p:ropoHd tar adoption 

aa4 1n ••aenUa11y the •au f0!'1l that they ha•H be•• 

pnrtou•~ publlahe~. then 1t le poa■ible that there 

nll not b• a fU.J'tber beariq. 

U, 1.D tact, the ~ tub that flU'ther 

heart.ap ue uceaaary or. U •• propoae tor adoption 

regul&t10M that are ■ub■t&atia~ different fl'Oll 

thoae that are presently Wider cona1derat1on. the~ it 

1a quite ~••~t.l• th• Board will haye a further 

hearing . 

J:11 ~ e,went, lrrespect.ive ot whether the 

Board doea 02' doea not have a :f'urther heari.ng, the 

n~or4 of th1• proceeding will remain open tor 

tu•• weeu, du.ring which tiJle aayone may aubm1t 

altt•n docume~tation to the BOa:rd which will be 

t.ncorpora-ted 1a the recora a.nd canaidered at euch 

,111e u ~he regulationa ue dis.cussed. 

•~• at the first be&nag in Granite City, 

I 1atr04uced into the record eleyen exhib1ta, wb1.eh 

I w1ll s11111Uiriz• Terr brief~, so you will know what 

the record ocma::.ats oti ud, tben at the Chicago 

beu1.Jlc •• 1at.roduced eleyea ~e. At the Gra.alte 
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C1t7 bear1Jaa •• 1Atr041.1Ced tbe ••••letter u B:xh1b1\ 

l, whieb-.. tu publ1.catlon ot the propoaed 

re1ulat1ona. 

¥• 1atroduced the toraal uwapar,er notice 

outlttoat•• •• ao. 2. 

so. 3 was the Litton Aabeatoa report. 

so. 4 wu u article b7 Dr. sel1kOft 1n tbe Jl&l"ch, 

1969 1Hu or th• aagazine BllVU'Onllant. 

Bo. 5 vaa a publ1,cat1on by- Dr. Th01Uan, 

"Aabeatoa aa &Durban air cont.eM1nant," in the 

Arc~n• or Pa~bolug, Kay, 1966 . 

Exhi.1>1.t Bo. 6 ia a publ.i,cat1on entitled, 

"The 1ater-~al.aUGRab1p ot selected aabeatos expoauze 

tadicea," in. the Aaerican IadWltrial Hygiene 

Aaaoo1.t1GD .rournal ot September, 1970. 

so. 7 waa an article by Dr. •icbolson 

eatltl•4, "Aabeetos au poU.o~on 1n lie• York C1ty.," 

preaeated &t the InternatioD&l ilr Pollution 

coarereace 11' waabi.ngt.011 in December ot 1970. 

so. 8 was &D article~ "Brake ]1D1ng 

deco.;poaitillD products," by Lynch 1n the .Tol1rn&1 

or Air PolluUoa ccmtrol Aesoo1at1on, December., 

1968. 

so. 9 waa an utt.cle by Dr. Cral.ley, 



bo6 

• 

• 

193 

"l4eatU1oat1CIID and ~~ntrol of ubeatoa e.xpoauee," 

1D the Peuu.ary, 1971 1aaue ot Auriean Indwsu-i&l. 

a,&J,eae uaocs.auon JoUJ'D&l. 

•o. 10 ..,. a report ot tile PbJ.la4elpb1.a 

Depart• ■tot Public Beal.th, Aucuat 31. 1970. 

ao. 11 waa • coapoa1t• exhibit of t••t~ 

l,y nr,.ou people before tbe Cb1o&.go C1t:r CoUDeil 

bri.r"Y'■ 1 el control Coaalt~• at the ti• whea the7 

were coaa14'.11Dc a■beatoa regtll.a.~~ona. 

90u are all 1deatU1ed a.n.d ada1tted 

1Jlto th• record at the Granite City hea.r1q■ • 

At Cbtcago, Bxh1Mt so. 12 vae the awueipal 

code of Cld~o rel.atlag to aabastoa control. 

JIC). 1$ vaa a 11ati.onal I.naalation Jlanu­

tacturews' Aa&oc1at1on publlcat1.QD. 

JIO. 14 vaa a publlca.ti.cm 1A the Auri.can 

Iaduatrt.all. BY&i•• Aaaoc:iat1.oa lty Dr. Cralley aa4 

others Olll, "P!.1-rous and mineral. con~ent ot coa11&Uc 

t&lcwa paioclucu." 

JIO. 15 was a publlc&Uon on cigarette 

aaold.ag a.ad u~eatoa 1n the American BeY1ev ot 

Reapuatcr., Disease, volwu, 104, 1971. 

Bo. 16 vaa an &l!'ticle entitled, ".A.ebeatoa 

t1bera 1A IM¥erasee and dr1.nk.ing water," 1n the 
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■due ll&p&iae ot June. 1971. 

10. 17 .u an article troa scbDCe &ag­

utu, TOlU1118 ■o. 173 entitled, "Talc-teated rice 

&D4 J&p&a.-M atoaa.oh C&DOes-." 

•o. J.8 -• a publlc&tioa troa the Blff1.roa­

•Dtal 11111J.»meat U••n' AHOC1at1.on entitled., 

•aeoa+ -•■,e•t~oae tor han4l.1Dg aabeetoa." 

IJO. 1.9 -• a publtcaUon 1n t h• ll&Ucm&l 

Ao-4•1Q' tit sct.eace., 1971, enttl.ed., "Airborne ubeatoa." 

••• 20 waa a docuaat prepared b:, Dr. 

Barwoo+!, ee ta here toda:,-, D4 which waa palallaud 

la:, 1:!a• Iu4:1.1.~• tor Kll'l'lromuatal Quality on the 

nqHet Of the Pollution BO&rd dealing with aabeatos 

aa4 UNe~oa .-oc1ucta. 

•o. 21 waa tbe report or teatiao~ ot 

Dr. nallolaaa a'\ the Chicago mee,tag. 

JIO. 22 wu 1.be at&temen.t ot Dr. Roezaer 

&t tM and 110. 23 was material 

taraiahed by Xr. Punaak on behalf ot Johll-JlaasY1ll• 

a4 ottaere. wta!ch waa 1Acurporated as a eompoatte 

exh1b1t. 

'fJ:aC)se are the exh1b1i;s that are preseatly 

iD the reoord. 

A't. tile Chicago mee-tt.Ag., Dra. Hanood., 
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ftcbol■an. ead Roe•r &D4 lt1'. Pumak were the l)l'1.Jlc1pal 

'ldtne••··· 

~ ••r• on. or two other■ wbo ■poke 

fJ>oa tu tloo1- aAd cer:tatn queat1ona ••r• a■te4. 

JIOW• are there any other■• MJ'ODd the~• 

,mo■• nu..■ Iba•• prn1.ou■l7 r•ad• OT whose oraaa­

tsa~on I 1214.1.cated wi■he4 to teat1ry -- and 1.t 7ou 

wolll.d let a ll&n 7our aaae &Dd oYg&Dization? 

Apparently not. 

We 1d.ll llear ttrat :troa a repre■eatatiN 

Of the Dl1aota Chamber ot Co~e., 1t there b ona 

pre■ent. !rhat orgaaiution has 1Jld1cated a desire 

w tttatUy at ~• heuiq. 

Ill there a one here htoa that o:rgani.z&tion'l 

It they elaQf up later. they ldl.1 not be torec1oeed 

fJ>oa t••~-

We all move on., the.a., to tbe witaesa 

t~• the ~ntal P?otectian .Agency. I w1l.l. 

a■k that all f.hoae present who w1ah to testily 

will please ~1ae and be ev01"n a.t tbie time . 

(Vi.tAes■ea sworn.) 

You can use the p0d1~ U you 1llte. If 

yeu would Uko to put it ia BOJl8 otber poaitiOJl., 

tut 1a all eight. 
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Ia that all richt tor you, 

• BXDDY, 'fb&t 1a t1.u with M . 

BIIJJYQ Oi'PJCEll LAV'l'OJh I think that wq th& 

aw11eace a.cl tile BOard and th• repo!'ter, who t.1 

ta.e aoat SJlpoftal:lt ua here• eaa heu. 

CIIDDAII ■. RBDDY1 

balac tint 4111:r aworn, teet1t1ed 1.n the narrat1•e 

fora ae toll.ow•: 

UA:IDCJt OFPICD L&VTOB t W1ll you tell ua a.t 

tld• ts.aa • llttl• bit about no you u-e and your 

IJactarc,\1114 aa4 your present •••=1-at1on and a 

s-eneral olWl.tJM ot wb&t 1t 1a you plan to ccllllll8nt 

•• pl.Hoa • 

TD lfl'IJIBSS: -, naae 1a Ga.ddalll ■. Reddy, 

a-a-4-4-a.~a, last name la apelled B-e-d-d-y. 

• aa esployed as an Em':Lronaenta.l PrOtect1on 

Bac2ne•r w:t-tla 1"h• D1T1a1on ot A1.r Pollution contrcl, 

s"t• or Ill1no••• BBTUon111&tal P%'oteet1on Ageacy. 

I ha.Te a Bachelo~•e depee in chem1.ca.l 

eag!aeer.twg from OsMllia Ulli..us1ey and a Mute.r's 

depee ~4lll SOuthena 1111.no1.s tnu.veraity. 

X h&~• be•a requeat-.d today bJ' Dr. Joha 

J. B.OMna.1 .... ,er of the Div:1.81.on or Air POllut101t 

conwoi, 11D ea,peu todq and present the follo:ld.ag 
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•--t• Hprd1.q tbe propo-..d Asbe■toa &114 SpH,7· 

!U v.laUcll Begul.a Uan • 

1!11• Did.don ot ili- POllut on control ot 

our apae7 •C11111aue nth th• Po1l~t1on control Beard 

SA the a.ea4 t• resu].at101aa eovN'lli.Dc the e111H1on 

or uM■toa &114 apioay 1.lalulat1on u.terul. 

Tu Urta1on pera!t p: p-aa rill II able 

to baa41e tlte nqu1re11e11ta J.x1t 1n Rule 401(~) 

or Pan ?V u4 lul• 60l(a) ot Part n. 

COIQIRfl" proc••• data of tbe aiat•-dd• 

eld.adaa 1.anatorT l,,70p'Ul wUl. be completed :i.A 111.d­

lonllber. 

tour 41g1t aabesta. code will eaa.bl• 

._ &PIIQ7 to :tora a llat ot potenial asbee~ 

eaitt•~• 1llllch eau be the basis ot an asbestos 

11rftMOZ7 ot JQautacturing tacll.iti.ea,. wb1cll w1l.l. 

N 4oae ...-i:, next year. 

It ta requeste1 trma the BOud tha:t tke 

t'tflt ...,~ ot P&1' t ll be cllallged to r.ad as 

roll.owe: 

"•o eOllllel'Cial aeti.vity, not otber­

ld.•• JaereiDatter l)roh1b1tad• inTOl"t'ing 

the ,oteat1&l diacharge ~ &-asbestoa tiber 

or aa~~-ecmte1a1ag -.te:d&la into the 
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•~nt from the coaatruct1oa., alter-

ats.an._ repur 02' deaolltian Cd a atructll1'• 

or trca the proceu1.ng or 11&11u.tacturi.ng 

Cd ubaato•-conta1n1.ng produota •hall be 

coad~d anl.eH the peraoa or entltT ill 

o!lacp ~ auch aot1rl'ty eeapliea •1th th• 

tolJ.owtJs regul.atlona:" 

Tld.a 1r0uld tb.ea require all operailou that 

ll&fl a pO'teatS.&l ot ea:1.ttiq asbeatos ~ aabeato•­

oCDta1a1q aa~ena1a iato tile ope.a atmosphere to 

coap~ d'tll tile r•gu1at1ona ra.tbe» than oll1,y those 

Uaat do e.1111> aab-■toa into tile opoa atmo•phctre. 

we are alao requesting the deletion ot th• 

reqlliNaeAt roe UL agency operat1ag pera:lt far such 

aet1Tl.tias as coxaau-uct1on, al.teration, repau., or 

4eaolitS.-. we do not at praaeat have a clear 

eettmate ~ the number ot s1tuat1.ons of thi.s kind., 

ln,t t!da -aspeet of th• propoaed standarda r,eP.aa 

unattainab1e wi.tll the preaeat mMU>OlfeP leYel ot the 

&ge11C7, 

Y• ue ••ki.n& to encourage local commeaic• 

to a&t ~ a peftlltt program and/ar surveillance ot 

aacb M-t!Jdt.iea 1t01ll.d be app:ropi&te. These 

aot1...S.Uea, uwerthele■s., ehoul.d be required t<> 
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o-,ply Id.th B.lllH 201(•• ~ a.ad c} of the prepoaa4 

Naulat1-on . 

U llu1e 302(a) 1a·mun.ded to atop &ll 

u\1dt7 aa all. tl.oor areaa Dot. 1.•el..ated to tu 

•pr~ '4 ulae■toa wb.aa tlle spraying 1• 1A propeea, 

•• feel tb&• l.ll1a rule 1e um-euaaable. The rule 

■Jaowl.4119 aowor484 auch th&~ 1.t vollld relate to the 

parU.clll.ar uea 1a wldeh tlae epra71Dc 1• bein& 

coa4uctw. 

Ve u• propoa1Jag a OU,Dge 1Jl llul.e 40l(b) 

to rN.4 u ~Uiowa, ■tart ot qllQtaUon IIU'U: 

"fte uchaA1.c&l ezbausticm ot 4uat 

traaaach o.acloaure ~o tbe adtient ur • 

prCllll.M.tod unloa6 auch ~ust eyatea 1s 

equ&,ppe4 1d.th a properl,y•rtzed fabric tilter 

tor d~~ollection or UlY equivalent dedce 

u .,ppaoo,i:ed by the ar;e:.:y." 

!A.e BllffUOalleatal. Protection Agency re­

•"•ta tb.e BNl1'd 110 add tile tollcm1.ng rulea to 

Part VI~ tu propoud ru.1es aad rogulat1ou . 

llul.a 60l(b). 

"SD hctoz7 • plaat or enterprise 

1dl14ll eqa.gee 1n the proeessiDg or manu­

tae~wd..ag ot aay aabeatos-n0Jlte3n1ng prOduct 

aJulll wlo•• all ubeatos-bandl1ng 
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faeJ.lit.1H 10 tbat exhauat a1.r can IMt 

4u.ct•4 ~up nec•••ar~ Air Pollution 

Canb"01 equ1p .. at aad the guH ea1 ttecl 

s.a.. the open ataoephere 11uq,led." 

Cll.aqe Bule 60l{b) aad 60l{c) to 601(0) 

u4 601( 4) na,-,H•Hl.J'. 

Ad4 Bule 60l(c) u toll.owe: 

0 .1.11r peraoa open.'U.q factor,-. plaai. 

CU' ~•• which 8JlPC911 1D th• proceu• 

lac ar -ut•ct11r1Dg ot --.r aabe11to1-

c~1•1•c product •hall• at reaaonabl• 

tatenal.a. prescribed by the age4C~. auiple 

the exb.auat h-oa auch futary plant or 

ea'8rp~e. Tll• aab1eat a.1r at the boimd­

~ at the plut or premises sball aleo 

be sampled at reaecmable 1ntarval.a or as 

re,u.1:ted b7 the ageacy." 

If.he agency, at preeeat., cloee not have 

e:ltaler eutn.cie11t equ1pUAt or pereOD.Del to eoJlduet 

tHte at each &lld eney poteat1al. manufacturlllg 

aoUNe d asbestos. 

In keeping with the philosophy that a 

Ueeaae t;o pollute carries with 1t the responelblllty 

tor p~otee-Uan ot the pubUc, 1t le requested that 
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•&1111111& nquireMAta be made tbe reepondbl.1.ty o:r 

tile par•• opuatl.a& • ucb aoureea . 

!ha &&•DCJ'• whu 1uu.1ng aa operatiq 

pU'alt• 1d.ll ia41cat• the frequency at wb.1.cb euch 

teaa are to b• ud.e. 

1?Jt.e acency concu!'II with tbe reulader 

ot tile nlea aa4 reglll.at10JU propoeed b7 the Pollution 

coauo1 -..114. 

D&ak 70u, Uld I 1d.l.l try to anawer &JU' 

q1& .. t1aa. you pat1eaen ba'H . 

BJl!l'IDQ GnICD SULUVil: 'J!haDk you, Jtr. Bedd7 . 

I wander lt you co'llld Ila•• the ageuy 

actua1l.T prepue the text~ the part1cul.ar pCD"t1orus 

ot the Nsul.1.t1oaa 7ou ue auggast:1.ag be a041n.ed 

iA the Nina tut 7011 ue propo_aiag. 

'1'1IB ~SS: 'l'hat'• r1.p~. We were plannhg 

OD br1npng ,certain copies here, but we just could 

aot IIAke 1.t. 

l'. ld.ll eea4 it to tu Pol1ut1on coau.o1 

BOUd • 

BBABD4 OFPICB:rl L&WTOR: U you ca.a get it :la 

1a tbe a.uc .. t OI' two, it would be Te'r7 bel.pf~ 

111 tile apea!.t.1.c areu tbat y-ou commented on aad, 

or oov,-. -.a., others. 
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A.re there aAY queat1cms that ~ne cue• 

1.0 pQ\ to Mr. Redd7T 

U aot, thank you ve.ry much tor coaing -­

D. POU'!: I b&•H one queaticm. 

Z.t he propcaiag that the b&D to the •~ -

1nc ot ubeato■ anto ateel pasta -- an you augseat-

1q 'that ~e7 am:loae tbe are& to apray 1t on, 

2.a that !.t'l 

TD lrl.TWBSS: '!'be~ tAe regulat10D reads 

npt aow, it aa7a tbat all :t100!'a on a put1cula.r 

bu:1141-s abl.l. la -- Mterl&l from all tloors ab.all 

Ille reaon4 aa4 that all flOfl"a ah&ll be vac1Juaed., 

aad tbai 1:t lapllea tbat there shal...'- be no act:t.vi.ty 

oa &117 of tlae tlooi-a. 

We are sqgeet1.Q6 t)l&t instead ot dotng 

t.b1• rar a.:.i ~ll30ra, just to 1.iJZlit 1t to the 

paH1cala:r uea where the apra.y::1.ng is being con-

4wcte4. 

D. Patr.!: IA other words, eOJatrolling 1;he 

ap~ag part '&at is getting ••~J is that llhat 

y-ou a:re propoa:i.Jlg'l 

TD wl:tDSS: Right. 

we c.e propoa:lng tha.t 1.t there is~ 

itarUcttl&r c:G'l'UI' or one parUculll.l' rooa where the 
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1prq1A& ta conducted, that only that rooa be eub-

jeeud the r••u.lation, not the whole buiJ...11.ng or 

the \otal number ot floors 1.n the bu~ld1ng. 

IIR . HAI.Dll: D1.d you propooe th t ie ahoul.d aot 

••• a permit ■yate■T I did not catch that ,a.rt ot 

you t••~• 

TUI nmss: Io. We &l'O propo11ing thnt 

act1Y1tua au.ch aa conau-uct1on and demolition, 

et c•t•••• should bfl handled by a local ageu,cy and 

,ll 1'h• eat ot the pentitl sha.l.l be h&ndled by 

the Ag y . 

D. lUBJCElli Tbasl1t you. 

H&&.B..tllG oPFICBll :t.AWTOB: Thanlc. you •ery much. 

tt you would get to ua your s~ecitic ~0-

101&11, we wollld be •ery grateful.. 

(Wit.lleas excused.) 

Ia tllio a copy o~ a prepared statement, 

D. SDCXLER: Yea. 

IIBA!lDG OFFICER LAW'l'O?l: Do you have u,,y •ore 

cop1e■t 

11B. SDCELBR: I have two ao:re . 

DABDQ OP'P'ICB1l LAWTOB· fOU do b&Te two aore. 

ill r1.cll'-· 
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bo17 :t do aot va.nt to t&lte th• one you a.re 

10111& to use. 

• Ct.IPPORD L. SHEC?.LEB• 

• 

• 

b•taa tint duly sworn. teat.1.tied 1.n th• BIL '"'l'&th• 

tO.ffl •• t llaM•? 

TD Wl!rl'BIS: llr'. Cbairaa• Gentlemen. I a.m 

Clifford L. Sbecltler. l represent the Jrat1ona1 

Du\ll&-t1cm Dau.tactm-•r•' Aaeoci&t.ion. I sena 

u Chd.rm&D ot th• Jlat10Dal. Inaula.tion ll&nutecturer■' 

A.uoc.1.aUon Hea1tb and SA.teq COJlll1ttee. 

Wt.tia n■peet to the propo.aed Pollution 

control :eoa~d Regl.llat1on a-71-16, Aabeatos and 

Spray Iaa.li.lat'lt;A• •• reape cUul.l.;y e&11 your att1uition 

1.0 Pan D:l,. Sec~ion 302, Paragraph (g) wluch i-e&ds 

u tollOlfS: 

"-- pleGWI ot othtir svucture coated 

•1~ ar contalJd.ag t1h:l'oua :blsulation and 

ae4 1.D the c1zculat1on ot &1r ill a b\d.l.illag 

ab&U e th01>oup1y c1eaned ~ all deu1a 

and waste imsulation. All applied t1ber­

CGllM1n1ng 1nau1ation with!.a a p:lenua 

or duct shal.1 be coated with a aealJmt 

wb1c1l iu,ecludea exposure ot the t1'ber­

~Ql.tt81n1ng aa.tenal to the c11-c•.?1:.~:i.ng air." 
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V• w,p 7ou t;o ooae1der red■1.Jlc Part Il:I, section 

302, PU&p&ph (I) lily 1.mertill& ti. word "ap:rqed" 

la both the, no.at aA4 ■eooa4 aeateacH aa follow■: 

n ,._, p1aaua • o\llu ■truotura coated 

wttlll air eaata111.1.ag (•~ad) fibroua 

1lU • ~- aad uH4 ta tlle cb'cul.at1on ~ 

air 1a & lnaJ.ldilla ■ball N thoroughly cleaaed 

or ~ 4•~ and va■te SJuul.aUOD. .lll 

(•PRY•4) anlle4 t1bar-conta.1.n1nc inaula­

t1• 1l4'tJt1.a • plen\lll 011' 4t10t shall be coated 

w!.tll a a.al.ult 1lldch iwecludea expo■ur• ot 

U&• n. .. -oonta1111D& mate1al to the circulat-

1.DC ail'." 

Ve ue reqae■tiq this reTi■iOD to cla.r11'y 

~- rtul4UIS't&1 purpOH O'f the proposed Part llI, 

sec"oa 302, Paragraph (g) to apec1.rioalJ.1' rel&t.e 

to "•~~" ttllroua insulation. 

V• bellen this clarU'1cat1on is requJ.red 

NC&uae tiWOIUI glass inaul.a.ti.an 1a applied :la a1.r 

waa■alea1an •J"St••· ~a ma.tedal 1• applied by 

Mad 1a e.a&1'd or blaDJtet torm and 1s not sprayed • 

UD11b a~ed imal.at1on, fibrous glass duct 1nsula­

t!OD allhr1&1a are pretOZ11ed ud bonded. 

nboua glaaa duct imula.t1on mat1tr1.als 
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••t ~ r•~u1.rementa ot utional.ly recognized 

•tu4u4-Mk1ng b0d1ea aacl are ap oved by uae by 

k•7 goyenaaental acaac1••· 

~, ... 1•• Ulduatru.l. bypene engiueri.Ag 

na~ll ~ .. b&Te been carried out by hi~ 

• &Ut1•4 a:t'Nn1t7 att!.11.&ted 1Ja4u■trl.al. byg:1.ena 

~••• a1l4 pb)'•iciau. stu4i.ea bOth in the 

laborat97 &lid 1.n actual illatall.ationa de11on.strate 

ao a1p1ft.e.ant ere.ton trOD the etanc!pout ot e:f.tber 

laaal.tll or oaatort. 

9ae aabject of eafet,- &ad heal.th bu bHa 

.atUized •~flld.ffl.7 by a certain te·i: 1.nd1vt4ua1a 

and groups tor the purpoae ot ~l1n1n•t1ng fibrous 

gl.aee ta.u1laJ. and aeou,it1c&l 1n.,u1.at1on from the 

tnalde of ducta. TUs strategy a.ad cupaign has 

been peau.ed unsuccesafull:i,. The preponderaace 

ot. aed1ca1 and engineering ecien.titic researcJJ. 

w date elloW• t1.brou11 gl.aas insulation to be a 

:d.ol~gicell~ uert, aate, effective mater1a1. 

Published author1tat1Te medical ac1en­

t1f1c reaeaeeh studies over the past 30 years show 

tibrOus glass to be a b1olo~cally inert substance 

'lfb1ch presents no health risk greater tb&D any other 

1ml0cuoua duet. 
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Ce .&aerkan conterance ot OoYerJUDent&l. 

Indu.ab'1&1 BY&iani•t• ~ SC.l'Ut1A1ud th• ■chnt1t1.c 

NH&l"Ch atu41H OODCH'BiD& tu pulaOD&l'J effect.a 

ot ts.vowa l,l&u and baa clauU1.ed thia ut.eJ'1.&1 

u &a 1.urt or nuiauace-type tW!t. n. hcleral 

Oceup.t1G:M1 S~•tJ' aA4 Health .lot Standr2-da ~ 

1971 MTe ~4 tb1.a ol.&H1t1cat1on. 

All aubatant1at.S.Ag e'ddeac• concers1Jlg the 

b.eal.th upacta ~ t1brou 1,1.aaa a.re llated 1a our 

attached ~Olla1 I.Dal.ll.ation Jlaa~actUJ'era' Aaaoc-

1.at1on IIOOJ'1.et, "Health Aspects ~ P1brou■ ~ua" • 

One oopJ' ot the aupportJ.ns medical and eng1.nee1'1.bg 

ac!.eaUf'io data 1a enclosed fer, COJlaittee renew. 

We ¥lab to thank you t~ the opportuA1ty 

ot -,peuuig betOJPe yo\.8" comdttee. 

! uve here, oent~em.en, copies ot some 

ot the ue,lable ec1eAtit1c 1D.tormat1on data. 

"!l'Jt:teahold lJJIJ.t values .ot ai.rlton.e 

cnatenrt■--- Mid J.tit&llded changes.," adopte4 b7 

.&CGDI tOY! 1910. 

lllldustl"ial Hygj.ene FoUDdation ot Amarica, 

Inc., "A re,01't an he&lth aspects ot t1brol18 gl.ua, 

&S.l'borne :tlb:lrous glue parttcles,, 11 by George w. 

~-
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"ala•• du■ t: A ■ tudy ot 1t■ btolosioal 

effect••" by Paul Oro■■, 

11:l'iberglae. Che■iatry and technology•" 

b7 Karey P. McCord. 

"l'iber1laa, health hazard 1nve■t1gation," 

by Walter J. Siebert." 

"The pul■onary reaction to high concentra­

tion■ ot fibrous glasa," by Paul Oro■■, Mary Ann 

Caachalt, ltbel B, Tollter, Nary Ann Babcalt and Robert 

Tre•ille , froa the Department ot Public Health, 

Education and We~tare, Cons.imer Protection Bnviron­

■ental Health service . 

~ co~y of the work and paper, "ixposures 

ot 1neulat1on worlter_a to airborne !1berglas, '' by 

Clark cooper, J. Leroy Balzer, University ot 

California, Berkeley. 

"EXpoeure to fibers in the manutacture 

ot fibrous glans ," by the United States Public 

Health Service, D~uglao L, Johnsen, Jerome Healey, 

Howard B. ryer and Jeremiah R, Lynch. 

"Erosion of fiber■ trom inatalled fibrous 

glae■ ducts," by Dr. Jacob Cholak. University of 

Cincinnati, Kittering Laboratory. 

aPlbroue Glass lined air trans,-le■ioA 

ayateu, an aeaesaaent or the1~ enTi~onaental effects," 
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by V. Clark cooper and J. Leroy Bal£er and nouslae 

P. Povler . 

"standard• tor eatety, air duct■, Under­

writer■ Laboratory." 

"S•alaation ot the ettect ot air •elocity 

on tlbroua g1a•• duct and duct liner ■yateu," by 

tb• Kitterift1 Lab~ra~ry, Uni••reity ot Cinctnnati . 

And I re■pectfully eubll1t th••• tor 

your reyiew. 

Then are , i11cideotall3":, a4dit1onal pap•r• 

ayallable which•• will be very happy to ute avail­

able to you. it you eo chooae additional information. 

I would like to reapecttully call y our 

attention to the Glenn Booklet, Page Ko. 13. 

I am not going to elaborate on it, but 

there 1e a acjor labor-union jm'iedictional dispute 

which 1• detin1teiy pertinent to the health taeta 

here, and I think it would be important tor you to 

read it. Thie dispute is between two major con­

■truction labor unions. 

HBAJUJIQ On"ICBR LAVTOll: Thank you. 

We will rece1•e your co111J1ente and the1e 

aupportlng documents aa Exhibit ao. 24. 

Thank you very ■uch. 
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Doe■ anybody h••• any que1tion1 ot Mr, 

SheckUr' 

U aot, thank you very muc~, and I believe 

you aentioned a turther publication that wo~ld be 

ava11able7 

TD vr.rnss: It you ■o oboo■o, or it ~ere 1a 

a~ additional help we might be 1n thie utter, 

pl•••• call oa us. Our address is on the etate■ent. 

BBAKDQ OFPICBR LAVTOll: Thank you. 

TIQ" WiftBSS: Thank you. 

IIDI.IIIO Ol"PICD LAVTO•: Thank you., S1r . 

(Witness excused.) 

Do we have a representative ot Cater­

pillar, 

NR. DCIBLXIJIG: Yes. 

HBAllIBO 01".PICBB LAVTOJI: Tie will hear trom you 

now. 

NR. s•~KllIJIG: One ot the problem we have, 

aD4 we are aow set up, we did want to show dome 

■11dea with our teat1mony, and we have a screen 

bebindyou, aad he 1a all set up for us to start. 

I th1.Dk it might be perhaps better 1~ 

;,ou colll.d 11.ove OTer. 

BURDG OFFICER LAVTOJI: I will come down 1D 



I 

• 

II 

• 

I, 

1, 

211 
front. 

Do you haye • written co-ent ar7 alaoT 

Kil. DGBUIRO: Yea. We hava ai x coptea here. 

RU.JlllG OPPICBB LAVTOlf : All right . 

Let'• s1•e one to the report er. 

Do you care to uke UlY comaente before the 

a11dea, au, 
D. DGBLXI•': YH. 1 will-~• a tev comment■ 

befOJ'e tbe al1dea, and I think we had better get 

tbia down, and I will discuaa the elide■ with you. 

NB. B.B'DDY: Can the BPA have a c opy ot the report? 

IOl. BIIOBLEf~G: You will have t o write to us 

tor it, U you would. 

It ju■t happeu tbat I brought so ma.ny copies 

here, and I am not quite sure how many they would like 

tor you to ha't'e. 

How ■any copies was it that you wanted? 

DilIJICI OJl'FICBR LJ\V~R: Ot this material? 

IOl. BJICIELJtllO: Yee. 

HDBIBG OPPICBR LAWTOR: You have ghen ua about 

81ST 

NB. EllGBUDl'O: Six. 

BBUIJIG OFPICBB LAVTOlh Six. 

U you can get us tour more, I tbirstou.r 
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NB. UQKllllO: All right . 

e:IAJlDG OYPICBlt LAVTOII: AJ.d ■-ad one direct 

to the IPA. I think 1t would be helpful. 
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D. DUUX.Oi All right. Ve will get you one 

tb•n later on here. 

D.UIJD OfflCER LAVTOII: PiAe. 

ft.ID no~uo, 

b•i.Dg ff.rat duy eworn, teat1t1e, 1n the narrat1•e 

fora •• roll,va : 

HBARllO OPPICBR LAVTOll: Por the record, Sir, 

will you tell ue who you are and who you represent? 

KR. EKOBLltlllO: Yea, Sir. 

lb'. Chainaan, Neabere of the panel, my 

naae 1• P~•4 Engelking. I am with caterpillar 

Tractor coza,pany~ I ha•e be•n there since 1937 , 

I have reca1•ed a degree in chemical eugiooeri.ng 

fro• Purdue tJni.yera1ty. 

I have been working on f'r1ct1on lll&ter1ala 

tor oYer 1.Wanty yeara, lllld presently I direct the 

re■earcb ad de•elopmeot programs tor non-■etal.l1c 

aater1als• 1aclud1ng friction material, 1n the 

Research Department. 

I b••• been a ■ember or the American society 
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tor Te1t.1ng Kater1all Subcc11111D1ttee on Pr1et1oD 

Material! 11nce 1957, 

Caterpillar 1a pl.eased to haYe the oppor­

tunity to appear before th11 aoud tOday. Ve have 

11.Jt unutaoturin& tac111tie11 1A the atate, and are 
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tbe lu1e• pri'f'ate aap:oyez· 1A the State ot Ill1At>1a, 

with cn,er 41,000 e■ployeea. 

We are rl.tall7 i1ntereated in the ettorts 

o~ the Ill1noia Pollution c:ontrol Board to gua:rd the 

health &114 eD'f'1.rOnment. 

I a11 here tOday t;o present to you information 

that I hope will aaa1at you1 1n ettorta to regulate 

the u1e ~ aabe1toa and 11p%'&y insulation 1n the state 

ot Il11Do18 , 

cop1ee of OU.I' con~lete submission are 1n 

,-our bande, and it ie our 111Acere hope that each ot 

you will find time to read the entire booklet. 

J1Y oral re■arte •~e in.cluded in Appendix 

B, 

Tbe Caterpillar prOduct line :l.ncludes 

pr1.aar117 eartb-mOTing equipment. All of this equ1.p­

■ent atlllses aabeatoa bralr:e 11.m.nga and 1t 1s tor 

ttd1 reaeOA that we are co111cerned with Section 702 

et Part Vll o~ tbe proposed, regulation. 
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APP•u~lx A ot the boouet prortdea & 

ll■t1.Dc at the caterpillar product line wh1.ch u­

oludea 52 aod•l• ot eartb-aoyi.og •qllip■ent aad 53 

aodele •t uter1al-bandl1ng equipment. 
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The lack ot a 4etim.tion tor th• word 

"••hlcl•" 1n the propoaad regul.at1.on 1• also ot con­

cern. 

'J.'YPlcal~. regulatory statutes ha•e 

41ttereat:l&te4 between aotor •eb1.clee and earth-ao•ing 

e11ulpuait .. 

Thue are auggeetlons tor tbe det:l.a1t1on 

ot "•ehlcle" 1n the written testimony. 

~here are reaaons tor our concorn. Asbestos 

la uae4 1a &11 types ot brakes in all Caterpu.J.ar 

aach1nes J>ecauae it hae outstanding safety IJld 

la&Z'acterlatic.a~ 

X •t~t• ot uny years ot resear~h, theYe 

are no taon sate substitutes tor asbestos brake 

l.UlS.age tor ou.r type ot equipment. 

I woul.d like to acquaint you with at•• 

tne• ot JDB.Cbi.Dea other than the familiar track-type 

tractor. 

Reterrlq to Slide 1, we ha•• a wheel 

tractor, s.t has a bulldozer blade on the front ot it. 
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You h••• probably' •••nth••• on aaall county roads, 

-.d wor1c.1n& on ahouldera of pavaa roa~a. Thie is a 

■otor grader . Thia 1a a highway tz-uck here. and 

th••• are 1A weight up ~o 50 tone carrying c • pac1ty. 

Th1• ie a wheal tractor loader in ~he 

center. it• too. can ca.rry as much a■ 50 or 60 tons 

with a SJ'Oae Yehlcle weight ot a quarter m.illion 

poanda. 

a the center we haye a abovel, so■a+.!.ae■ 

known as a wheel-tractor loader . 

Ulll.1Jte most vehicles you know about, we 

have five d1.tferent typ~a of brakes. They a.re dry 

■hoe brakes, dry caltper disc brakes, dry band brakes, 

oil cooled band brakee, and e1l cooled disc brakes. 

Xn this elide, I will show you a conventional 

ahoe brake. lt ta very ei.m1.la:r to what you have on 

ma$t •beels Of'your paaaenger cars. It haa the asbeatoe 

fl"1ct1oa material on each shoe and there ia a 

~d:raulic piston which actuates and shoves the shoes 

apart aga1.net the drum. In all caeos we are usiJls 

asbestos material tor the brake lining i n this type 

of brake. Thi.a i■ a dry shoe bl'ake. 

This is a oal1Per disc brake, and it is 

ye:ry aildl.&r to the caliper disc brakes used oath• 
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front wheel s ot eome ot the lataat model paas nger 

care , euept, ot cour1e, it 11 laraer in eise . 

Tkd• c one11ta or a d18C wtdcb 11 rott:t.tiug 

and attached t o 7our wheel. The caliper her• aad 

in..lde the caliper are two friction pade which gr1p 

be d110 u 1t rotat e, and p!'O't'idea the atoppi.Ag 

capab1llt~ea . 

The next tbree t ypes ot brakes are totally 

enclo1ed llirakea and , aa euch, t hey are probably 

Wlfaa111&r to J'OU. 

Ve b e rea~ed the c over troa this brake 

here, the compart aent, and you mwst reu■ber that 1J> 

all ca1ea an:,vhs re products trOlll th1• type of brL~e 

eannot gctt out into the enrtronment. One type ot 

enolo1ed band brake 11 ve t and haa oil flcnri.Jlg 1n-

11de the brake druu , whi ch not only would hol.d 

&ad keep fJZl7 ubeat oe we.:ir partj4.ea and prewnt them 

troa get'ttng into t he enTiunmeat, but it does 

a cooliag job tar ua. 

r machines 1n the t ractor line use 

th• ease tQpe ot band brake oper ating on• drua 

here, bu~ :la dry coapartments. And t hue two are 

totally eacloaed 10 that wear products caamot c•t 
ollt :IJlto &he 81l.Tiromwnt. 
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Th• f1tth t7pe 11 a totally enclosed 011-

0001•4 diac brake vb.lob•• uae on 01a ott-highway 

,ruou. Xn th.la type of brake, the friction material 

1a OIi •••17 other plat• and it rube agaUJlt these 

aattng plat••• when• piaton com.pre1ee1 the wboie 

etaok to1ether. Tb1.a, too, bu oil tlow1.J:t.s th.rough 

lt wh1oh caa take awa7 aay wear product• and cOlltain 

,be■ and pr••ent them f rom getting into t e euv1ron­

MDt. 

TU• 1.e a typ1ca1 :tr1ct1on mter1a1 disc 

auoh •• 1a uaed 1n a 4111c oll·cool.ed orake ui the 

prertou elide. Thb a sligbtl~ different 

■odel. 

Th• brake wear products a.re tbe next 

aabJIICt I would like to dl ecua~, and, as you have 

Matloned, the.:.. baa been entered into tbe testimon.y 

xr. L:,'DOb'a paper on brake 11.n.1.ng decomposition 

p-oc!ucta. 

lfe ~ done 10■e sim1.J.u but less extens­

ln work cm brake deeompo.a1t1on products. 

U you will turn to the nezt slide, pleaae. 

Tb1a ali4e abOwa aorapillge trom aa unused brake 

Ual.D& ll&tv1al •• photographed with an electron 

ld.oroacopo a, bJ.p -&n1,f1c&U.on, and the aebea1;oa 
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on th• dda thar•. a t1Y• aicron &Cale. Alld th• 

reaaon •• ild thie 1a that 1n your Paragraph 601. 

you aenian. tbat azu- t1bera aborter tban f1Ye 

ld.orona wou14 aot be counted as a,i •m1aa1on. 
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And•• want to ahow r-,u that what fl.bare 

we t1114 1a wear pHducta are, iadeed, aborter than 

A•e 111.cl'OIUI amd, it that 1a the p:-oper regulation 

tor .. ataetunng pl.ante emittJ.ag tibera into the 

atr, we teal that it should be a proper one t~ 

t.raJtes al.ao 

irowner, •• would suggest that t~ ~ 

alorom my aot be +h• proper 4irt41ng 1 i.ne. Tllis 

eoul4 be wu, aa.ybe fifteen, u~ aic:Pona in 

atse, depead!.Jlg upon whats•er qual.1N.ed medical. 

4e•elopaents tlD'D up•• the pl'oper di..-1<U.ng lJ.ne 

la •1•• tut could create some huard. 

The aaxt slide we took some ot the asbeetoa 

•terial aa4 heated 1t 1n JU1 oven to try to deter­

i~ate the ~1bers, and our first effort• at do1.D& 

~~e 414 aot work out too well, aad we folmd out 

that Sa aouatiD& our heated fibers which we 

tboU&bt would••• decayed, but eaaentially loot.e4 

Uke t111ea, that 7011 bad to crush tlle11, re&ll,y. 
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so the next ~1•• we heated &OM ■are ot 

th• aaae un.uaed tibera, eruahed thea by rolling a 

ll,&H l'04 a-.•• some ot th1• powder, &Ad it powdered 

1t t~••• AJld •• •~111 ended ap vi.that•• 

tilter■ bi.re. 

B1aut1ally they are lesa tba:l tiye llioioona, 

ua4 what we a.re t~ to simul&te here waa the 

wear con41~ 1.D a brake. In other worda., we 

generate a 10\ or beat 1D a bra.Ju,., and th• brake 

•t•nal. rub~ aga1.nat the druJI or the di.ec turth.e ... 

deterS.arKes th• fibeN 1Dto duet, rather th&a an 

actual tu.. 

I should baye meDt1aned th.at &l.l. ot these 

bl&clt puUcl.ea are either dust pazt1clea., c~lomer­

atea ot dust put1elea or fiber. The white happeJt.S 

to ate a bartp,ound. 

-?he next one, please. 

We •en ••11111Pled a brake co■partment ot 

a 933 wvMwe, ~t 1a a caterpillar owaber. Aad 

we exam1oeA 1t at the same 5,000 X magn1t1caUoo 

Oil. the eleeb'Cm micro1cope., and these black 

p~lea again are 4ebr1a, congloaeratee of small. 

daai part1el.es, with a few fillers sbold.ng here. 

2bue 1• one here, ud it loou like oae 
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beN and perb&pe one bare. But ea■ent1all)- it 1• non­

ftbrowa. ~ -ter1al that•• find in ehe com,part­

Hat wu llQJl•f1brou.. 

X to.riot to ment1oa ea.rli.ez- that at thia 

u.pSfioa\U.aa, it 1a quite ten1.t1c, and the th.1.clt!aeaa 

ot a b\llllUI llaU ta 35 aicrona, llb.1.ch would be 

eapletel7 att tu acreen. That is juat the th1cknees 

ot a bWll&ll hair. 

The next slide, pleaae. Thia laet one w&a 

another SUQll.e out of a brake compartment 1.n a 

-..eh1cle. Agaj.A, we see qui.ta a conpo1119raUon ~ 

dirt parU.elea here, duet particles, which cou1d 

eltherba f:2'0Jll the outside or deCOJll.POaed fiber i.n.to 

particles. 

ve -aee a few f1be~6 left inside. They are 

kJ.nd ~ ba.J,d to find. 

Die next elide, please. 

~eae two c~es show you vbat it i.s like 

wllell a vebicle etope, and we tJaought we would like 

to expl.&1.a 1~ to you . 

Whea you are drivi!lg a passenger ca.r or 

~one~ our vehicles, the situatiOD ls eOlll8what 

•1■1lar. You put your toot on the brake right at 

tld• pc,jal; &Dd, •• 70u press 40lm to atop the veJucle, 
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~• to.Nlu• or •toppil"e power 1.Aoreaaee, and 70u try 

to bold ,ou:r root on th• bnk8• &ad 7ou u• slow~ 

decelen.Ua& uaUl you tiA&lly atop at th• ead. 

V• al.ao ba•• a little pip,•••• call it, 

ure, a•~ lncr•u• 111 ■toppblc power. Aa4 that 

1■ wbat a t1rat-qual1t:, brake loou like, &ad that 

C\U'Te A bappau to be tor a11be11toa-conta.in1:lol brake 

aaterlaJ.. 

Ve a.la o haye C IU'Ve B dOlm her•, wbich was 

W:L oa a ct•1ler te■t, and thi.11 va■ not aabeatoa 

uteri.al.• tb.1.a wH sintered irict.ion material. 

&pin w eta.rt 4owa here and appl.y the brakas, and 

::,ou will aotice the 11topp1Ag torque or etoppi.na 

oapab1ll~y bll1.l41ng up, and we have a large amount 

ot ribrat1on here. And ribration 111 noise, and 

aoia• 1• pollution also. 

so tide is one tJ:d.ng we do not lllte to 

II.aye 1• &4.u.eak or squawk 1n the b%akes. 

YOU rill notice also that whereas the cune 

up here ~e rather leYel, indicating a very uailoz,a 

■topp1ag rate, tbi• OJ9 baa a 4ecQ1.ng ■topping rate. 

Ia othe• 1'01'Cls, the braking capabil.ity 1a getti.a& 

lffa u you ~•1l n.tal" tile end ot Ille atop. '?ll• wont 

part, tbOQsh, S.S tide entire e1.rcled area hue, and 
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tbU reall,y bOthH'■ WI. That 1• .t thie auddeJl u­
ONU• la atopp!.q rat• at the Tery end. In you• 

oar, tb.1• would throw a paaae:ageJ' aga1.D■t the w1.Dd­

ab.le14, whieh would be ldnd ot a pa1.D in tb• head 

but aot parti.oula.rly dancerou■. 

But ill our ••h1.ol••• thia can be quite 

claqeroua, as I will expl&U 1n the nut ■lide. 

'lb.1a 11 a coaaaon operat10D with oil!' type 

ot laCf!.b1na, 11111.cb we take a loader wbJ.eb ot"1.••• 

Ille sh0ft1 into the bank hara, ra.1.aes it up 1.n the 

air, aid Ile 1a going to b&clt up ud d11111p 1t ill a 

truolr., ldaich 1a out ot tbe p~ctw,e. When you back 

ap a nldcl.e like th111 and abrup~ ■ top due to 

ur■la pa;a.!Wag tr1ct1on u.ter1&1., tbe tractor will 

aerta~ stop, the bucket etopu, but the 1111~enal 

la 1t 4oe.aa 1t atop a11d 1t caa-,ades oYer tbe back 

ead 40IID la thia ll&ll' • lap. And tlli.• ia a yezy-

... ~• e1-fiua.t;i.on, and one tlaat we are TUY wa~ul 

ot on all. ot ou vehicles. The wont ODea, :it • 

woulcl ~~ fr eUon aater1&1a -- the worst Ollea 

would b.e 4 loader-type machine. But~ of our 

ffb1clee ca a&rZ71D& mtel"i&l. ill t~e a.1.r, and we 

4o not sud; tlae •ter1a1 to spill out, due to abrupt 

--- aqe. 
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nan a brake 1a 4u1gaed tor a Cat.erp1ll&r 

••ehlu• there are thr•• vebJ.cle factora that we 

ban abown: satet,-. durability am amootbneu of 

atOpplag. •ow• the laat two factors enhance the 

aatet7 f&0to:r. 'l'll• brake auat be abl• .. o stop the 

ll&Ohiu 1.a a reaaonabl• distaaee, ti.ae after time. 

ADd aahatc-e lar&lt• uter1&l.e b&ve proven perl'oraanee 

aad 4urat1.GD 1.n th.la re&&r4. 

I woul.4 lilt• to eWlaU'Ue now and 11&.ke 

aoae r•~a.endationa. 

Ca,~erpil.1&r Tractor COllp&aay question.a 

vhetiler \he 1.Dteat of the aabestoa and spray- 1.nsula.tion 

ng11ldS.-GD11 !.a actually acot.t,;,pllt.l.t:c'!. by CJlr, proposed 

baa ot aabeatoa brake Unillge. 

U .research work and data on aab1ent 

caaceatnt10n levela of asbestos fibers wllch are 

4e"'1.aellt&l to aoc1et,- establish a need tor asbestos 

brake caaa..c>1 and/or regulation> Caterpillar 

recoatende iohat sectiun 702. Pa.rt vn: ot B71-16 

(Aabeatoa Uld Sp~ IDaulat1cm B•&ulat1ona) be 

■o41t1ed ~o al1ow the toll.ovtq ucept1ona: 

1. That aabeatoa brake J1a1np (tirl4t10ll 

-tu-1&1) ~ be ued ill a brake a~atea when the 

hiOUOl!. •t;:.~ operatea 1.a either a dr,' or oil.-
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cOlfiP&rtuAt ~ pr•••nta th• elll1aaion ot brake 

wear pr04sta lato t.he aableDt ur. 
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2. ft&t u-••toa brake Uniqa {frS.ctiOA 

a.ter1al.) lllliT .. u.aed in a brake eyatea, wbe.a the 

hS.Ot1an •tenaJ. opez-atea u a 11an-en.cloaed brake 

o~, Ullill ocaclua!.T• me4J.cal eyidea,c.e prowea 

tllat the eal't'bed brake wear products contun ~ul 

-oanta ~ ulMlatoa f1bera. 

U all. ert4ence i.11d1cates: the need tor 

uHatoa lllrue coatrola and/or regulation•, cater­

p111ar wnu1d further recOJllllelld that reason.able 

tm-eaho14 lJ.ai'ta ot ubeetoa ti.bell' be eatabliahed by 

C(\tal.ltted peraOJm.el, baH4 on sc1.enti.t1c tact and 

tonaeeaUe tecbnotogical advances. 

!llhe teat procedures llh.1ch measure the 

conc•tr.utan ot u&»eatos fi&»ers must alao be 

4ne1ope4 1IIIHh are UD4e.rstaad&ble, repeatable, &114 

realletto. 

Plaee the burden on the manutacturer to 

destp Ids p~duct to ■eet reaacmable, attai.nable 

atanduda -- d<m'1. juat prohibit the uae ot ubestoa 

tor U'&kes. 

As mauoned at tlle b•g:Jnn1ng, catarp1ll&r 
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naotw COJQ~ acr• .. 1n s>r1..nc1ple w1tb the obJeot-

1•H of tl:l.e ~t&l J>roucuon Act . 

th• OOIIJII)~ at&Ql!ls r~ and wil.11.JI& to 

ua1at ~ BCIU'd 1n '11• e■1~bllabllleat ot aebeatoa 

n&Yl&~tcma ldl1cb HrYe tbn 1Ateu of tbe legJ.a­

l.aU<a. 

imaaak you, ~. Cb&1raan. 

HIIBU- OJ'PICBR LAVTOJI: Thank you, S1.J>. 

Ve 1dl.l. receive Jrour coaposite exlu.bJ.t as 

•o. 25. 

J>O :,ou baTe ._, caueatiou, ~- Bultu? 

JIB. Rll!l'KB: Yea • 

CROSS Elili(IJ[~O• 

Jtr D.- ll&rUP: 

Q YOU talked about &'&thu tJaaD baaa!.Dg, setting 

ireuoaab-1.a &'tt-&1ee ~le • tancla1-da • 

~ a awunca:L -elliseJ.on standard :La 

~doual,1- ~rible wltea J70ll are 4eal.1Dg w1th br&lte 

lte1ag, wla&'t Jda4 or at&DdJ .. de do you have 1B mind,, 

S1PT 

A 

1Je ~ tbere alllOuld be aore worlt cklna 

la tM.a &D& to e&Uaty t.h;Ls. rhis shOllld eN1.&1.aly 

.. ~ clam IO' adleal pai:,ple as .. 11 aa angiaee:rs 
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wort1.ac With 1ahe111., or ac1•nt1ato ...orlc.1.ng with theia 

to ••• lllt&l the ataadarda ab.Ou1d be • 

W• cton't mow. v th1nk tu.rtber VOl'lt 

allolllct H dODa. 

Q I take it you u• aqggeating a •tand•rd 

•b.1.cll wou.l.d go to tb~ qLl&l.1t7 ot th• product used 

u we11 u tll.e type ot eDC&aeme.t which 1111.ght be 

&:road it? 

& •• aee no reaaon at all tor aay regul.at1o:n 

t~ a ~al.ly-aacl.oaed brake ~a.rtment, beeause 

1t canaot get out into the eJIVU'Onllent, and we 

feel tu.tat th• p~•~ent t1Jll8 the eaaentJ.al tllllg 

eaaeati&lly there 1B eaou.gh d&ta and tacts al.ready 

utered ~ yo\U' record hel'e that question the 

et~ect ~ the aabestoa fibers, 'Idle.re they real:13 

ue a pl'Gbl.em., when ,.au have got a dry ar .. exposed 

departaeat. 

Q :t waaa•t goiag to ~t. I was gouag to 

the kind ~ standud we migat come up with, asaum1ag 

1.t were & p,rob1ea, othar tball aUJll8r1cal ate■d•rda 

Ul4 otusa ~ a flat ban. 

A ~ 40D1 1. ltnOw. Thia u aoutJa1.Dg wtw:h 

I w.m: ~H a lot ■ON wark Md effort. 

Q Clla 'blle 11u1.a ~ 70111' study, 1a the bHlte 
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Unlq 4ec011poa1t1on likely to be -- that 1a, de­

ooapa.lUGn. of ~ t1Hl' 1.Dt<> a011a aort ot a part1cl•, 

Ute~ to be peatar ldt.b be&YJ' equipunt than it 

ta WS.Ua ~1.JlaQ- uanapOJ'tat10D vah.1.clH? 

.& J: 4•'t tla.1mc 1.t u.14 be too IMICb 

41.rhnld; .,..u. It 1a •tr1ctl;y • tunct1oa ot 

te ... rai-.. Uld I~ 111 a-.:, caae 7ou are go1.ng 

-to get aa, ~ • M19enture nere the so-cal1ed 

-t•• ~ti.on ta reaoved ~ the ubeatoa 

ttNr, tlla f'iltU 1.a detenora'led, and can theA laecou 

a 4uatT part:1,.cl.e 1.uiead . 

Q D1d you ban &JV pe:rceJttap wbicb you 

CGl14 P"H WI ~ the dacoapos1tJ.an p:Poduct wileh 

reaa1218ci t1bR 1a J'OIU' etudy? 

A .Aa nea.r aa we could see, acamung nth 

.._ eleevan m:loroacope in our field , we rarely 

••11 aore ~ two fiN.1"11, &11.d theae were wbat we 

would caJ.1 tiJpk&l. :tlelde ta.at. :r was a~owirg iJI tile 

pS.otur~, and ldt.at tllese are 411&N1Utats,re~ I have 

ao ._ ~ tw-dng. 

&. B'.AllJCBR: 'fb&Dk :,ou var:, much, Sir. 

KIIJU!W'I OPPlCU LlV'fOll: Tb.Uk you ff!Y much. 

YfYli Jd.1i pt w, a-ome a44.1t1onal copies, 

I take f.'lf I Ua1Dk tbe deMDd hu alN&dJ' OHJl 
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1hown tor th••• brochure■ . 

TBK vr.rnss: I had names on the one• tor the 

Board, but we oan 1•t othera. 

HBAalKQ WPICIR LAVTOI• Qet UI about halt. 

doaen ■ore, if 7ou will. 

(Vitn••• excuaed.) 

228 

R•ABllO Ol'PICIR LAVTOll: Baa Mr. Ayre arrhed? 

All right, Sir. We will be happy to hear 

from 7ou. If 7ou would care -- it you have anything 

to ••7• 

I wonder if you would be sworn. I do not 

believe you were. 

NR. AYllB: Ro, I haven't been here betore. 

(Witneu eworn.) 
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BOWARD B. AYRB, 

bein1 tlr■t duly ■worn , te ■ t1fied in t he na rrative 

tor■ a■ follow■: 

TEI wrrnss: Ny pre■entation will n?t be qui to 

a■ polished•• that of Mr , Shec kl er, or the previous 

apealter. 

I wa■ a■lted t o give 1QY opinion on whatever 

doubt we have on the measurement ot as bestos fibers 

in emleaiona from factories. 

BBABIBG OPPICER LAWTOB: I won1er if yQ.I 1,ould 

id ■ntify your■elt, say wit h whom you are aaaociated 

and a little on your professional background. 

TBB WITBBSS: All right. 

My name ls Howard Ayre . I am with the 

Rational Institute for Occupational safety a nd Beolth 

ot the u. s. Public Health Service. 

I have a degree in chemical engineering 

fro■ the University of Minnesota in 1948, and in 

indu■trlal hygiene fro■ Harvard Onive~•ity in 1955. 

I have been with the National Institute 

for Occupational Health and its predeceaaor organ­

isation since 1950. My present position, I am 

Aaalataat Director ot the Division of Field studies 

on Clinical Inveatiglltions of the lnstituie. 
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hygiene. I have done due,t e•aluatione. During m:, 

entire career in induet1•ial hygiene, I was ror 
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•••eral :,ear• Che. run ot the Committee on !valuation 

of Bn•1ro:'lllental PactorP or the American conference 

ot the QoY11trnunta l Indutltrtal Hygteniate. 

Presently, I •111 on the Joint American 

Industrial Hygiene Aaa0<:1at1on and AC GIH Collll11ttse 

on Aeroaol Huard E•aluation. I &111 preaently 

Chairaan ot the American conference ot ao r1111ental 

Induatrial Hygien1ata . 

11.Y reaponaibilitiee do not have anything 

to do with the e■isaiona froa factories into the 

air. I guess our last air pollution investigation 

was 1n Denora, which wee betore I came with the 

organization. 

Howe•er, the ~easurement methods which 

have been diacuased I woderstand are the saao onea 

that we haYe used in factories and that, 1n tact, 

are used 1.n British factories as well. 

so I thought I would Just tr:, and tallt a 

little bit about the sampling method, the aetbod 

ot counting the tibera, the kind ot varietiona •• 

get between count• on the ea■e tilter and th• 
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reault1ng Ta.r1at1on1 in calculated fiber c~ncentra­

tlona, the 41.ttarenoe, and than th• kind of ditfer­

ano•• •• aight get it different people exaa1ned 

the•••• a&11plea. 

I aa aure aomeone must have deacribed by 

now the 1aaplin1 ■ethod, the method as we uae it. 

Ve uae a aaall plaatic tilter holder about 10 big 

around, a1• is drawn through a lllill1pore meabrane 

filter in tb11 holder. 

Ve aeaaUl'e the flow rate going through the 

filter by a flow aeter. We tiaa the le~gth of th• 

eaaple, eo we ha•e a saaple yolwne, usually in 

liters. 

Then we multiply tbia by a thousand to g1Te 

a yoluae in cubic centiaeters. 

HaTing taken this sample, we place a 

oap on tbe plastic holder and eend it back to the 

laboratory. 

Por sampling exposure of workers, we 

faaten a little battery-operated sampling pump right 

on th• belt ot the worker, place thiG ea■ple bolder 

on bi• lapel and take a sample at one and a-baJ.~ or 

two liters per ID1nuta tor, say, an hour. 

Uatng the aaae holder, you could, 1n a 
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t1xe4 ■1tuation, ■uoh a ■ eai■a~on ■aapling , you 

could aaapl• at five or ten or t1tt■en liters per 

nnute and thu• get• very ■uch larger oample 

•olwae 1n tbe aa■e length ot time. 

Tb1• ■a■pling •1•te■ 1• relatively 1.n­

expen■1•e. Tbe■e plastic filter holders containJ.ng 

tb• tilter co■t about 60 cents each, and a suitable 

pw;p wttb a flow ■eter would be about $100. And 

the aaaple ti.■• 1s usually done by so■ething like 

a wristwatch. 

OL~• these samples have been collected 

and sailed ~r car~ied back to the laboratory, this 

aull plastic tilter hOlder 1s opened , and tbis 

■e■bran• t11ter is removed. A small slice le ~ut 

out and placed on a microscope slide. We put a 

drop ot a chemical on the slide to make the tilter 

tranaparent, cover it wit~ a small piece ot thin 

glass, and leave it tor ant.our or two to clear 

co■pletely. 

Actually at this po1nt the microscope 

slide with the ea■ple on it can be left tor days 

or weeks without the count changing appreciably. 

The sample is then exalllined , using an 

optical llieroscope with phase-contrast illum1nat1oa. 
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Th• objective on the a1.cro■cope, that 1a, 

th• lower part ot it, ha■ a 40 to 44 ti■•• ■a¢ticat1on, 

and th• •1• piece, th• upper part, 1 ■ a 10 to 20 

tlua, a1•1na a total 111&gn.1ticat1on of about 400 to 

450 t1■H. 

In the e7e piece , we have a ruled retie\" 

which outlin•• a aeaaured area on the microscope 

al14e. 

Thia reticle we use also haa a aeries ot 

graduated cuclea, each with double the area ot the 

next amaller circle, eo that we can uaing these 

graduated circlea aeasure the length ot objects on 

the aloroaoope elide. 

Witb a 43 times objective and a 10 X 

eye piece, such as we uae, one of the middle-sized 

circles will oorreapond to about five microns on 

the tilter. 

Once having mounted this tilter and placed 

it on the alide, and focused on che area, the 

technicla.n, while looking froa the slide , will 

aelect a poa1t1on over the filter, then look through 

and tocua exactly and record the number ot fibara 

1n tbSa area defined in th!■ reticle; mark it d011n, 

one, two, three, none, whatever the DWllber of fibers 
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la lD th1■ t1e14. 

In ~ur technique, we count everythi.Dc we 

call a fiber, and tb1• 1• really everything that 1• 

■ore than three tl■e• a■ long a■ it 1• wide. Thoae 

fibers longer than tlv• llicrona and tho■• loo.gar than 

ten ■lcrona. 

Once be has recorded these nu■bere, be 

agaln loolta away tro■ the microscope and moves hla 

filter, and then repeat■ the process twenty times. 

I aake quite a polnt of this looting away, 

becauae we have to be rather cuetul not to try and 

aelect the klnd ot a field we think we shoul.d be 

looking at, but, rather, to look at the tiold 1n 

a randoa aanner. 

Each ot the fields as we see it is only 

about one one-hundred thousandth of the total area 

of the tilter. 

Having counted 20 f1el~ we take the 

average field count and aultlply 1t by the ratio 

of the tota1 filter area to the uea ot the field 

comted. D1T1de by the sample volwae 1n cubic 

centlaetera. 

Then we have our concentration 1n fibers 

per cc. 
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Tb• fiber• can be ~xpeoted to be d1atribu\e4 

randoal7 over tb• tilter, vbiob ••ne that aom• 

field• will baTe ■ore than tbe aTerage nuaber, ■oa• 

l•••• A.ad th••• variation.■ at ti.Jlle■ can be tairl.7 

hip. 

Th•J will T&r J according to a atatiatioal 

funotlon called th■ Po■■an diatributS on . so bow 

cloae the counter will coae to the a . erage nWDber 

per field wlll depend on t ba nWDber ot tot al nuaber 

of fib• ~ ha cont■. 

It•• ~nted t o be• aay 90 per cent s ure 

that•• ••r• within certain 11111.t■ , i n• 90 per 

cant cont1deuce interval; if, tor example, hi 20 

field■ the tecbniciaA counts 25 fibers . or one per 

t1ald, the actual average nllllber might be as hi gh 

•• 31 or as small aa 12. 

U 1n these 20 fields , be counted 50 fibers, 

tbaJ a1gbt have been aa blgh as 66 and as tev as 

37. 

Ube counted 100 fibers in 20 fields, he 

111.ght have had as many•• 116 or as tev as 84. 

And 1f be had 200 fibers, there lligbt be 

•• any as 225 and as tew as 175. 

- you can aee that as he coante more fiber•, 
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tbo peroeau,co ot ••rlation gets smaller . However, 

bo ls lOOkiD& at duet ~arttelee 1n thi■ field, and, 

as his ouabor Aet• larger, we 4on•t increae th• 

aocu~ao7 1Jl4otln1tely, beoauae he will aoon cou to 

tbo polat where tbe fiber■ are crewdiq one aaotber. 

Whore hla eo1.111t beoo•• 1Mocuate, tba fibers ua 

oYorlapplJIC. Be camlot decl~a whether he sholll.d be 

counting 0118 fiber or two, and tb.1.■ kind ot tbi.ng. 

so we do aot want to increaae th1.s ,.ndet1n1 te].y. 

With 200 fibers, plus or ainua l~ er caot, 

tor 90 per coat cont14ence, we would re~t;lDly eo~­

a1der aa adequate le•el for our purposes. And if 

wa 1ncreued 1t very auch abOTe that. we would start 

setting lbeae other probleu I mentioned. 

Well, if we then translate thia kind ot a 

randoa Y&r1at1on into the fiber ccmcentrat1ons we 

would aouure 1n the air, we might say that through 

tb1• 11tt1e p1a■t1o filter bolder, a reasonable 

■aaple TOl\llle would be 300 liters. That wolll.d be 

ti•• liters per minute tor one bour or 10 liters 

per 111nute tor 30 minutes. 

so, 1n this 300-uter sample at two tilter• 

Nil' CC1 we would ban an ayerage ot about 4¼ per 

field, 1.t rq arlthaetio is right, or 90 fibers per 
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20 tield•• &Ad tbe 90 per cent coD.t1dence 11.Jllita 

tor tb1• would be about plua or mi.Dua 20 per cent . 

If•• had the 1au aample •oluae Uld an 

actual oon.centrat1on ot two-teatha or• fiber per 

co. tll1 would ouly gi•• u1 n.1ne fiber■ per 20 

flel4•• and eo tbe 111111.te, the upper lint•• would 

be 17, and the lower 11a1t would be tour. 

so here you••• we ha.Ye a factor of about 

two, 1n our co~idence. 

Bow, you can 1ncreaae the concentrations 

ot the t~ber on the filter b7 Just 1ncreaa1ng the 

length of the sampling time. Thus, a t1ve-h0UJ" 

aample at ten 11tera per minute would get you baok 

to our 300 liters per minute, plus 01' ainua 20 

per cent. 

BOlrav'9r, 1t 1n thi.s a.1r we bad other au 

cont••1naate, soot or other ldDds of dust, lengthen­

ing our aalll)l.Ug time, •~1ng a Yery large sample, 

a 3,000 liter sample, would tdldto obscure the 

flbera u4 they lll1ght, 1n fact, become completely 

obacure4• so that ve could not see the fibers at 

all. And 'th!.s same com.ment would apply tor J.ewer 

co11Ceatrats.ana, it the air wer~ Ve!r7 dirty aad there 

.. :re_...., ~er contaminants 1n th1.s air we were 
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lOOkiq d. 

'l'h• randoa Yar1at10D ~ fiber, oo the 

filter,~ cour••• 1•n•t th• whole 1tory. Becauae 

•• b••• people . JOiting throu&b the a1croecope aad 

dlftereat people u•• the a1cro•oope 1oaawbat dUfer­

eotly. Our ab1.lity to ... ••ry ~ •pots or "1'7 

fln• llllea wi.11 yary. soae or ua will ••e aore 

fibers thAD aaotber Ard 11' •• are u11Ag aoutbi.ng 

lilt• tb• lOJ18V than fl•• a1croas , •• would a1ao 

ba•• a ••U dU't•r•c.:• there 1.a judg1~ wblch wa• 

tbe fl•• 111cr01l and wbiob waa th• tour and the •1x . 

I 414 not have any Jata 1Juled1ately aya11-

abl• vhloh 41Nctly con:pued fiber cou.nte by 

different people. we b&Te, ae n matter ot tact, 

done 001111vatJ.v• fiber cowate vitb other orgaa1:a­

tlone. -~t.ly tbe tactor1ea producing asbestos 

produota, whue they do tbei.r own meae1.1remeats. 

AA4 we b&ve after aoae trial and error reached wbat 

•• b••• considered acceptable agreement. 

'fhis kind ot experiaent baa given 118 the 

lap~•••1on that the same situation applies 1.n aa 

older kind ot duet countins with another instrument 

called th• midget implogu. some yeua ago I i,u 

aa •nalyaie ot th1a tor OUl' organ1zat1on, ~v •• 
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whetber th• Mtbod ot duet couat1zl& 1hould be cba.Dged 

tor health ev&l.uation1 . 

I round a owab•r ot coapar11on1 be •••n 

dUt•r••t &J"OUp■ counting the ■aae ■aaplH or • ....,1 .. 

taken at th• aaaa t1ae. Th• dUterenc• betweea two 

n■ulta • th• ■au ■aaple, or aa.aple■ taken at the 

■a.a• Uu, can ooae from a number ot aourcea. Th• 

ll1croac0pe, the 1nd1T1dual. uae1 may be alightl.y 

dttt•r•at. 

A• I Mntioned, our optical ab1l~t1as are 

■11&bt1Y dUterent . 

or course,•• have the otat1atical variations, 

and thea there are ao• thi.Dga that I juat don't 

\IIUler■tUd. 

'!he beat that any of these experimenta 

atnaged was a coet'ticient ot var1at1on of 15 per cent , 

and l lllght I will atop on that one tor a 111.nuh. 

'l'ld.a ia the standard dev1at1en divided by 

the average. U we have ~lua or minus two atandud 

deTiattODa, we 1.nolude 95 per cent otour reaulta. 

so that pl.us or 111.nua 30 pe!' cent, including 95 par 

oent ot Gw, result■,••• about the beat any tvo 

CN)upa -.naged on identical auiples. 

BO:We-.er, 1n aou cases, with exper19Jlles4, 
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conao1eat1oua duat counter,, count111g pr•• bl.J 

14eat1c&1 aaapl••• we h.a4 ooettic11nt1 of •uiaUon 

ot 50 per ceat, wh1~b ••• aore or l••• our aax.1awa 

ranee, -ut 1t1ll aore tntoal tbaa th• 15 per oeat. 

so apj.n, to 1.nolud• 95 per cent ot ou:r 

aaaplee with tllia k1.n4 or a co1tt1c11nt ot Y&l'1.&t1.cm. 

ve aay tat about one tiao 1n 20, one count a1ght 

be•• aueh u double or aa little•• hal.t that ot 

tbe prepared couzat. 

Tb1.a •tatiatical T&ri&tion \bat I ~a.li•4 

about prenoualy • 11.y ollly accounted tor a a..U 

part of th1a d1tterence, and it ••• theae other 

diffe:,encea that •••aed to accoUJLt tor ■oat at it. 

Bo.t, th1a aomda like a Tery inexact 

uthod, and parhapa it 1a. 

HOWeTer, a more tniereati.ng tact, I th1Ak. 

waa that U •• took th••• aaae two people tb&t h&4 

theae oceaaioaal wide T&riat1ona and ayerage4 f1Ye 

or to 01' twent7 ot thea a&J1,plea, we would t1.Dd 

that they cau up wlth subs ant1al.ly thtl aaae 4ut 

concentntian and would be wit!dA• aay, 10 or 25 

per cent ot one anotber. 

so, to •~1ae t.b1a, I c ••• I woal.4 sq 

t!lat th• ubeatoa conoentrats.au oaa be Nad..1~ 
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ua Httaat• ot lb• actual cancentrat1on at the tl.me 

ot aaapllng. 

To detera1ne our occ~ational conoentra­

Uoaa • aa4 I preauu to dete~e em1u1ona u well., 

a nutber flt eutplea ahould be taken. 

It oaly" one 1a11pl• 1• used, t hen one aust 

be pnpued to accept the poae1b1lity tbat the 

actual cGDCenration 1• as little•• one-hal.t the 

reported acmceatration or as auch as double the 

reported COJ10eatrat1on. 

I have the teelilgthat these SUie things 

wo11ld apply eqa ally well tor emission data as tor 

occupatiGlal 4ata. 

~ ls about all I prepared., it you ha.,,e 

ao• queet1mua. 

BE.AllDIJ OP'PICEB LAWTOll: Thank you Tef'7 11.uch. 

I mow you eaae here on ••ry close notice. we are 

grateful~ )?Our being here to4-Y. 

DO you b••• any questions? 

Nil. H&BJCKJh Yes., I ba•e some. 

DABIH OP'PICKR LAVTOll: Kr. Barker. 
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Q Ill'. '-YT•• cou.14 J'C)U give u■ an idea ot 

tbe expeue S...olTed in tra1aing a per■on tor 

•-..lln& = the Olle haD4 and then perbap■ tra2.Jl!D& 

• peraoa tor count1.n1 on the otberT 

A All »ipt. 

As I ■aid• tla ■-..11.ag ,ecbn.1que 1B very 

11llple. Yo• ll&T• a PWllP vita aome kind of a flow 

utu, aaaaally • roto-aeter. You look at tbe b&l.l 

aad you ••tit at 5 or 10, vllateTer, draw the sample 

thraugb the tilter and time 1t, and record all thue 

tlabg1. 

You cou.ld train semebOdy to do this u 

ao•~1• :Us.a than an bour. 

TM equlpaent. as I sud, is probably 

le•• th&a & h\mlh'ed dollars al.together. 

lfhq we cou to the microscopic couatiag, 

it is a ■OJ18wb&t different story. The pb&ee acatraat 

accea■ories are eomewbat expeasive. I woldd guess • 

without ha'rl.llg looked at a catal.01 Ncently-. tut 

1t woul4 be m 'tile aeighboraood of a thousand 

clollU'a -to~• 111croaoope which would be su!.t&bl.e 

ror tid.a •upoa•. 
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They ao conaiderably h.1.gber it you wanted 

to a•t a •eiT ••raatll• re■ea.rcb 1111croacope 9 and 

1t would coat aouwb&t leu tor a typ1ce.l. udJ.c&l 

a1oroacop• w1thout tu pb.aae contraat. 

Th• trairu.n,g ot the hcluue1an 1a quJ.te 

11t;p01'tant. Pba.a• contrast 1s a tecba1que wb1cb 1a 

nry Npl'Olluci-ble. TOIi aJ.aoat D&'H to Ht tb• f.Jl1Jlg 

"P right 1• ~•r to ll&ke it work. Bov•••r • 1t 1s 

a bJ'-tlae-allJlbsra procedbre to get 1t set up r1&)lt. 

I woul~ say tbat aa.eoae experienced with 

a llicroscope could be trai.Jled to uae th• phase 

coatra■t 8J'81.ell 1r.. a day. U you were starting out 

with aoaaone who bad neTer seen a microacope. I 

th1llt we would a week or so, &Ad we woald obviously 

want aoubOdy with reaeonabl.e 1ntell.1genc• t:> do 

tb1e. 

Doe.a that answer your question? 

Q Yes. 

Ar• cOJU1erc1al taeili.ties general~ &T&11-

able wb1ch could be uaed, let us aa;r, by a local 

aanutactu.rer to take the samples &n4 send the a&111ple 

o.v tbee to bave 1t counted; and, 1t eo, ldul.t 

weuld •• the general coat per aaaple1 

A s~ tac111t1ea are a~ble. I aa sorry 
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that I don't blow eat they would charge. 

MB. VU,LIWS ! I tallt d to a teat labOratory 

a •ortbbrook, and a H,IIPl• raqed troa three to 

t20 pu a&JQle, 4epeDd1.ng upon tho aaount and type 

ot ■&11>la, aall tile anal:,a1a tut S.a oeedec!. 

HKAPD'I OPJ'ICBll LlVTO•: Will. you 1dent1.f'y 

yourael.t for the record, S1J'T 

D. IDJ.DS: Pardon? 

DAJIIJIG OD'ICD L.&WTOI: cou1d :,ou 1den.t1.ty 

7ovse1tf 

D. VTJ.LJJIS: I a.a •atbu Willin■, lll.1aoJ.s 

Deparuaeat. o:r Labor, lnduat.rl.&l. Hygiene UDit, 

eupenteo:r. 

HKllDIG OFFIC'B'B I.AWTOS: '?hank you. 

P1easa cont!.nue. 

By 1'r. HM-ke r : 

Q Wby d~d the ACGIH and the Br1t11h use 

a DUMr1cal. etandud ~or induetri&l. hygiene as 

oppo■ed to a ■tudard ot, peraaps, no ~1a1b1e 

em1sa1oas nth:!Ja the J~lant? 

A I dan't thim.lt you can WGl'k with a aiaua1 

1D the open aad haft lilO T1a1bla dust. 

About th• 011lly cases I know ot vh•N 

people do tla!.D&a like th1s a.re with ext eael.y tmlc 
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aarl.7 1900'•• pwobhaa "1.tb •il1Cl081.4ero•h, 

paaaaocaatoa11, &Jl4 Ul>Ht081a. People ••N U)OHd 

'lo ex\rellaly Id.ah duat coneeatrat1ou. Tb•H wue 

conc-t-.Uca ot particle• per cubtc toot OI' tbouaand• 

,.r culde e•U•ter. 

la M caa• ot qll&l'ts, you wou1d b.&Te 

~nS.Cally 80 •• ceat ot your worltera with aillcosl.der­

o.1a attu 1' U 20 yeara, an4 they were dyi.ng ot 

ailleotu.ll.ucuJ.oah. 

?t -• onioua that the duet bad to be 

o.ut dO'Wll ~oual.7 to lake 1t sa~e. and a series 

ot atwlie. ~ tile Public Eeal.th Service, by the 

lletropoU.taa r.ife Iaaurance company and othe.ra, 

Nardte11n a011e numerical dust concentrat1CA liJl1.ta 

below vtdch S.t -a felt tha.t lllnesa woul.d aot 

occur. 

~ P@l:l.e Health Sani.ce did a study 

a ubeat.oa du.at in 1937. ma.tartunately, tbie grocup 

ot WOl'tna atu.died 1acluded none wbo had worJDad llQ1'e 

~ 16 ,-.ara. beoa11.ae that wae just what they had 



• 

• 

• 

246 

to look at. And tbu·• werea•t -- th• p-oup nth.Out 

DOtl.ceall• •ffHtl ... rat.Iler au.ll. so tb&t lOOkilla 

b&ok on 1t• •• can ■H tb&t the tentaU•• nwabu 

wllS.oh wu 5 111l.11oa pa.rt, par cubic toot recoaanded 

-~ th• ,s.m. ... ,aot ,at~. 

Y• feel that at a lover value ve will 

ba•• aatety., aat ve wj,ll aot lla•e vorkera d•••lopillg 

UM•toau. and I per,ona.lly teei that we wan•t 

ban exoeaaea of lw:ac cancer either. 

!he~ way•• caa see to •••luate this -­

u.d• •• roa pObably Jmow, we h&Ye ea.. 400 subst&Dcea 

tor wlLtcll the ACCJm b.u threaJt.old lJ.Jut y&J.ues., all 

ot wbldl ue auaer1cal., except :tar a few ca.rc1n0gen1c 

•ter1al.a, we••• no 4Utereime between asbestos 

or•~ ar otber dut■., &ad•• feel tbat a 

aDM'ie&l. UJd._t 1.8 the way to go and vbat we slt0u1d 

do la ae1; the llmt l.ov enougb so tbat AO o.ne is 

goiq wba 1a,1ured. 

Q ?D t•ru ot tbe great nwaber of 1ari.aDl• 

tiler■ 1mr01Ted 1a aometbUaa llke a■beatoa. 1.t 

70u are t.ryiag to keep t. le·..el as low as perJt.apa 

•• f'H■Utl.•· 1a it bettu- to dea1 .witJI tlle ,.1;.,,.,q,4 

tll&t h aaDll."1e&l iXr •~1Y to sq no Tla1ble 

..S..■iout 
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U I He •oaatb.SJt& ccm, ns O'tt a proceu, 

I camiot tell b7 1oot.1.aa at U wb.•tlwr it ie atC1am• 

llb1.ch, ~ comae, 1a non-toxte. ar •hetbe• 1.t 1.a, 

Sll tact, a tauly low coaceata-a-Uan ot n17 tine 

4uat. 

!?be k1.n4 ot cODCentn.t1ona •e are ta.1k2.ag 

about aot .-a.1.q Tlai.ble aJVl:aOw. At 5 OJ" 10 

t1bera pax- cc, the air 1a a tactary •111 cle&r. I 

aeaa, you can J..ook thrOugb the aJ.r and you wan I t 

Ila" a~ c!iln.culty 1n dist1nguisb1Jlg thinas 500 

feet away. Die duet will aot obscu.re your •U1on. 

:ED the case of aabestoa, where we ue 

us~ also u.sing other mater1aJ.s. For ex.ampl.e, 

1D 1111 ut,eawa plallt. 'IJley a.re al.ao ua1ng cGtt.oa 

a.ad ft70D a.ad so an. You may see liAt partS.Cles 

tl\l&tlng doa, but the ones you can see u•• by 

4et1a1tl.on, aot the ones that you can get 1.nto 7011:r 

luap. 

~ one other question about &U!J>lina thea. 

V.ould it be cheap• a.nd could we teaalbil.7 
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r•~llire, pQ'llit tb• aus,pllq to be done with an auto­

utt.c 4ut ~uater an4 take aou aort ot a conec~1on 

taetor 1a1;,o ac.eowat ~ p~ an &'YCU'&p couat &Ad 

ua• ~ •t:.b04 u oppoaed to the Mabran.e tLltar 

•tb04t 

.l You ou ua• autoaat1c du.at counter■, an4 

Ibey Mff a IIQllber of a4Ta&.taaea. 

-. ot the 41a&4'HAtaces 1a that t '-ey 

oaaaot taJ.:l uuatoa troa AD1't)t.1.ag •1ae. so 1.t n 

ue telk1-C about a factory llfl'e e1ch is u.ai.q 

••Matoa u -.e ot 1ta aatn1&1a, •• caamot tell 

b7 ~ a\rtasat.tc duat couater aether we are 

seelag ~oa particles or seeln& aomo otller ldJld 

ot ~•a OP, aa a matter ot fact., ao111et1.JUs 

•••tac ew:,ke e water droplets. 

Q l bave a question OJI sampling. 

Bl your exper1eDCe 1n industrial hygiene, 

Jl&ft you eaouatere4 &IQ' heayY ~acturillg sources 

wll.S.eh n:bauat cU..rectly to tbs atmosphere either 

through nm,lowa or exhaust taae as opposed to aoae 

aort ot a st&ekT 

A l M'H seen all Id.ads ot things exhausted 

b:, •••27 aeua, I gue■e. 

Are y~u- tai1t14& ~ about major asbestos 
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aaau.tactllft2'a or llhat ? 

Q I aa aot llltere■ted 1A naaH , but U •• 

Ila•• aa eaS.aalca at&Dd&J'd , to enforce t hat atan.dud 

•• baYe to deal ntb the eta.ck pr1Jlar11.y, t o t ake 

■alQlH ot what 1• coa1.ng out ~ the eta.ck . 

U t.h.111c• are s01ac out the wiJldow or out 

u ezbauat faa, I wolll.d 111&gina that MaauriJI& &11 

ell1aa1aa stAIM!&l'd would be lt1Dd ot dUticult. 

per t.!aat particular r--.eon, :t am CUl'iou.s 

..i.out the frequency with which exhaustion a1gllt be 

dcne ,,. aaana other than a ate.ck. 

A Yell, I u go1ng to get int o 'fq peraoul 

feelings a0Jf. 

I don't re&J.ly feel th&t when you ue 

dea.li.Ja& Id.th a aaten&l. Ulte asbestos, which we 

recopise as tc:azic, or quartz, or materiala ot that 

11&tue, t1l&t one should try us~ things like 

v1n4ow :tua. Because the p~t:1on t or the worker 

1• Ye!'y poe. 

ln order to a.ttol'd protection to a worker 

when you have a uterial you .-e 'U71nc to Jtee• act 

a fll"J' l.OII ~atratiOD, &ad nen our wortrooa 

•taad.ar49 ... •111te low, U takes• wll-dea~ 

"NUll&t!.aa qatea with a ,1ona-, wllioll u aoa'lit.'bc 
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oUaer tJl&n a w1A4ow ex.bauat t an. 

2h.e •1•te• baa to la ~taJ.Ded • 

.&ad IQ' peraOD&.l op1Jl1an 11 that 1t uould 

a1wqa p thl'Ough a duat collector to prneat la.rs• 

quaat1t1H fir taa.1e -teri.&l ti,aa 101.A& out 1ato ~ 

cOlll&U1'¥. 

Q .., ,~ waa, to IQ' ic..tledge tbat Jd.D4 of 

4uat col1ecU<"II ayatHl and •en.t1lat1on ayatea 1a aot 

a legal r•~uireMnt. A.ad. il it wue not a :require­

.. u • 1~ IIQ aot be pn.c t1ced. 

A Yea • 

'S.e point that I am~ to get across 

1• Ulat 1A IQ' warJt. we aJ'e prlll&rily intu&&ted 1A 

,,otntt.Dg the wcwlte:r. aLd I belle•e Dr. llicholaon 

•• hu•• and I am sure be to1d y.ou the stor.{ o~ the 

ualtb p~ems that hie iDBlll&Uon work.us have llad, 

lilan be-. Te,y aer!OWI bea:Lth problem&, a lot of' 

••~•atoa, a 1ot of lung C&DCer. 

Ve are loollng at wa:rt.us 1n tactories, we 

clcmi't qd.1:e kllOW what OU!' lUAg caacer rate 18. But 

.. ca.a ae• a l.'Ot ot health ettects OJa these people 

1m0 baft IM1l"lte4 tOY 20, 30 and 40 yea:ra, eigbt ao1Uta 

a day 1A th18 material . 

.1114 I wol&l.d lllte to see tlle■e peopl.e 
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protected• becau•e their· expo•l.ll'e 1a 80 aucb greater 

tb&a ~ tut CU CICCUJ' 1n the COlauait.y • 

And we C&DAOt protect th•• by U8111g th1.Dg8 

like WUldaw fan. &ad ope1n 1'1.DdOW• and 80 011. We 

b&Te to N collect~ m.ter1.al. at Ult eource, where 1t 

SA u•ed• &Jl4 puttin,g 1t out perhapa not tb.rOugb aae 

cH.ati-ibm:ift -- 1t can 1:0 tm"Oup azq one of eneral 

du.at collectJ.au. It wc1uld aot ban to go tllrOugh 

a eeatral. etaek. 

Q Ju.at one 0~1· quest10!l, 1f I may. 

Ve uve a pros;1oaed 1)%'0ri111on which vou1d 

require the cle&.D1ng or employees' cloth1n« before 

tlley &.'NS pu:zd.tted to le1aye the 11o:rk ait•. 

~ would be t;o p.-oteet people ag&iJL, the 

general Po,Ptll.atJ.on, u upposed to 1.ndu•:t~ 1•1 hygiene. 

D1.d ynu eyer -'lo any measu.reiunt of the ldDd 

or canc~at1ona that ndgllt gather an worke1's' 

clothes? 

A :t guess the e:1.mplest usver 111 no. 

KR. RA.BUB: Okay. I have no more . 

HBARDII 811'1i'ICBB LAiJTOif: Dr. B&?'WOOd. 

Dll. HAJIWOOD: Vs.th raga.rd to the sampling., 

J'OU •uuest.ed that an u•ea of •,1.i «'1' ainu8 50 per 

ceat couJ.d i.e 1.n4uced OJ!L one sample. So if we we:re 
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JIOv• l wondered if you ba4 &a'Ttllinc to allow 

how tll• are& vol&l.d be reduoed 1.t ••• aay, took ft•• 

.... i., o:r two ar teaT 

fill Yl'SIS81 T••• 

V• IMl.n auch 1.nto:rs&Uaa, but I ~aa't .laa:n 

1 t .,.l'J' llul4y. 

DR. &&lll'OOI> : I ••• • 

TD VITDSS: I woulda't have it w1th u. 

'a1a 1a eoaeth1ng tb&t we loolted at in 

c011Dect1cm ld.tll tryiag to get a rea10J1&ble way~ 

eiatonSJlg t.11.e le&telat1•e etaaduda 1n coat llin.es, 

aa4 f~ ~ we Wied an ayerage ot 10. 

l ua eor17, I juat taa't. recall wb&t WA 

fe1t our variation wu tor an a.vezage ot 10, but it 

wou1d b&we been south1.ng on the ~der ot 10 en- 15 

per cent. 

D:a. BAllVOODt 10 o.r 15 per cent poas1bl.y -­

probabl.y. Ota,y . 

Just one other thing. With rep.rd to the 

part1clea that are ellitted, I just wanted to t&llt 

al!M>Ut the ratio ot tile pani.elea aboYe and be10lf 

t1Te ld.e.zCla. 
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Un were ua•lll"in& tlve 111.crc:.i particles, 

Ula oa.•J.•alal• tu, a proc u will ellit onl:, 

fib.era lA•• thaa t1•• 111.orou aD4 will, beDCe, u••r 

M • uuueMat ot tibera tNm tbt.t partlcal.ar proo u. 

a. ~1Wi Can ,-ou oaca1•• ot a proceaa 1.a 

Ric ell1aa10D Ifill ~ conta1D t1bera leu i.haD 

tt.n ll101PouT 

TD nmss: Well., the pl'••J.011.1 apeakar allowed 

u ldl&t p when you aeflrely deSZ"&d• ••~•atoa 

ft.Nn 1A ll-tUe, ti~ apot11, ft1oll 1a tbe •~ I 

a4nat&ll4 ._ uakH wear, aad put1.cles Juat a few 

alcrau a-ta t1.JN get up to ••PY J11sb teaperat~H 

aa4 deO'a,4e. 

Am\ the pl.ct urea b.e sllom'e~, Vltich I bellen 

are pr1>1Jabl.y repreuatat1•e ot we might ti.nd, too. 

akowed 1;h&.t the.re are not VfJZY max,.y tibers ot ~ 

sort aad, undu those conditions the t1bera a.re 

pretty ua:rt. 

Jlalf, he referred to 1:he paper by Ly&eh 

whee be wm-ked w1.th one ot the asbeatos br&Jce 

aaautac~ure.ra, and usillg one~ the1..r teatlng 

uchloee s.aduced a -.ery high •~&ee teapel'&-tura 

at 111114h tba. brakea 1n eaa~e a.re ta.ilinc. 111• 

~• :Ue•nc wu iar.at1.Dc doa, tlle coett1cieat ~ 
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tr1cUan wu go.tnc dcnra. ~u bJ'uu wuulc! aot really 

be uetag it. At tld.• pout the r••1u vhJ.ch b1D4 

t.11• t1.bera ware breaUng dowa Ul4 whole fibers were 

b•1nc releu•d• lOQC fiber•. ~ voulc1 be aora 

1111:e wb&t we would••• 1 11 a manu£aetur1ng proceaa. 

20 &•t back to your cpec1f1c queat1aa, 

llbere you ue h&ndll.ng raw aabaatoa,. 111.xi.ng 1t., 

p1-01nc ~t. ao forth, X caa't coace1ve ot a prooeas 

'lfhre you vonld aet aotbing bu:t •~ ti.u t1bel'8 

wllich we wolll.4a1t aee by oil.I" utaod. 

D. HIB!'BB~ '!hank you •e~ much . 

DABTJIIJ 0FPICB'R LAll'l'OB: Jn'. Reddy. 

D. BF.ODY: X ba•e a few question■, but before 

that I woul.d like to 11eation as an answer to IQ-. 

H&rk•r'a last question, that the proposed add1t.ion 

~ Part 6, the Environmental Protection Ageaey WQ&ld 

require tha.t all plants be enciosed, and that there 

be no elll1aa1.ans from windows or from fans 1n a 

t&et0%'7 ar plant. 

so._ woul.d you kn.OW llhat length of tube 

:,ou would need to uae be:tore the filter, :li1 case you 

are uaSJlg a tulle tor ,:he tilter; or, are you usillg 

a tlltei- l1Jte 7ou 11e11t1oned• tll&t you put 1t right 

oa t.he ■nulde2• ot • worker? 
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sow. 1a t hat th• tlltu- hol der tb.a.t you put 

oa tlae allOul.du ot • •Cll'lter or 1• it Juat a tube 

'11&.t ,.ou Jut a and ba'H a tiltu at tbe back? 

TD v.rrnss: we put th• a.c:tu&l. tilter b.Older 

tllere. YO~ ClUHiiiOD 1a b.• lAllllg a tube c olll.d you 

u• 1.11 tNat ot th• tilter , 

D. lllmDY: Right. 

Qr eoul.d you u■- a tube a t al.l. or e-.en a 

p1peT 

'l'D VffJIESS: I coll1da 1t re&J.l,y gi•• a.ay figures 

ca 110w au J.oca 7ou wo\l.ld h&Ye an the wall• ot a 

loag p1.eee ~ -\lbing. 

ID u~ caeea ot dust e&111pl1D.g., they do 

a■• some tuldJls ahead of a filter tor stack suapUna 

tb.87 oowanJy- do it., as you k:acw. You h••• to uae 

t1.tid ot & small. probe eometuaes t o get ~P to some 

ot 1lbe 11.lgh Tttloe1t1es. rt ubestoa were rea.lly 

ellitU.q b-Oa a parUcul&r p1&ce., we woll1d get uto 

aoa pi'Clbl.eu bue., because these t1bera -- t-Jleae 

t1hN>us •taiJ.&ls would t ead to build up OTer a 

aMJ.l. openS.ag aad bridce over and so on., you see. 

llll. JlEDDYa T~t 1a what I was rea11:, d.r1:v1ag 

at. 

QM ot tJle requ.ireaeats when we aUU)le 
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parU.cul&u aatteP, we do 1t tlu'oU&h the ate.ck. 

Could•• poaa1bly use thJ.a aellbraae tilter 

CD" t!lia tilter tbat you baTe deecribed and \&lte th• 

■aapl.e out~ th• atack., which would lie repreauatat1T• 

ot what h &01.D& through the atack into th• atmoa­

pur., 

TD vrrsus 2 I tbi.nk )"OU eould. 

tt tb.1.a •••• a aenel'&l stack which S..Clw!ed 

the outlet ot tll• tun.aces., and all tb.1a ld.lld ot 

t!l1.ag., you woul.d get 1Ato t.h2.a pN>blea tbat I raeaUoaed 

.. tore. :rt..-t. or all., tbia ls an organie •te.r1al. 

wlliela t.aa•-t •ui.--bl• tor b1.gb u»,pe:rature., ao 1•u 

oou14 not uae ~ troa a high tea.puatUN stack -.y• 

a.ow. aa4 1t t.h1.s we:re a geonl'~ stack nth al.J. Id.ads 

ot soot a.ad duat and things., :tramother p:roceaeea., 

the■• would ohacure tlle aater1&l aw you would zaot 

be aa.le ilo see • • t&J.rly low cOZ1Centi-&t1ana or 

t11Mtn VIISioh yoa are lookiJag ~-

IIB. BEDDY: Would you bave &11,J' 1.4ea ot ldl&t tile 

presalU'e dJ"Op because ot tile millipore aeam-aae 

coQJ.d be» aay a Dormal-aized mil.11p~• mamhraaet 

'.rJIE V.DJIESS: It is dependent OD tbe flow :mte 

tuough 1il!_e tiltez-. 

IIB. l!EDDY: You mentioned fl.ml rat;e bet.eea 2 and 



70 

• 

• 

257 

10. I WU t•lld .. 1A that ra.aae of 2 and 10 liter, 

per~•• 

THI lr?D'ISB: U I recall• 1t would be ■oaethiDc 

oa tile edu ot 2 or 3 inche1 et IIIH'CU2'J', puh&p1, 

and aoaatb.1Jlg like l.5 Utu■ per al.nut• or 20 liter■ 

per m.aute . 

.&ad 1t woul.4 deoraaae ~• there dowa to 

a tn 1-.be• o:r wat•2'• the~ •e ua• it, at 2 litel"1 

a a1Jaute. 

JIB. B.EDDY: Well, llOW, agaJ.n. eay tor exa.aple 

7011 Ud u.y tlaat 1t waa poas1bl.e to ■aaple a stack 

110-k!ll•UAS~ tv ub•■toaT 

'1'KB lli!JIBS~ : I t.lliak you coul.d. ,-ea. I don't 

... WIQ- a.of;. 

&. REDI>Y: A• I eee the problea that wculd 

~•• tA thi8 caae would be one ot tbe problems uat 

:,cg •attaned juat aa1le ago, the t1ber■ vou1d 

"114 to oollec't oa the Up o~ tae probe and tllen to 

, 1ock tile paoba 1t■.U, it tlla :ti.hers ue long 

eaougb. 

.,.,, other tban that, s!ace tu aat.erial. 

S.- o:r a nh!Oua nature, to maiatain 1ao-k1M-fs.1.c 

a&IIP1~• and ■ay tll&t •• get a ~epresentat1ve 

au,pl.e out ~ the aue&114 loou qu.i.te d.Ufiml.t to 
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yeuon I 1ay tb.1a 1D lfta n you ve 

1••1ur flow 1.m1de a ,tack• 1t 1s quJ.te ea1y to 

11&1.ataa ~-ldnetic l&IIJ)l..1.ng, but when you haye a 

lot ot edd1e•• the particles then to follow the 

e4d1•• aad it becozua a little ldt aOl"e 4Ut1cu1t 

to ••■Pl.a th• p&J'Uculat• 1tael.t. 
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lfOW• U th.ff• are._ ttbera 1A there, 

wouldn't 1t be more d1ft!cu:Lt t~ pt a repreeeat.ativ• 

a&llpl.eT 

TllB lll?l'l'.BSS I I be lleye, S:l.r, th& t ya.i k.aow 

a creat da&l. II02'e ahout atack eu;,llng thaA I do . 

.&114 I WIik you collld probabl,y amwer you.r own 

•u•■UOA httH• than I can. 

Praakly, I b&Te beea 1n 1Jaduatr1al bygi.eae 

sy whole cuee~, and we have not done much 1n the 

111a7 or stack s,,apling. 

1n tact, I b&v• miYH' ta.ten cme ~ell. 

n. REDDY: 'these are BOJIS o'f the queet1.ozas 

t!L&t :t have aot answered m:,ael.t, and that I ha.ye 

been try1.ng tc tiad an answer -tor. I thought u.ybe 

you could aaawe.r them. 

That 1a the reaaon that 1 was wonduiag 

1.a W.a ld.llli>ft• ■ellbrane met.aod, 1.t it coal.4 be 
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uae4 tor at.a.ck aaap11na at a.ll. 

I think the ••cond problem 1• that wb.tch 

woul4 ar1•• 1n u.iJlt&lJ,.!ng ieo-ldnetic •&al>l.1.D& 

1taeu. 

Par tut you ba•• got to uaave th8 

preaaura 4l'op urou the t1.lter. tbe tlow rate 1u1de 

th• atuk, "Ula ffl~ty 1.aa1da tho ataok., then try 

to •1.D.ta.SA sao-k.1.Jletic aaapliJ:I& &t tb.• pro1M 

depth. 

TM•• are a tew ~ the p:,obleu tllat I 

wou14 Nctu••• 1ibe BOan to look. 1ato betare tb.ay 

ad~t tld.:J parUcul.ar metbod• you mow. t~ st&ek 

.... uaa art-ca ubeetoa. 

HIAB]'Jq OPPICD UWTOJI: Are there &1JY othc~ 

••uUout 

Tea., 811". 

a. SHBCILBlls D14 I umerat&Ad you to aa,y 

tllat. ~ ,tile ubeatoa duat tut ia not nd.ble 1-s 

~ pa.rt ~ Will ltOthH• J' ,u? 

D14 I underatand 7Gl to ea,- t.hat or did I 

ld.auaderaf.ud you. Sir? 

~D wr.t'S SS: Only the atldt Ulat un•t VU1ble 

'° t.u ll&ked eye. However, U you sH a big cloud 

d 41&•~ tkeze ia alao a lot ot illvisible dust 1D 
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there. 

JIB . 8HECB:Llll: ill • tibera are huatul. to 

you 1t JC)u b.reath• it, J'1pt? 

'?HI lfrrJIISSt ll1ght. 
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D. SDCELD: AebHtOa tS.bv, whether 

rep.rdl••• or eether it ia t1Te microrus or over O!' 

wuterT 

'?BB l'l!!KBSS: I vou1dll 1 t •th8J' with t;bat. But 

U J'OU ue blN-Ud.Dg one lt1.114, you are ltrea.tbi.Dg 

aaot;ur. 

IIJ1. famCltLE1h I thi.nk tu quea UOJl 1a tdl&t 1s 

napSza'1e., ldl&t 1• not. I think that 1a vbat the 

queet1<a aaouat• to. sot all t1be•a ue reapi.l'a1-le. 

le ~t ..,t ~ mean, S1:r? IJOt &11 the fibers you 

aee are ~e~&blet 

TJtl li':mJIESS: I will go back to the wa;s I 

atarted i»e~are. The duat you see 1n the a1:r 1s too 

lwge to Ulte ~t through 70UP system aud get down 1.ato 

yoar luaga. However, 1t you aee a cloud ot Yiaible 

•ut., nth tu.-t Y1a1ble duat there is a lot ~ 

11l1• T-,Y fille dust, tine duat p~iclea that will 

--~ 4owa 1miO your 1unga11 1~ 1t is ubeatoe duat 

~ .. ue talldng abOut. 

JIOlr• the precise length 1n d11Leter ae 
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tu u the f1ber1 wh1ob neatWLl.l.y 1n auf't'1cJ.aAt 

eoneeat.rat.1.am will oauH cllaeaaa nob0d7 really 

1t.nOW1 •• 1t: 11 t1H a1crona. aether it u 
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aal7 tba tllaera lon&er tb&A tb·• 111crona • or aether 

~ tDer• .i..rtel' tMa nn ll'!.c%a.. oGDt.11.buta to 

it juet u . •o ozw oaa ..,. tttr 1ur1. 

v• .... UNaant ot tM fiber conceatrat1o:i. 

1t 11 COllVenieDt tor WI to IIH lfJDC8l' tban tin 

a1eNa ft.bar eo&UK. It !wlpa WI &ltODg ot!Mr tbhp 

~ •l1-,wta otaer duet whJ.ch s.a aot ubeatos. 

IOl. SJmCELBll: That 1■ .,- 0laly qUHtiOn • 

KEABTJJG OPPICEB. :c.llf'l'Oll: Yt\S 11 SU. 

n. mt.llllo: When :,ou ue exe■1o1ng tlds 

oader tu Jld.c.roacopa. I bellrn y-ou sud that :,ou 

added 1o:ma ldD4 ot a tlldd to 1.t and put a cover 

glu• cm S.t. 

Li t.lda eaoU3h t.o aaJte tile t1bers lie 

do.atlat er 4o 1.N7 ■Ull stick Ul) Uke tb11, ao 

tllat you •e&ll.T camaot see JI.ow 1on& th• fiber 1.s 

vtlen 1t 1e n!ekin& \1p like tllt.~ but ;you cu nea 

;rou Me loo~ at it this wq? 

Dia,~ b ou ot tlMI p,r.ableu ¥2.tll aa 

opUoa1 ldaaacope, aa4 I wande~ed 1'1letber :,011 tlad 

ttaa♦• .,~ - aot. 



boT5 

• 

• 

• 

'1'D lfrl88S: The t1b1e:ra appea:red to us to be 

11'1.IIC dcnm • 

Ve h&·H ued the optical. ld.croacope &t 

,yan,oua ngnSt1c&'1.ou andl ha·H al.ao done electron 

111owoacon. De t1.bera • 11t leu t • appeu to be 

ly2.ac doaa an tada tilter.. 'l!he filter collects 

pretty IIUCh aa tbe aurtacei. 

dam thue, ...., ... CW!'l.ad up. 

t1ber, 

They seem to be~ 

It is a cu:rJ.T k1n4 of 

J: dCD 't tb.ink wet cona1der th1a one ot our 

_.,ff ,~1.a . 

lill. R'IQBJ.JIT]ffl: I d1tl not knaar aa esti.aating 

leagth where ~t ... but U' you are looking at it 

Uu tld.s. J'OU C&D 1•t 1t pretty goOd. Ii" it 1.s 

tilted .jut & little. then you flt a pecullu' length 

wben you. ve loold.Dg at 1 ~. And when you ue 

l.oold.ng &t ~ lllte th1.a • you are aot 'Hr'Y gOOd at 

a11. 

TD Wr;rlJESS: 'tbey a1,pea.r to be ~ dOlal. 

HBAJtEIII Oll'PICEB I.AWTC)ll: Dr. Ayre. the Vall 

sue.-t Jol.lfflal at October 15th had a atateaeat that. 

the Pedual :81lriJ'ODment&l Protec.Uim AgeJ1C7 waa 

prepazo1Qg 11egula.t1ona pl'Ob1b1.ting the spraying at 

a•be■toa. 
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Do 7ou mow e.aytb.1.qi a.bout that? Pi.rat, 

11' 1t 1• ~ t;.ba,; you a.re awue ot? 

TD V~SS: Tbe:, are pr0h.1b1t1.ng what, SUT 

HIABIJJG O:rPICKB UV'?O•i The aprapng o~ 

u1Mato•• IDIDll u our 1>ropoaed re&UJ,atlon.s. 

TD lifl.'llllSS : • o. I 4 an' t re&ll.J' know what 

tll.,- ue dO!Jla in EPA. 

HBIB:tWG Ol'P'ICBB LlWTOJr: All rl&ht. 

Well, t:baak ;rou y.ry mueh. Ve are 11.0s t 

grateful roz your appean.ng hue cm auch abort notice. 

(VitAesa excused.) 

D. REDDY: Jlr. ChaizJu.A, I ban got here 

propoaed l.ild.ts. Wou1d you wa.n.t ~o look at that? 

BBARTJIG OFFICER LAWTOll: Yea. Could we have 

th:l.s tor the ~ecord? 

D. REDDYt I am afraS.d not. 

BEAlUJl(J OFFICER LAWTOB: Well, 1'1t us have it 

&n4 we w1l.l make copies and return it to you. Will 

that be a1l right? 

This 1a the October 4, 1971 issue ot 

publ1.cati.,oa, "Air and water Hews," published by 

IICClrav 1!1ll.. Ve vlll. put that 1a tue record as 

bb1b1t 26. 

Ve v1ll take about a tvo-llinute break here. 
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(A ehort rec••• waa bad.) 

DAB.DO OFTlCEll LAVTOB: Hr. Middleton. All 

rl&bt, Sir. 

JAXBS KIDDLB'?O.., 

••1.aa tlzat d~ avorn., teot1fiad in th• D&rr&t1v 

1'ora U toll.OU: 
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'rD 1il"!l!lm88: Jlr. cb&1.raaa., and ullb era ot the 

pau1., I Ul Juaaa JU.ddletOA., Pi.mlaeial. secre~ 

aa4 Bua111eae :aepreaeat&t1.ve tra th• Intel"DAUonal 

Ch•ll1~ •orkera um.oia. 

oar ullbn• •~It :la the .Zob.Da-Kan'ri.lle 

pl&IK hen 1A lf&ukegan., •p~tely 1.,300 hOurl,y 

ai,1079u. 

~ started to w02'k 1n this plant in 1955. 

JrOt too Deb mOlll.edge was lannm &bout aabHtra dust 

ar •111ca duat. Th• emp1oyeea cU.dn' t h&n 111.UCh 

taawledge altolrt 1.t on the now., I dou•t thi.aJt -­

e~ I«4 aaot. 

~ ~ue I vent 1nto th~ aeJT1.ce., ud 

I. ..... 1JI & ~•Hat1ve Md1eJ.ne prograll 1A tbe A1r 

1".-ce., whi&b clid not deal with aabeataa dust. I 

cl14 get 1rt0l.Te4 vi.th preveat~ve uaoUl'es. 

~ n~araed back to Johlu-Kanrtlle in 1959 

&ad ••t b&oJt 1;0 work 1n the plall~. Prom there I 
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•tarted~ area• ot a.•beatoa duat &lld 11111.ca. 

duat, aa4 1t wa• c•n~ aoaetbJ.Dg new to ae . 

Aa4 thia 1a IICB'e or leu bow I pt 1DYobed 1D the 

propaa DGlr 'Oat .. are wort.1.lag with the pl.aat a~ 

W.. 1ooutoa on cleu,1n& up tlae area 1uid• the 

plalat. 

rqaelr ce.rta1Ja17 

baa? a. 10~ or aawa about ell1aa1on. oatrola an4 out­

a14e pollll"t a., but yery ae14oza do•• get -.yM>4y 

11W01Ted witll aoMbody- that f.s :P1gbt there Oil the 

.10•, -=ao -.1:a~ these producta., aa4 1a upoaed to the■ 

et.pt lloim. .a c1.,-, tin aa4 acmetJ.•• aix da,y-a a 

·••Jc. 
'Sia' ta bow I moatl.y got!Dyolved with the 

••b•atoa P1'081'&Jl,&11cl 1n the apra~. 

:t t1d.nk it n.e X&rch or 'Una yeu we had 

one e111111.0yae tut paaaed away t1'0!!l aa abdOld.Dal. 

u.llgn••J'• Be had worked 1A the plant o.e.r 25 

y~, and he llad &D 1.AjW!y to the lower par~~ 

111• body, th• etoaach a.r••· He V&II adllitt•d .tato 

tla hOap!.tal. ud the ca1u1e of death wae h'oa 

ubeatoal.a, • ab4oa1.nal. •eolheUana. 

I latffri.end h1• wile Kay 19th. 

e. we b.&4 aaother upl-oyee that paa"d 
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awa.y Karch l9tJl, 1971. The othar empluyH vas Harc.h 

4. 1971 . 

DL&t aore or l••• triggered ott an 1nveat1ga­

t1 Oil tbe .roduot that JcbAs-KaArtll.• WH M.kiDa 

1D the pl.a=. PrOa there we weat 1Ato re■aa.rcb o.n 

th1a. 

Z nnt to the at. Sl.u.1 Sebool ot Med1o1M. 

Dr. SelikOf'r has been work.!.ng w1t!i thJ.1 ubeatos 

du.at prc>Uem Nry tl111geatly. It 1a Jt!.Dd ot ~ tb&t 

ud.lcal. peopJ.• caa • t put a Ullata.ble 0Jl cur1q aom.e 

ot 'the■e iwo!>J.eu that ve have. We are go1Dg to 

11•• nth 1.haa until. they tind 1amet.Jun& to Gtop a 

lot ~ ~• proble1111 rtth asbeatoa. 

X do ban a lot of notes bere. I wan't 

f10 t;brOugh tbem ct what r mow about asbestos, bow 

1t attecta t.Jaa people, the respirator,. system, the 

langa, ueaa et ahortneea ~ hl:e&th, loss ot 

wa1.pi am n cete,-.-, an don to -- I have aee.n thUl 

u tla• IIOBp.lW,. I have been •1.th them. days laetore 

the7 ,aaa•d away. Ve have bad auaeroua aoi-e daatha 

troll d1eeaee ao!1ag "P uto the lung• and othtt areas. 

tb&t ceta wi into a progru where .. nJlt 

to 'the caa,p&JV •• a union, because our people ue 

t..olTed t.ben. and we a.sked them tor an Bn'f:U'OJU:lllatal 
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co tl'ol C011111ttH, wh1.ch If&■ soatlling zi.w I thiAk 

t;o tbea, 1t wu ■o•tbJ.A& new to the wdon . .u ot 

~o4ay w• han sot that c0Jlll1ttee in that plaAt. The 

ua1oa baa three paopla aad the eompa.QT ha■ three tb&t 

are worlc1J:II on 1t, cleam.ng up the du■t ueu. 

Vhu I ■a,y duat ueaa 2 I me&D when a 111&11 

1■ unl oad1n& tbe ttber tb&t 1s ah1pped into tb.1a 

eoW1U7, thee 1■ got.ng to be a eerta.tn aaount ot 

aabeatoa duat that 1■ coming trOJll thoae bags. 

Vb them 1a ma)rtng the pipe or uld.ng 

the product ar the rooting or whatever ba 1a maki.ng 

ia our pl&nt, he 1■ goiq to be exposed t-> some ot 

thia 4uat> espeelal.ly when he 1a m.ach:1n1ng-

From that standpo1.nt, I w1ll go 1.ato tha.t 

a.rea ot ~he pl.aJat, where they ma.lee the water pipe, 

air duct p~pe, and from the EnTi.r0?111ental control 

atandpoat, we had a tour the other dev, and trem 

the Union's standpoint and the comparq'e et&ndpoat 

we mutually vent through the depa.:rtment. 

'?hey showed us the veu where the:, are 

2apl'O'l'iJlg cm duat collecting ayetems in the fl.ant, 

aa4 th1• 1a a aeU-conta1Ded dwst eyate■. 

DCIII'' pt - IIJ'Oftg. The problea ua It 

ae.1.•yecl 111 ~ department. But the coapan:, hu told 
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th• uai.on from th• at&D4po1At th&t a0De7 1.■ no 

Uldt 1n thi■ brYi.ronaental. control prosrua. And 

•• u. ca1,a& to hold tb•• to thaiz word. Bac&,lH 

ubHtoa du■t 1.A a product 1& 1•1.J1g to get ate> our 

l wac•,, U 1.t 1.8 aot controlled some way. 

!hey ha•• a nep1r&tor which1a apprOTed 

lr7 the BUre&U d 111.Ma. It :l.a aot the beat, Nl4 I 

4oa1 t -.,ee 14~ lt. I hope ~t th, comp-.y caa 

caa.e tat.o a better reap1rator. r ha•• seen bei.ter 

Olle■ ,, I tld.ak. 

~ aa not ud1cal.l.7 1.acl.1.lu1d to probably 
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arcu• ~~tat.but Iba•• seen the asbeetoa sprayer 

r••tlrator,, I thi.Dk it 1• a breather type that we 

Jaaye 1D OU plaat. 

Aaotber area ot the pl.aat that we ha•e 

aot toU'e.4 yet, the cOIIQ)&QY baa shown progress dcnm 

t.bel'e. wow,, bow tar we ca.a go with coatrolllng 

••N■t.oa 4uat 1Jl our pl&Dt will be aozuthlng that 

•• ue eo!llg t;o b.av• to talte and wut and see the 

a~ 4t;ucSe,, what th.la represeatat1ve of our employees 

1D thtt plaat u.ya we SN going to do ead vorlt with 

Ui•c~aattaJ.a. 

nm are other ... aa that•• ha•• agreed 

that they will .,.... oa vital uiJl&1,ng 1n new dut 
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collectOI'•• 1A lb• controll.1Jla o-r eome ot the duet. 

The rauon I d14n' t a peak, Kr. Cb&irJu.ll!' 

on tbla hear1ac• I thought it wou1d be better to 

ooae aa4 lla~, bear -.nd work together, th•• it 

would be betur. But I d1d beu- aomath1..fta that •as 

uoll&ht u,p awbll.e ago tut I u concerned abaut., 

aJld tb&t S.a ,.opl• world.ag on tile job 1n work 

clothHe aa4 ~• leaT1ag tut pl.ant and go1Ag Ilea.. 

I th1.ak it 1a a b1g factor Id.th th• employees ill 

tile pleat. 

I caa•t belp but feel when a 11&11 u vork.iAg 

around aa!tea'toa duet, U u ta AOt :required ar 

turnl•bed clot~ tbat be 1f1ll le&Te 1A the plaat 

with ttae &a\eatoa d1.1st and fib a 11 becauee they 

cling to your clothes. Fi:rst ~ a11., it gets .1a the 

car, aeoca4 at &ll he IIIAY' :stop by tbe drug stare, 

the P'0CQ7 atore, and then be gets home and he 

probabl,1' 11Q' a1t dOllll on tltW couch and sit th.ere. 

alld ma.,-be he ha• got a t,,o••yeu-01.d child th&\ CGJl88 

along &ad pul.l.8 on the cow:h, b2.tes on the coueb., 

ud get• ul,eatoa tibera. 

~ ae I thiAk 1t wol.\14 be a real pol&$, 

~ tapfftaa'O •t~•r nth a■JteatOB. 

ne eataa1ca c•◄,~1 illto th• air haa 1ilM 
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plaat dcnm there. certaiAly they are going at it. 

I think it 1a go1ng to be a 11.1.jcr thing to correct 

aou or it• but a■ I said a•b.U.• &&o. they have 

••U-con.t&iaed control. 
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£ lot ot the JOhna-Jlamnlle ott1c1.al.s a.re 

ure, I dcm.'t ,...t to g1•n tbaa a lot ot credit tu 

their pN>grau, even though I appreciate what ha.a 

bee11 dOAe. Bat the duat probl.em cm the clotM.ng I 

tb1D.k 1a real hporta.nt. and that nil be ■omet!li.Jlg 

tut we ue goiag to have to VGPk out. 

'fh• Federal QOYePnllleai.• the Occupatloaal. 

S&tet7 and He.a.1th Act. is cel'taialy going to be a 

majOY tbisl&, aaa JohDs-ManY1lle wants to coopeyate 

on this, because it is their lite line produet, &Dd 

■o tar we blwe got thi■ coopera1:3-on, even though 

U atutad Oft elO'lf vitb" te stalemates. I think 

we are~ it out together. 

BU-t, tbe:we1e no doubt about it. Aslteatoa 

does -- u a k1J.ler. U it gets !.nto your lUDga, 

\here 1s AO curs aa or yet . 

A un1.vere1ty has been working on a drug, 

the7 h&Y• -• n unDg guinea pigs, I guess you woul.d 

call ••-. but it "111 not work on. human belaga. 

ao it le .«l,l&g to be a long, ha.rd trip tor both th• 
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WlloD &114 the OOJlp&DJ' t o get the uea 1n the pl.&D.t . 

But th•T are 11;>:rOTiQC and eollect1.ag their duet, 

UMl to • t.b&t 18 the day I wolll.4 ll.ke to eee that 

•• can pt down, where a man e&11 pull oft the 

naptrate 1D our pl.&D.t and work nthout it. 

~ you. 

HBIBDG OPl'ICD LAV'f0II: Th&Dlt you nry much. 

H&ve you bad an opportunity to re•1.ew the 

apecUlo Ngul&UODa that we are propoa1.ng? 

TllK YI'lJIBSS: Yea, S1r. 

H!AIDO OP'PICBB LAWT0II: DO you have &llJ' thought■ 

on anytb1.Dg that llight be &a illp.roveunt? 

U you have not DOif, and you do get & 

eh&a6e to leek tlaea OTer, ud it you do bave &IQ" 

auggeat1ons we would certainly appreciate getting 

tllea h'Olll ~u. 

'?BB VITllBSS: 'l'bank :,ou. 

HBARDG OPPICBB LAVTOlf: We a.re vary gratetl.ll. 

~~r you:r appe.ar1Dg. 

AN there any questions ot Kr. lliddl.e·ton'l 

PBOII DE FLOOBz Yea., 61.l". 

As awporate Jl&n&Ser ot .&cc14ent Prnent.t.on 

aDd Be&JA.h .&cbl1n.t.auation t~ Johna-Naarllle coap~., 

z would l:SJce to tbanlt Ill'. XldUeton and the llaioa 
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tor th•1r tot&l. Ul4 c 

aattel' . 

l•to coop rat1on 1n th.1• 

It u a ••r, ••rioua tter, I ••• 

top th• l u:re, •• Hr. ddleton ha• ao well 

atat 4, lick the alt t1an. 

'f'bMk J'OU • 

D&IJWI OJTICIUl UVTOS: 'fhaalt J'OU ·nry auo • 

u,y other qwut1~•T 

ft&llk 7ou. Sir. 

(ftuera axe ed.) 
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9d.8 would •~pear to allot tb• wit.De•••• 

ao Ila•• ,..-ri.oaaly 1Adicated an 1AteDt10D ot ap~. 

Ill". lfillim, I dOD' t lt :,ou cue to 

••J' ~. but wou1d you Ju.at 1.Dd1cat• :,ou 

,rea•ac• • am, it 7ou do ha e ~bing•• would 

~• 11a,,,. to h.a:r troa 7ou. 

D. wn..LllS: I th1nk aoat or th• W&;iUl,f!;a th&~ I 

WO'llJ.d bU"e to SQ laan Mea aai.d at thh aeetiag, 

or the ou 1.a Chicqo t pre..-1.oua week, and I tlt.1Ak 

ao•,OdJ' Iler• a.u tlae copy ot tu record ot cat tile 

state or Zl.UDoi• did tor conatructJ.cm worker• 1A 

_.. ••~•••oa 1Juluab"7. 

n&affll Off'ICD LAVTO•r Voul.d :,ou Iliad •ta.tin& 

70• hl.1 -- aa4 70ur t1t1eT 
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IDl. WlLI.IllS: IMy oc..c 

Tb07 of Indu trial Hyg1 n 

1s nnthan Willin Su7cr­

Un1t or the Illinois 

D•Vol tmnt ot L&bOJ'. 

HJlAJlIJIO OFPICRR LAWTOB: Again H' an,- suggeet-

1oaa or e0111111ata oc,c u.r to you or aembera or your 

deputmaat, •• would cert 1y appreciate gutting 

the■ "1th rep.rd to the apec1.t1c r CJUl t1ona that 

are propoaed. 

I• tla•.•• •a:r~ody who wiahe& to be heard 

1D this utter? Ia ther~ anybody ho wiohea eo ma~e 

&IQ' COIIIILelltT 

U aot. I vould declare th1a he ring 

clo■ed -- yea. Sir. 

Jill. POUT: I would l1k~ to lllll.~e one comment. 

HRAllDIO OFFICER LAWTOB: Woul.d you state your 

ILUlle , plea.'le? 

JIil. FOUT: Ben Pout , President or Local 1107, 

.rotuu-llallville. 

Ve have got a committee dovn there, and 

I th1.■k we have a good pla.Dt manager in our plant 

DOW, and witla the cooperation of tho -t;hrec people 

tllat we bffe ~~eked tor cur colllllittee and the um.on, 

I ,dll agree, in the :tutu.re we will be atr1Ting 

~~ ui u1-a~oa-tree dust area. throughout the 
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pl&At, &n4 l would like to go OA record u.a atat1.z:lg 

~t I Ul oppoHd to &JQ'bod.7 llll1t1.n& tbe 1ABul.aUOJI 

being apra.yed onto ateel beau a.n.a bu1ld1Ds•• u 

a t1.r•-Pl'••eat.1on aa.tter. • tb1Ak there ahoul4 be 

a oae wa7 to ooa1)rol lt. 

BUt I would llk• to go OJl record•• aayiq 

that I &a opposed to proh1blt1.JI& ubeatoa trom 

betng uee4 aa 1.naulation. becau.ae I think it oaa 

ba well Ul.uai.rateci that it 1.a a good 1uulat1.~ 

pl"Operly 11.aadlad • to keep tile bui.ldi.ng t'roa oollapaing 

alld the .-uel troa tv111t1n& &114 1 et cetera . 

l: t)a;I.Jak the JlcC~a1ck building Uluat.rated 

pan:~ tdd.•. I think otller buil.dina• han done 

tll• .... t!l!Jlg. Uthe:, bad Jlandl.ed it proper:cy, I 

tldllk it 18 au ot th• beat products tlaere is tar 

1.lu\llatl011, to b•lp save lives :in a :tue. 

I vou1d go on rec01'd u stating that. 

'!'bat 18 ._ii I ban to aay. 

DAB.DIG OPPICKB LAWTOB: I 1.ai.Jlk our COILC8%"1l 

is not ao much with 1ts use but the manner 1a va:lch 

1t 1.s applied. But your comaent eertai.nly wl.11 be 

aoted. 

'1'1laak you TH'Y auch. 

All J s.nd1cated s tile opening ot tlle JlearSag, 
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wbere I 111&4• a ••ry 11Du■ ual ai■take, I forgot to 

1deatlt-✓ JVHlt . 

I aa saauel T. Lawton, Jr. , a umber of 

the Pollution control BOard. 
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I uationed that aow ao that 1t th11re 1• 

&QthiR& fwrther to be aWl1.tted IQ' tho•• wbo teaUf1ed 

or bJ ~ •la• wbo Wi.ahea to get aomtb.1.Dg to tbe 

loa:r4, into M• 7ecord, if 7au would~• good eaoq)l 

to a44N•• 1t to•• to a:, &tteaf;ioa at 189 Weat 

D41aoa sunil, Cb1caco, 60602., POllution control. 

BO&r4, fl s1l.l. keep the record open for ~hr•• week.a • 

•• will • ke a detU'll1.D&t1on •• to whether 

N will ha.ve furtb•r bearings 1n thJI matter . 

.llthougb9 I aa inclined to think that unl.Ha the 

soud ooua up wtth propoaals that are a major 

depart11re ~l'OII what we have al.ready bad under 

oon11derat1an, or ual.eu tb.ere ls 1omethi.Jlg new that 

coaaa to our atteat1on, the 11.~el.ibood 1a tll-'~ •• 

will no _.,. furti.. hear!Aga. 

Baever, when the regu.lat1ona are 

taatatbely adopted., they will be publlahed 1a tlle 

...,.l•t~er and pAerally 'ldMlYe tiler• ia •••• a 

Id.nor deput.ure troa what ill the Maia tor the 

ol'2.s!na1 M&l"i.D&, addlti.onal t111e i.a given tar 
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fvtller caamaata. 

so you will se a chance to He wbat 11h 

BM.Pd 1• oan.aidortnc and ba•e a further cbaace 

u eoaaaat on tile regul.atiou tb&t u• proposed. 

Ia th.1.a rHpect. 1t would be h1ghl.y deai:r­

abl• to:, tl!IO•• ot you wbo ba•• a conUauJ.q 1ate Ht 

1a tbU -'1:a~ to 11&ke eure tbat 7ou are oa the 

Senlettu w.1l1ng 11.at, &114 for tb.oae Of you oo 

are aot 11114 waat to~•• addreaa a requeat to th• 

Clnk or tu BOard •• d9 weat Jladiaon street, PolluUc~ 

coatrol JIOU4• aad ult to be put on the u.1 ~ 

l1at. 

AlQ't.b.1.ng ~t tba BO&rd doea with regud 

~o the aubject or any otber subjects will be 1n­

ciuded 1a tu.tun ieeuea ot a Devaletter. 

Qa lMsbal.t of the :!Oa:rd, I want to tbaak 

.... .,.bo4y tfTI be1.Jlg here. I think the COllbin.ed 

lae&rtJtca, eerta1.JllT the Ch1.caao and Waukegan he&ria&•, 

b&•e beea ot great 't'&lue and extremely helpful to 

the BOAK 1n a.rr1v1.ng at its decision. 

~ thank 7ou all 't'fJPy lluch and I will 

cleclue tk• lleartng cloaed. 

BEAlllllG COKCLUDBD. 



• 8!&TI IUDOI8 ~ 

conn a, c o o 1: i 88: 

AJDIOU> •• CJOLl)S'l'IJ[I hereb7 ce..U.tlea that 

lie ta tk.t C•~1.cl SlaortJuuad Bepoi-ter 11ho npo:rted 

SA ahfftlaaad tile pl'OCHdiDip U4 1.D the &bOYe­

•t1.tl.e4 ..-tta. aa4 tbat tu 1'aregolllg b a true 

u4 COl"Nct wamcnpt ot said PJ'OCHd1Jlg1. 

cert1.t1ed ~ Reporter. 
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BBPORE THE 
l LLIROIS POLLUTION CO TROL BOARD 

IQ the matter ot: 

A8B18TOS RBOOLATIONS, CONTROL 
OW IPftAY I■SULATION 

■o. R-71-16 

Held on Wednt•da7, Ootober 6, 1971, 

ooueno1ns at the hoW' ot 9:)0 o'clook a. ■ ., 

Granite City Courthou•e , Granite City, I lltnoie, 

BBPORB: 

Mr. Samuel T. Lawton, Jr., Heari ng Offi cer 

Al•o pre•ent: 

Nr. Matthew N. Sweton1c 

Member• or the Pr ess 

Me■ber• ot the Publ i c 

LBOH N. OOLDIMO & ASSOCIATES~ B7: 
B0117 B•kandani. Certified Shorthand Reporter. 
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DARIIO Ol'nClft LAVTOR: Th10 1■ th• tirat 

ot thr•• hearing■ to be conducted by the Pollut~on 

Coatrol Board ot tbe State or ~111no1a v1th regard 

to propoaed aabeatoa and apray ~ncb~afton regula 

tt•h. 

'l'h• t irat ■eetillg 1& today in Granite 

CitJ. We have a aeet1ng ■oheduled tor Pr1day, 

October 15th, in c·~oago. t o be held •t the 

•1eld Muae1111 , atarting at 10: 00 o'clock, and we 

haTe a aeet1ng ■oheduled tor Tuesday, October 19th , 

to be held 1n Waultegaa at the Publi c Li brary , 

wh1oh will al■o et&rt at 10: 00 o'clock • 

2 

Dependiq on what t y pe or reapon■e we 

get at the two reaa1n1ftg meeting■, "e may hold 

additional aeeti ng.,ei~her 1n Chicago or dowa■tate . 

Ve w~ll ala& keep the reoord n~•~ rolloviag 

the laat ■eeting, wheReTer that happea■ to be, tor 

at lea■t a two-week period , to reoei Te aay further 

doowaentat1on or ia-put that anyone cares to ■ubmit. 

Ny naae 1• 8aauel T. Lavtoa, Jr. I am 

• ■ember or the Illinola Pollution Control Board, 

aa4 have been de■iSJl'ate4 ~y the Cha1rman to aot 

a■ Bearing orr1oer tor thi■ partioular regulatory 

proceeding. 
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The resulat ona aa propo■ed are contained 

aad haYe been publiahed pu.r•uant to the etatQte 

aad our Board rulee la ••••letter nuber 24, 

dated June 14th, 1971. Tl,e~e are oopiea on oounael'• 

table tor tbo■e or 7ou wh? ■•Y •1•h the■ , and it 

7ou oar• to get one now betore we atart, pleaae 

do •o. You Will r~ad it in the back portion. 

There 1• a good deal or the Mewaletter 

beal4•• that, and th• explanation and the propoaed 

. regulation■ th•■■elYe■ are round 1A the remaining 

. eight or Dine pas•• at th• end , I won't read the 

ezplaaatlon in 1t• eatiret7, but I will endeavor 

t~ ■wmarise what it ooatain■, and l1k•W1ac what 

the propo■ed regulatloa■ relate to. 

The initial port~on or the explanation 

deal■ with the ■o1eat1fio and medical i■plicatione 

or a■be■toa u■e and the poasible or alleged dangera 

• that r~ault tro■ ite uee or ita 1qeat1oa. The 

b&laaoe of t'l"..-r ~~:s,l .. ation aete torth the atruc­

ture of the propoaed regulationa, aad 70u will 

aote rrom the tabl~ ot content■ which 1• included 

la the baa1c d0O1111eat it■elt, the atruotu.re or 

the regmlatiou, oontai.aiq ■e•eii aaJor di.'riaioa■, 

tile tir■t being the iatroduction, the authority 
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tor th• enaotaient, tb• pol1 c1 or tbe State, and 

a det1n1t1on eeotlon. 

Part two 1• a general requirement• 

••otion, dealing With the need ror obta1r ng 

perait• under oerta1n oircu~atancea, the removal 

or aabe•toa trom olott4ng, and the removal or 

•a•t•. 

t: 

The th1.rd ••~~·~n deals With the prohi­

bition aga~n•t aabeatoa apra71ng and the 11mitat1ona 

ud aateguarda that are inherent 11\ what allowance 

tb•r• would be tor non-a•be•toa ■pray inaulation. 

The fourth aect1on deals •1th the 

oonatruction, altera\1on ano repair of atructurea, 

aad the need tor aateauarde to be iJlpoeed u.nder 

tboae oiro1111atanoea. 

Part five deal• with demolition, and 

part aix deala wttb ■aau!aoturing, vh1ob uae• 

aabe•toa in the oour■e or ita aanllt'actur1ng. 

Part ■evea, a proviaion that hoperu~ly 

Will generate a conaiderable amount ot interest, 

and that 1• relating to a prohibition or brake 

liru.nge u.sing asbestos 1n automobiles . 

How, u in all regulatory hearings, 

the principle objective 1a ror the Board to receive 

I 

' 
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HP.A O OPWICER LAWTON : Exh1b1t two •111 

be the cert1t1oate ot publ.cat1on 1n the Oran1te 

C1t7 fr••• Record, announc1ng the aeries or 

hearinge . 

There al o 1e a 0ert1r1cate or 

publication, WhJ oh •ill be rer.e ved from the 

Chicago Tribune , but I don't have i t in my 

po••••■1on 7et. and that we can bring in•• 

Exhibit 2B at the ti■e it 1 ■ rece1Ted. 

(The doc W1ent above-referred 
to was tbereupoa ■arked 
Board Exhibit Mo. 2 tor 
1dentit1cat1on.) 

HEARING OPFTCBR LAVTO~: T have a 

preliminary ai r pollution e 11rvey ot a■beatoa 

publiebed by th L7tton Syatema, Inc., ur der 

contract w1th the United States D~partaent or 

Health, Educati on and Welfare and I "ill put 

that 1n the record•• Exhibit ►ree. 

(The document above-referred 
to••• thereupon marked 
Board Exhi bit 3 , tor 
i denti f ication. ) 

HEAR.IMO OFPICBR LAWTON. I have a report by 

I . J. Selikotr, entitled, ftAsbeatos." The 

eouroe ot thi■ publication 4oe•n·t appear on the 

doo1111ent I have , but I will correct that tor the 

i-eoord at auoh ti■~ aa we have a further hearing, 

6 
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and an artiole ent1tled,"Aabeetos ae an Urb11.11A1r 

Contuinant,• b7 A.G. Co•paon, in the Nay, 1g66 

1aaue ot -- I believe 1t 1• oalled, "Pathology, 

081.• Here again, I Will complete the reoord on 

the preoiae ■ouroe. 

7 

(The document• above.referred 
to were ther eupon marked Board 
Exhibits 4 and 5, for 1dent1-
f1cation.) 

BBARING o•PICBR LAWTON: There io an art~cle 

b7 Jere■iah Lynch, Boward Eyre and Douglaa Johrulon, 

entitled, "lnt~r-relat1on■hip or Continued Asbeato■ 

Bxpo■u.re Indice■" tro■ the ~meri can Byaiene 

A■aooiation Jou.ra.al, September - - October 1970 

1a■ue. That will be •arked Bxhibit ■ix . 

(The doowaent above-referred 
to was there11po"' 111ark,id Boa.rd 
Exhibit 6 , for 1dent1~ication.) 

BJURIHO Ol'PICBR LAVTOK: I have a '!U'~!'" 

presented by William J. Nicholson on "Asbe■toe 

Air Pollution in New Y~rk City," presented at 

the Second International Air Pollution Conference 

in Vaahington, D.C., September, 1970. That will 

be BXlu.btt seven. 

(The doc11111ent above-referred 
to was thereupon marked Board 
Exhibit 7, ~or 1dent1f1cation.l 
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HBARINO OPl'ICllR LAWTON: Exhibit e1gh, will 

be o.a: article bf Jere■1ah LyRch, ont1 \.led~ "Brake 

Lie Deoomp.,■1~1or Product•,• reprinted fro■ the 

A1r Pollution Control Aaeoojation Journal Volume 

18, Jlumbt.. 12 , Deoe■ber, 1968. 

(The document above-referred 

8 

to wae thereupon marked Boar~ 
Bxh1b1 t 8, tor 1dent1fioat1,". ) 

KBARIKQ OPPICBR LAWTON: Another article from 

the A■erican Industrial Hygiene Aaeoo1at1on Jo~rnal, 

and Con~rol or Aabesto■ Expoaurea." I w1ll mark 

t.h&t aa Exhibit nine. 

(The docuaent bove•rarerr~d 
to was there upon marked Board 
Exhibit 9 , tor ldent1t1cat1on.) 

BEARIIIG OPPICBR LAVTOK: "A Report or The 

Philadelphia Department or Public Health ad hoc 

Committee on En'Yironaectal and Occupational Hazard• 

or Spra7 Aabeatoa Piber■," Augw,t ,1 , 1970, that 

Will be Exhibit ten. 

(The document aboYe•reterred to 
was thereupon iaarked Board Bxh.1oit 
io, tor 1dent1ttoation.) 

KBARI50 OPPICBR LAWTON: I haYn a tran■cr1pt 

ot hearing■ cond~cted by the Cit1 ot Chicago 1n 

oonalderation or 1te asbe■toa regulatiou , whi.oh 

ar• dated March )rd aad Karch 2Jrd ai.d Na7 11\b, 
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Whioh I vill aark •• Xhibi llA, 8. Cando, 

reepeot1vel7. llA le th• teat1■ony before thft 

Clt~ Cou.noll Conltt•• ot Irving J. 8elikoft. 

llB le the teati ■011¥ ot Louia Craley, Chief, 

D1v1a1on or Bp14e■1ology and Aabeatoa Se~v1oea, 

Bureau ot Oooupatlonal Safety and Health, 

Snv1ronmental Control Inatitute. llC 1a the 

teatimo117 or George W. Wright, Head of the 

Depart■ent or Ned1cal fteftearoh at St. Luke a 

Boap1tal, &ttila~d with Veatern Reaerve Un1vera1t7 

8ohool or Necl1oiae. llD 1a the teatlaoll,)' ot 

■r. 3. Nun.roe N0Xult7, Preaident or •c■ulty 

Bretbera Co■pa.n7. 

(The doou■ent• above-referred 
to were therupon marked Board 
BXb.ibita llA, B, C 'l.lld D tor 
ldentitioatlon.) 

BBARIKO OPnCD LAlfTOK: That repr•aerta all 

or the ■aterial that I aa proposing to introduce 

at tb1e particular •••ting. 

We will now hear from anyone who wiahea 

to oomment on these part~oular regulations. I 

Will a■k you that you 1dentiry youraelt, indicate 

oa who■e behalf 7ou are speaking, and be aworn by 

the oourt reporter. 

I• there anybod7 who wlab•a to teattry 
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at th1• ■eet1nsT 

(■c: re8pOQH,) 

IIIARI■O OfflCBR LAVTON: A ppareatly not. 

I• tii•r• anybody who lfiahe• to 1nc11oat• h1• 

pr•••noe without t••tlf71ogT State ,o~r nu• 

a.ad on who•• behalt JO~ are here. 

IIR. SWBTOMIC1 Ratthew N. swetoa1c. Aebeeto• 

1Ator■at1on Aaeoo1at1oa, •e• York City. 

BBARIMO OnICBR LAW'l'ON: Either you or 

ao■eone on your behalt , or eeveral people on 

your behalf Ifill be teetif,ving at the Chicago 

bearing? 

MR. SVBTOMIC: Tbat is oorreot. 

HJURIRO OnICBR LAVTOIII: And, you have made 

arrangement• with tbe Board tor tbe time! 

IIR. SVBTOJIIC: Ve have# yea. 

BBARIMO OffICBR LAVTOJU: Ia there aayone 

•l•• who oar•• to ••t•r their nue oa the reoordT 

(■o re11poaae.) 

BBARIIIO OPPl:CBR LAVTOH: Ia there anybody 

10 

who ha■ any que■t1oU that relate to th1e particular 

program? It not, X rill declare th:1■ portion ot 

the hearing clo■ed. Those ot you who are here, 

it you have anyth1Dg that i1ou want to get into 
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the reoord or anytbi.q t hat you wut to ooa■ent 

on at future •••ttnae, you are certa1 ly not 

foreoloeed fro■ 4o1ag ao by the tac t tha t 7ou 

41( ·~ teett fy toda7. Ve wt l l be h~PP1 t o aee 

7ou. 1 anti oipate a litt l e ■ore bu•1•••• at t he 

Cb:ioago and Vaukegaa ••••iona , but we di d want 

to give &JlJbody ta the Ne tro-Eaat area aa 

opportllllit7 to expre•• themaelvea on thi.a aubJect . 

I h&Ye a stroag feeli ng, •• baa happened 

11 

ta other caaee, th~t once we promlll.gate our 

regulatiou and tbe7 are publiahed tor ttnal adoption, 

we Will hear tro■ people 1n tb1a area who will be 

ooaoerned that we weren't gi Yen the priYelege or 

teatltying, but that ia inherent ia the ada1n1-

•trat1ve proc•••• ao we won• t be upset. 

Thoae of you who are here aad haYe 

not teetltied, 1f there ia anything 7ou want to 

pt to the Board, pleaae eend it to ■7 attention, 

a-a•l T. Lawton, Jr., Follution Control Board, 

189 Vest Madiaon, Cb:icago, 60602. It you reel 

the deelre to teetify at aJ'lJ future meeting, pleaee 

oontact ■y ada11l1atrattve aeeistant, flmothy Barker, 

who 1• keepins the ageada tor tutu.re meetinga. 

I am gotq to remain here &Dd keep the 
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record open on the po•a1ble auppoaltion tha t 

people aa, have anticipated that thl.a waa to be 

a 10:00 0•0100\ hearing. But I w1ll reaain here 

a little while, •owe can receae till about r1ve 

■inute• after ten. 'l'hank you all for co■ing. 

IIR. SWBTONIC: Nay I a•k a que•ticn? 

BRARINO OPPICBR LAWTON: Do you want to be 

on the record? 

NR. SWBTONI C: It doe an•t really ■atter, 

BBARIHG OPPICBR LAWTON: Ve might a• well, 

MR. SWBTONIC: The queet1on ia very simply, 

I notice the •1ze or your Chicago transcript•. 

12 

I have a set baok at my ortioe that are about thi• 

thick (indi~ating.) I wonder if thoae are selected 

tranacr1pta, 

HEARING OFPICBR LAWTON: Yes. 

MR. SWBTONIC: Is it possible to know whose 

testimony 1a contai ned there? 

HEARING OPPICBR LAWTON: Certainly. It may 

be that we will uant to bring 1n more than thia 

portion or it, but you certainly are free to look 

at them. 

MR. SWBTOHIC: Oka~, thank you, 

-HBARIRG OPPICBR LAWTON: All right~ we will 
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reo••• tor about 15 ■1cute. 

(A abort No•• • waa taken. ) 

BIAlllllO O..XClll LAV'l'OMs Are either ot JOU 

patln•• 1Dtareeted ia teet1ty1ngt 

(■o rupoaae.) 

DAlllllO Off!:U LAV'1'0■ 1 Would ~on• elH 

oar• to put their au• on the reoord or 1a41oate 

thelr 1atereetaT 

(llo reapoue.) 

DARI■O o~ca• LAV'l'O■: Ver7 well, th• 

•••UA& 1• adJol.ll"aed at 10:15 o'olook. 

(Vheraupoa, aa adJolll"n■eat wu taken 
until 10:00 A.N. Oft Ootobar 15, 1971, 
1a Ch1oaso, lll1aoia.) 
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ftA'IB 0~ ILLI•OIS 

comm 0~ COOK 
I 111, 

HOLLY BBAIIDAn hereby aertitiea that 

•h• 1• th• Cert1tle4 Shorthand Reporter •ho 

reported la aborthaad the prooeed1qa had in 

tbe abo••••at1tled ■atter, and t.hat th• 

toreplq la a tr~• aad oorreot trauoript 

or 9&14 prooeediqa. 

Cert red Shortllaa.4 Reporter. 
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Held on Friday, October 15, A.D., 1971, 

couenotnc at the bour or 10 . 00 o'ctook a.a., 

ln the Pleld Mu■eua, Chicago, Illlnol■, 

Mr. Samuel T. Lawton, Jr., Hearing orttcer. 

BIPOR8: 

Mr. Saauel T. Lawton, Jr •• bar1D& Offlo•:-• 

Al■o Pre ■ent : 

Mr. Jacob D. Dwaetle, Board Me■ber 
Mr. Timothy Hark'Gr, Admlnlatrattve Aa■ l■tant 
Mr. Walter Ro■anek, Ac1■1nlatratlve Aa■ tstant 

Jlle■bera or the Presa 
Members or the Publ lo . 
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ff R IMO OPPICIR I ~ go1og to •tftrt 

o t the ••tlag tn our tradltloaal way, and •k 

that there t,._. oo aaok1D& 1n thla room . Not only 

ta lt ln Tlolatlon or •hat the P1e10 Mu••um 

requeated, b11t lt •01114 be contrary &o the obJe-otlve 

or trytn1 to aohleYe a gooc1 hoarll'lg, ao I ..,. 11~1re 

1011 w111 unc1eratanc1 . 

Thl• la the 11eoond hearlng or th• ~ellutlon 

Oontrot Board lo the matter or aabeatoa regulat1ona, 

as proposed , My name l• Samuel T. La•too, Jr., I am 

a member or the Board , and I have been dea1gnatec1 as 

Hearing orr1cer tor this particular matter. 

On my right 111 Timothy Harker, Admln111tratlve 

Aaelatant, and Watter Romanek, Adm1n1etratlve Aeets­

tan~. ln the first row. 

We had a pre11m1nary hearing in Or.nite 

Clty last week, whloh was not particularly well 

attended, but aome exhibits •ere iutroduced a t that 

tiala, Which I w111 review quickly. I have copies 

here or the Newsletter No. 24, which lncludee the 

proposed regulatlona, and the explanatory mater1a1, 

so I am golng to adJourn the meeting tor Just a 

moment to aooomplleh two thlnge, one le to make 

tbeae avallabte to anybody who wtehea to plok them 
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up, •o 100 can look at the ■ without the need ror 

our rev1.ew1na th•• tn det 11 prior to tne hear!.ng . 

Secondly, I a■ go1ng to 1ndloate the 

•1tu•••• that bave a1read1 been aoheduted, and I 

•111 a•k tho•e or you who w!eb to teat1ry to subm1t 

a aaa11 card 1r you would vri~e your n&me, the 

organ1•at1on 1r Any, that yoi repreaent, and t he 

approximate length or ttm~ that you reel you w111 

nead to testify, lt would be ver1 ho1pru1 to ua, 

ud •• could have full aohedule lo that way. 

So I •111 adJoura the meetiog ror rive 

m1nutee ror those or you who oare to pick up coplee 

or thte newsletter may do so, and thoee or you who 

wtab to teettry, pleaee get the carde in to me 

rtght away. 

(A ~hprt recess wae taken.) 

HEARING OFFICER LAWTON : Please let ua lcnow 

tr you want a copy and don't have lt. We wi11 make 

tt avallable. 

I have only received two cards. The ract 

that I haven't gotten any more names would not rore­

elose anybody rrom te■ttrytng, tr you oo wteh, or 

aektng quaetlone and making eommente. I have aeked 

ror thts only tn order to try t o program tbe hear!og 
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a•• 11 ••"ea bl to. 

The eequ nee or peak re, a 1Dg thoy 

are a11 here, eubJect to •hat I h Jut aa1d, 

&ad tho•• or you Who hav not 1ndtoated 1our d a1re 

to t••t1ry or •peak, 1 do ao, notw1tbatand1ng the 

raot that I don 't have anytb1ng rro• you, 

The ord r w111 be Dr. Harwood, who •111 

preaent a atudy made at the request or the In tttut• 

ror lnvtronaental Qualtty , ~ .ch haa been aubm1tte4 

to tbe Board; Or, w111 Ntoho laon or Nount S1na1 

School or Me4lol.De; Harold Roaer, Aee\etaDt Commiasioner, 

lag1neer1ng Research and Develop nt, or the New York 

Ctty Depart•nt or Atr Reaouroea; a ropreeentatlve 

or the Aebeatoa Inror■at1on Counot t , whose aa,ne at 

tbe aome nt l don't have; Pred Pundear.k, or tho A•boatoe 

Iaroraat1on; and J. Oolenky who nae a■ked to speak 

oa a related matter. 

Now, we have a rurthor hear1ng eoheduled 

ror October 19 at the Waukegan Pub11c Library, at 

10:00 o'clock. On th~t date, the rollow1ng organ1-

sattone have 1nd1eated their deeire to preeent 

teat1aony: The Illtnote Chamber or Commerce, the 

I111note !nvtronmental Protection Agency, Caterpillar, 

IDo •• and the Hat1ona1 Insulation Manutaoturere' 
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Wh.1crh I "111 •ark a■ xhibJ la llA, a , C and D, 

re•peot1Yel7. llA 1• the te t1■uny before th~ 

c1t1 CoWloll Coaaitte• ot Ir•1ng J. 8elikorr. 

') 

lllt 1• the te■tlmoay ot Louie Crale7, Cb1et, 

D1v1■1on or Bp1de■1ology and Aabe■to■ Service ■, 

BLU'eau ot Oooupatlonal Safety and Health, 

Bn•ironmental Control Io■titute. llC 1• the 

te•timony or George v. Wright , Head of the 

Depart■ent ot Medical ~•••arch at St. Lukes 

Boap1tal, at'rilated "1th Ve■tern Reserve Un1vere1ty 

Sobool or Xed.1o1ne. llD 1■ the teeti.■ony ot 

111" . J. Ku.nroe K0Kult7, Prea1dent or Kc■ulty 

(Tlte docuaent• aboYe-ret'erred 
to were therupon marked Board 
Exhibit& llA1 B, C ~d D tor 
i dent1ticat1oll.) 

BBARI•o OPncu LAVTOM: That repr,aent■ all 

or the ■ater1al that I &11 proposing to introduce 

at tbie particular ■eeting. 

We w:1.11 now hear from anyone who wishes 

to comment on these particular regulatione . I 

"111 aek you that JOU identify youraelt, indicate 

oa whoae behalf Jou are speaking, and be sworn by 

the oourt reporter. 

I• there anybody who wiell •a to teatity 
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at thla ■eet1ngT 

(•c. reapon■e. ) 

HBARIIIO OntCBR LAV'?Olf. A ppareatl)' not. 

I• there a.nybodJ who lfiahea to 1nd1oate h1• 

preaenoe without teat1t1101T Stat• 1ou.r name 

.ad on whoa• behalt 7ou are here. 

IIR, SlfBTOJIIC1 Jlatthew N. Slfetoll1o Aabeatoa 

Iator■at1on Aaaoo1atioa, Me• York CltJ, 

IIBARIRO O~CBR LAVTOIU: Either you or 

ao■eone ori JOIU" beh&lt, or aeveral people on 

70111" beha.lt rill be teatitying at th• Ch1oago 

hear1n&'l 

MR, SVBTOIIXC: That 10 oorreot. 

HBARIRO OPPICBR LAV'l'Olf: And, 3011 have made 

arrangement• ri th the Boarcl tor th• tiJaeT 

IIR. SVB'fOflC: Ve have, 7ea. 

BBARIIO OffICER LAVTOK: Ia there aayone 

elae who oar•• to eater thmir name oa the reoordT 

(lo reapoaae.) 

BBARIHO OPPXCBR LAVTOIIC: Is there anybody 

10 

who bu any queat1ou that relate to thie particular 

program? It not, I rill declare this portion ot 

the heari.ng olo■ed. 'lhose ot you who are here, 

it you have anything that you waot to get into 
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the reoord or &nJthtq that you want to oo-ent 

oa at tutllN •••tlca;e, you are certainl1 not 

toreoloaed fro■ dolq ■o by the raot that you 

dl( ·t t■at1ty toda7. Ve w1ll be h~PPI to ■ee 

rou. I ant1o1pat• a little ■ore bualuaa at the 

Cbio&go and Waukegaa ••••ion■, but•• did want 

to give &Dybody la the Netro-Baat area aft 

opportllftitJ to expreae themaelve■ oa tb.1a aubJect. 

I have a atroag reeling,•• h&o happened 

11 

la other cue■ , th~t oaoe we promulgate our 

regulationa and theJ are publ1ahed ro~ rtnal adoption, 

we Will hear troa people 1n thia area •ho will be 

ooaoerned that .. werea•t gi ven the privelege ot 

teat1ty1ng, but th.at is inherent ta tu admtn1-

atrat1ve prooeaa, ao we won•t be upset. 

Thoe• ot 7ou who are here aad have 

aot teatltied, 1t there ie anytbtns you want to 

get to the Board, pl•••• aend it to ■7 attention, 

s-mel ~. Lawton, Jr. , Pollution Coctrol Board, 

189 Veat Nadi■on, Cb1.oago, 60602. It you r eel 

the dealre to teatlty at an, rutlll'e ■eeting, please 

ooatact ■1 adalll1atrat1ve ae■istaat, ft■othy Harker, 

Who 1• keeping the agenda tor future meeting■. 

I &11 goiq to remain here &Ad keep the 
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record open on the po881 ble 8 uppo ■1t1on that 

people ■ay have ant1o1pated that thia ••• to be 

a 10:00 0•0100~ hearing. But I wi ll remain here 

a l ittle while, 80 we oan receaa till about five 

■1nute8 arter ten. Thank Jou all tor co■ing. 

IIR. SWBTONI C: NaJ I &8k a que8t1on? 

REARING OPPICBR LAWTON: Do JOU want to be 

on t be record? 

MR. SWBTONI C: It does n't reallJ ■atter, 

BBARIRO OPPICBR LAWTON: Ve might as well. 

MR. SWBTONIC: 'l'he queet1on is very e1mply , 

I noti ce the a1ze of your Chicago transcripte. 

12 

I have a set baok at my oft1oe t hat are about t h ia 

thick (1ndi~ating.) I wonder if t hoae are 8elected 

tranacripte. 

UBARIMO OPPICBR LAWTON: Yea. 

MR. SWBTOMIC : Is 1t possible to know whose 

testimony 18 contained there? 

HEARING OPPICBR LAWTON: Certainly. I t may 

be that we will uant to bring 1n more than this 

portion or 1t, but you certainly &re free to look 

at them. 

MR. SWBTONIC: Okay, thank you. 

HBARIRO OPPICBR LAWTON: All right , we will 
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r•o••• tor about 15 ■1oute a. 

(A ehort No••• waa taken.) 

DAIU■O o.nc•• LAV'l'O■t Are either or JOU 

patleaea 1atereeted ia teat1r11ns, 

<•o reepoue . ) 

IIBAllllCI Off?CD LAV'1'0■1 Voul4 aa,ona elee 

oare to put their aaae on the record or ia41oate 

thel.r latereataf 

(llo Napoue.) 

JIBAJUIIQ O~OKa I.AVTO■z Ver7 well , the 

(Vhereupoa, aa adjovn■eat ••• taken 
aat1.1 lOiOO A.N. Oft Ootober 15, 1971, 
in Ch1oaso, Ill1ao1e.) 
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aac 

BOLLT Bl!UIIDAJII hereb7 oert1t1•• that 

•h• l• th• Cert1f1•4 Shorthand Reporter who 

report•~ 1a •b.orthaad the prooeediJla• had in 

the abo•••••t1tled aatter, and t.hat the 

tor•aolna 1• a tr11e aacs oox•reot trauoript 

et aaid prooeed1q•• 

Cert i¥4 Shortll&nd Reporter. 

I 
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Held on Prlday. October 15 . A.D .• 1911. 

0011Mnoln1 at the bour or 10 .00 o'cloc k a.m., 

ln the Plelc1 Muaeum, Chlcago, Illlnol•, 

Mr. Sa■uel T. Lawton, Jr .• Hearlng ort 1cer. 

BIPOR!: 

Mr. Saauel T. Lawton, Jr.,, llear1D& Ottloer • 

A tao Preaent: 

Mr. Jaoob D. Dumetle • Board Me11ber 
Mr. Timothy Harker, Ad111nlatrat1ve Aaalatant 
Mr. Walter Ro■anek, Adm1n1a t rat1ve Aaatatant 

Me■ber11 or th• Pre•• 
Members or the Pub1 lo . 
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H ARIMO OPPICIP. LAWTOl<: 1 gotng to t rt 

ou the .. e t1Q& 1n our trad1t1onal • y, a nd ak 

that there no a■ok1n& 1n thla room. Not only 

1a 1t 1n T1o1at1on or what the Fl 10 uaeum 

requeated. but tt would be c ontrary ~o the obJ otlve 

or try1DI to aoh1eve a good hearing. 10 I &111 aur~ 

you w111 under■tand. 

Thia 1s t he second beart~g or ~he Pc1lut1on 

Control Board 1n the matter or asbe ■ toa regulations . 

aa proposed. My name 1• Samuel T. Lawton, Jr. , lam 

a member or the Board , and I have been de ■ tgnated aa 

Hearing orr1cer ror thts rart1cu1ar matter. 

On my right 1e Timothy Harker, Adm1n1etrat1ve 

Aselatant, and Watter Romanek, AdmlntetrGttv~ Aeale­

tant. 1n the r1rat row. 

We had a pre11m10ar7 hcarlog ln Oranlte 

City last week. whlch wae not parti cular ly we11 

attended, but aoae exh1b1ts were tutroduced at that 

time. wh1ch I •111 revtew quickly. I have coptea 

here or the Newsletter No. 24, which 1ncludee the 

proposed regulat1ona. and the explanatory mater1a1, 

ao I am going to adJourn the meeting ror Ju• t a 

mosent to acoomp11eh two tblnge. one ta to make 

these available to a~ybody •ho wtahea to p1ok them 
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up. •o rou can look at thft without the need ror 

our rev1aw1na th• 1ft d tall prior to tbe hear~ . 

Secondly, I a■ going to 1nd1o&te the 

•1tna•••• that hav alre&~y been acheduled, and I 

•111 ••k tho•• or you who wtab to teat1ry to ■ ubm1t 

1r you would wrlte your name, the 

organtsat1on 1r ~D), that yo~ repreeen~, and the 

approx1■ata length or ttme that you reel you w111 

need to te■ttry, 1t would be very hclpru1 to ua, 

aad we could have ru11 eohedule 1n that way. 

So I w111 adjourn the meetlog ror r1ve 

■1natee ror thoee or you who o&re to pick up ooptee 

or thts newsletter may Oo so, and those or you who 

w1•b to testtry, please get tne car~e lo to me 

right away. 

(A ~hort recess wae taken.) 

HEAJ\INO OFFICER LAWTON: Ple&ee let us know 

tr you want a copy and don't have lt. We w1ll make 

it available. 

I have only received two cards. The ract 

that I haven't gotten any more names would not rore -

0101e anybody rrom te■t1ty1ng, tr you eo wleh, or 

aekt.Ag qmetlone and maktng comments. I have asked 

tor th11 only 1n order to try to program the hear!og 
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•• •etl ae we a re &bl to. 

The aequeno or pe&kern, •nUJ11og they 

are all here, aubJect to •h&t I hav ju■ t aa1d, 

u4 tho■e or you who have not indtcatcd your dea1re 

to teat1ry or apeak, aa y do a o , notwitbatan41ng the 

raot that I don 't havo anythtng r~om 1ou . 

The order w111 be Dr. Harwood, who w11i 

preaent a ■ tudy made at the requeat or tho In■ t ttute 

ror lnv1ronmenta1 Qualtty, w ~h has been aubm1ttod 

to the Board; Dr. w1111aa tcholaon or Mount s 1na1 

Sobool or Me41o1De; Harold Romer, Aaetetant Comm1aa1oner, 

Sngtneer 1ng Reaearch and Deve1opaent, or the New York 

City Department or Air Reaouroee; a repreeentatlve 

or the Aebeatoa Inror■at1on Counoi~, whoae name at 

tbe moment I don't have; Fred Pundea~k, or the Aeboatoa 

Iaroraat1on; and J. Dole~ky , who haa a ked to apeak 

on a related matter. 

Now, we have a rurthor hearing scheduled 

ror October 19 at the Waukegan Public Library, at 

10:00 o'clock. On th~t date, the ro11ow1ng organ1-

zatlona have 1.nd1cated their dea1re to present 

teet11lony: The Ill!nole Chamber or Commerce, the 

I11lno1a !nvlronmental Protection Agency , Caterpillar, 

Inc • . and the National Ineu1at1on M&nuraoturere ' 

I 
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A11001at1on. Th re undoubtedl) w111 b othe a. 

At th meetlng 1n Oranlt C1ty, I put 

lAto the reoor4 11 exh1btte, moat or thea Oocu■on­

tatton, ano aoH pre11111nary legal matter,. I 

•111 revt•• tho•• very brter1y, without goiog 

lnto the oootent. 

The tirat one••• the Now&letter Ho. 24, 

whioh contalne4 the regulations, and n explanatloo. 

'lbe eeconO waa the toga, notioe 1D thfl Or&nite Clty 

New1paper, an4 •• w111 al•o i oo1uae the notlee tn 

tbe Chicago Tribune, •hen that 11 received . 

The th1rd 1~ the Lytton Report on Aabeatoa. 

Th• rourth ta an article by Dr. Sollkorr, 

ln the magaz1ne, "!nvll'onment," March, 1969. 

Number rtve waa an al"t.1cte by Dr. Compaoa, 

•~•be■toa •• ap Urban Atr Contaminant." 

NU11ber alx, "The Interreta .. ton Cir Selected 

A1beatoe Bxpo■ ure Inciuatrtea," by Lyncb, Eyre, and 

Joba■on ln the Amerloan In4uatr1&1 Hygiene AasoclatioD 

Journal. 

Nwaber aeven, "Aabeatoa Atr Po11utton tn 

... York City," b.Y Nloholaon. 

Nwabel" eight , "Brake Lin ing Deoompos1tion 

Pro4ucte," by Lynch in the Journal or the Air Po11utlon 
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llo. 1 , "Pn-rou nd Mlaeral Content or 

OoeMtlo Talom," an artlo10 1n 'th• A erlcao 

Ind11etrlat HJ&1 n• Al oo latlon Journal. 

No. 15, "c1,ar tt• Saoktns, Aabeeto• and 

Pu1■onary P1bro•U," wh1oh 1• to th Aller1oan Review 

or fleeplratory Dt••••••• Vot ua• 104, 1971. 

No. 16, "A•be•to• Ptbera la S.Teragee 

and Dr toking We.ter, • lo t he Mature Magu 1De or 

Ju11 30, 1971, 

No. 17, "Tate-Related n1ae 10 Japanese 

Stomach Canoer, " lo the magulne, foleoce, Vol ume 

173, pagea 140-142. 

No. 16, "Recoa11enaatlone ror Handling 

Aabeetoe," ln the Bnglneertng &qutp•nt Ueere• 

Aaaootattun Handbook. 

No. 19, "Air-borne Aebeatoa," a report 

pre~ared by the Comll1ttee or Blotoglcal Errecta ot 

At110epher10 Po11utanta or the D1vle1on or Hatlooat 

So tencea, National AoadeQY or Eng1neer1ng, 1971. 

Tbeae w111 &11 be marked and received 1Ato 

the record. 

(The dooumenta aboye rererre4 
to were thereupon marked 
Board Bxh1b1ta 12 through 19, 
ror tdenttrtoatloD, &nd were 
reoe tved 1n eT 1deace. ) 
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ff RI•o OPPICIR LAWTON: Now, t thla tlao. 

I will aak that alt peraon •h~ "1• to teatlry 

or who think they ■t&ht want tote t1ry, plea• 

•ta.ad and be •worn. 

(Wltne•••• •o~n.) 
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HIARINO OP~Ir&R LAWTON: Thank you very ~uc h. 

Wa w111 now hear rro~ Dr. Harwood. 

COLIN HARWOOD , 

oatled •• • wttneea by tbe Board hereto, having beea 

r1rat duty ■worn. wae examined and teetirled in 

narratlTe rora a• fol i o••· 

TIii WITN8SS: My name l• Dr. Colln Harwood. I 

aa a reeearoh ac1entlet 1n the Floe Partlote Researob 

or the It11no1e Inat1tute or Technology Researc h 

Iiiatltute. 

M1 1Dtei-est tn asbestos stems rrom June, 

1970, when I wae glvon the taPk or producing r or the 

BpA, a document revtewtng the aebeatoa lnduetry, and 

wbloh rormad the baate or th proposed rederal 

regulation• on aabeatoa. 

Reoently. I have been employed by the 

I1111lola IDatltute to provide the Board wltb up-to­

ut.a ln!'oraatton on the reaa1b11tty or the proposed 



" 

• 

23 

a tot. 

Muob or th• tnror t1on e~ rated lo 

eoDt.&1ned in a report stv•o to the Io•tltute and 

eatered •• evtdeno• at tbeee hear1.og . 

Tbere are a 11a1te4 nua~r n!' ooplo• 

wbtob I believe 11111 be avallabl to tho•• rcqu1r1ng 

tbea. 

Pirat or all, a not• on the genera.1 

atrateay or the report. Tbe modlcat ~v1dence on 

the &dver•• health etreot• or a•be•toe 1a by no mea.ne 

r1ra1y eatabliehed. Io particular, d1eagreeaeot 

1• apparent 1.n the area• or the exposure conoentra­

t1oD level• whtob are adverse to health, the particle 

else and 11hether it 1e r1bere or rtbrlla 11h1ch are 

moat dangerous to health, the tyPft or &ebesto• moat 

tarmtul, and the mechan1a111 or the 1nat1gat1on or 

citeeaee. 

Ho11ever, this apart, there 18 un1verea1 

agttttement that exposure to aebeetoe can and doe• 

have adverae errect• on aurr1ctent number• or people, 

euoh that preoautton• ehoulcS be taken to m1D1mtse 

tbe ex po• ure . 

In particular, thte should apply where 1ts 

etteot -- where 1t arreote the gener&l public, who 
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aot ba•• the ohoto• or ttl aaba et.011 r otory •orker . 

1a aoeepttog that ■ploy■eat. Thue, the ph 1oeoph7 

adopted t■ that althouab there 1• no oau•e ror 

purat alarr,, a■beato• e■1a1lona ahou1d be curbed 

to a desre• tbat l• rea41l y obta1na~1• aac u•lng 

soot ■odern teohaolo&J, 

Purt~er, a ••n•• or awareao•• and not rear 

ehoutd be developed ta peraona haodlt~g asbestos 

product■, euoh that they handl~ the product wlth due 

oautlon and regard tor theue1vea. thetr re11ow 

worker■, and the gen@ral public . 

In deo1d1Dg on an emloaton l evel , the 

■trategy or accepting a poaatble obtaloable level 

has been used. Con ereatlona wtth Dr. Steve Holme• 

or the 5r1t1ab Aebe ■toa Research Couno11 h8ve revealed 

tbat a 0,2 per oc ealaatoo ts obtatnable, and ta 

routine, and they will oo~ allow air to be rectrcu­

l&ted 1n ractorteH ua1eaa thte 1eve1 ts reached. 

Johno•Manv111e have stated that 1 ttber per 

oo •1 11 acoeptabltt tor a aurrtotent bag ho11se t'Uter1Jlg 

ay•te~ operating over a time period. 'lberetore, it 

would see■ that a value or two ttbers per cc ts 

em11lent11 N&sonabte. The only moattortag e~•tea 

that 1• 4ot co■ptloated to ope rate ud does not 
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NQU1N taborate pp61'Atu• 11!1 th mbz-ue r 11 ter 

teobatq 

• eupl• on 

ri b •16tl y, tt proc dure u to coueot 

•■br..,. tllter ano make a r1b r count 

or the pal°Uote• 01• r1bera collected, ua1Ag a tt.gbt 

■lol"oaoope and u.satr1cat1on or X 430. 

Aa aa atternat1T , the uae or bea t t~oh.Dology 

u a oontrol teob.Dlque, without a chook other than 

llO vU1ble •mUa1oaa, 1■ not acceptable, atnoe ,t 

gt••• DO •aaure or the errtc1ency. Do targe t to 

a1m at, and allo•• eatae1o■■ gN&tl y 1n exceaB or 

tho•• MN •uageated . 

The quoting or err1a1eao1ea or control 

qu1p■ent on a maaa baa1a 1• not acoe table, and I 

have dealt •1th thte ta greater length 1n the report 

wbtch 1■ available on page 47. The reaeon ror thta 

le that an aobeatoa rtber hae an extremely lo" -.ea. 

In taot, tt takee a tbouaaad tlbere to equal a maea 

or one nanogram, which 1a 10-9 grama, a Tery um.all 

"tght indeed. 

'l'bua, an err1c1er.cy a quoted 61"!1c 1.ency 

ot 99.999, although very good at r1ret atght, lo■ea 
_ .. 

1te glamor when one conetdere that 10 1 tlbere would 

lie e■ltted tor every gru or 4uat reaching the tilter. 

With regard to water po11ut1on, wbto~ le 
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dealt wlth at I nath o pa d 50 1 the 

report, I wU1 aaka a brler no at th1• t1JH • 

Waate water tro both aanu.raotur1n& proo aae• and 

wet 1orubbar W\lt• 4 alga d to 11.111.t e ■1.aa1on• 

oou14 atve rt•• to •ater po11ut1.on probleP 1.r 

the wa•t• 1• allowed to enter atraa■o, ••••r•, aoS 

1aa• 1ndtaor1a1•t ly. 

Now, lt 1• oo•n tha~ aabeeto• 1• & 

aaturatt7•ocourr1ng product, &nd hence "111 ocour 

111 water•• a natural event. Howav~r, the evidence 

la not ole&r a• to the daoger or 1ndu~1ng atomaoh 

euo•r• by water-borne r1ber•. 

Hence, lt •oald •e•m a aene1ble preoautton 

wb8rever poealble, to recycle waete •ater &ad not 

dUIIP lt lnto atre .. •, ■ewer• and 1a1cea, et cetera. 

Tbe err101enoy or r11trat1on plant• la high, althoU$b 

a recent paper, quo don page 40 or the report, 

~•• ■ho•n that a eonatderable a•o1111t or aabeatoa 

rtber• at111 oont1Jlue t~ paaa through the eyete■• 

Unt11 tb• •41.cal evtdenoe 1• more c1er1n1te 

•• th• danger• or dr1ak1ag water conta1n1.ag aoboetoa, 

lt would eee■ a wtee preoaut1on agalll not to add 

&■'Mato• to wate~ rto•• un aa•nr11J. 

'l'be au~Jeot or bl'&lm U.ntn&• u 4e&lt wltb 

-
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at talr 1en1th ln th •u~pl nt t o t he por ~ , 

SuppteMnt A, Tb t'aot 1 n that vir t uall y e v ry 

veblole on ~h• ro.ASa today oarrlee Mevoral po u ncl• 

or a■be•to• coata1ned 1n the brako 11n1n1•. The 

aotlon or •topptq the vehlcle produce••• ato• 

e■t■ aton•. The ••l••lon• are ■o cH11perae4 ov r 

the oountry that be oonoentratlon at any one polnt 

U not great, a■d 1• certainty wel l below tho 

ooeupatlonal expoeure Level ■, 

Por example, brakes could wall be cortr1-

but1n1 •o•thlq like 300 rtber■ per oublo meter, 

wberea■ , the ocoupat1ona1 exposure level te generally, 

ta a ••11-oonductod plant, or the order or 3,000,000 

tlber• per o ublo •ter. So the level le very much 

1••• than th• accepted ocoupatlonal expoeure l~vata. 

Howe,er, 1t h&B been shown thO.t ~he •=1aa1on• 

probably do oonatttute a considerable aouroe or 

aabe■to• background 1ove10. The ract 1B that very 

blgb percentages or people are known to have aabeatoe 

body 1n their lunge, and these are people •1th no 

oocupat1ona1 exposure to aabeetoa. 

'l'h• source or all the tlbera ln the back• 

ground le not known. However, lo keeplag •1th tb~ 

poltoy or tlaltlas emleetone to t hat •blob ls 
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att 1n&ble, u•tn1 •t lllOd rn t ohnology, tt le 

e •t•d that troa rrort• ehould be aa4 toward• 

•lth•r uel o alt ra t1v rr1ct1on -t rt 1, or 

aea11D& the bMI~ 11aH It U hor•4 to be11ev 

that aodern t obnolo y ooul~ not a hlev th! ■ 

reau1 t by 1975. 

Turn1D& to apr y aabe to, building 1tea 

are ••••nt1&11y ••1 plao~•. Stno• 1t 10 Sapnot1oa1 

to expeot worker• to con•tantly ■weep up every bit 

or 4uet they create, the aprayUlg or aabeatoa r1bera 

1• a proo••• wb1ch, by tte nature , 1• boWld to 

!.AC'eaae the DWl'ber or &1r-borno part1olee, The 

rule• ta1d down by several clt lea and by the lndLU1try 

1tae1r, ahoutd largely et1m1nat~ the oroblem. 

However, it would seem that the rules are 

N.NlY rlgldty adhered to, and tndee~, the problem 

or plaolng a duet-type pleoe or p1aat1c &ga1nat the 

skeleton glrdera or a h1gh-r18e building are pretty 

t'orm14able. 

The break-down or the rutea 1& partlcutarly 

apparent when b1gb wlnda blow. Juet to a44 to that, 

tb• City or Ch1oago baa baDAed the 11pray1Dg or 

a•lle•toa-oonta1A1Ag aatertate art.er December. An 

ewalq 111 a ,,1t7 where thU e1tmate exuta -- by 
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oll11&t• I an tho w neaa tbat be toll t to 

be MDUcJ, &AcJ 1t the ban t r to be 1 trt d , 

tbey have to prove th t th 1r ■eaeurt1 or oontatn-

1111 aebeetoa eoray &NI errect1ve -- en• ba• to 

10 4own to any tt•Udlq elte where thln oper tloa 

1• takln1 plaoe to obeer••• tor example, plast1o 

■beet• Whloh ~o not ••al the area tn blcb th 

epray1n1 11 tak1Ag pl ee, and wtthout aam1ng any 

oae elte 1n p&rt1cutar, one would only have to go 

to ■everat bulldlng s1tee to observe th1B as a raot. 

IA oono1ua1O0, I would 111ce to stress that 

ti. re1u1at1on• a4optod ehoutd rerteot. wbat 1B atta1n­

&ble u•lDI t he boat 110dern technology. To ',hla end, 

the errort and reeeat'Ob or the more progreae1ve 

aabeatoe oompan1ea 1• to be coamended. Jt ts not 

poaalble to wait around until tbc heat t•a errecta are 

prec111ely det'1.ned, 111noe thie may take many years. 

Research lo thla aroa has ~•n gnlng on 

many year• already, and at111 the ruuodat1one are 

not clearly laid down. 'lllere 1B a great deal or 

ooatrovera • over what oonatttuteP a health b&Zard. 

To tb1■ end, it ta auggeated th~t the I111no1• 

proposal• are 10 keeping with a pol lo y or m1n1m1z1ng 

e■la■ tOA■ , While retalnlng the ny benet'1ts or 
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tllat valuable aater1&1. Than~ you. 

K&ARI1f0 arPIC LAWT0R: 'Il,ank :,ou, Dr. H rwooCl . 

Dr. Harwood 1• av ry unu• 1 wttneee, 

NoraallJ, the e zpert. w1t.ne•••• wh1oh •• ba•• w111 

devote the rtrat 80 peroent or theLr teat1mony to 

tbe1r own q1aa11r1oatlooa, and then th balance on 

that we hope to get. I don't be11e•e tha1"9 18 any­

tb1q 1D the rooord at th1e po1Dt on Dr. Harwood •a 

prot•••tonal b&Cqround, and I would be graterut 

U' ~ou would ;tve ua a br1er euamary or what you are 

dotaa, •1th Wboa. ADd What you bave dorle 1A the paat 

rroa a proreea1ona1 po1Dt or vtew, 

TH WITNBSS: I th1ak I bav~ dealt w1th that 

yee. Aa I atated, I •ork tor ttw IIT fUl aearoh 

Iutttute, ln the Pine Particle Seotton, whioh has 

got a peculiar expertise 1n tbe area or t'1ne particle•. 

Now, 1t deal• w1th rtne part1clee ate11m1ng 

rro• powdered •ter1&1 or v1a1ble particle a1ze down 

to the at.sea which are not v1atbte to the aaked eye, 

••oh ae the problem wo are t&1k1n~ about here, whlch 

le the aabeatoa emlaelona . 

The parttctee or tba reeplr&ble .,•uge are 

not ln raot vtetbte to the naked eye, partlolee or 

tlve aloron alEe, ~or example, you never aee wlth the 
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A&k 4 .,. . Rov••·l'. th • ct1011 d 1 111th rt1ole• 

1u1pended 1n th a1r rro all the 

rtcht down rroa tb un e bl 

con 1der&t1on•, 

ub-mloroa 

ranae, throuah to tb povam d tag, Nh re the 

rt1O1e1 a~ ••ry -- the pre• no• 11 v r1 obv1oue. 

Ve do re1eal'ch tn a1r pollution -- hotr 

the work ta done 1n a1r pollut1on, tn which oar 

ta1k1n& about the air-born• p&rt1O1eo or part101ea 

ill uro101 rora, and the other part1ole ork le w1th 

pal"ticlee whiob are eeeable, We do cover a Yery 

wide rana• or rt• part1O1e11 ia thla reuearoh . 

My owa tra1n1Dg wae that I dtd a Ph.n. 1n 

ti.Ile particle teobno101y, and which aga111 embraoao 

the whole r1e1c1. 

HEARING OFPICRR LAWTON: Tnank you, Dr. H rwood. 

Mr. Harker hae a rew queat1ona. 

6XAMINATION 

By Mr. Harker: 

Q Dr. Harwoo'- . woul(I you oo~nt on the 

prov1aion or the regulation• wbtch would require the 

particular employer who handle• aaba1toe to provide 

1'M111t1ee ror the remoYal or t1bara rrom workers• 

Olotblng? • 

• Yea, I have dealt With tble, &a4 I didn't 
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blow orr 

•ter1a1 &4ber1n ~o their ctothlng . 

Now, t h• BrltL•h and not beoauEe I am 

Brltiah, but 'beoauae I tee1 Lt 1a a t>Gtter yete11 

wou14 prerei- that the unit auok the tertat rro11 

bi• Oloth1Dg, rat r th&D blow 1t. but a~, atop 1A 

tbU <Slreot'lon would be a poe1t1v atop, ill y 

op1 1on. 

HURINQ nl'FICER LA.W'?ON: I wae anx1oue to have 

ni-. Hai-wood '• t.>"tlmony 1n the record berore a.ny 

41•ou■a1on or tile ~ropoeed l"e&Ulat1ona. r thtnk all 

or 1ou have oop1e■, and I w111 not go Leto any 

•~b•tanttal detail, but those or )OU who don 't 

b&ve ooptee, plea■e let ua know and we w111 ee~ 

that you are tuNllahed •1th them. 

Alao, the report that Dr. Harwood has 

11&4e on behatr or the Institute tor E~v1ro ent&l 

Qu11ty, an4 •blob bae oeen eub111tted to tbe !Soard, 

1■ available. Ir you would oare to bave a oopy, 

please wrlte to the Clerk or the Board, a.no make 

tbat requeat at 189 West Ma41aon, Chicago, 60602. 

S■aent1&11y, the I"egulat1nia., are 41v1de4 

11lto aeven bae1o ■ectlone. The tlret aeotlon states 

the authoi-lty tor the enaotaent or such regulations 
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d the po11ny of" the lh <' t. or. 

d al• •1th r&l qutr t h re 1 a 11' t n 1 • 

oo z-ol 1 coaetructto , rep 1r. 1 ,. t1011, oc11011t1oo 

or -uracturlng u ln atofl. 

CertalD N&Ylatory pro•1atooe o wa tc 

41■ po■a1 &nd eorap ptlln re 1n eectioD two. 

Seotloa three de&le •1th t~ epray1ng or aebeetoe­

oontatalng 1.Jlaulat1 and r1re-pr0or1 g wlth certal:l 

prob1b1t1one alld certain ••r uarG• t t relntc t~ 

the f'1bel" emt••1one or DOD~ b,utoe praytag. 

Soot1oa rour deal ■ •1th the req~tremente 

t t relate to eon■ truct1on, aod the ed ror ncloeuree 

tb&t w111 be eNcted where ae·ueetoe 1c uaed. Number 

r1Te deal• wtth demolttton, where aebentoa rlbera 

are likely to be eaitted 1n the cou~a~ or that type 

or work. 

NUJ:1ber etx eetn em1ss1on etandarda ror 

ll&Jlutaoture or aebeato• products, an~ seven contains 

a prohlb1t1on on brake 11n1ng• uslllg asbestos arter 

January tat, 1975. It ehoulO ~e emphasized that 

tbe Board has approved theee regul&ttona ror purpo•e 

or hearlna only, that thy ao not constttute ~he law 

or the atate. The purpose or the heart11ge le to 

beU' rrom tboae •bo reel etrongly 1n reg&r4 to any 
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part1ou1ar •• ot, e1tn r ror or again t, ano 

boperu111 aa a aooaeq oo or tnl n arlng ana 

otbera, the Board v111 1•• reaulattona dealing 

with thla ••r1 Laporte.at aubJect. 
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Ia tbe l'9 uythtq rurthll r 1ou wo'-110 c&re 

to add, Dr. Hal"lrood? 

THI VITIRSS: Ho. 

HUR IlfO OPP ICER LlWTOH : P 1ae. Tballk you very 

ll».Oh. 

Ve w111 now bear rroa Dr. w1111aa Hlchotaoo1 

JlloUAt s1aa1 .3oboo1 or Me41o 1ne . 

Mr. Duae11e, a Maber or th Poltut1on 

Control Bo&ra. haa Juat urlved. He ta on my extreme 

1'1&ht. 

WILLUJI J. NICHOLSON, 

ealled aa a wttaeae by tho Board bere1n. having 

been rtret duly sworn, wae examlned and teattrled 

1D urratlve torm ae tolloMB: 

THI WITNESS: Thank you very much tor thle 

opportunity to appear berore you and d1acuae the 

dbeetoe regulations that you have proposed. 

For purpose• or 1dent1r1oat1on, my name 

11 w1111u J. lltohoUon, and I ■ Aaa Utallt Proreeaor 
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or C -ualty ,..dlotn t tbo Mouot s1..na1 School 

or lledlelD• or t.he Clty Un1••r•tty or New York . 

I ha•• ••rved aa coord1.Dator or • verol 

proJeote undertakan by tho &nvtronaental So1enc•• 

LAlM>ratory or Mount Slnal to e•aluate tbe errecte 

or aebeeto• expoau~. The•• 1oolude an 1.Ddu tr1a1 

byg1.eu reeearoh prosr dea1gned to 1deot1ry and 

ooatrol aabeetoa ba&arda ta the 10au1atton 1nduetry, 

the develop•at or analyt1oa1 teohn1ques tor the 

q1&&11tltat1on or &Bbe■toa 1D ambient air, &Dd the 

atud7 or aabe ■toa alr po11utio0 1n Ke• York Ctty and 

other oltiea iD the United States. 

Additionally, ,: aa e,agaged 1D several 

ep14e■tologioal atudtea or dteea•~ aaeocl&ted wtth 

oooupat1on or eDvlrolUlleDtal expo■ uree to various 

subatano••· 'l'Wo the•~ ■tudies lov;J~~ tbe etreots 

or aabeatoa on detlDed populations 

'l'be Juattr1oatioo tor contro111Jlg asbestos 

a• you have proposed 10 the regulattona, 1JI a very 

valid oDe. and a very atrong oae. Tile btato~y or 

uuatoe dlaeasea -- I would 111ca to spend a 11tt1e 

t1me 41.tlcuaatng the erreot or aabe•t~• dlaeaaes, 

t• ••t tbe picture tor the ooatrol ■eaaarea you 

b&ft proposed. That hl•t.ory goe s baok to &bout tbe 
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aad 1n4ee4, 1t wa• lat•~ verlrled that there w~• 

a re1attonahtp between th• two. Por exuple, 1n 

1947, the Chi.et In■peotor or Pactor le ■ 1D Br1ta1n 

tOWl4 1wi1 ouoer tn 13 per oent or death• 1n wh1oh 

ube1to111 wa, pre1eat. 

To br1q u■ ~P t o dat e . 70 1ear■ at't.er 

tbe rtret k:Dow1e4&• or aabe■to■ l• 41ee ase, I would 

lllal to &1•• you ■o- 4at.a oo11eote4 by Dr. IrvlQg 

Se11korr or Mou.nt s 1na1 Eavlrouental So tencea 

Laberatory. 

He bae ro11owed, etnoe January l , 1943, 

~b• ~32 •mber• or the New York &D4 New Jereey 

Looat■ or the Aabeatoa Worker•' Onion , tbe I nte r­

aat1ona1 Aaaoclatlon or Heat aa4 Proat Inaulatora 

&Ad A1beeto1 Workers, the name a ppl le4 to the unlon 

the natloa&l UAlOD or aebeatoa work:era . 

The1e •n apply t he 1na u1&t1on to the ptpe• 

and th• bo11era or ■oat bu1ld1Dga, They do not 

apply spray 1Dau1atton, ae we have heurd dtacuaeed, 

blt tbe7 do apply a11 thermal tneulatlon 1n most 

•Jor oltl••• Tbe •ter1a1 tha t they uaed typtoally 

ooata1•• up to perhaps 15 percetat asbestoa, and very 

ooea1loD&lly aore. Nore otten, it will cnntatn 

awsb i~•• or ••en no asbeatoa whatsoever. In tact, 
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uo t.ndeed, lt ••• later v rtrlad that ther w~• 

a rel& tonahtp between the two. Por example, tn 

l947, the Cblet Inapeotor or Pactorte• ill Brtt&ln 

toWld twia ouoer ln 13 per oent or death• ln whtoh 

ubeato•l• •a• preaeat. 

To br1q ua ~P to date. 70 year• &rter 

tbt tlrat 1mo•1•4&• or aabeatoala d1aea••• I woald 

1111::a to st•• you ■o .. data oo11eoted by Dr. Irv1.ng 

Sellkotr or Nou.nt Stoat !avtrooenta1 Soiencea 

Ia~oratory. 

He baa to11owed, ■ 1.aae Janua.ry 1, 1943, 

tbe e32 •mber■ or the New York aad New Jeraey 

Locate ot the Aa'beato■ Worker•' Union, the Inter­

aattona1 Aa ■ootatton or Heat a.ad Prost Inau1atore 

aa.4 Aabeatoa Workers, the name applied to the unton 

the nat1ou1 UAiOA ot aabeatoa workers. 

Theae aen apply the 1nau1at1on to the ptpea 

and the bot1era or ■oat bu11d1Jlga. They do not 

apply apray 1.Dautat1on, aa we have heurd dtacuaaed, 

b.lt tbey do apply &11 thermal 1.nautatton 1n moat 

maJor oltlea. Tbe •terlal that they uaed typtoally 

ooatat•• up to perhaps 15 percent aabeatoa, and very 

oooaalooa11y ■ore. Nore orten, 1t w111 contain 

aab 1~•• or •••n no aabeatos whatsoever. In raot, 
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b&l~ or thelr workday 1a with utcriala tbat oonta1A 

IIO a■be■toa. So their expoaur-.a are at leaet today 

ooaelder&b1J teaa thaa tho aa••lva ractory expo■urea 

tb&t ••N ooourrlq at tbe tura or tt\e oent .. ry. 

Dr. se111r:orr 1a atudy waa tbat or the 

mort.allty experleace or tbeae worara' ooriu.1 agea 

1D 1943, and oae could oa1au1ate the number or 

expected deatba that wou14 occur la aubaequent years, 

u1oulat1Dg those de&tbe on tbe baale or lllOrtallty 

at&t1■tlc8 or tbe Ualted Statea, or, la th1s oaae, 

or tbe Ne• York c1t1 area . 

Th••• oatoul&ted 0xpeoted deaths are thea 

coJnpared wlth the expertenoe or tbat gr,:-up or worker• 

epeo1r1ca11y, aad 1D thls oaee, lt 1a each set 

epeolrlcally •o that at a given age, that loOhldu.al'• 

expected experience wae compared wlth wbat lo ract 

took place. 

Prom 1943 tbrougb 1962, rrom all caueee, 

203 death• were expected or tbeee in41vlduala, 

1ad1v1duate who tn 1943 11&4 had 20 year• or experience 

1D the onset or exposure to aebeetoe. Rather than 

203 deatbe, there wer ~55. More than 50 men dled 

who ebould not have. Ir we look at a table wbtch 

ta rm-nt■bed ta a copy or my teatl.llony, you oaa eee 
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the oau••• or th 11 " x c •• Lvo deat.11a . " 

4~ 41 4 or oanoer or th lung, t r achea 

u4 pleura, wh 1 only au or von we ex pcnta4 ; 

12 41e4 or aabeatoala , although none lhould h ve 

died, beoauae aabo to•1• 1e not 41 ee that 1a 

rouad lD the gen rat popu1at1on; three t lJl!ea ae 

•llJ died or ouoer or the a.I. tract a a were 

expeeted. 

Aa the aurve y waa conducted t hrough June, 

1971, the data ror that are g1vea -- I won't repeat 

them, but I w111 awmnar1ze lt 10 th1e way, that &t 

tbla tllle, 20 percent or tbe cSeatb1 or that group 

or people have been rrom t ung oancer. Ten pe r cent, 

or approximately t e n perce nt have beeo rroa maJor 

•i.-otbelioma. Tbie l s a disease , & cancer or t he 

11atng or the lung, or or the awoine n . It 1s not 

tbe lwag cancer wbicb 1s 1n tbe 1nter 1or or the lung 

1t■e1r. It 1a ao r a re 1n the popula tion, that one 

1a41v1dual 1D 10,000 w111 bave been r ound to have 

4184 or 1t, but whoa meeothe11oma. 1s round, one 

usually r1n4a an aeeoc1a t1on with asbestos . 

Rougbly ten percent or these 1n41v1du•ls 

that died or cancer or the a.I. tract, again three 

t1Jlee •• ■uob ae expected, and nearly ten percent 

41e4 or aabeatoe1B. In total. over 50 percent •l1e4 
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er ettber •o• ror■ or cu er or ••M•to•1•. It 

18 a eataetroplle, beoa rro■ th 1• 10• oaa ea.:, 

t.bat -••11 40 pero••t ot th• 1r de&tb• AN &Ho· 

elated wttb tbelr ooo•p&t1oN1 expo■Ul"e to aabe■to■• 

I wou14 tla to dwelt a b1t 1on1 on aeso­

thelto■a and 1 g oanoer, becau•• there are two 

upeot• bore tbat are llllportant. Tl.a t1r•t 111 tbe 

loq ~pN or time between tbe onast or expoaure 

aDd the tno ldenoe ot d1eeaee. In both tung oanoer 

&a4 ••othe11oma, tb1e l&pae •Y be 35 years. In 

tact, that le rousbty the averag~ period or tbooe 

deaths. The average tllle betwe~n ono~t or work 

ezpoeure to as'beatoe and the lnctdenee or these 

dtaease■ ln these aabeatoe workers lndlcatea that 

wbate••r aabestos doe■, it takes a long t1118 tor lt 

t.o dolt toy u. 

A second asr;,eot 1a a etrong synergtsm 

round between asb6•to•1• or aebeetosts exposure aod 

oS,Sarette 11110king and tbe 1.Dc1denoe or luag cancer. 

By pel'BOD&l 1ntorv1ew 1n 1962, the 8110k'lng h&blta 

or 310 or the 632 men were eatabltehed, &ad now, 

ua1Ag the data on sex , age, and smokillg, apeo1r10 

death r&tea, that 1a, the denth rate ~here smoking 

la al■o eatao118bed 1n the ~~neral po~ulatton, lt 
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wu rouD4 that 1r 1ou •■oke a.ad work •1tb aabeeto•, 

tbe r1ek or dyto1 or 1Wll oanoer 1• 90 t1•• that 

U' you ne1thel' •■olm nor work wtth a•be•to•. A 

••oklDa 1ncUv14ua1 on tbe average ■1ght bave •o•­

thlq between 10 &Ad 20 t1me• tbe r1e\c or lung 

eaaoer •• a noD-a110ker. 

In the 87 ••ber• that d1d Dot eaoke, 

OD1Y one baa dle4 or luDg cauoer. Pre■ tble , one 

oan ••Y that - - attbougb tbe atat1nt1o• &N very 

poor, that 1t 1• aot that ■ueb worae tbaa amoklng 

tt algbt perbapa be a raotor or ten gl'eater, it •~ht 

be 1eae, but •• kilo• 1t 111 not 90 t1•• sreater 1r 

7ou do not a■oke. 

'!'he po1Dt here la that coab1Ded, the 

erreota or aabesto• and e■oklng 1e much, much worse 

tbaa the BWII ot ,elther oDe aeparatel7, The two 

raotore, aet1ng together 1n aynergte■, produce a 

bealtb errect rar greater than each 1ad1v1dua11y, 

Tbeae data relate to oocupatloD&l exposures . 

Were that to be the only issue involved 1n aebeatoa 

4taeaae, the oonoerD tor the regulat1ona here today 

would not be appropr1at-e , Unrortunately, that 1• 

not the oaJe. In recent years, 1t has been round 

that people only 1D41rectly ooo upat1on&l1Y expoaed 
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t• aabeato• baft dUea•• -·· that le , wor-lc:arl! who 

••rk 1a tbe •l•laltJ or 1t• app!1cat1oa. I 

■peaking here or pipe n.tter• and ••ldora, 

eteotr1o1ana, oarpenter• wbo may work on a conatruo­

ttoa alt• or 1ll a abtp yard, aod th••• 1D41v1duala 

llOW haft toUD4 -- 1D the•• 111G1Yidu&la, tbere ban 

been round oa•e• or ••othe11oma 1D rar gNater 

1u1111ber• than espeoted. 

In parttoular, in Holland, 22 oaaee were 

ro~ll4 during a atx•7ear period 1D workers or the 

de She1de Sbtp Yard. Theae oueo were &11 workers 

other than 1.Daulation workers, the welders, caprentera~ 

aad painter•. Ia Scotland, 80 aaaea or meaothelto1111 

.. re reported !'r011 the years 1950 through 1967. An 

lJlveatigatlon or the oacupat1ona1 background ot the 

1Jl41v14uata round that they were 1n other than 

aabeato• work, generally. Maybe one or twn ,ere 

aabeatoa worker•. One or the 41aconoe~ttac racta 

or tbe Scotttab data la tbe rapid rlae or the occ~r­

reace or •aothe11oma -- 51 caeea were aee.n 1D tbe 

year• 1964 to 1967, approximately 30 year• arter tbe 

extenatve ahtp building was undertakeQ during 

World War II, and the total or the othere, the 290 

otbera were round 1D the previous 14 yeara, eo that 
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tti.N ••• a raptd rl•• or ••oth•11oaa, &114 that 

rtae oan be •••ooiated •1th tbe raptd taore&H 

ot eb1p bui141al Wldortaaa prior to World War II 

ta ON&t Britata. 

A441tion&11y, the apeotrua or aaboatoa­

aa■oo1&t.o4 41•••••• ext.onda evan to envlronmenkl 

expoaurea. Ia 1960, Wagner, s1eua, and Narohand 

4eaor1bo4 47 oaaea or •1'<.•f,helloma round 4ur1ng a 

rour-yoar per1o4 1n a northern Cape provilloe or 

South Arrtca, aa aroa wltb oxtenatva orac14o11te 

aabeetoa ■tma. Neither were •••n tn the ne1ghbor1ng 

Traa1va~1 Pr~vuoe or lo 10,000 autopsy ca1en or 

worlc&r• who had died rrom exposure to -1110•. 

or the•• 47 case•, approxia&tely halt were 

rouad to have h&d either 1nduatr1al or ■1n1ng expoauree 

to aebeatoa. Virtuall y all or the rema1L1Dg oaaea 

wore in 1nd1v1duata who simply worked or 11ved 1n 

tbe •1cin1ty or aabeatoa ■1.Dea or a111•. 

S1JD11ar data -- a.;-~1t1onal data oue rro& 

Loadon. Newhouse and Thompson revlb"~~ a11 lll8~o­

the11oaa oaae■ 1n the London r:oap1ta1. They t'oWld 

76 oa•e• or the 76 caaea, 31 had oocupatlonal 

upoauioe to aebeatoa; or the remainder, 11 had 

11••• before wtthln one halt alto or u aabeato• 
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rutory. A elalta r dl■ tr1 ~t1oD or ca••• wae toWlt 

bJ LS.ben ud P1•t.a•ka 1D PeU■)'lH,nl , tb&t u , 

■ 111p1,- 1lv1DI •lthl.D h&lr a ■11• or a aabe11to1 

t•otor,- wider tbe eond1t tona or t hat aebeato• 

tao r~ '• operat1on, clearly 30 or 40 or perhaps 

50 ,ear• ago, gave r1ae t o a d1eeaae that t a v irtually 

unique to aabe■toa. 

Tbere 1a one rtaa1 ill■ ld lou• rort1 or 

1Jl41rect expoeUN to aabe ■toe. In t he ta■t two 

•t•41ea ment1one4, 9 or the London meaothel1oaae 

••re 1n taa117 ae■bera or aebeato• worker•, ae were 

3 or the 46 Pena,eytvanta caeea . 'l'bl• Nlat•• 41Notly 

~• the le■ue tbat waft prevtoua1y Juet dlecua oed 

&'boat tbe need tor worlm9n'a clothl.Dg being de con­

taa1aated prlor to leaving the work pl ace. 

Let ae now tara to aoae e pec U'1c 1teaa 

1a the re1~1at1oa• wblch no• relate to tbe need ror 

eoatro111Dg expeaare, auch that exper1eaee• aa those 

I b&Te doou111eate4 •111 not be appear1a1 ta the rutu.re. 

Ftratty, the general requirements or 

Seot1on 2 are excellent, parttcutarty wttb regard 

to the reepona1b11lty -- that ta, bav1ng an lnd1v1dua1 

w1tb direct respooelb111ty tor work places and tor 

eelucatloD, because we round that mt•ch or the problem 
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1• that -- at l•a•t ln •r11na1 operator■ or u■•• 

or ••be•to•, real lcAowledge or the health errecta 

a_ra aot pN■eat , an4 t he ir lulty aD4 their 

tga~ranoe - - l argely g1Ye■ rt•• to prooedUl"e■ 

that are totatl~ uade■ 1ra~l•. 

It would &o a l ong way. I belie•• • ~o 

a101Dg 1D bavlq better eD.toroe■ent or procedurea, 

wblob would be appropriate. 

Seotton 2, the banaiag or a■beatoa and 

apny 1naul&t1oa ia entirely appropriate. That 

entire ■aot1on I oo■pletely ooAcur w1tb, aa wr1tt•a . 

Th• experieaoe tbat we have ba4 in Rew York City 

1• that we have round spray inaulatioD Uling aabeatoe 

to be a m&Jor contributor or ambient air aabeatoa 

problems. 

In New York City, ror the paat ten years, 

it waa n~t unu.aual to aee anowra11s or aabeatoa­

conta1n1pg •terial anyplace in mid-town or downtown 

Mubattan, where b1gb-r1ee buildings were under 

oonatruotioo. 

In aoae caaee, t1re-prooring waa done with 

ao ooatrote whatsoever -- that 1a, they did not evea 

bavetuipautina to oonta1n the material to the Job a1te. 

To rurther ver1ry that auch sources were 
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■ ipt.rioaat ■ourc • or thl■ , • und rtook & p11AS 

•ltb th■ D part•nt or A11b1eDt. Air Reoo1.1roe11 , to 

MUUN the aab1■nt air 1evel• around eueh • lt • 

up to a quarter or a 1111 away. ve t • exceed1ng 

o• tentb or a alorog:raa per cubic ter wore 

ob■erved, wbicb exceed• by oM buodred tJJaee the 

baokground 1ave1■ 1D ■uburbao a.reae. 

Io ■ome o••••• thte went up to tour-tenths 

per atorogrua. Vh11a one-tenth mlerogram may 11eem 

to be ■u11, 1t oould repreaeat over 10,000,000 

m1aute rtbr11e■ or a■beetoe. Theee c&a be brolcan 

4o•n into a atze approxtmtely two to rour hundred 

liq■tro1111 in cUaaeter, aad perbap• a tenth or a 

11icroo lo leagth. They are indeed ■toute, and their 

DWDber pel• gram 111 enor■oue. 

Ae I aeottoned earlier, we don't really 

kJlew tbe11e ooD41t1one that ex111ted 1n the ractorte ■ 

tbat save rt•• to the di11ea11ee that were seen 10 

tbe previous ■twttea aeotloud. We don't know the 

air levels that existed 30 or 40 yeare ago 1n tboae 

•i1"0111111tance■ or environmental asbestos e:xpoaure 

uaeotated wttb c11aea11ea. We can't say these 1eve1■ 

that were measured in New York City are certain to 

produce a oertaia amount or tiaeaae. We don't kDow 
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bat t p• :-oedm'e ha• been co■aon 001, la tbe 1aet 

ten 1eara . Any dt••••• exper lenoe la perhap• 20 

or 30 year■ away. So t hat the , ontrol mea■ ure■ 

&re ba■ed on prudence . Ir they we re not iaptemeoted , 

U' we ••re to alto• thte procedure to continue 

antll another 20 or 30 years elapse d , until dead 

bodie• began to appear, 1t would be a t ragedy 1r, 

indeed, that••• a signUl caot 1e ve t. 

It ta a ri■k that ■houtd not even be taken 

because to do ao would be to essence t o be play ing 

aabeatoa roulette wtth the llvea or mll l lona ot 

people. I concur in what haa been d~ne lo New York 

City, where tt t a banned, and ln othe r citie s , 

C~!cago, Boston , Phlladelphla , where alm1lar action 

baa been taken. 

Moreover, there la an a\2d1t lonal cout!.r,ulng 

rtek rro■ thla uae or asbestos. Otten, the unaer­

etdea or tbe rtoora ana the area between the celtlng 

ar the room used aa a return alr plenum, that la , 

the air condltionlng system, 1nvo1ve& the used air 

ot the room paaeing directly 1n contact wlth the 

ineulatlon ttber to a coollng unit, and •1th the 

r11tratton inadequate to remove the rtbera and 

reo1rcu1ated throughout the building. 



• 

-
ln o•ne• •o•••, ne • \r o< ·•• ro • •t 

oonta1n1ng rtbO•• • ao•• or •••c• can •roO• •n•• 

•••• air ••re•• •o prov\OO a cc•••••••• cont•m•••· 

t1 • •••••al• or oaJor orr••• bu110,ns•· 

•••••100.117 , • •• re•t•u• •• th• abO• • o• 

OIi ••••• bu11•1•s• prov1••• • 1es••Y or , 1ok 10 

rutur• .,,... , •M• ••••• h•ll"'""' •"' ••••"••••· 

I rea11Y oo ••• 1<no• at tn1• ,..,. •••• ••••u•t• 

•••••••• •••••• •• ••••••••yet •o "8 oorin••• 1 

,,..11•••• •••• ca• •••ur• •na• ••• •• .. •••••n of 

bU1141n6' c•nta1n1n6 eston•••• amo•••• or•••••••• 

••• •• aocoap11••e• •""""' a 1ors• ~u•emi••t1on 

1nto the •~btent atr. Moreover, 1,0cau•• •r tn• un••••••• ,no•l•••• 

of ..,attn err•••• or o•••• mineral r1b0•• ••••• 

are app11e•, the pre•••••o•• 10 sect10• 2 ••••" 

applY •o o•ner tna• ••••••o• r1•••• ••• entirelY 

appropriate. vo11• tn• term "a1neral •ool" 1• • 

gen•••• term appt1•• •o oanY mater1a1• •• •••• 

4 '-1' re r •• n• 14•,.. b lY , •• pen• U>S upon • >' • rce •' 

tne _,.ter1a1 ••''" •••• .,.-ort&l na• bOCP around 

tor a num••• of yo•••• tn•• • •••••• ••••• bO aeon 

30, 40 you••• per••••• tn••• 10 yet to bO a oor1••• 

or tt• t.1118, \■ 1n ou•ect conta'lt 
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•tudy on th populatlon that wou l O gtve an aaaurance 

that lndeeCS thla iaatertal u a r . Addtt ,ona117, 

the po■■ tbtllty or yner toa bet•eeo ■tneral ru,-ra 

tbat are re■ piN.bl• and enter the lung aod other 

envlronaeotal oontaataant■, t• not lcnown, and t he 

pcealb111ty that dleeaee oould art•e 1D the ruture 

1• po•• ibte. 

Henoe, pr~denc and oootrol measures •htch 

are deecribed, are entirely appropriate. 

On other lte■• 1n Section~. you m13ht wtah 

to add a q111111rytng •tat nt that when there ls 

potential rieteaee or aabeatoa to the atr, a ar,ec 1&1 

enoJ~■un, shall be used. I u rere rrtng to the aeot1oD 

where all usee 1n constructton voutd reQtJ.1re an 

enclosure. 

There are use■ t o aabestos 10 oonntructton 

that gtve oo re lease or fibers, the 1nata11atton or 

v1oy1 floor ttte, ror ooe example. In ract, one can 

1n the 1naulat1on industry, even apply asbestos at 

some ttus without d1o■ea1nat1on or rtbera, aebe■tna 

oeaeot being one euch example, thft~ can no• be mixed 

1a plaet1c bag■ , wba re the water 1a added 1nto the 

bag prior to the opening or the bag, and the emptying 

or t he o••nt, whloh ta a wet cement, and ta appllad 
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NleaM uy fibera lato the air . 
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I oanoot eaphaetze too •tr ongly th• need 

ror oontrot durtng de■o11t1on. Those listed here 

asy not be adequate, and cto•• aurve111anoe should 

~• aa1nta1ned to verity t heir adequaoy. Ro a•b••toe 

abould be tranaported down a bulldlng by Gbutea to 

truoks. It 1• h&rd to 111agine tbat 1t could be 

eurrtoiently wet tbat th re would be no d1aaemlna­

t1on or ae'be■ toa r1ber• ao 1t de•cond• rrom t he 

chute tnto tho truok. It may bave to be carted down 

la cloaed bag■ . 

Wbat l• really needed 1n the area or 

demolition 1• a cone1derab1• amount or e°'lneer1Dg 

talent looklog at the proble■ or how to contain 

tbe abeetoe rro• thoee bulld1D1• that haYe now beeo 

built, when they are demolished. 

In rereren;3e to Section 6A I would llke 

to ■ pend a little t1De on the problem or eclaalon 

standards and the measurement or aobestoa. Any 

maaeurement or a•b~atoa, either ln occupatlonal 

c1~•tancea or partloularty in ambient a1r olrcum­

etancea. u rraught with ■any ou-r1eu1t1ea. In 

&111~1ent air ea■ptea, ror example , we have round 1t 
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extre•ty 4trrtoult to identiry •• eto• ribere 

ta a .. P or matertat that o rtoda 1n a 'back -

1roaa4 1n atty atr. 'nlei-e r uny othor rtbfl r• 

wbtob baw eo• propertle• a1a11ar to a■'beatoe, 

and their appearuice 1n an opttcat aloro■oopo 

t• •uob that you could not al-ate with certainty 

•betber 1t •a• or •a• not an aebe■toa rt'ber. 
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Por ezuapte, there are ■aDy btrer11geraot 

tiber• •1th a et■uar appearaoce -- they are rou8'11Y 

the••- aise, ■hort, etralgbt etlck•. Ir you have 

a ftry long a■'beatoa ttber, you can aee 1t breakln~ 

open and our11ng aoroae the ■lcroacope; lt le 

easy. But ao•t or thaee rtbera -- I am speaking 

cl ~lber• longer than 5 mtcrona, wbtoh are vlalble 

to a atcroaoope, but they are etlll aurrictently 

ema11 that they cannot be i4enttrted ambtguou■ ly 

1n an ambient at.r eaaple, and I would be eom&what 

I would IU'ge caution tn adopting a ■tandard ror 

aablent air euoh aa the one ll■ ted here or 0.05 

ttbera per cublc nentlmeter or alr or longer than 

5 111cron• per cubic centimeter or atr. 

Moreover, there ta another problem •••ooi­

ate4 wtth mea■ureaent• u•ing optical mioro■oopy 

that eYen in oirouaetanoee where all tbe rtber• 
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ou be aaaured to be aeboato• r1bera -- you are 

looklq only at the tlp or the 1~eberg. When we 

have •••ured oooupat1ona1 -- alr oooeentrattona 

rollowlq oooupatlonal ueea or ohryeotlle aabeatoe, 

the ••be•toa tlber moat co1U10nly uaad one tlnd• 

that the rractlon or tlbera long•r than 5 mlcrona 

to the total number, there can be perhaps rour-tentba 

or one percent, or a rrac tloD around on percent. 

Were that a oon■tant rraotlon, th15 would be a 

valid procedure, however, we bave round tb&t not 

to be tbe case, and that traction 03.11 vary at teaet 

teA tillea. We have round some c1rownatancea when 

one fiber ln 250 Will be longer tbui 5 microns; 

other clrcumetanoee where perhaps one tlber 1n 20 

wlll be longer than 5 mlcrona. 

Hence, an ezpo■ ure level baaed on r11>ere 

longer than 5 mlorona le one that 18 not 41reetly 

related to the total quantity or aebe8toa that 18 

ln the alr. I1' one le ualng th18 to meaaur~ the 

em18Blone rrom a bag hou■e, ror ezample, tbe 

aateottve r11trat100 that one attaln• 1ft a bag hou•e 

oo0.4 glve a distorted picture or what la really 

there, that ta, the ea1eeion8 troa a r11ter1pg 

ayatee, one would have -- and I now am making a 
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gue••• becau■e •• haYon•~ a•ured directly a1r 

aa■pt•• tollowing r11 ratio• by rabr!o filter■, 

but ■J gu••• 1• tbat they would coc a1n a auch 

11'9ater proportion or fiber• under 5 ■1oron• tb&n 

oa• would rlnd in the aor•t air pr1or to the 

fl1trat1on •y•te■, 

A8 th• Co1111lttee 1a aware, the National 

Bnviron•ntal Proteot1oD #gency 18 cone1der1ng 

ataadard• baaed OL prooedural requirements ror 

raotor1ea, that is, r11trat1on must be used 1n any 

atr oontaln1ng aabe■toa tn the raotory, ud var1oue 

ooatrot •aaurea are •uggeated, The atudard apptled 

ta that or Do v1a1ble e ■taatoD•. I think tbla can 

be an erfeot1ve standard. i:r one ha• access to a 

raotory on a no-not1oe baa1a, that you can walk 

1.Ato a work place where aabeatoe 1• u8ed, 80 that 

there 18n't this standard two weeks or cleaning up 

betore an tnepector get• there, and one findo Do 

vlelble em1■a1one at any place 1n that raotory, there 

1a no asbeetoe lying near the roof near the bag house, 

or an exbauet rrom the room, there 18 none on the 

wllldow ledges that might be open, tr that obtatna, 

there are going to be mln1mal emtaetona lnto the 

••~rounding oo•unlty, and they would be 1eee than 
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tboae propo■e4 here. You Just c an 't ha•• e 1e lone , 
•1th• t ba•1D1 1o■1e or 1t lying on ourra.cee ne r 

tbl ■ouro• or •■taetone . 

Ad41tlona11y , the sampling only or tne 

etaok ••l1a100■ rr011 a bag hou■e neglftot• tboae 

••1•■ 1ooa that would tau plaoe through windows, 

thro1A&h doora, through perbape the rooM air v•nt11a­

tlca eyate■ or a ractory tbat bad not undergone 

any rlttv~l1on. I awould auggeat that one look 

atrongly at tbe idea or hav1ng r1g1d oootrola baaed 

upon the abaeooe or any -- rinding an aeebestoa 

t1ber outaSde the ractory or work-Bite eootoaure . 

Ir one wtahee add1t1ona1 apectr10 atandarde, 

perhape one c ould 1Jlvoke a standard baaed upon a 

ma.ea or aebeetoe per cubic meter or alr, •here the 

amount or aabeeto• rtber 1a aeasured uetng the 

e1ectron m1oroecope. In these measures, all as bestos 

1e •••ured and counted with tbe electron m1croeoope. 

However, th1• 1• extreaely costly. Each •ample might 

require $200 or $~00 ror ana1ye 1e. Ir the ractory 

wtabed to, or the work place wtaaed to content the 

Judgaent or an 1Jlepeotor on tbe no visible emiee1oa 

eta.ndard, they could &dk for an electro-m1oroecop1c 

anatyate, and the raotory could undertake to pay ror 

lt, altbo~gh lt •oald be un4er coa~rol or your Boal"4. 
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Tni• 1• on lternat1ve l vould propo 

particular tand rda, 

I would llk to ek o~ co ent with 

re1pect to the quantl t r a be ~o that woul~ be 

ealtted fro a oae hou . If you h ve bag houae 

ot 99.9 perc nt eftlclency. a very high le••l of 

aabeato• ln an area ■isht be O.l of a m1ll1gra■, 

perhap1, it it were the 1uat collected trom a 

fro■ 1aw or cutting operation• that could ezceed 

perhapa a milligram per cubic ■•t~r. but factory 

alr typically 1& always lea• than a tenth of• 

allli1ram per cubic met~r. at leaat today. If 

that 1• filtered through a 99.9 percent eff1cent 

b~g hou1e, one would then have eoaing out of that 

bag hou1e, if th••• tlgurea are correct, lea• than 

a hundred nanogram• per cubic meter, which in not 

auch aore than that we have found 1n mRny ambient 

air aamplea. They would be diluted into the ambient 

cir, and it would not aake that great a contribution 

to &11>ient air. Particularly in bag houaea. many 

are very efficient, and thia exa, rle T ha•• given 

la oLa th~t 1a probably very cons~rv&ttve. Bag 

hou1ea typically are mor~ efficient than that, even 
. 

as they cake up with tibar. Th~ am~unt will decrecee 

beoau1• ot the additional material tnrough which 1t 

auat pa••• I ta•• appended to my statement level• 
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that•• ba•• aea ured 1n approximately ~8 o1tiea 

in the United Stat••• g1v1ng the range, th nu■ber 

ot oit1•• within a g1Yen range of r1b.,ra 1 and•• 

have analyzed figure■ 187 coapoaite aaapl •· or 

these aaapl•• only ll exceeded ten nanograma per 

cubic aeter. 

These data might be used aa a cr1~er1a, 

or 1nto:raat1on fro■ thia could be ueed to adopt a 

or teria tor a■bient alr ■tandarda. 

Finally, one comaent on the propo&ed ban 

ot aabeatoa in brake linings after 197~ , the problem 

here 1■ that•• have a dearth ot 1nforaation. Our 

laboratoxy -- •• have some preliminary date that 

indicate■ that air levels near place■ ot ext~n■ 1Ye 

breaking ••Y be perhaps two, three, tour t1••• higher 

than area■ on• block away. The areas ~here the 

eight■ were, where meaeureaenta ••r~ made, were at 

tbe atop light tollow1ng a toll, or a road after a 

bridge -- that 1■, ears would paae over, in thi■ 

eaae, ~he 59th Street Bridge ln Rew York City, and 

tbe t1r■t stop light measurement■ were made, and 

■1a1lar on■a were made in the toll booth at the 

Long Ialand hpr■aeway, ~nd they were nigher than 

tboa• aade of the ■ame general air levels, and they 
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indicate two thin&•• on•• that aab ntoa does co■ 

fro■ brakea. Ve hav t.hi• very prel1■1nary 1ntor­

■atton that oan•t be uaed in a det1n1tiYe way 

other than to 1ay that e■taaiona occur, and that 

th• problea 1• not as sreat aa, aay, spray aabeatoa , 

becauae there we found ouch, auch higher leYela, but 

the full extent ot th• probl•~ 1• not really known. 

Ve don't really have &dequat~ data at thi• t1■e on 

the contribution ot brake linings to a■bient air 

aabeato• level■, ao perhaps one a1ght quality this 

Section 7 B with word• such as "unleae evidence ot 

safety ia demonstrated, the uae of aabestoa ,n 

brakes shall be banned ." 

The point here is that the onus should 

be placed upon, in thia caae, induatry or the govern­

ment to de■onatrate that the use of a material 1e 

aate, and it it 1• sate, then it ahould be al!owed, 

but the aatety ahould be denonatrated, rather than 

the converse. That 1a. we should not hsTe to wait 

aany years until a hacard has been de■ooatrated. 

That haa been proYen eo dieaatroue in the paat, and 

I think here la~ clrcumatanee where aueh meaaare­

aente and euch analyaie can be obtained and action 

taken on their baaia. Thank you. 
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DAJ\IBO OPPICER LAVTOR : Thank you , Doctor . 

There may be que•t1ona. Mr . Dum•lle T 

NI. DUMBLLI: Yea. 

BXANIRATIOK 

By Nr. Duaelle: 

Q I want t~ thank you tor a very complete 

•tateaent, and the reoearch behind it la extre■ely 

1aportant to ua. ao that we have ao■e data auch aa 

th1a on which to aake a dec1e1on. Your •tate■enta 

rea1nd ae ot a great ■any parallel• in other 

en•1ronmental problema, t.he mercury problem , the 

PCV. and eo forth, and I .)let hope 35 yea~• tr~• 

now we are not going to find that PCV ie causing 

something that you aeea to indicate. 

I wonder firat it you could tell ■e whether 

the meaothelioma ia a diaeaae that is clearl) 

identifiable by ■oat phya1c1an•~ a1nce you are ~•1ng 

1t aa a marker d1aease. 

A Ro, in thia aenee it 1a not clearly 

identifiable in many deat"le by moat phya1c1ana. 

Otten, an individual will obv1oualy haYe a cancer 

in the chest that can be seen by X-raye, they aay 

take b1opa1ea and dlacover that the cell• are 
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canoeroua. A akllled pathologlat, however, dia­

ttnautahea on the baale of the calla themaelvea, 

aa to whether the cancer la a ■eaothelloaa or 

whether lt 1• a protogenlc cancer, that la, all 

the data I sa•e you relate and all the data I 

sa•• yoa relating to the tncldence ot meaothello■a, 

btopay, autopay, cell• that were looked at by one 

tndi•idual tn each ot thoae separate etudlea, 

whether 1t wa• ln the London, South African or 

Nt. Sinai atudl••• the atudlea had material all 

looked at by indtvtduala who could d1attngu1ah . 

Por example, at Nt. Sinai there are pathologlata 

•ery aktlled at thta. It ta not neeeeaarily a 

general ability a■ongat standard phyaiciana, 

general practitioners. 

Q So perhaps the meaothelioma la occurring 

at a greater rat• in the general population than 

we know, because ot the analya1a problem. 

A It could be at a aomewhat 1ncreaaed rate, 

although atudtea ha•• been mad• in which autopsy 

material ot indi•iduala likely to have had m1a­

d1asnoa1a, that ta, the m1adiasnoa1a has been found 

to at leaat in aome ot these atudtee, particularly 

that of aabe■to■ worker•, to lie within certain 
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categor1••• that 1a, oft n ~n the d ath ~•rt1t1cate 

you will find •s•neraltced carc1no at~e1•." You 

will tind certain cancer■ ot the ga tr~1nteat1nal 

tract, where you have a carc1~o•• ln th• abdo■inal 

cavity. 

In a etudy of oeath cert1f'1catea in which 

tbeee poas1bilit1ee would exist. ■ater1al haa been 

lo~ked at, and there have be~n additional caaee 

found. The incidence in the goneral population ia 

ill-defined. S~•• ~t th••• atudiee I refer you to, 

on• ot which wae done by Dr. Selikott, does indicate 

that it 1• still a very rare di■ aae 1n people vho 

have never ~a~ exposure to aabea~~o - whether it 1a 

one 1n ten or one in a hundred thousand. no one is 

going to give you an argument about, but it te 

certainly much, muc~ more infrequent than one in ten , 

aa we h&Ye been t1nd1ng here, 

BIARI•O OPPICIR LAWTO■: Do you have anything 

further. Nr. DumelleT 

NR, DtJIIBLLEi Yee. 

Q In your Table Ro. 1, where 

UARIRO OPPICIR LAWTOB: By the wcy, there are 

ao■e additionel eopiea ot this preaentation tor 

tbo•• ot you who want them. It you want to take a 

nnn, n,v5 
• LJ LJ LJ I ,LJ I I 

. . 
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■inut• now --

PRON TRI PLOOR: I 1t posaibl to 

qoeetion fro■ the audience! 

:r&ARI■O OPPIC!R LAVTOI: Wait until Nr. 

Duaelle ia tiniahed. 

By Nr. Du■elle: 

Q In Table l, where you talk -- wher you 

ahow the initial comparison of both the c uae of 

death and the greater 1ncreaae tor asb atoa workera, 

I wonder if you would know 1n the conatruct1on of 

th1a -- tbeae data, 1• there a correction , and 

would it be s i gnificant, tor the possible acc idental 

hazard for these typea of workers,•• compa red to 

the general population there are falls and things 

of that sort th.at perhaps the population 1a not 

exposed to, I aa not sure. 

A Theae worker& would perhaps nave a very 

~lightly 1ncreaaed rate ot death . I don't know what 

the accidental rate of death 1- in th1• group ot 

workers. Ve have looked at another group of 

worker• 1n which the dramatic factor••• the 

accidental death rate. These happened to be the 

rootera. There, the deatn ra~e waa, if I re■eaber 

rlgbt, approxi■ately fi•e percent in th~t group ot 
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worker•. lt 1• much, ■ucn l than that 1n this 

1roup or work re , b cau e St 1 ■ n t that not worthy. 

The accidental death• w r noi - corr ct1on, tor 

aoo1dental death• ih y w ro not ad , in y w r 

a1apl7 11ate4 a• all other cu~• of d ath, and if 

the a~cidental deatn rate uaa ■ icniticant, it would 

•••n aake th••• atatiat1ca wor••• th ti , tn y 

would deaonatrata a 1r• tr probl , but 1t would 

ba•• been a •mall correction. 

Q One other qu•~t1on. T~u talk about t h 

po••1bl• hazard• from the duct •Y•tema 1n the hi n­

r1•• bu1ld1n1• 1n the aabeotoa •pray, and you atata 

on pa&• 7 that until recently~ ftew York City did 

nothing at all to analyse the air in such butld1nga. 

Are you now doing that •ort ot a atudy? 

A Ve hope to begin that. The proble■ ••• 

that legally, B•• York City or its repreaentatl••• 

which woul~ na•- 1n thla case been ua, had not been 

allowed 1nto th• bui!ding, into th• privately-owned 

bu11d1nga. Ve l\ave Just very little 1nformat1on on 

the amount of •uch room aSr conta■inat1on. lt ie 

a big atudy, and we hope to begin it aoon, but we 

do not, aa with brak• lin1nga, ha•• ade~uat• 1nfor­

aat1oo on tb• atr level• in thoea circuaatane••• 
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0 DOll&LL&: Th t 1 all . 

HLUJ•O orPIC•R LAVTOft: Mr. Har&erf 

IIAMl ATIOR 

By Nr. Barker: 

Q Dr. Rlcholeon, I Juat wanted to clarity 

tbe point that Nr. Dumell raiaed. 

You are aay1ng tha~ the difficulty in 

diagnoe1ng meeothelioma as a cauee of death wuuld 

poeeibly reault in underatat1ng the amount ot meao­

thelio■a 6 but not -- would not be a cauae tor error 

which in tho•• c•••• had been d1agnoaed •• ■eao­

thelio■a ? 

A The caaea that are deacr1bed are correct. 

Tber• 1• nowhere - - there 1• m1ni■al error in the 

diagnoo1• of their ca••• that I have reported. What 

1• poorly known 1n the incidence rate in the general 

population, becauae one cannot rely upon a death 

certificate analyaie. The cause of death, aa llated 

in a death certificate, where tne general practitioner 

or eYen the hospital physician, who does not undertake 

an autopay, or even aometi■e• when autopsies are 

undertaken, they can often be in error, and you 

really have to go to expert pathological 1dent1t1cat1on. 
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Q I n refe rence to tn d1tf1cult!ee 1n 

■eaaurin& aebeat oa whic h you referred to , I take 

it Chat \he d1tftculty in ■eaaur1ng, tn your 

opinion, only grad•• of a■bient air aaapl• • 

it wou-4 not be Oitf1cult wi th atack■ T 

A There are two point a . It le diffi cult 

65 

with a■b1ent air,•• I deacr1bed, becaaae of t he 

identification proble~. There 1■ another d1tf~culty 

not relating to 1dentif1cat1on, when one •••■urea 

aabeato■ fro■ a atack, •nd that 1• that the ■tack■ 

baY■ a nuaber of fiber■ larger than -- longer than 

f1Ye ■1cron■, which can be a variable quantity 

depending upon the previou■ hi~tor~ ot that air, 

the nu■ber of fiber■ longer than five ■icron■ i n 

tbe factory air, the traction of f1bera longer than 

fiye ■torona. In fact, they would be a uch greater 

than tho■e longer than five &1crona •• it coae■ tr~• 

the bag houae. Ve ha•• found that the traction• 

could vary at lea■t ten ttmea in circu■atancea where 

chrycot1le aebe■to■ ta being applied. The variation 

1■ greater when you go to other aabestoa fibers, but 

J uat looking at the uaft of that one fiber in 

occupational c1rcumstancee, one finds that variability, 

ao that that criteria ta a •ariable one. So hence, 
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tt &1••• 10~ n 1~ea ot wh t 1a t h r • • but 1t 1a 

not a tin••• u~• or t ot l qu nt ty of aabeatoa 

1n the alr . 

Q W•l l , the a t ndard , •• indica ted , would 

relate to fiber• larger t han t 1~•! 

A Tbat 1■ right but fo r ••• PY ~n• l arger 

than t1ve, there are p rhap■ 100 a■aller. 

Q So you are a•y1ng the var1ab111ty that 

would be unknown, wo,id be thP aaount aaaller1 

A That is right . The number longer than 

five micron• 1, not a constant. The traction 

larger tban t1ve micron■ 11 not a con■tant. 

Q So the type ot 1~eberg, ln your worda, 

would only be shown --

A A• the iceberg has a different density, 

so they are up and down. 

Q And you would prefer, in the alternative~ 

a "no visible emission" standard? 

A With the requirement that the procedural 

requirement• could be i■posed , that. you really must 

have all air in which aabestos 1 ■ p~tentially 

pre1ent filtered prior to emission, and I have great 

conf1denc~ ir. fabric tilters and actually, it one 

•P•l1•• strictly 1n all circumatancee rigid 
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vroeedaral r q~ir~••nt, you coulo 1nd a reduce 

e■iaelona to level that wo11ld br coapl tel:t 

oo■pat1ble with what you were trying to do, There 

1a no ,ue■t1on that th r• 1a a great n ad to do 

thie, the queetion 1• the et tect or ve1ght1ng, and 

it 1• a co■pl1cated 1~oue, no queation about 1t. 

Q On what do you baa• your opinion that th• 

atandard ot "no vlaible e■iaeiona• wn~ld actually 

reault in lower than the numerical ■tanderdT 

A Well• I ha••• seen one tactory in which 

there waa a bag hou•• that I didn 't eee anywhere 

near tbe bag houae th1lt thvre were e■iaaiona fro■ 

th• bag ho~••• I hav~ aeen aerial -- lftt me t1niah 

wltb thia t1~•t -- th• bag house tiltered the a ir 

tbat came trom aom• of the equipment 1na1de, where 

they bad collector~ near dusty operat ion•. The 

filtration ayate■ in gener~l tor the plan~ was 

,u1te 1nett1c1ent. and the general room air of 

the plant wa• tilled with aabeatoa tlber■• The 

exhauat for the general room air went up through 

that filter ayat••• or went out the window•• and 

•• have made measureaente in that town and found 

that there wa■ a very high level of aebeetoa that 

oould be aaeoc1ated with that factory in the nearby 
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ar••• and yet that factory could even h Y& •low : _ 

I couldn't aay tor certain - - an etf1o1ent ezh uat 

171t••• NoreoY•r• on• often t1nde 1n b&& hou••• 

tbat break1 can occur, and it ther a r 1 .. k•• it 

they are 1netf1oient, there la depoaltlon ne•rby. 

I have 1een aerial photographs of other factories 

a different on• fro■ that l Just described, 1n which 

the exhauat had, nearby -- th• area nearby the 

exhaust had extena1Ye quantlt1es of asbestos on the 

root. The syate■ , it auttlciently improved, that 

would not obtain, you would be eo far 1■proved over 

what now exists that I don't think anyone would have 

a probl••• and making alao -- 1■pl1cit, 1n ■J 

Judg■ent, and it 1a a aubJectlYe answer that I &11 

giving, because I don't have meaaurementa, la that 

when one make• comparlaona between what I have aeen 

on the roofs ot apray aabeatoa, where you literally 

had blocks of Manhattan covered with the debria fro■ 

spray insulation, the air levels meaaured a quarter 

of a mile away happened to be much, much leas than 

l would have expected. Th~y were of the order of 

1001 2001 300 nanogra■a per cubic meter, when the 

wind was blowing in the right direction, and if that 

waa tbe level that waa measured from circ11111atances 
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wbera you literally had tn• 1tutt tl1in1 o••r t he 

1round, tben "no Yiai~l a■iaaSon■~ would certainly 

brine down by, I 1u•••• • f actor ot • hundred, 

wbich a•t• you int~ tbe real.JI ot ambient a1r, 10 

that 1• partly ~h• •ubJect1•• baal■ for my an•••r, 

that the ab•enoe ot any vta1bl• fiber out•ide the 

wall• ot th• factory would g1Ye an a b1ent - ­

eat1afaatory ambient air level. 

BURIRO OffIClft LAVTOa: Would you augg••t a 

ooab1nat1on ot the two, perhapet 

TD VITDSS: Yea, you could 1o t:1at, but I 

wa• aak1ng the auggeat1on that it you do that, the 

ooablnatlon would 1nvolYe electron■tcroacopy, where 

you would look at the total number of tibera . That 

would be a final recourae. You can u■e the - you 

could •••n ■ake a co■b1nat1on of all three, with 

•ar1oaa c1rcumatancea ot t■ple■entat1on, where you 

u•• atack aamplea to get a ■eaaure of what 1• going 

on. They are a good 1od1cat1on ot what 1• going on. 

If' you have a leaky bag house, you will find it that 

way. The only point I a■ making le that to ha•• that 

•• a r181d, abeolot6 meaaure might be a m1atake, 

b.aaa•• there 1• uncertainty in that eenae, becauae 

all of thee• thins• are full of uncertainty, and that 
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1• what I reall7 wanted to point out. ObYlou•1Y, 

there are ada1n1atrat1v and l al aapect• that 

you haYe to take lnto account. ano I don't want to 

1ay tbat you 1hould do it tn11 way, I ju•t •ant 

to 11Ye you the 1ntoraat1on about the problem, ot 

tbe aaapling of the different clrcumstanc••• 

87 Nr. Harker: 

Q You ■entloned a tear in th• bag, the 

"no •1•1ble e■1aa1on" otandarde , aa propoaed ~r 

•u11••t•d by the Pederal OoYern■ent, which would 

bave to cou?led with a requlre■ent or certain tech­

nological procedure• ? 

A Right. 

~ And a• tar ao enforcement, would 1t not 

•ee■ to impoae a greater important burden for a 

per■on to have to go to in checking the vlaible 

em1aa1on■ to •e• it there waa air 1n the bag, to 

check to see whether X, Y and Z are 1n place,•• 

oppo■ed to atmply taking a stack meaaureaentT 

A I don't think it 1e hard to check to see 

. if there 1• a tear 1n the bag, and that is an ea11er 

obeck tban would be required 1n taking an air ■ample 

fro■ the ■tack. It 1■ also easier to eee that 

ezhau■t •Y•tea■ are working, becau•• you ~•n Ju•t 
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take• ■eaeure■ent ot the air flo• 1n an exhauet 

e7at•• where you put• ■eno■eter tube aga1nat the 

bole -- an opening ln the duct, wher again an 

air aeaaure■ent le ~ne you ha•e to take and go 

back to the laboratory and analy&e it. There may 

be eoae c1rcu.aetancee where one ie eae1er an1 )'19 

la not. Id J't ••e that the unannounced 1nepect1on 

•Y•t- would 1apoee a burden. It would ha•e to be --

Q We will get eoae ot the oub-mlcron t1bere, 

and 1t•en the po■■ibility that someone could e1■ply 

ha•• a t'ull-t1ae Janitor ■weep1n& up vie1ble duat, 

would it eee■ likely t)at a "no v1e1ble e■ie■ iona" 

atandard might reault ~n a great deal more e■1aelon■ 

to the atmoapberet 

A I really -- I don\ think this would be 

fruitful. I can't aay that 1n auch and aucb a 

circuaatan:e some factory will ha•e a J~n1tor walking 

around with a vacuum cleaner. I would ■ay 1, tb•Y 

do that. it would be bett6r haviog an off1c1al 

ayatem. It would be non-productive~ from the point 

ct view ot the factory. Pe1hapa you could find cir­

cwaatancea where ■uch a procedure would not be ideal. 

I tb1nk converaely. you can find them on the other 

aide. 
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one reallT ha to uae a lot of Jude■ nt 

in t~ia problea. I think perhap• that a1ght b• 

tbe anawer, that 1t the regulation• can be written 

1n agah a way that th•r• can be co-on ••n•• applied 

b7 your control otf1c•r•, that that would be the 

aoat deairable aireW1etance, becauae a knowledgeable 

patrol otticer can walk through a oltuatlon and 

aee exactly whether tbere ia a problem ~r not. It 

be baa the authority to require what he says 1• a 

proble■ abated, then you are in bualneaa, and it 

you alao give him th• authority to use ao■e atandard 

criteria. tbat la all right• too, but a rigid 

nW1erlcal criterra can alao end up 1n a lot of 

baaaling about meaeure■enta, and you can have people 

apending all their ti■e doing theae meaaureaents, 

which 1■ in aoae caaea really ~ot strictly valid. 

Q Just to clarity one ■ore point -- bealdea 

the t1p of the 1eebers problea that you mentioned 

in taking atack teat■, aa opposed to an ambient air 

teat. that does not poae olgn~~icant meaauraent 

probleaaT 

A It doe■n't poae significant identification 

probl-■• There will be other stuff there. but if 

~ou aake th~ criteria that anything that la longer 

' 
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than ti•• micron• and haa • three-to -one length 

or ratio, ie called an aebeetoa ~iber, whether 1t 

1a or 1e not, then you have a conaervative factor 

on yoar aide. The aebeatoa tibere under thoae 

c1rcu■atanc•• can be det1ned ae any fiber, and 

it won't be that d1aadvantageoue as that which 

obta1~• in occupational measurement3. Industrial 

hyg1en1ata that take th••• meaeurementa don't have 

the ability to d1et1ngu1eh what 1e a n aabesto■ 

fiber or not, and all are counted, even if many 

are not aabeetoa tibera . 

NR. HARDR: Thank you. 

BBARIBG OPPICBR LAWTOR: I believer t here waa 

a que■t1on lrO'f! the audience. Would yoq identity 

your■eltt 

NR. DUELL: Ny name 1a Ward Duell, and l would 

Just put together a couple of facts, and then ~•k a 

question. 

EXAMiftATIOft 

8y Mr. Duell: 

Q You indicated that really the purpo■e 1■ 

tbe long-term protection of the general populattonT 

A That ie what we are concerned with hare, 

yea. 
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Q You indicated el p ed t1~e for a1beatoa,a 

and •••othallo■a are both ••ry lon • 

A That 1• correct. 

Q low, •7 quaation, then, 1s, do we have 

the old -- nuabara ot year■ ago -- baae-line 

intonation to know that the aabeatoa levela in 

thv air ia increased, and do•• have baae-l1ne 

intoraat1on to know that th• ■eaothaliomas ot the 

general population 1a 1ncreaa1ngT Ia that baae-11ne 

intoraation available? 

A twill answer as beat I can. We really 

ha•e no knowledge of past ambient ~1r level■, We 

have one study throagh which ao■e indirect meaaurea 

in•olving quantitating ut aobestos in lung tiasu• 

ot autopay apeci■ena tor indi•1duala ot the general 

population~ dttferent period■ of time might give 

ao■e anawera to the question of whether there 1a 

a1gn1tieantly 1ncreaaed aabgstoe lovela 1n the 

general population which 1a not exposed to aabeatoa, 

and also ot individuals that have lived about an 

aabeatoa factory. Thia work 1& yet t~ be done. It 

la about to begin. I might mention here that at 

thi• tille one tinde that asbestos fibers in virtually 

••er7one who co■•• through autopsy, or in the lung■ 
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ot people who co■• to an autop•y. If ~ne look 

tor tlb•r•• •• oppo•ed t~ a•beetoa bodies. vhi~~ 

are tbe artitacta ot inhalation ot fiber■, the 

queation ot whether a aothello■a la lncreaa1ng 1n 

the general population naa not been •~ll atudi~d. 

One ot the atudlea ln which I havo ngaged lo c on­

cerned with the lncldence or eeaothelloma 1n the 

general population. I can only aay ?n very crude 

data which involve■ th~ data that I a■ gi ving 

you only lnvolvea that which appear• on death 

certitlcatea 1 co that ad ltlonal caaee would probably 

be mla•ed. There has been nearly a two-told ncreaae 

between 1968 and 1970 ln new Jeraey ln the ger•ral 

population aa causes ot death. I ~on't think allot 

this la increa•ed diagnostic abili ty, 

Q Would you aay, then, that this reinforces 

your concept ot, as you lndlcnted it 1 not waiting to 

prove that har111 has been done, but prove it not harm­

tul? Is this the --

A I feel very strongly that there ls enough 

evidence of disease at l ow levels, and all hints of 

that diseaae point to an increasing amount, so that 

prudence certainly dictates that we act now. 

Q So eTen without the base-line lntoraation, 
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you atill have enough in- put to • ~ that•• 

tin concluaion t 

A Yes. 
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HSARIIO OPPICB~ LAVTOW: Dr . 1c hol■ on, thank 

yoo very ■uch. 

RDiANI■ATlO■ 

By Mr. Harker: 

Q Dr. R1cholaon, I have one othe r co1a.11ent 

or queatio~. Ve have a section ot regulation■ 

dealing with non-asbeatoa spraying • 

A 

Q And we would require certa i n proced ural 

aateguarda to be ,aken during such spraying, or 

prior to inaulation. Do you have any data on the 

toxicity ot some of theae non-asbestou fibers, and 

it you bave a coament on those regulations! 

A My comment on that proposed regulation 

that I ma e on ay prepared testimony ta that tho■e 

are quite appropriate. I reel strongly that that 

aection ta indeed correct . I mentioned we have no 

definitive knowledge on human populations. There 

have been in some ca■ es some atudie■ aade where 

tactory workers at a given point in time have been 

' ' 
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looked at, but auch atuOl•• c n he traucht with 

d!fttcultlea, becaua aoat workers r healthy, 

ao that one haa to take a population and tollo 

11 

lt ■an7 yeara to aee if there re proble■•• There 

11 a hint in ao■~ ca••• undeJ •o•• c1rci.lllatanc8a, 

that a,nthetlc ■lneral t1bera in an~mals have pro­

duced ao■e kind of dlacaae. We have aeen three 

tnea of extruded all1cat•• 1nJected ~nto the 

trachea ot anlmala in an expertaent, tn which two 

ga•e riae to no noticea~le effect, an~ the third 

aave r1ae to, in thia c•••• meaoth~l1~ma tn one ot 

the ani■ela. Another atudy by a phya1c1an -- soaeone 

at Bew York Oniver it3 , 1 believe -- tound that •o■e 

type• ot extruded ailicatea give rt•• to cancer when 

it la injected-· I believe it was injected, rather 

than inha:ed, in conJunction with other material. 

~be other material waa the urethane foam. 

Q Again, h~re, WJUld you per■iY an intenaive 

preliminary investigation on the showing ot biological 

injury! 

A That would have to be absolute infoniation 

1t would be very hard 1nfor■at1on to get in a human 

population. The problem 1a that quite often one 

tlnda that the results 1n ani■ala are not 
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extrapolatable to hu■an1, The only data I gave 

~ou 11 with animale, and 1t ta fraught with all 

the d1tficult1e1 lt a very small nu■ber studied, 

and the d1ttere ncee betwe~n the phyai~iogy of 

an1■al1 and that of huaana . If one had a popu­

lation that one knew the ••xpooure of and completely 

char acterized let me take that back. I d on 't 

think you can do that, in eaeence, bec~uac while 

you could define t he ~opulation exposed to pre-

1cr1bed m•terlals and follow that population fo r 

20 or 30 years to aea the dieease t hat occur■ • 

that ■till would not be sufficient for all other 

material■, because, for exa■ple , in fiberglae 

alone, there are 70 d1ffe:rent type■ ot fibergl~s, 

and if one goea to mineral wool or rock wool, aa 

it 1a commonly teraed, which ia produced differently 

from fibrous glaae, the varieties there are extensive. 

The type which ueea material from steel mills, which 

contains many trace metals, and t he trace metals 

it contains depends upon th• ■lag -- lt would be 

really impossible to do an experiment 1n the dlfterent 

~osaible toJ'llls to which people would be exposed. 

Initial experiments are possible, but not very 

practical. Again, you juet take ordinary precautions. 
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Th• coat ot t h• precauti~n• you de crtb• he re 

alght increaae t he coat ot t he Job ten percent 

oYer that which would be i t they were not tha t 

cloaely controlled. T~la is a coat t hat aoclety 

ahould bear. It la paaaed on to aoclety in the 

uae ot the build1nsa -- the building• coat ■ore, 

and th• rent 1a a little higher, but I think i t 

ia a co■pletely juat1tied coat. 

BBARIBG orrICBR LAVTOK: Nr. Dumelle f 

RHXAJIIRA TIOR 

By Mr. , .lllelle: 

79 

Q Mr , 111cholaon, I want to aa k you one more 

queat1o.~. 

In the air pollution etudiea we have 

beco■• aware of an urban factor, ao tha t when you 

check on smoking and you take non-amokera in citiea 

and non-smoker■ in rural areaa., you h&Ye a higher 

incidence 1n urban areas, and nobody knows what 

this other factor 1a, nnd the only theor1ea I haYe 

heard about it 1a that it possibly 1• related to 

bena(a)pyrene., and from th,at we get studies fr011 

otbera aay1ng that a non-smoker in Chicago or new 

Tork ia really breathing the equivalent of one or 
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two P•~k• ot ctgarettee \n ter•• of bens(•Jpyrene . 

Ia aabeatoa auppoaed to ha•e •n abaorpt1Te quality, 

I• it po■a1ble that aabeeto ta either ebaorbing 

bena(a)p7re,~, or ab■orba eultur dioxide, and that 

thla 1• part of the aynerg1e■T 

A That could be the caae. Ve really don't 

know tb• ■echan1■• of the eynerg1••• We don't know 

tbe aeohanie■ alone. One poaeibil1ty 1a that which 

you •uageat, but there are no hard data that would 

pro•• it•• yet. 

Q Are there any at,diee on th1o particular 

aepact, t~ your knowledge! 

A There 1e one atudy 1n which ben~(a)pyrene 

1n aabeatoa were gi•en to aome haaatera in eoae 

oircu■atancee which I forget -- I think it was inter­

tracheal injections that were given, and I don't know 

hcwthe benz(a)pyrene ezpoaure was handled - in which 

the coabination waa wor~e than when either one 

separately waa ada1n1atered, but 1 am a little vague 

on this. The data I am trying to remember are in 

tbe 1965 Asbestos Monograph ot the ftew Tork Acadeay 

ot Sciences, and you can refer to it -- I don't know 

the apecitlc nW1bera. 

Q Thank you. 
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B ARIIO O PICKR LAVTOI: l ther a que tion 

troa the audience, 

SXA.NIRATIOI 

B7 Nr. 81• s 

Q I•• Kr. Slee fro■ Caterpillar Tractor 

Coapany. I Juet want to be ■ure 1 under■tood you 

proper~v. 

Tou ea1d that an ordinary -■blent air 

aaaple haa enough a1~•d t1bera in 1t -- lt 1• not 

alwa7■ eaay to identity the aab~etoa t1ber7 

81 

A That 1• right. There are tibere preeent 

in aabient air. So•• ot theae are t1berglae 1 there 

are d1atoaa, there are organic fiber■, and largely 

tho•• -- we tlnd a tantlaatic variety ot garbage in 

uabteot air. 

Q Then I wae wondering, your comment on the 

ub1ent air sample around toll bootha, and eo on, 

you are aa poa1t1Ye ot the three to tour time• there? 

A , Yea. I perhap■ could mention briefly the 

procedures ot the uae ot microscopy here. Thia le -aade aab1guoua1r on the bae1a of the quality. Plrat, 

7ou diaper•• all •••Pl•• in a low-teaperature actiYated 

oay1en ataoaJhare, get rid ot the organic uterial, and 
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you diaper•• tn aeroaola ~r gr nd by ~arioua p r o­

cedure all the material t here to breakiup the 

aineral rea1due and make the diaperaal auch aa to 

aee that tt 1a not. Then looktna at the rea1due 

with a 40. ooo-t1me■ magnificat ion on the electron 

■icro■eope, the number t e determined by measuring 

the volume of fibers that correapond to the m~rthology 

ot cryatala, and that is very unique, The 1denf1t1-

ea~ion 1a made on that bas1a. There are other methods 

■ade ua1ng the mic roscope in which a beam of 

electron• atr1ke it, and you look at the characteristic 

X-rays from that particle. Tnat 1a what waa done with 

the ambient air samples. 

Q The last part, if you have a weight figure 

tor what 1e in a cubic meter around the toll b~oth --

A The amount• that one ~1nda 1n the ambient 

air variea. It varies depending upon the city, as I 

indicated here, from a traction o~ a nanogram up, in 

■o•• cases, soaetbing exceeding 50 nanograma per c~b1c 

■eter • So there 1& a variable background there. 

PRON THE JLOOR: I know you ftre planning to 

break tor lunch , but my presentation won't take very 

len?; and it will relate directly to ~hat Dr. fticholaon 

••• aay1ng. 
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UARIIO OffIC LAVTOfl: '1'11 n xt If tne 1 

Wr. Ro■or. Do 7011 ha•e an3• tr n portat l on problo■ 

that oontinuin& your pr ••nt tion would oreatef 

In otber word■, if we breah tor 45 ■inutea --

•R. ftOIID: And r turn appro:d■atoly on 

o'clock or aot 

a•ARlllO OffICD LhW'l'Olf: Yea, 1f th1■ gentle­

aao 1a only takin& tr~ ■inutea, •• could break, 

and you would defin i tely be on. I non.ally don't 

feel•• need a full hour, and you could atart at 

quarter to one. It t hat 1a c oapat1ble with your 

prograa 

KR. RODR: Yea • 

RSARiffG OfflC!II 1.AW'?Olll: Because I know th.ere 

are alight problem■ that are sometimes c reat ed. 

llow, 1e ttler an:ybody elae tr011 out ot 

the city that ha■ transportation probl••• that 

thia type of progra■ would create! 

DR. P1J11DSACK: I am Pred Pundsack. 

RXABI•o OPPICBR LAW'l'O■: Yea\ 

DB. PUKDSACK: I thi nt l aa scheduled to 

teatlty after Kr. Boser. That would be eatietactory, 

but I would like to be able to teatity after he 

te■t1t1-■. 
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BIKO OP IC LAVTOI : tea . Vel .• J OU a r e 

echeduled to do eo. All rt ht,•• wi l l hear fro 

tb1a entl•an now . On the bae i e ot paet experi nee , 

wben a ••reon ••T• he 1• 1otn1 to tal k tor ten 

a1nut••• 1t neYer turn• out to be the caee. I 

would hope 7ou break that precedent. 

D. OOLiaDa: I will aake it•• brief a■ I 

can • 

tbereupon 1••• hi■ atate■ent under oath,••• exaained 

and teatit1ed in narrative tor■ •• tollowe: 

TD VITIIBSS: I really hadn't planned to 

teatify at all. but I repre■ent the Insulation 

Contractor■, Heat and Froat In■ulat1on eontract~r•. 

UAJlIJIO OffICD LAVTOB: Would you atate your 

naaet 

TD VITDSS: lly na■e 1a Oolinken. I aa fro■ 

tb• Chicago ubeatoa eo■pany, and we are contractor•, 

1neulat1on pipe and boiler and duct 1naulation pipe 

work• and the reaaon I••• anxioua to ■ak• th••• 

atateaenta at th1a ti■• waa that ■ o■e ot tb• thine• 

that Dr. Wicholaon ha■ pointed out very directly 

apply to what I have to present, which la not about 
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a1ba1to1 . 

Briefly, I will ••Y th.at we agree 

pr1■arily, and I have no defena• tor the ue• ot 

sabeato• or, 1n tact, we are doing aomething in 

our induatry locally here to try and eliminate 

th• ua• of aabeato• in the tunctiona we uae 1t 

85 

tor, which ia primarily aa coating• and fintehea. 

Va are, tor exa■ple, uaing other types of Jackets, 

and other thing• which would eliminate the use of 

aabeatoa on conetructio11 work, where we have used 

it. 

Now, that doean ' t go int~ the aabeatoa 

apray problem, and we are no~ really concerned 

with that primarily. I think I would like to point 

out, though, that we are concerned with the use of 

t1berglaa duct lining and tiberglae ducts which 

bu grown very greatly in ueago in new construction 

work iD tbia area. Ve are againat it for the same 

reaeon that aebeatoa is being eliminated. We feel, 

and • know that tiberglaa particles are being 

introduced into the air through the duct eyate■a 

that are as1ng tiberglaa liners or tiberglaa ducts 

to tranaait the air. This air is going into con­

fined spaces where people are being subjected to 
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whatever harmful eftecta there alght be . 

I ahould atate that while theae particle• 

are not toxic, at leaat to the extent w• have been 

able to find out. and therefore lt ia not 1n the 

•••e realm of danger ao asbeato•• they are a 

dangeroua cauae of - - either cause or aggravate 

varioua lung or respiratory cond1t1~ns, and the~e­

fore do preaent a danger to people who have to 

breathe the air, where theae fibere are introduced. 

Some of the danger• that Dr. Harwood dla­

cuoaed would apply, therefore. to the tlberglaa 

particle~ that are eomihg through all of theae 

diffuser• that allow air into any confined apace, 

We have conducted some reaeareh on this matter 

locally. and we . have determined very conclua,vely 

that there are particles of fiberglaa being trans­

mitted and brought into true air stream vhen fiber­

glas liners are used 1n the ducts, or when fiberglaa 

ducta are used . Thia, of' course, all occurs after 

any filtration systems th&t are used ln air trana­

mleelon systems, so it comes directly into the 

apace where the people breiathe the air. 

By tbe way, the quantity of the fiber 

tranaataaion aeeu to be E~reatly increaaed after a 
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1y1te■ ha1 been i n effect for a number ot year,, 

whe • the a1r ha1 been d1atr1buted tor ■any yeara . 

We ha••n't been able to eatabl 1ah Juat when tbi1 

begine to occur, or j uat how 1t occur, . There 1a 

1o■e deterioration, we do know t hat , and we a r e 

1oing to conduct aoae furthe r r eaearch on 1t. 

There ha•e been ao■e r 1gulator7 p ro•ia1on• 

introduced to pr••ent the uae ot f1berglas duct 

11n1n1 in certain locations, but•• feel that the 

aaae logic which ha~ cauaed thin kind ot r egulat i~n 

ahould be extended, because it appli•• to other 

area••• well. 

The Bill-Burton Act, which has aome 

governing effect on new construction of hospital■, 

bal prohibited the uee of t1berglaa duct liners 

on any air ay1te■a which aerve critical areas 

aucb &I the operating rooms or nuraeriea, and 

a1ailar type~ of spaces. The State of Indiana ha1 

virtually eliminated the u•• ot fibergla1 duct ' 

liner• on any hospital conatruct1on. 

We feel that that same kind of precaution 

should be uaed in other locations where the public 

wlll be aubJected to any long-term exposure of these 

partlolea, the acboola, offieea, theatres, public 

! 
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plac••• and •o on . 

Th• only oth~r note I vould lik tn add 1• 

that the only really functional n ceaaary 

tunat1onal requlr•••nt th ta duot liner acta to 

pre••nt 1• 1n reduc1n aound tran1■1•a1on. Ith 1 

an acou•tlcal value. It 1• al10 u1e~ thenaall7 

and that 1•• nt courae. where we feel 1t ahould be 

eli■inated. becau■• w• can ther■ally 1n•ulate on 

the exterior and el1■1nate any potential har■tul 

effect• on th• inter~or ot the duct•. Th• ■ ound 

trana■iaaion can be ettectivel7 -- I should ■a7 the 

eli■ination ot aound trana■ia■ ion by the uae ot 

a liner can be done by Judicloua use. rather than 

lining the whole •7•t••• Ve have ala~ conducted 

aoa• research ther•• and we find that th• laat tew 

feet before a dlttuaer. Ju■ t lining in tho•• location•• 

can aceo■pliah Ju•t aa much•• it the entire duct 

e7ate■ ••r• lined. Alao, there are ways ot inserting 

ao■e kind ot a ■echanical protection. such aa a 

metal ■eah. on th• in•ide ot a liner. and tbat 

reduced •ubatantially any potential tlber trane■la•ion 

or deterioration of the liner. That la all I have to 

preeent. 

DillBO onzcn LAVTO■: Thank you very ■uch. 
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Jb• ther 1e a u tion or two f r om the Board 

■ ■llereT 

D. DUX LLB: lo. 

DARDO OPPICD LAVTOJ: Thant you very ■uch. 

VITDHs Okay. 

HEARi O OffICIR U. Off: V will receive into 

tbe record Dr. Rarwo~d ' e pr eentation 1n two part•• 

aa bh1b1t o. 20. and Dr. "tcholaon'• etat aent aa 

hh1b1t 21. 

('l'h• docuaenta above referred to were 
t6ereupon aarked Board Exh1bito 20 
and 21. tor 1dent1t1cat1on. and 
•ere received in evidence. ) 

BEARIBO OffICD LAVTOJ: Ve will adjourn now 

until 12:45. at which ttae we will hear troa Mr. 

Roaer and Nr. Puodaack. 

(Whereupon. an adjournment waa taken until 

12:45 o'clock p.a. ot the•••• day.) 
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8&AJ(IIO on1c1 LAVTOff: Wear ready to reau■• 

the bearing. Mr. Ro erY 

BAIIOLD RO 

called aa a vjtn••• herein, hav1n& been firat duly 

aworn, waa eza■ ined and teatlf1ed ln narrative tor■ 

aa tollowa: 

BEA.RIIO OffICD LAVTOI: Would you be good 

enough to identify youraelf, tell ua your preaent 

aaaoolatlon aad technlc~l background, pleaeet 

TB• VI1'ffES8t Ill'. Chalr■an, ladiea and gentle■en, 

■y naae la Harold Romer, and I•• Aaaiatant Commlasloner 

~r Sngineer1ng Reaearch and Development of the new 

York C1ty Oepart■ent of Air neaourcea. I waa fo!'llerly 

a Chief Engineer and Director of Environmental 

lng1neering in the lew York City Departaent of Bealth0 

and a lice~••d profeaa1onal engineer and a delegate 

ot tba American Acade■y of lnviron■ental Bngineera. 

I u alao a proteaaor of environmental engineering in 

the Snviron■antal setancee and Engineering Depart■enta 

of tbe Graduate School ot c. v. Poat Collea• on 

Long Ialand. 

So■e of the teatiaony I have prepared, I 

aa aura • going to be ao■ewhat redundant with that 
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of 8111 Richol■on, and ot courae, that i■ not 

•ery ■urprietnc in view ot the tact that we 

worked ••r: cloaely together. But I do ha•e ■oae 

■pec1al empha■ ia on the probleas ot engineering, 

which I feel more proficient to ■peak about. 

It ta es■ential1F becauae ot the •ery 

dtaturbtng medical ■tatt■ ttcs that the New York 

City Sn•i ronmental Protection Adainiatration and 

the Departaent of Air Reaourcea have been so con­

cerned and ha•• becoae , ~1terall7 and tigurattvely, 

ao completely ieaersed in the sprayed asbeatoa 

problem. 

With your penais■ ion, Nr. Chairman, I 

will 4uote the one or two reference■ which are not 

only indicative, but also provide the pur.eh merited 

by the tacta. The following material is abstracted 

trom a 1969 O'nited States Public Health Service 

Report, "Preliminary Air Pollution Survey ot Aebeatoe 

A Literary Re•iew"s 

"A large traction of the people in the 

O'ntted States ha•• been exposed to a■beatoe, 

including the tolloving: 

"(a) Approximately 100,000 workers uaing 

aeb~atoa in their occupations. 
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"(b) Approxt■atel7 3.500.000 conatruction 

worker• expoaed indirectly to a■beato1 •• they 

work with aabe1toa product or near thoae who 

handle aabeatoe products. 

~(c) Approxi■ately 50 aillion Aaericane 

wbo poaelbly ha•• 'aabestoe bodi•• 1n their 

lun1a." 

In •oveaber. 1970, in a court caae againet 

tbe Clty ot Bew York• we called upon Dr. Irving 

Selikott to proYlda expert ■edlcal teet1aony. Dr . 

Sellkott. a coneultant to our agency, 1 ■ a ~enowned 

reeearoher and pioneer in the field ot aabeatoe 

die•••••• He le also Director ot Environmental 

Selene• Laboratories at the Nt. Sinai School ot 

Medicine in ftew York City. The following quot•• 

are abstracted fros hie testimony: 

"In Kew York, in 3.000 consecuti •• autr,peiee 

at Bl■huret Boapital in Queen,. the v. A. 

Boepita! in the mronx and Mr. Sinai Hoepital in 

IC&nhattan, eza■ination ot lung tiaeue■ have 

ehown that a■beatos bodies conaist ln 45 percent 

ot all ca•••• Smaller particles ot &1be1toe, 

■e•n only be electronmicroacopy, were round to 

be commonly preaent 1n almost all ca■e■ ex&111ined. 
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It now appear• that vi rtual l y all••• Yorker• ' 

lung• conta1n aebeetoe ." 

Continaing with the quot••= 

"Aaon1 aabeetoa work•r•• the incidence ot 

death troa lun1 cancer aaong aaok•r• 1• about 

20 t1a•• a■ high•• tor non-aaokere. If• par­

eon 1• both an ••b•atoe worker and• cigare tte 

saok•r• hie chance ot dying fro• lung cancer 1• 

92 time• the chance of• man who neither smokes 

c11arette■ nor woru with aabeatoa." 

'l'he•• ■tat1at1ca were quoted by Dr . 

■1cholaon: 

"Recently. I conducted an tn•eatigation 

with r~apect to aabeatoa-related condition• 

aaong th• ■ember■ of L~cal 12 (Kev York City) 

and Local 32 (Bewark) of the International 

Aaeoc1at1on ot Beat and Pro■t Insulator• and 

Aabeatoa Worker•• one ot the building trade 

unions." 

Continuing with the quotea: 

"A• ot April 30. 1970. 403 of the original 

632 union members in our atudy were dead• 72 of 

lun1 cancer. Currently. death■ aaong ■ember• ot 

Local 12 in Bew York include one ia f1•• of lun1 

! 

. 
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cancer, one in ten of ■eeothelio■a, one in ten 

ot aebeatoate, and one 1n ten of gaatro1nteat1nal 

cancer." 

If you work thia out mathe■atically, the 

incidence ot cancer turna out to be aometh1ng like 

40 percent or thoae who work 1n the industry in that 

particular untuo. 

Cb~ti~~lng with the quote: 

"Aabeeto• -related cancer■ occur not only 

in occupational expoaed workmen, but may occu~ 

among people living or working in an area where 

aabeatoa fiber• are d1aaem1nated, Neaothel1o■a, 

tor exaaple, which 1• invariably fatal, ha• 

occurred a■ong people l1•1ng in the contaminated 

hou■eholda of aabeatoa worker& a■ well aa among 

people living within a halt-mile of ■aJor 

aabeato■ aourcea auch aa asbestos factories, 

mtnea, and ■1lle. In•eatigations by Wagner in 

South Africa, Rewhouae 1n London, Leiben 1n 

Pennaylvan1a, Bohlig 1n Germany, and o\hera, 

reveal a aubatantlal health hazard to such 

peraon■. In Loncbnan examination of the record• 

1n one hoap1tal revealed that ot 76 recorded 

me■othel1oma ca■ea, 31 had worked 1n an aabeato■ 
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taatory, nlne ot tr,e reaa1nlng 45 nad l1Yed i n 

the houaehold ot an eebeatoe worker, and 11 

ai■ply l1Yed within a halt-m!l oi •n aebeatoa 

plant." 

There will be more e■phaa1a on that. Thoae 

co-•nta were ■ine, not Dr. Sel1kott'•• 

"Ny group a t Nt. Sinai haa investigated the 

ho••• of aabeatoa workers and haa tound the air 

the contaminated by asbeetos particle• carried 

ho■• on the clothing ot the workers. We have 

alao aeen caaea ot meaothel1oaa among relative• 

ot aabeatoa worker• and people who lived near 

an aabestoa-uaing tac1l1t7. " 

That 1• the end ot the quotes. 

The conau■pt1on of asbestos in t he United 

States haa aaau■ed lftrge proportions and 1ta 1.ae 1a 

1ncreaa1ng at a rapid rate. The 1968 coneumpt1on 

in the United States wae equ&l to 25 percent of the 

total world production. Annual world production 1n 

1930 waa 500,000 tons; 1n 1967, tour ■ill1on toaa of 

aabeatoa were pro~uced. 

During the paat ten 7eara, aebeatoa-aonta1n1ng 

■ater1al ha• been ue~d extensively 1n aprayed for• 

at an 1ncreaeing rate, to protect eteel etructur•• 
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troa t re. In 1970, appr~xl ■ately three ■illion 

pound• ot a•b•atoa were uaed to ftre-proot atructur••· 

It la particularly with reference to th1• use ot 

aprayad aab••to• that I w1ah to addreas ey re■arks. 

In th• United Stataa, almoat 90 percent 

of the aabaatos u•ed 1a of the chryaot1le fiber 

type that eaaily frapenta tnto tibrtl.8 and the 

tlbrlla are 200 to 400 Angatr~•• in diameter and 

often 2,000 ~ngatro■ unite or ■ore in length, and 

tor your lnfonation, 200 Angatro■ un1ta equals a 

millionth ot an tnch, approximately. Thua, one 

bill1onth of a gram of chryeotile aabe■ to■ could 

rapreaent a million fibril.a . Chryeotile aabestoa 

fibril■ can only be identified by the uae of the 

electronmicroecope. 

Seventy percent of the aabeatoa tn thia 

country 1• ueed in the con■ truction induetry. 

Pro■ the publiahed medical reports and 

epide■iologic&l atudtea it would be fair to state 

that the individual, invisible aabestoa fibrile 

represent• a built-in "time bomb" set aeons ago 

when the tibru• •ilicate crystals oooled and began 

to arow within the fracture• of the serpentine rock. 

The aechanlaa can be activated when th••• fibril• 
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ar• inhal ed or 1nJe■ted, Hlb St 1t m•J t ke 20-25 

year• to wreak it■ havoc 1n thft fora ot exceao1ve 

cance r i nc idence rat••• 1ncl~d1ng th nvartably 

f atal pleural and per1ton~al ••■ otholto■a■• 

It 1■ beceu■e ott the relative indeatruc­

t abil1ty or t h• aebestoa t1bril ana tta inherent 

pot ential tor harm .. au we'.ll •• the •m■att■tactory 

experi ence ot t he ff•• York Clty Department of Air 

Reaourcea ln lta ettorta to control aabe■tos 

■praying opera t ions , that t he City ot ffew York 

urgea the ba nn i ng ot t h opraylng ot any aubatance 

c ontaining aabeatoa on ln or upon a building o~ 

oth•r atruct ure dur ing lt11 con■tructl:>n, alterati on 

or repair . 

Bocau■ e ot our recognition ot the intense 

h•altb hazarda ot aabestoB expoaure, t he Depar t ment 

ot Ai r Resources on April 13, 1970, laaued 1nter1a 

regulations, known•• Comn ieaioner'a Order,, pre­

acr1bing containment and t he clean- up ■ethodologles . 

Thia waa t he tirat euch a1~t ot r ules anywhere per­

t a i ning to the r dgulat ion ot sprayed asbeatoa 

insulation. Thia was t he catalyst t ha t triggered 

regulatory agencies thr oug hout the ceuntry to adopt 

aiailar procedu~•A and the s ubsequent banning of 
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pr•J•d a■be■to■ b7 eeveral c1tica. w are plea■ed 

that both the State• ot Ill1no1 ■ and Rew Tork nave 

~ropoaed the prohibition ot thi dangerou practice 

throu1hout th••• ■tate■. I underetand that the 

Wederal IPA 1• alao con■ 1dering the banning ot 

■prayed a■be■ toa. 

A challenge to the power of the Coma1■aioner 

ot the Dapart■ent ot A1r Re■ourcea to regulate 

■praying operation■ u■ ing aabeatoa--cora~•1ning 

material■ tor fireproofing and insulation at con­

■truction ■ ite■ aro■e in the Roveaber 1970 ca■e of 

LaNonica veraua Jerome Kr•tchaer, Admin1■trator of 

the Bnv1ronaental Protection Adain1 ■trat1on. The 

St~te Supreme Court ruled tn favor of the City and 

denied the inJunction requested tor the plaintiff, 

and declared the co-1ee1oner' ■ orders and the Air 

Pollution Control Code to be conet1tutional. 

Dr. Selikoff, 1n t~at1aony during the 

L&Monica-~retctmer ca■e, although the bulk of hie 

re■arta centered on the aed1cal ettecta ot aabeato■ 

inhalation, atated, "In Manhattan ambient levels 

far rwaoYed fro■ con■truction site■ are now 
-9 20-60 ~ 10 gr••• per cubic meter of air, up to 

■ix t1aea ■ore than in, ••Y, Staten I■land, or 
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Rid1 .. 004, Rew .JH•••Y• Indlead , the ubient a1r 

l•••l• about conatruction 1it•• ar ven aeveral 

l1••• h1&her than th••• background level•. At 

th••• l•v•l• the average pereon •lght inhale ten 

to t1fteen ■1111on aabeetoo fibril• tn one 

2•-hour daJ', 

The Aprill, 1971 1aeue or the new York 

Ti■•• reported that Pederall EPA began publhhing 

a 11■~ ot air pnllutante which, in.the opinion of 

Ada1ni■trator Wtlliai. D. Ruckelahaus "Nay cause, 

or contribute to, an 1ncreRae in ■ortalitJ or an 

tncreaar ~n ■er1oua 1rrevera1ble or 1ncapac1tating 

revera1ble 1lln••••" Nr. lRuckelehau "na■ed three 

euch pollutants -- aebeetom, beryllium and ■ercury. " 

Our ettorte at controlling the e■ieaion 

ot aebeetoa tro■ epr&J' operation• have not been 

■ucceeatul. On nW1eroua o,ccaaiona, em las lone were 

■ueb tbat heavy aabeatoe anowtalle were obaerved 

and accwaulatlona ot aabeetoa ••deep•• three 

incbe■ at curba and other vertical rleee occurred 

within a radtu■ of aeveral block• of the apraylng 

■ 1te. 

Sine• there are 25 to 40 akyacraper 

ubeato■ 1naulat1on-apray operations in pro1r••• at 
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a■beatoe i.to the out■ ide air under actual day-to-day 

condition& of conatruction. 

A■ uaual, court action& reaulting troa 

tbe 1aau1ng ot ■any aua■onaea, hava had but 11a1ted 

deterrent value. The adjournaeota were endleaa, 

and tbe tine• when finally 1apoaed, were only a 

■inor overhead to the contractor. The adai niatrative 

hearing■ held by tbe Department ot Air Reaourcea to 

■bow cauae why an a■beato■ -apraying operation hould 

not be halted, have been very time-consuming though, 

te■•orar1ly, ot aoae value. 

It abould be made clear that the co-iaaioner'• 

order,, pro■ulgated on April 13, 1970, were intended 

to provide• workable methodology vb1ch could be 

i■plnented 1-ediately by the construction induatry • 

To provide tor methodology which would inaur• poaitive 

eontainaent ot thi• carcinogenic mat rial, would have 

reaulted tn the co■plete ceaaation of the construction 

on all ak71craper1 in our city. 



• 

• 

Our ezper1ence c l e nrly l nd1catea that 

even w1thour preeent aethodology, even with c on­

■e1ent1oue follow-up by th contractor, aeb sto• 

4o••• in leeeer er greater quantitiea, can be 

found in almoat any part ot the bu1ldin1 under 

oonatruetion. In induatry 1 where aabeatoa product• 

are ■anutactured , clean -roo■ procedure• often are 

.. ployed, including a~ exhauat eyate■ and a tilter 

bag bouee placed directly •boTe or below auch 

proceaeee a■ cutting operation• to preclude the 

likelihood ot aebeetoa dust reaching the tace ot 

the worker or entering the workroo■ or the outaide 

air. Thie poeiti•• type of control 1a r~quired 

when handling aabeetoa, tf c onfidence tn the ■ethodology 

and protection ot the public and worker are to be 

aaaured. 

V1e1ble e■iaaiona 1 prohibited by our 

Code are d1tticult to obaerve 1 eapecially when 

apraying occur• on the other floor• ot akyacrapera, 

unleaa there 1• a Yeritable anowator■ ot aabaeto■ 

tnto the out■ide air. Perhaps more t■portant than the 

Y1■1ble ea1aa1ons, however, are the tine aabe■to■ 

particle■ wbicb are not v1a1ble to the naked eye, 

-~t which are ■ore haaardoua because they can penetrate 
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the lunge' a■alleat a l veoli. Again , I note t ha t a 

blil1onth of a gram or chryeot1l~ aRbeatoa ~•Y con­

tain a million tlbril• ot aabea to■ , Sampl i ng tor 

auch particulate• ia not only ex~ r eme l y difficult 

at upper atorlea, but alao time - conaum1ng an~ 

expenaive. By the time laboratory r esult s would 

become available. the spraying procedure of th1a 

apecitic area aa■ple would be lon completed. 

Even it a methodolo5J were developed which 

could protect the ambient air fro■ sprayed-asbestos 

particles, a problem, tor which no solution& are 

currently known, would dictat~ the banning ot &prayed 

asbestos. I am talking about demolition dust. It 

ia difficult to visualize the demolition ot a 

magnificent 30, ,or 40, Or 50-atory structure . 

Revertheleaa, baeed upon the construction and 

demolition history ot buildings in New York City, we 

can anticipate that a significant that a magnificent 

percentage ot these "old-fashioned structures" will 

be demoliehed 30, 40 or 50 yeare hence • 

The present state ot the art is such that 

there is reasonable assurance the City of Bew York 

will be coated with aeb~atos when these buildings 

are demolished. We hope to develop ways and means 
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to cope with de■ol1t1on duat proble 0 1 how ver, 

there 1• no certalntJ of aucceae 1 particularly 

becauae ot the inherent d1ft1cult1eB nd high 

coa ta. 

Laat, and cel'tainly not lean., ~• the 

unbel1eY&ble h&&&rd to worker• eaployed 1n apray1ng 

a•b••to•. Th• tr .. •ndoualy high incidence ot lung 

cancer 100 •rcent fatal ■e•othel1oaaa and other 

carclnogen1c cauae• ot death experienced by aabeatoa 

1n1ulation wo tera cry out aga1nat the uae ot 

1pra7ed a1beato1. 

With tbe knowledge that 1t •••• at bat, 

a ■01t d1tt1cult taak adequately to •~p•rviac all 

conatrwct1on site• ua1ng ■prayed aabeatoa 1naulat1on, 

and the t1■e-cona\lll1ng ada1n1atret1ve hearinga, and 

with the proble■ of ault1ple adJournaent■ and 

aeaningle■■ tine■ 1n court, a■ ¥&11 a■ the pre­

ponderance of ■edical ev1d•nce aa to the pathogen1c1ty 

ot aebe1to■ , the Depart■ent ,t Air Re■ourc•• ••barked 

oo a caapa1gn to en0O·1rage manufacturer■ to el t111nat• 

a•b•atoa and develop ■u1table aubat1tute fireproof 

-t•rial•. 

At pre•ent, I can report that our Bu1ld1nga 

Depart■ent hae approved ot three •prayed noo-aabe■to■ 
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fir proottn atertal■ tor apec1f1c 888■blie 

and a fourth ■aterial t ■ 11 on tt1 way to 

probable approval. Purth r■or • t th requa■t ot 

the Dapart■ent ot Air Re■ oure••• the Health Re earch 

Council ot the City Dapart■ent ot Health 1 ■ evaluating 

~h• health aapecta ot th••• ■ubat1tu~• ateriala. 

On Auguat 25• 1971, our City Council, at 

the reco-endation ot the !ew Yort City Bnviron■ental 

Protection Ad■iniatration and Depart■ent ot Air 

Reaourcea, enacted into law the prohibition rRo 

per1on ahall cauae or per■it the ■praying of any 

aub1tance containing a1beatoa 1n or upon a building 

or other atructure durin& it■ con■ truction, alter­

ation• or repair. r The c1t1e• of Chicago. Philadelphia 

ant Boaton aleo have banned the use of ■prayed 

aabeatoa inaulation. 

The Rew Y~rk City Bnv1ron■ental Protection 

Ada1niatratio and tbe Depa~t■ent ot Air Reaourcea 

have great co cern, not only with sprayed aabe■toa, 

but also with all apray d insulating ■ateriala. On 

Auguat 25. 1971, our Cit1 Council enacted into law 

provia1ona relating to tne method• of encloaure 

aat clean-up when 1prayin1 any 1naulat1ng -t•rial. 

Tbe •••• ~roble■ of e■iaa1ons into the 
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open air we experienced wlth eprayed aebeetoe­

oonta1n1ng 1n•ulat1on are being and doubtlesely 

will continue to be experienced w1th non-~eb~.toe 

spray•• aa l ong•• the preaent mothodology ot 

teaporary ~ncloaure 1• practiced. The uae of 

tarpullna for encloaure 1• not aat1•factory on 

a continuing ba•1a . 

I have proposed several alternatives . 

r1reproot1n~ ot peripheral column• • spandrels. 

et cetera by non-apray ~eana. such Aa boxed beam 

with lathe and plaate~. drywall encasement, con­

crete encaaement, et cetera . Spraying ot pe:~iµheral 

■teel 1■ a maJor aource of visible eaisa1ons into 

outer air. Deaign structures •o t hat skin and 

window• can be inatalled before any spraying ia 

done. In any in■ulation apray1~ operation, 

inatall exhaust syate■ and bag houae to amel i orate 

tile aatonishingly bad conditio~ under which spray­

workers now operate and to reduce em1sa1ona outaide 

tbe building . 

In my many conaultat1ona vith architects, 

engineera, builder• and their associations, there 

1■ general agreement that there are virtually 

tnaanaountable probleaa associated with insulation 



52 t4 

• 

• 

107 

apra7ln1 • 

There are ■any available alternativea to 

apra7in1, however, each 1a ■or• coatly than •praying. 

Reported coata ~or the var1oua alternat1vea d1tf•r 

widely, depending upon the builder one apeaka with. 

lo•• •••rage nuaber• indicate that tor h1gh-r1•• 

atructur•• the coat of ■pray 1naulation 1a three­

quartera of one percent to one percent of th• total 

coat. What do•• •total coat ■ean? So■e ■eao 

"br\cka and ■ortar• and othera include bricka and 

aortar, foundation, land coat■, architectural t••• 1 

tloanclo1 chars••• profit, et cetera. Coate tor 

drpall encaee■ent vary fro• two to three ~•rcent 

ot 0 total coet", bozed bea■ with lathe and plaater 

froa two to three percent of "total cost", and 

concrete encaee■ent ae high as five percent. 

It one of the leaa coatly approved 

alternative• were •elected, the 1ncreaae in coat 

would be in the area ot one and tbree-quartera per­

cent. lo one want• to apend ■ore than he le required, 

however, this additional cost doee not appear pro­

blbltlve, and above all, will protect both public 

and worker. 

We have been encouraging and working cloael7 
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with produc t aanutactur•r• to devel~p c~apet1t1ve 

non-aabeatoa 1neula t1ng aater1•l• and ae t hod olog t••· 

A■on1 th••• are appl1cat1 ~n or 1naul at1 on a t ~h• 

■teel tabricat1on mill, 1na ulation i n roll• and 

■trip• which can be appli ed t o the ■ teel ad haa1vea, 

application by troweling, lntumeacent maatica , 

1naulat1on blanket■ wrapped around steel member • 

on the aite, et cetera. P~r reaeon& of confidentiali t y, 

J cannot go into additional detail• at t h1a t i me. 

Soae v~ theae alternatives ahould be r eady wi thi n 

aiz or tweJve ■ontha. We welc ome any new i deas 

and atand reaay to be of aae 1atance i n bringing 

new product■ to fruition. 

May I add at th1e point that on October 1 , 

1971, mineral wool blanket& were approved in 

Bew York City tor the prot ec tion of column■, and I 

conaider thia a ■ajor break-through in getting away 

tro■ the ■praying ot tnaulation. It only the 

peripheral columns were blanketed wi t h these insu­

lation blanket■, thia would be a great atep forward . 

I would like to quote from an article by 

Ira Hooper, Modern Steel Construction, the iaaue 

tor the tirat three month• ot 1971 . It ia a rather 

tnterating quote: 
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ftWlth all th• c ~rren t ••pha•1• OD the 

•Y•t•■• approach. 1t 11 curi oue t hat a prac­

tical factory ••••■bled encloeure ha• not yet 

been dev•loped for the tire protection of ateel 

bea■•• In addition to obtaining the ueual 

advantage■ ot factory production. the proble■ 

ot air pollution would be avoided. The pr•­

tabrLcated unita could cona1at of two atdea 

and a bottom that enclo•• the b~~m and ore 

attached to the floor alab by atud wella or 

power-actuated tactenera, Or the un1ta could 

be hung from atuda welded to the botto■ flange 

while the aidea are braced by atuda welded to 

the web." 

What he 1a aay1ng 1a that the ayatem• 

approach has not been e■ployed in thia 1nduatry. and 

I quite agree with him. Now, we have a apecial 

problem which••• touched upon betor•• particularly 

during the preaentation by Dr. Nicholson, and the 

queationa by the Board, naaely that the State and 

Pederal tabor Departments have aet up the working 

atmoaphere duat atandard or not more than f1ve t1bers 

per cc, five ■icrooa or larger. What doea thia aean 

in Ti" ot our recent experience? A study 1n which 
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we are no• enga1ed produced atr analyaea producing 

no fiber• tt•• ■tcrona or larg r. Rowever. all 

particulate■• aabeatoa ttbr11 ■, were aub■icron. 

The C:>t\centratSon ot the aub■tcron ttbril■ were 

appr~ataately 200 per cc. Thia 1a o tt■ea greater 

th•~ the fndu■trtal atandard tor tibera. I w1ah 

to e■pha■ i•~ we are talking about fibril■~ the 

... 11 aub■icron particJ•• and the tibera wbich are 

1enerally abo•• ti•• ■icrona. It 11 1■portant to 

be cogni&ant :,f thill difference, By det1nit1or,. 

the a1r ■et 1nduatr!al quality atandards aince 

there were no ttbera five ■1crona or l&rger . 

Ror■ally. induatrial air analy1ea do not include 

eu■ination tor aubmicron particles. A a8.llple ot 

air having a zero count ot tibera tlve ■icrona or 

larger. would be conaldered excellent, Obviously 

the atandard ■uat be reexa■1ned• especially aince 

the aubmicron particulate■ are highly reapirable 

and preaent a greater hazard to health . 

The practical problems ot performing 

e l ectron11icr:,a:opy, X-ray detraction, et cetera, 

examination :,fair aamplee ror the positive 

identification of aabeatoa fiber•> and tor the 

identification of other in■ulation tibera l••• than 

five ~lcrona 1n length are recognized. Accordingly. 
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Ill1no1• Pollution Control Board, na■ 17 ph• 

cootr&et ■icro■copy at '•30 t1■ 1 11agn1f1cat1on 
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to identity ~1ber■ t1v ■1cron or l rger, be 

ut1l1aed routinely provided that electron■lcroacopy, 

I-ray detraction, et ceter. b ■ployed at r egular 

interval• ot ti■• to det•r~ine whether the ratio 

ot the l••• than t1ve micron• fiber• to fibers t1ve 

■1cron• or larger ha• increaaed over prev1oua 

experience . Sine• medical evld nee 1nd1catea that 

very e■all fiber• may be the ■oet danJeroua, it 1a 

further reco■mended that cone1derat1on be given to 

revision of the air quality standard wher in fibero 

ot &ny length be counted rather t han only fiber• ot 

five micron• or larger in len6th . 

I call thie paragraph a "caveat". There 

are•~~• than 3200 manufactured products in th1e 

country which contain aebeatoe. In ■y judgment, 

control ot the ubiquitous aabeetoa fiber ahould be 

given a high order ot priority it the public'• 

health is to be protected . The ecope ot the aebe•t~a 

problem can be recogni&ed by enu■erating a tew ot 

the co■■on ueee: Textile• ,•~• incidentally, recently, 

wo■en'a co&t tabric ••• found to cont&in aebeetoe. 
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You aa7 baYe read about thte, and wnen the coat ••• 

ehaken, a h1&h concentration or abeetoe ••• to be 

found ln the vicln1ty of the coat or the peraon 

wearln& th• coat; yarne, cord and bra1din1; •••ling 

and pactln& aater1&1J gaaketa; tilter-paper, uaed tn 

filtering injectable drusa; covering■, c~at1nga, and 

Jacketlnga; auto parte; protective walla and curtain•; 

furnace and drying ~v•n lln1nga; aabeatoa ce■ert, euch 

u water ,~nd eewer pl pea, corrugated a heeta, interior 

walle, ventilating ahatta, air conditlontn1 aa1 e■bllea; 

ther■al lnaulation; road aurtacea; friction materials 

eucb ae brake llnlnge and clutch 11n1nga; aabeetoe 

plaatlca auch •• floor tiles and •olded 1neulstlon, 

alao ueed ln aircraft 1nduatry; eynthetic anow aprayad 

by e■all children on artificial Chrtataaa trees fro• 

aeroeol cans; and finally, aabeetoe can be found ln 

talcua powder duatad liberally 0,1 baby 'ootto■a and 

inhaled with the nuraery air. 

I would like to aake the following reco■-

aendatione: I urge the Illinois Pollution Control 

Board to ban i■mediately the spraying of aabeatoa­

containing lnaulation and fireproofing in or upon a 

building or other atructure during 1ta conatruction, , 

alteration or repair; alao prohibitin& tbe aale ot 

' 
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■otor •ehiclea ••nutac tured atter January 1, 1975 

it brake lin1ng1 contain ~•beatoa. I urge the 

Illinoi1 Pollution Control Board to closely control 

other coa■ercial uaea ~t a1be1toa 1n con1truct1on 

work, the de■olition ot a1beatoe-containing atructurea, 

tbe aanutacture and procea11ng ot aebeatoa-conta1n1ng 

product•• the tranaportation, etorage and handling ~t 

aabeatoa-,ontaining products , and the d1apoeal ot 

a1beatoa-contain1ng ~••tea 

I further urge the Illinois Pollution 

Control Board to control the spraying ot any tnau­

latina ■ata~1al not otherwise prohibited, in or upon 

a building or other structure during 1ta construction, 

&ltaration or repair. Thank you. 

BEARiftG OPPICD LAWTOR: Thank you very much. 

llr. Du■elle, do you hav~ any qve!Giona? 

BXAJIIRATIOft 

By Mr. Du■elle : 

Q I have a question, Nr. Ro■er, about t~• 

ti•e micron length. Vhat we are really talking 

about. are•• really talking about particle count•• 

tbe particle• below t1•e microns, aa alao being 

danaeroua becauaa ot being ■ore rasp1rableT I1 
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th••• •o•• nuaber or eo■e tnreentold tnat w c•n 

talk about, or are we aaying aebeetoe or no aabeeto■ ? 

A t would prefer not to try to anawer tbat 

1ueat1on, becaua• & an engineer I lack the expertiae 

1n ter■• ot the epidemiological reaponee, and I would 

not reel qualified to anewer that question. However, 

it would aee to aeon tbe ba■ia ot my extended 

contact witb thi■ proble■, that total attention ha• 

been paid to fiber■ in general, or duet particulates 

in general in the environment a■ well aa the outaide 

environment. Certainly, no attention haa been paid 

to the aub■1cron particulates, because ot the prob­

lem■ of ~etection, and I had mentioned before, and 

I urge -- in fact, I dare eay that 1n the many talke 

that I have given, that their attention hae been 

called to thia ite~ by ayaelt and others, and I 

anticipate that the oeit direction will be that of 

•ub■icron particulate■ a• well aa micron-ai&ed 

part1eulatea. 

IIR. DUNELLBt Thank you. 
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Q Nr. Ro■er, are you prepared ~o eay that 

th• fl•• ■icron 11•1t. which 1• generally a etandard 

ue•d• ha• no bae1• in medicine, but really 1• baeed 

lo the 

A 

the practicality ot th• five micron eire? 

Pro■ what I unde retand in the practice 

and literature I have read, that 

Q Am I correct , that New York City ha• 

r•gulat1un• wi, lch would require certain procedural 

•ateguarde t or the demolition ot any ■tructure, 

regardle•• of •hether lt contai~s •~b~atos or not? 

A Ye•• sir, 

NR. HARJCBR: Thank you. 

BKARiffG OffICBR LAWTON: Thank you very much, 

llr. Ro■er. 

'.l'BB VITftBSS: ThMnk you. 

BBARIRO OFPICBR !~VTOB: I think it 1■ appropriate 

at th1■ time to expre■■ the gratitude of tbe Board• 

to the In■titute tor Bnvirlon■ental Quality. tor 

•roY1d1ng the w1tne■aes we haYe heard thl■ morning, 

and the preparation ot these papers that have been 

rece1Yed in the record . Again, we exp~••• the Board'• 

appNciation to Dr. Harwood and Dr. Ricbol•on and Nr. 
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The next w1tn••• 1a Mr. ~undaact ot the 

A•b••toa Infor■ation Aaaoc1at1on. 

PRJm. L. PU1'DSACK 
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called a■ a witneaa herein, having been f1rat dul7 

•worn_ waa exU1ined And teat1f1ed 1n narrative 

fora aa followa: 

TBI WITKBSS: Ny name 1a Dr. Pred L. Pundaack, and 

I aa vie• preaident ot reaearch and developaent for 

th• Johna-Manville Corporation . I a■ an 1norgan1c 

ehe■iat with a Ph.D. degree fro■ the Uni versity of 

Ill1no1■• and I have been involved in aabee toe resear ch 

•inee 195~. I a■ here today repreeent1ng the Aebeatoa 

Information Aeaoc1at1on. an organisation 5ponaored by 

nine leading manutacturera of aabeatoe products t o 

provide 1nformatton on aabeatoa and ite health impl1-

cat1one. 

In the event that my preaentation proapta 

queatione relating to envrionmental control technolog~ 

or the aedical ••pecte of the aabeatoe a1tuat1on. I 

have aaked three 8Xperta 1n theae field• to aeco■pany 

■e , ere today to aaa1at i n answering queation• of a 

b1gbl7 technical or ■edical nature. They are Dr . 
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3oaapb L. Oood■an. Aaaoc1 t Prof•••or. Depart■ent 

ot Preventive Medicine, Ned1~al Un1vera1ty ot South 

Carolina. and Medical Director. Raybeatoa-Manhattan 

Corporation; Nr. Iaaac e. Weaver. Corporate director 

tor lnv1ron■ental Control tor the Raybeatoa-Na.nhattan 

CorporatioP; and Nr. George L. Swallow, Manager of 

Occupational Environ.mental Control, Johne-Nanville 

Corporation. 

Betore proceeding, I would like to expreae 

tbe appreciation ot the Aabeetoa Intor■ation Aeaoc1at1on 

for the opportunity to teatity on the propoaed aabeatoe 

resulationa . 

Aebeatoa baa numeroua iaportant applications 

in our modern 1nduatrial society. Among these, it 

providea built-in protection aga!nat tire and 

deterioratio~ in eeorea ot co-on products in daily 

uae. Through the years it hae saved countleae livee 

and billions ot dollar• in property da■age by pre-

venting or checking the apread ot tires. Asbeatoa-

containing acouetical product• make a valuable contri­

bution to noiae abatement. Products containing aabeatoa 

are uaed, among other applications, in the construction 

ot ecboola, houaes~ theater,, tactoriea, ottice and 

other p•blic building•• and in the i~~ulation of 
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turnace•. boiler• and lectr1c 1 equ1p■ent . 

The aabeato■ 1ndu■ try w1thtn the State of 

Illiooi■ play■ an 1aportant role tn th cconoa1c life 

ot the atate and ita people, The eaber co■paniea or 

the Aabeato• Intor■atlon AaaocSatlon own and operate 

a total ot ~ plant• wi t hin the boundariea of the 

atate. Boae of the product line■ pr?ducted at theae 

plant• include: aabeatoa-cement pipe, pac kinga, 

gaaketa, friction aateriala -- including both conventional 

and diac brake lining• • - aabe■ toa-cement aheet products, 

aabeatoa rooting and aiding ahinglea, insulations, and 

aany otbera. A total of 3,118 Illinois rea1dents are 

••ployed at these ■anufacturing facilitiea. Laet year, 

th••• e■ployeea received a total of $24,4 mil lion in 

wagee, aalarie■ and fringe benefit■, Service and 

good• p~rchaeed within the state , ■ uch •• water, 

electricity, telephone ■ervice, raw ■ateriale and 

freight amounted to ■ore than $17 ■illion in 1970 . 

In addition, ■ tate, county and local tax••• aaounting to 

nearly a million laat 1ear, helped to pay for new 

!Oboola, road■ and other benetita to the ■tat• and 

ita cltizena. Th• value of good■ produced at tbeae 

aanutacturtng location• last year totalled $70.~ 

■1111on, and approxiaataly $14.5 aillion wort~ ot 
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aabeatoa-conta1n1nc product• w re eold tn Ill1no1~ 

1n 1970. 

Aa you oan • , the er.ono 1c contribution 

°( the a1b~1to1 tnduat ry 1n the State ot Ill1no11 1a 

by no ■eana •■all. And the ttgurea I hav juat given 

you repreaent only tho•• r.o■paniee that are ~••b•r• 

ot th• A1be1toa Intoraat1on ~~•oc1at1on. There are 

aleo within the 1tate ■any other concern• -- both 

lar1• and IS&ll who•• livelihood depend• tn 1oae 

■eaeure on the ue• ot aabeato1 or aabeatoa-~ontaining 

Jroduct1. Such concern• would i nclude many eag■enta 

ot the conatructton industry, coapaniea engaged tn the 

■anutacture ot aabeatoa-contain1ng products, companLea 

whlcb uae tln1ahed a1beato1-conta1ning products 1n 

th manufacture ot other products and ■any others. 

The economic Y&lue to the state derived by the uae or 

ube1to1 by the•• other concern• 11 d1tt1cult to gauge. 

however lt would certainly doub~~ or triple the 

t1gur•• I gave you earlier with regard to t he contri­

bution of the ■eaber coapanie1 of the Aabeatoa Infor­

aat1on Aaeociation. 

The a1be1toa induetry hae recognized tor 

■any yeara that there are occupational health hazard• 

uaoo1ated with the exceaa1ve inhalation of aabeatoa 
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duet over long per1oda of t1•• · Aa a reault, tb• 

1ndu.try. beginning 1n the late 1920•• haa 

aponaored a~d oooperated 1n a wide variety of 

ac1entific reaearch project• deaigoed to identity 

th••• basaraa and to eli■1nate the■ wherever they ■ay 

uiat, not only 1n aabastoa ■in••• milla and manu­

facturing planta, but alao a■ong fabricator• and 

applicator• ot tiniahed aebeatoa products. Today, 

the aebeatoa induatry, either aa individual coapaniea 

or through the Quebec Aabeatoa Mining Aaaoc1at1on ' a 

eponaor■h1p ot the Inat1tute ot Occupational and Environ­

aental Health 1n Montreal, ia supporting medical 

reaearch at auch highly regarded inati~ut1ons as 

KoOill Univera1ty 1n Montreal, Tulane Univeraity in 

Lou1a1ana, St. Luke'• Boapital 1n Cleveland, the 

BnY1ro1111ental Selene•• Laboratory at Mount Sinai 

Bo■pital 1n Nev York, the Industrial Health Foundation 

in Pittaburgh, tb Uuiver■ ity ot California at 

Berkley. Parleigh-Dickinaon University in Bew Jersey, 

the Univeraity ot Pittaburgh, the Medical College ot 

South Caroline., and a number of othera., both bare and 

ovaraaaa . I~ addition , th~ induatry baa cooperated 

uteuively in varioua inTestigat1ona 1nto the aabaatoa­

baalth conducted by agencies of tba Pederal Oovernaent. 
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1r.clu41na the u.s. Public He 1th Service, the Pederal 

BnYiro011ental Protection Agency, the National !nati­

tute ot Occupational Safety and Health, and othera. 

In the 1nduatry'a own reaeareh laboratori••• acientiats 

and ena1n••r• are alao engag1cc in work related to 

bealtb, developing sater packaging and han~ling tech­

nique• tor looaely bound aabeatoa products and also 

developing and i■provlng technique■ for the ■eaaure­

aent and control ot aabeetoe emiaatona both 1n the 

work-place and in the a■b1ent air. 

Aa a reault ot theae act1Y1t1ea, o•er the 

yean the lnduatry haa a■aaaed a aubatantlal aEount ot 

■edical knowledge and technological know-how in the 

aabeatoa-heelth area. 

Basically, the known tact• abo■t aabeetoa­

related disease can be au■■ed up aa tollova: 

Pirat. aabeatoa-related health rteka are 

baaically confined to the occupational and para­

occupational aetting. 

Second, the effects ot exceaaiYe inhalation 

of aabeatoa are both time and doae rel~ted. Thia means 

that a•bestoa-related die••••• may develop, generally, 

onlf after the inhalation of aubatantial aaounta ot 

aebeatoa dust oYer a aubetantial period or ti••• 
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And third. the, 1• pre1 ntly no evidence 

ot haaard to the general public rro■ expo1ure to th• 

■inute aaounta of aabeato1 that say be prea~nt in 

•o-un1ty air. 

Becauae tb• g•neral purpo■ or the regu-

lation• under d1acuaa1on here today 11 to prevent 

the -■ iaaion ot hazardoua quant1t1ea of aabeetoe 

f1bera into the air t~at the general public breathes. 

I will reatrict ay further co-enta on health to th1■ 

area. It 1• very 1■portant to realize 1n any d1Fcusaion 

ot & po••lble public health hazard fro• a1be1toa exposure 

that the only ac1ent1f1c atud1ea we have to go on a,e 

thoae of groups of pecple in occupational and para­

occupational env1ron■ente. There ie no ba1ia for 

aaaum1ng that data on occ~pational h~alth risks 

aaaociat•d with heavy. long-term a■beatoa exposure can 

be applied to the general public without taking into 

consideration the vaat dtfterenc•• 1n exposure between 

the two. 

Despite the tact that the only atud1ee 1n 

ez1atence are cf occupational and para-occapat1onal 

population•• a careful analysis of the data available 

can give ua ao■e gene~al information about the queation 

of a ~oaeibla pa~lic hazard fro■ aabe■to■• The 
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aubatanoe ot thia 1nforaat1on 1a that d1aeaaea 

aaaoc1&ted w1th occupational axpoaure t o aabaatoa 

&re do•• related and that the do••• below which no 

aea1urable increa•• 1n d11eaa• occur• are tar higher 

than any do•• to whi c h the general public 1 expo1ed. 

Thia eY1denc• 1• baaed on a nu■ber of epidea1olo«ical 

atudtea -- three ot the moat pro■inent being one by 

Dr. J. Corbett McDonald~, 10,421 paat and preaent 

aebeatoa ain1ng and ■illing worker• in Quebec, a 

aecond by Dr. N. L. lewhouae ot 4>500 ■en who were 

eaplo7ed in• Britiab aabeato• factory between l93j 

and 1964 and the third a atudy by Dra. ~nox, Doll and 

aaaoc1atea of 878 worker• in an aabe&toe textile 

factory, alao in Great Britain. 

Dr . McDonald, ia hie study, divided hie 

aubjecte into eight categor1ea, baaed on length ot 

uployaent and severity ot duet expoaure. He noted 

that only in the highest time-expoaure category, 

coaprlaing five percent of the t~tal, waa there any 

increaae in deaths troa reapiratory and cardiac 

d1••a•••• including lung cancer . Taken aa a «roup, 

tbe Quebec a1beato1 worker• had a mortality rate 

tro■ all cauaea lower than the level expected in the 

general population. 
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Dr. Wewhoua• in her t ud 1n Oreat Britain 

found that worker• who had low and moderate occu­

pation 1 erpoaur• to aabeatoa duet ahowed a rate of 

deatba fro■ d1aeaaea of the lung> including cancer ot 

tbe luna and pleura, that ••re coaparable with that 

of the general public. On tbe other hand, another 

atudy by Dr. lewhouae of ■eaothel1o•• which waa 

r•f•r~ed to earlier aud which 1a a relatively rare 

cancer of the lining around th• lunge or abdomen, 1n 

tbe London area ahowed ~ aaall nu■ber ot case■ a•ong 

people who lived tn cloae ~roxim1ty to an a■beatoe 

textile plant and also a■ong people living in the 

t,ouaehold ot an a■be■to■ worker> who preaumably brought 

boa• quant1tie■ ot the ■aterial on hie clothe■ troa 

worL. ~he 1ntenaity ot exposure experienced by the•• 

ao-called para-occupational populations 1n London is 

difficult to gauge, but there 1a eve~y ~ea■on to believe 

that they were in tact higher than the low and moderate 

occupational levels in tactor1ea that have been shown to 

produce no excea■ of aeaothelio■a. The■e ■ tud1ea do, 

bowever, point up the need tor proper control ot 

em1a■ion■ ot asbeatoa troa factories ■o that neigh­

boring area• will not ■utfer p~ra-occupat1onal 

expo1ure1 to a■be■tos. 

• • • 
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The Knox-Doll atud1. 11ke the •••nou•• 

and McDonald atud1ee, confir■ed the tact that low 

to ■oderst• leYele of a■beetoa expoeure w111 not 

produce an exc••• ot d1aea■e. It ahould alwa1• 

be ru .. bered that th••• low to moderate level■ 1n 

oecupat1onal aettinga 1na1de tactor1•• were cer­

tainly higher than any to which the general public 

1n thia countr7 1• expoaed. 

In addition ~o th••• atud1ea. there are 

aeveral atudiea ot the effect of var1ou■ do••• ot 

aabeatoa on laboratory animal■ which also 1nd1cate 

that tbere are doae levela below which no ■ea■urable 

d1aea■e ettect 11 obeerved. Dr. W1111am Smith or 

Pairle1gh-D1ck1naon University ~~udied meaothelioma 

cancer• 1n haaatera, and hie data ■how that below certain 

ap•c1t1c doe•• ot aabeatoe. no cancers were obeerved 

to develop over the entire natural life apan ot the 

an1aale. Dr. Merl Stanton of ~h• national Inatitute 

ot Beal~h , Bethesda. Maryland, conduc ted a aoaevhat 

a1a1lar atudy witb rat• and obaerved the ••m• type 

of doae-re lated reapon••• 

The moat well-known ot the A■erican 

epiduiolog1cal atud1ea related to aebeatoe exposure 

11 tbat aade by Dr. I. J. Selikotf ot 632 ••■bera ot 



71 fcJ 

• 

• 

• 

126 

~bt Beat rroat and A•beato• lnaulation Vork•r• 

Uaion 1n ~b• ■ew tork-B•• Jer•e7 ar••· Th••• ■en, 

tor the ao•t part. are journ 7111en-crafta■en who work 

~n a~n•truct1on aite• and appl7 ,eulation to 

bo1lera, •teaa and hot water pipaa, heating duct•, 

et cetera, dur1~ the con■truct1on of a building 

or a ~ower plant. Tbey ■ay al■o be involved 1n 

tear1ns otf old 1n■ulat1on. When one con~truct: on 

job 1• oo■pieted, they move to another conatruction 

job . 

The occupational en•11c~■ent to which ;he7 

aay be expoaed involvea not ooly a■beatoa but silica 

an~ particulate ■ateriala. In addition they are expoaed 

to a variety ot tumea fro■ organic solvent• and 

adbea1vea with which they work. In abort. they have 

a widely varied and• in the past at leaet, a r~latively 

uncontrolled occupational duet and fume exposure. 

Dr. Se11koft tound that the death rat• fro■ 

lung cancer wa• extremely high 1n thia group of 632 

worker■, but thi• very high mortality rate ocr.urred 

al■oet axcluaivel7 among thoae worker■ who were 

cigarette 1mokara. 

In general, the high ■ortal1ty rate ot 

1naa1.ation workers tound by Selikoff are ■ucb higher 
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than tboa• found in t h• etudi• ot l arger 1roupa ot 

people who work in tactorte• producing aabe•toa­

contatnin1 product• and 1n ■1nea and ■111• pro­

c•••ins aabeatoa. Why 1naulat1on worker•• rate 

of certain di••••• 1• • o ■uch higher than all other 

1roupa ta a quaation •• yet unanawared. It ■ay be 

that tbia sroup ot inaulation worker■ repr eaanta 

a very high occupational duat expoaure when the wide 

variety ot duet to which they are expoaed 1a taken 

into account . 

Unt ortunate11, aa 1a ao often the caee with 

di•••••• that tak• from 10 to 40 year• to d•••lop, 

reliable data aa tu the paat occupational expoeure 

ot th••• men to asbeeto• and other potentially 

baaardoo• duet and tu■ec in their work are not 

aYailable. 

Ae a reault, at tbG preaent ti■e we haYe 

little 1nfor■atlon ae to what other tactora ■ay haYe 

influenced their blgh rate ot dlaeaee except that 

tboae inaulatlon worker• who e■oked cigarette■ 

denloped lung cancer at a rate far higher than the 

general population who smoked. 

In 1970, with a grant from the Bational Alr 

Pollution Control Ad■1n1atrat1on, Th• National Acade■y 
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ot Bcienoea called togeth•r a blu•-rtbbon panel 

ot ••b•atoa-health expert• to draft a d ocu■ant on 

the ,robl•• that would ••rve • • tbe • • dical baaia 

for the Wederal aabeatoa e■iaaion at andard•• Allong 

tbo•• aaked to ••r•• on the panel were Dr. Cla rk 

Coo,er ot the Univeraity of California. Dr. Lew1• 

Cralley of th• Public Heal th SerYice. Dr. ~eors• 

Wright. Medical Director ot St. Lukea Ho•~ita l in 

Cleveland. Dr. T~ving Sel1kott. ot Mt. Sinai• and 

othera . 

The reault ot their atudy waa thia 

fifty-three pa1• docuaent I have in ay hand. Aa 

a concluaion to th1• part ot my preaentation• I 

would like to read a few pertinent excerpta fro• the 

report. which conatitutea the moat up-to-aate evaluation 

of the aabeatoa-health problea that 1a available. 

On page 20p t he report atat••• "We cannot 

extrapolate fro■ the aortality experience of th~•• 

wbo are directly and indirectly ex9oaed in their 

-plo.yaent to the general public who have had 

•oderate or sli1ht e.xpoaure fro■ ambient air. There 

1• evidence to auggeet a gradient ot effect fr~• 

direct occupational. to indirect occupational. to 

faally and neighborhood aituatlon•• in all of which 
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du•t concentration• ar• probab~y h1&h by co•parl■ ~n 

with ■o•t couiunlty air . Thi■ au1g at• tha t there 

are 1•••1• ot a•beato• expoaur• that will not be 

aeeociated with any detect1able r1ak. What tho•• 

le•el• are 1• not known, b11t there 1• no evidence 

that pereon• in the general population -- without 

occupational, hou•ehold or neighborhood ezpo■ur•• 

haYe any tncr••••d riek of neopla•■, even though 

tbere aay be ferruginoua bodi•• or fiber• in their 

lung••" 

In the eonclu•1oo and reco-•ndatlon 

aect1on of the report for the Bational Acad ■y of 

Selene••• the following atate■entr are ■ade: 

"At preaent, there 1• no evidence that 

th• ■mall nuaber• of fiber■ found in ao■t me■-

bera of th• general p~pulation affect he~lth or 

lGngeYity. Aeb••to• 1• too laportant 1n our 

technology and economy for it■ e■ •ent1al u•• to 

be ■ topped. But, becau•e of the known ■eriou• 

effect• of uncontrolled inhalation of a■be■to■ 

aineral■ in indu•try ... lt would be higblr 

1apruSent to per■it unreatr1cted add1tio~at eon­

taaination of the publ.1c environaent with 

aabe•to••" 
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I bel1e•• tnat these ■ tate■ent• tro■ the 

report adequately expr••• the poc1t1on of the aabeatoa 

inOuetr7 with regard to the health na&arda of 

aebeetoa. We do not believe that at preeent the 

general public ia in danger fro■ the ■inute a■ounta 

ot aabeatoe that ex1at in tbe a■bient air. However, 

we aleo believe that it 1• prudent and t•a•1bl• to 

eatab11eh reaeonable e■1aa1on controls that will pro­

tect the public and enaur• that hazardoJa l evela of 

aabeatoa will not develup in tbe coa■unity air in 

the fQture. 

Witb tb1a position 1D ■ind, i would DOW like 

to dlacuas the aabeatos regulation• propoaed for th• 

State of Ill1no1a. To begin with, I would like to 

co-end the Illino1a Pollution Control Board for ita 

etforta to enaure a safe environ ent for the State and 

all 1ta citisena. Your credentials aa a progreaaive 

yet tair control board are well nown and respected 

in env1ronaental circle• throughout the nation • 

While the aebeatoa industry a• repreaented 

by tbe Aabeatoa Intonation Aaaoc1at1on ia of the 

poa1t1on that there ia preaently no hazard to the 

aeneral public fro• the ainute aaounta ot aabeatoa 

ea1at1Q& 1n the co-unity air,•• nevertheleaa are in 

' 
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fa•or of r•gulatlona dea1aned t o accompllah one or 

aore or the following thr•• obJ ctivea: 

One, to eneure th health and eatety ot 

tho•• occupationally expoaed to ••beatoa ttber . 

Two, to pr•vent poaaible hazardoua a■ounta 

of aabeatoa fiber fro■ escaping into the a■bient air. 

and 

Three, to eli■inate, where poaa1ble. th• 

nuiaanoe ot •••n ■■all amount• ot aabeatoa tiber tro■ 

eacaping into the uibient air. While thta third point 

1• not directly related to health b•caua• or th• •~~11 

a■ount• of fib•r involved, we wholeheartedly aupport 

tbe poa1tion that the environ■ent should be•• clean 

•• poaa1ble. 

For th••• reaaona, •• suprort moat ot the 

1teu in the propoaed regulation■. However, we do 

have aeveral apec1f1c co■.ment• and auggeetiona to make 

regarding the regulation• that we hope will be ot help 

to the Board in arriving at a final document that will 

not only be effective but aleo practical and 

reuonable. 1 will diacuea the eectiona upon which 

we wiah to co-•nt in the order in which they appear in 

the regulation■• 

Our tint auggeat1on ie with regard to Part II: 
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General Requ1re■ent • &ertto~? ,,. Thie ee t1 on call 

tor the ~bt&1n1ng ot a perait to ngag in any act1•1ty 

which could d1echarge &~beato f b r i nto the env1ron­

mert. W• teel that thla aection 1• not apec1r1c enough 

•1th regara to which act1v1cle3 would be c~~•r d. An 

you are probably aware, 1n the vaat majority of 

aebe■to•-~onta1n1n~ ~roducta uaed 1n the country, 

tbe aabeetoe 1• lockeu 1n plac~ •1th ~ement> plaaticA 

or other binding materials, and does not conatit~te a 

aource ot e■iae1one to the at■oaphere. AabeBtoa-c ■ont 

pipe and vinyl-aebeeto1 floor tile ar exa■ples of such 

proeucta. Other producta and acttv:ties do conatitute 

poa■lble emieaion aources, and under the re@ul ti~n would 

require a permit. Ii it would bo of help to th- Board, 

the A,eociation I represent would be most willing to 

prepare a 11et ot tho~ product• 1n colllllon use where 

tbe aebe■tae ie in• non-locked-in or looaely-bound 

etato and thu• constitute~ poaeible ~mtasioc aource 

wbich would require• per111lt. 

As to Sectlon 201. Sub-eection B, requiring 

a aatisfactory eourab ot health instruction tor 

e■ployeea in thoae indu1t.r1ea involving the handling 

of loo•• or loosely-bound asbe1to• product•~ I would 

like to point out that the •arioua •rade aeaociat1ona 
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v r th y ar pro­

duced a nu■ber of ••f•ty prn~t,~• r n1 1, an~ 

booklet• dealing with v r1ou oertlo~ ~r tha 

1nduatry, Th Aabeat~ Infoniat1on o~c1at1on 

would t erefore r coa■and for ynur conatderat1on 

•• 1aatruet1onal ■ater1al for uce under section 201, 

81 ection B. the aat ty prac t1c aa bookleta wh1c~ 

I h••• aub■1tted to th Board w~th ~Y preaentat1 on, 

Under Part V, Se~t1o. 501, lt ta our 

opinion that, u~ ect1~n P., which require• th 

encloaure of wall• before toppling during de■ol 1tt on, 

ie both i■praetical and un~'- ~• •••ry. We know of no 

auitable ■atnod for enclon1ng the wall~ ot a atructura 

during deaol tion. !Yen ■ore t■portant la the ta~t 

that there ie, in reality, Yery little aabeato uaed 

1D the eonatruetion of a ■odern aed1u■-e1zed or 

bigb-riae atructure. In addit ion, ouat c ounta taken 

during the de■olitton ot a building 1n Baaton, 

Pennaylvania, which did c ontain at1nificant quant1t1ca 

of aabeatoa product•, ahowed ~•ry little dispera1on 

ot fiber into the aurrounding air, b oth upwind and 

downwind ot the demolit ion 1tte. Thia ta due to the 

t a ct that ■oa t aabe1toa-conta1n1ng products 1n wbieh 

t be fiber 11 locked-in 1th ceaent, plaetic or other 



79 f d 

• 

• 

• 

b1nd1n1 ■ater1al do not r a~tly r la■ fib r 1n 

tbe at■o■pher , ven dur1n • d olttlon. Suba~ct1on A 

rt Section 501 require• th~ prior re■ova l b for• 

toppl1n& of boiler and pip~ 1neulat1on -- two 

a•be•to•-containtn1 product• that 1ght r l are du■ t 

fro■ improper de■ol1t1on . Since thi• v1ll remove 

any locaely-bound a•b••toe product• from the atructure, 

we beli•ve enclo•ure of the wall• to be unnece■ 1ary, 

a nd reco■■end that ai■ple wetting of the wall• to be 

toppled would be •utficient to control the d1■per■ 1on 

ot duat • 

W1th regard to Part VI, S•ction 601 of the 

regulation■,•• would 11k• to reco■■end tor your con­

•ideration a coapletely new approach to the control 

ot a■be■to• e■iaaion■ from ■anutacturing op•rattons, 

and that ha• b• n reterrsd to in aomn ot th earlter 

te• t iaony. A• preeently written, the regulation■ 

cali tor t h• e•t&bliehaent of a nu■erical emia■ion 

■tandard ot .5 f i bers per cubic centi■eter ot air 

from any ■anutacturing operation, and .OS f 1bera pe r 

cc ot air at th~ boundary line of the plant or f actory. 

We would rec ommend that Secti on 601 of the 

regulation• be rewritten ■ <> a■ to s ubstitute a control 

practice • tandard t or t he pre•ent numerical eai■e1on 
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approach are varied. but are primarily baa~d on 

tbe lack nf apec1f1c data with r 1ard to ••te 

non-occupattonal level• and the d1ft1culty of 

accurat• and ■eanin1ful ••t••lon aa■pling tech­

nique■ at very low fiber concentration■, 

135 

The rederal Bnviron■ental Protection 

Acenoy atudied thi• proble■ very carefully 1n 

preparing it• national ••i• ■ ion atandarda on 

aabeato•• and arrived at the oonclua1on that a 

n~■ertcal atandard wa■ i■practical at t~1• tt■e. 

In thia regard, I would like to read a few excerpts 

fro■ a docu■ent prepared by the EPA as Ju■tiftcation 

tor th1■ viewpoint. 

The do~u■ent ~tates that ideally. national 

eaiaaion standard• tor aabeatoa woulu be eetab1iahed 

on a concentration oae1• related to health etfecta 

and would provide an ample margin ot protection to 

the public health regardle•• ot the nWllber of 

eourcea in a given geographical area. There are 

■any practical coneiderationa. the report goe■ on, 

which prohibit the •atabliahment of a nuaerical 

etandard at thi• time. 

Pore■oat of these problems is the lack of 
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health-effect• •tandpo1nt for non-occupational 

expo1ure and th e■ia•ir~• •tandpo1nt . Th• 

■aJority ot data available on ••be•toa health 

•ftecta 11 related tn occupational •xpoaure and 

oannot be readily extr•~olated to non-~ccupatlonal 

level•. 

A little later on, the report atate• 

that "A cont rol practice approach to reducing 

aab••toa expo•ure l•v•ls ott•r• a practical alter­

native to numerical e■la•ion 11m1ta. A ■ajor a6van­

tage ot a control practice atandard would be reali•ed 

1n enforcement. Inspector• could be eaaily trained 

to certify co■pliance v1th control practice regu­

lationa." 

The report soes on to deacribe ao■e ot 

the ■any ditticulties involved in asbestos aa■pling 

and analyaia, e8pecially with regard to emiaeiona 

into the ambient air, and conclude• that pre••nt 

techni~ue• are not only time con•uming and expensive, 

but t~at they ala o tend to d1•tort the concentrat ion 

of ••~••to• in the aa■ple being analyzed and are hence 

not ■eaningful 1n eatabliahing the actual a■ount of 

aabeatoa being e■itted into the at■oaphere. 
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The ••t1onal Acad ■7 or set ncca Oo■■1tt•• 

report on aabeato• health, which l q~oted fro■ earlier, 

a1r•e• with the IPA poa1t1on on nu■er1cal atandarda. 

It atatea, "Becaua• ot aethodolo11c and other unc•r­

talntle■• it 1• not 7et teaalble to b••• control on 

nuaer1oa1 a■bient air quality atandarda.~ 

l will not go into detail on the apec1t1ca 

ot • control ~ract!~• •tandard aince they are 

pri■ar117 ot a n en11neering natar•• however, 1 would 

like to aub■it tor your cona1derat1on the recently 

pabltahed aabea toa e■1aa1on atandarda ot the Envtron­

■ental Protection A1ency, which contatna autt1c1ent 

1ntoraat1on to aet up a atatlar ayate■ tor the Stat• 

ot Illinoi, tt you chooae. 

Section 602 ot Part IV of the regulation• 

de•~• with the diacharg• of aabeatoa-conta1n1ng 

wa■te into the aewage ayat••• or water■ ot the ■tate. 

We believe t hat thia section 1• unneceaaary , In t he 

rtr■t place. the water pollution c ontr ol ayate■• tn 

u■e in moat aabeatoa manufacturing plant• aero•• the 

atate etfect1vely re■ove the aajort ty of aabeatoa 

waatea fro• the effluent before d1acharge into atate 

.. tera. 



• 

• 

• 

138 

Second ly,•• • plant1 &lao re■ov 

aabeatoa tib•r• fro■ vaa t wa t r ~urtng purtt1-

oatton. In reallt7, \ he high ft l ut ton of • • • 11 

,uant1t1•• ot aabeato~ f 1b•r• 1n water tu ae 

ettect1ve and aate • ■ethod tor th• diapoaal ~f 

aabeatoa waatea aa could be deY1aed. There 1a no 

evidence that the avalJodlsof ■■all a■ounta ot 

aabe■toa conatltutea any health hazard whatever. 

In addition, atud1ea conducted by Johna­

Manville have tound •••11 a■ounta of aabeato■ f i ber 

1n •••plea of water teated fro■ aourcea all over the 

United Stat••• including well and aprlng water. The 

reaaon tor th1a 1• quite ai■ple. Aabeatoa-bearing 

aerpent1n• rock 1• to be tound in a maJority of the 

atatea or the union. including Illinoi■, and t he 

alaple proceaa ot water flowing over and through 

tb••• rocka errodea a certain a■ount ot aabeatoa fiber. 

Thu•• we have all been drinking tiny a■ounta 

ot aabeatoa in our water aince birth, without any 

d1acerrable adverae ettecta . 

In Part TII. Section 701 or the regulationa, 

we would reco■■end the addition of the word "viaiblen 

i n the next to tha laat lin•• ao that the a■ended 

aect1on would read: "no pro~uct which ■ay e■it 
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a1b11to1 -ttb1r durtnc 1te tranaportat1on 1nall be 

trao1ported un e•• euch product 11 ancloaed tn euch 

• aC'fiaer •• t? preclude the 'v1atble ' e■1aaton ot 

aabe1to1 fiber into th ambient air." The proble■ 

here ta one• aaain with analy11a t•~hniquea and 

eatorc•••nt. The SPA ha• 1one to a "no v1a1ble 

uiaaion• " atandard in c1rcuaatancea aiailar to th11 

on•• and•• would reco-end to the Board that thia 

alao be applied in Ill1noia. Thi• would a leo be 

u1etul in other aeotione ot the propoaad regulation• 

where ■ea1ure■ent and enforce■ent would tend to be 

eztre■ely difficult if not i■poaaible. 

Our final co-•nt ta with regard to Part VII, 

Section 702. which would pr~hibit the uae ot asbeato1 

in the brake lining ot vehicle• manufac tured after 

January 1. 1975. and aold tor uae within the state 

ot Illinota. Ve believe that on the ba111 of the 

eziating acient1f1c evid•noe auch a prohibition ia 

coapletely unnec aary. In 1968. thia queatton waa 

1nYe■t1gated thoroughly by the United Stat•• Public 

Health Service. and a report on thGae inYeatigattona 

b7 Jereaiah R. Lynch• entitled "Brake Lining Decompo-

11t1oD Product■" wa• pub111hed in the Journal of the 

Atr Pollution Control Aaaoctation. Th• report atated 
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that •1xcept 1n all but the •o• t xtr••• dr1v t n1 

oond1,1on1, only a ••r1 1■all traction ,t the 30 to 

50 percent a1be1to1 pr•• nt 1n a brake lln1ng 

••o•p•• into the atao1ph•·• a• fro• t1b•r." Lynch 

found that the average aaount ot tr•• tib r released 

••• le11 than on• percent of t he t1ber p111ent 1n the 

brake linin& co■po1it1on , The percent•&• wa• higher 

only under condition■ that would have reaulted 1n 

brake failure. Lynch turtner reported that the 

a&jorlty of the fiber in lining•••• converted into 

an inert non-tibrou1 ■at•r1al by the heat of tr1ct1on 

ant concluded that the u•• ot a1beato1-conta1n1ng 

brake llnina1 ••• "an 1ncon11quentiaL health factor 

in urban alr pollution. " H1a conclu1lon 11 rea1onable 

in ll&bt ot the tact that ~undreda at ■1ll1on1 ot ~•re 

u1tn1 a1be1to1-containlng brake l1n1nga have beeft 

,topping and atartln1 in this country tor ■or• than 

halt a century, and yet there ha1 been no ep1dea1c ot 

aabeatoa-related di••••• among the general public nor 

h&Ye ai1n1t1cant quant1t1ea ot aebe1to1 been de■on­

■trat•d to exlet in the community air. 

I think in thl• regard it 11 worth noting 

that Dr. Richol1on 1 1 teatimony th1• ■orning •~tually 

••r••4 to contlni thh. 818 ■eaeure■enta ot a■bie .• t 
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air of the toll booth woul c•r~•t~ly be 1 an 

area wb•r• • lf he waa ever g?ln to haYe h1gh 

concentrationa, fro■ br•k• llntnc•, h would nave 

it there. H• actually found the■ only in the rango 

~t three to fl•• nanogra■a per cubic ■eter, and 

th1a kind ot leYel 11 one one la apt to tind in 

aJ■oat any p.~t of the United Stat•• on any g1Yen 

I would al10 like to point out that th••• 

■eaaure■ent• ot three, four or ft•• nanograaa per 

cubic ■eter are aubject to an error ,f two, three or 

tour or ■ore ae tar au reproducabiltty 1• concerned. 

While•• con■ ider thie evidence to be con­

clua1ve, it th• Board 1a at1ll concerned about 

aabeato• e■1ea1ona fro■ brake linings. you will be 

1ntereated to know that th Pederal !nTiron■ental 

Protection Agency baa contracted with the Bendix 

Corporation to do additional teata in th1• area. 

Thia atudy ta du• tor co■plet1on in June of 1972, 

and n would reco-•nd that tbe Board, at tbe very 

leaat, await the outco■• of the EPA atudy before 

■ak1n1 a final dec1a1on on aabeatoa-conta1n1ng brake 

11n1nga. It ta our belief that the Bendix study 

w111 co~ihl the conclueton reached by Lynch aa to the 
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aatety ot aabeatoa-oontatn1ng brake ltninca . 

Thia conclude• •1 preaentat1on on th• 

,ropoaed r•culationa. I have aubaitted tor 7our 

oonalderation cop1•• ot all the ••d1cal papera, 

report•• booklet• and doauaenta that I referred to to 

■y preaentat1oo. I would once again like to •z~reaa 

the appreciation of the Aabeatoa Intonation 

Aaaoclation tor th• opportunity to appear here thi• 

■ornlnc. 

Although th1a do•• conclude •1 teattaony, 

w1tb your per■iaa1on I would like very ■uch to have 

Dr. Ooodaan, who la with ■e. take about one ■tnute 

to pre■ent aoae 1nto!"llation on an1■al atud1ea on 

brake lining duat which 1• very pertinent to the 

brake lining d1acuaa1on w• juat had . 

BBARIRO OJFICBR LAVTOR: Bo, that will be tine. 

Don't 10 •••1• I a■ aure there will be queation• 

relating to your preaentat1on. 
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JOl~.B L. QOODNA• , 

oalled •• • w1tn••• h rein, hav1n& ~~-~ r1::~ auly 

aworn, ••• exa■1ned and teatitied •• follow•· 

!Bl VITIISS: Oentle■en, Dr. Lawton, I aa 

alao on the Co-iaaion ot Labor•• a ••dical 

••vtaer in occupational aatety and health, and I 

aa oonoerned about th• incr••••d uae ot mineral 

tibera. 

DAftIIO o••tcn LAWTON: Vould you •tat• your 

tall naa•~ 

TRI VITnss: Joaeph L. Good■an, N.D. I .. 

an •••ou1ate prof•••or at the Medical Un1Yera1ty 

ot South Carolina in private practice ot induatrial 

aed1c1n~, and I u aaeociated with the Labor Depart­

••nt in tbi1 capacity ot ■ed1cal adv1aer. 

Ve ha~e found at the Un1vera1ty of South 

Carolina and Dr. Paul Oro••• who 1• the ac1ent1fic 

direotor of the Induetrial Hygiene Pou"dation, and 

alao an a1aoci~te protea1or at the Medical Un1Yera1ty 

of South Carolina, haa 1nat1lled brake lining duat 

into the trachia of haa1tera and gu1r.ea p1ge for 

a period of one year. He ueed :lron-tree brake 

lining duet, becauae iron ini~:f•r•• with the 

pattern ot tbe cbryaotlle aabeatoa. So introducing 
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tbe brake 11n1 duat 1nto the ania l tor a period 

of on• year. th••• an1a~l• were aacr1t1ced atter 

one year. There waa abaolutely no anatoa1cal 

defect noted. There••• aoae 1ntla- tory reaction 

tbat one ttnda when a foreign body 1• 1ntroduced 

1n any ani■al ot th1a nature. The trachea waa not 

dteturbed. the bronchial tube• were 1aot d1et~rbed, 

and the alveolue, which 1• the area in which the 

o.zygen 1• traneterr•d• 1• not diatur~ed at all, ao 

all the ■echar.ie■ of the lung waa in it■ proper 

proportion. The intla■111ation ••• then revera1ble 

1n th• an1■al• that were not aacriticed. Dr. Oro■• 

concluded that brake lining duat raa biologically 

inert. The •••uaption. ot courae. 1• that tnere 

waa no t1broa1• at all in any of theae ania&l• that 

••r• aacrificed. and that Jere examined under the 

■1croecope, under the elec~ron ■icroacope, by the 

way. Ve are not dealing with fibrous material. 

The brake lining ie then converted to phoaphorite 

plua many other materials, and th• inJection ot this 

pboaphor1te into tb1e ani■al caused no adverse 

reaction whateoever. The concluaiou, then, one would 

draw ia that the r•~•••• ot • small percentage of 

aebaatoa , eYen though it was included in tbe 
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introductson or thia aater1•l• cauaed no anatoatcal 

ohan1• 1n the bronch al tub•• eauaed no change 1n 

the reaplratory tract, and waa therefor• biologically 

in rt. and a very eat• aater al, caua1ni no dltti­

cul ty to this organl•• · w~ alao found it ot intereat 

that t~• ingeation in th l~nga of huaan b inga, 

whlch 1 now in progre•~ at the Unlvera1ty of South 

Car~llna, it wa■ found that everybody haa asbestos 

tib•r• 1n their luna•, but 1n the main, they are lea■ 

than halt a micron 1D a,ae, and yet Dr. Oro•• and Dr. 

Eninger, who are very exrellent patholog1■ta, were 

unable to correlate any p,athologlcal finding■ at all 

in th• lunge o the■• humane, and thia waa ua1ng the 

electron ■icroacope to de1ter■,ne the s12e ot the 

t1bere, and they ca■e ou1; with an amount of ao■ewhere 

between three aillion and a1x a1ll1on per 1nd1~1dual, 

and ~et there wa■ no pathology to be round, no cancer• 

no tU.11ora, no t1bro■ 1• -- there was no phagocytoa1a, 

end you wo•1ld find phagocytoaia, which 1■ the swallowing 

up ot the tore1gn body in th~ hamatera and guinea p11• 

ot the brake lining duet, which 1■ a natural body 

reaction, but th1• ia aa tar a■ I would like to state. 

We tind that Dr. Webster, who i■ the Chairman 

ot th• Council ot the United Kingdom Leukemio■i■ 
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Re■earch, ■ade the 1tudy nd ■ d• an t■p~rtant po1nt 

that 1t &ll ot tbe a■beatoa in the lung• ot hW1an 

be1nga 1• 1n th11 •1••• and the cannot t1nd any 

patbolo11cal chang a in the lung•• therefore, a• in 

the brake lining duat , it h ot this magn1tucSe, ancS 

it would al■ o be of a u1te quality. Thank you very 

much. 

HBARiftO OPPICD LAlll'OR: Tha~k you , 

Perhap■ Dr. Pundaack a1ght return to the 

podiu■• since we will undoubtedly have•~" que11tiona . 

ram, L. :PURDSACK. 

the!'eup cl\ reau.a.d t ,e a1tand . and . having been 

prevlou■ly liuly ■worn., 11t&a exaained and teatiflet.. 

turtber •• followa: 

BXAJIIllATIOR 

B7 Hearing Officer Lawton: 

Q In your pre■entat1on you indicated to tn• 

Board you would turniah certain material•• without 

specifying. and I would like to say on behalf ot the 

Boar4., we would 11ke to, receive everything you have 

ott•~~d to turniah. 

A All right. 

Q ' I believe in particular you referred to a 
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t1et1nct1on between wnat you call lo ked-1n ad 

n,,n-looked-1n. 

A Locked-in ar.d loo• lJ bound . 

Q Yeo, we will be happy to et that. 

A Ve will be happy to turnleh tt. 

Q Anything el•• that you have offered to 

turo1ah, we would b• pleaaed tog t. Alao, where 

you aak• the auggeat1ona on aod1t1cat1on of cer-

taln apec1t1c ••ct!on• or the reg11lat1on•• we would 

be bappy to get your apec1fic propoaala 1n that 

reapect . 

A All right. 

Q You ha,re indicated where you reel that the 

part1c•l•r aect1on alght be iapro,red to tb• extent 

it 1• coapat1•1e with yont own organlzatlonal etruc­

It you woul• ca.~ to aake dratte ot a pa~­

tlcular aectloo, we will be pleaeed to get that. 

A Ve will be happy to. 

Q You d1at1ngu1ah bet•••o locked-in and 

non-locked-in produat• or product• in which the 

aabeatoa le loc~•G in or not locked 1n. a• the ca•• 

uy b•• and euggeat that where it 1• locked 1n, 

.. rbape •• don't haY• to ua• th• ■a•• precautlone. 

It tboae particular lte■• are proc••••d or cut or 

' 
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ebap or anything don with th a, don't tbey ha•e 

the potential or takt on th• attribute■ ot 

•1••' •that•• are try1nc to 1uard aca1net, even 

1f you etart with tbn being lock din! 

A I aa1 in ao■t of th• caae of the l ocked-in 

aaterlale, particularly aabeatoa c• ent, there la 

••'7 little flber. hen on cutttnc , tt 1• rel••• d 

la a fora that la naptrabl• ~r not urrounded by 

an aaloaerated ce■ent. In tbe c••• ot vinyl 

aab•atoa, floor tile, cuttin th• floor tll• ~~ tit 

lt lnto room• pr aoaetb1DC, certainly 1• not lo our 

_,.1nton apt ~o releaa• any a11niflcant quant1t1••• 

I 
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Q Ir JOU would e re to a■pllry that po1ot 

u4 eub■1t it to the Board --

A I w111 be very 11ad to prepare a 1 1at or 

both what•• ooae1der loo•ety aod ~1 h~ly bound, 

m- •••waptloD•. 

Q Ve woald 11k:e to••• bow tbe attribute• 

are bow tr lt l• prooe••ed, tt a1gbt not develop 

1ato that. 

Vb11e today ■ay not be the 110et appropriate 

ti. to 10 1Dto ~tau•. 1 lalo• the Board would be 

1.Atar••te• 1A upllrtoatloD or what you eODe t de r 

the oontrol pNOtto ■tan4ard that you have alluCe4 

te la oertala aepeote, and you have ln4leated that 

tbe Peder&l SPA ■1&ht t.e developed th&t w 111 be 

available, but I am sure tbe Board wanta to lmow 

more detatl, and ln that regard part1ou1ar1y, tr 

you ~r your orsanuatlon could aub111t ao■etb1 ng by 

way ot a auggeeted reputation, tt would be extremely 

belpt'ul. 

A 

Q 

Ve would be very glad to. 

I appreol&te that that may require a more 

detailed expoeltlon than you are prepared to make 

at tbl■ tlM, but tblB record Wlll remala open to 

reoeln thlng■, and we w111 be very aoxloua to get 

tbat. 
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Now, 1n a ■or phUo ph1o&l • nee, I 

•uppo••• wb1ob undoubtedl1 haa oocurr•d to oth~r•, 

1• ••••to• or ar• aabeeto• part101e■ 4e&radab1~? 

A Va11. tb etateaent 1■ rrequently ade, 

or eour••• that aabeato• 1• 1.Ade■truct1b1•. Ae you 

are probably aware, aabaato• 1• a geD"',...l Dalll!I that 

aotaalty app11ee to a number or dU'rerent ■1nera1• 

tb&t have sou• t d1rrerent proi;,erttee, but 90 

peroent of.' moat or the aebe■toa uaed 18 a variety 

o&lled ohry■ot11e. It 1■ not 1Ddeetruet1b1e, It. 

beg1aa to deoompoae at• temperature around 500 

degree Cent1grf'4e, and 1t oh&Dgee into a ~oapletely 

41trerent material. 

It 18 alao attaelGed by &Old. Chea1cally , 

obry•ot11e 18 ■uoh 11ke •gnea11.1111 hydroxide, milk 

o~ aagnee1a, aad it act11a.11y reacts w1tb ae1d much 

tbe ea .. way, and again tranaror■a into a nter1&1 

Wb1ch t• no longer aebeatoa. 

Q I eappoae ay queetton wae accewhat preratory 

to what 1• really troubling me, what the approach 

ebould be &D4 what our reapona1b111ty aa a etate 

9&&1147 should be. You point out, which I auppoee 

19 unQaeet1onably aupported stat1&t1oa11J, that the 

b1gbeet Ganger are 00C1upatton or a1te-orieated, &Ad 
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"1• ogr gul t1on■ do aodr • OW'■•l••• to 

t probl••• bat 1t •• • to tnat U' • 11to•, 

r.eo1a1a1q tbat tbe lr are ■&Ill' var let tea, 1■ 

••17 desrded b7 tbe t7pe c;t l■paot Whleh JOU 

o...-at, •blob l•••t 101ag to ooeur 1n th• aab1ont 

alr •ader aoet oll'o••t&nc••• aro wo not 1n danger 

or a Ntber •Jor buUd-Qp oflr a period or tl1118 

tbat would aov• rroa the oooupatlo■ or ■ 1te orlenta­

tloa to a aore pnel"111 oo■pNhen■ tve dari.ger, aod 

1r that 1• th• oaao, doa't •••••a Soard. bav. 

a PaepoDa1b111t7 addre••tD1 ouraetvee to that•• 

nt1 u tbe ■or• obvloua and 11.■ lted aapeote or the 

probtea? 

A Wo11, you oert&1o1y bave poaed aa 1ntereet1ag 

pbttoaophtoat queatlon, ~hlch goes to tne heart 

or your reapona1bil lty. 

Q I don't 11ee how you cao do th .. t. An 

e11111noer might not be able to. 

A Well, tet .118 aay thta, aa I bope I trled 

to polnt out 1.D the d1aoue■ 1on, the dt.rrereneea 1D 

1eve1a or oonoeatratton that we are talking about 

1A tbe oooupat1out1:, exposed populat1oA 1n tha 

1'aotory, oven the ve~y low oeoupat1ona11y exposed• 

1a ■anJ, uny, iaany order• or i=agn1tude greater tb&A 
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the k1D4 or a■b1ent &Lr oonoentrat1ona t tlat ha•• 

beea dl•cuaaed here today, 1n nanograaa pe r cub1o 

•t•r. We are ta1~1ng or 1e ve11 or oonoentrat1on 

a a111ion rild aor• d1rr eren t . I t h i nk a110 rro■ 

the polllt or v1ew or bu11d1ng up 1n t he &mb!ent 

air, there 18 a natural occurrence meo han1am, 

actually aabeatos does not r e11&tn rorever euepended 

ta air. In otber words, rain, r or exa mple, agglomerates 

very rine partielea or mater1a1, wa shea 1t. nut , tt 

1a carried into atreame and r inds its way, perhapa 

eventually, tnto the ocean and 10 depooited t here • 

So it 1an•t 1a t hough you have a c t oaed-

iD system, 1n which everyt hing you put into t he a1r 

remain• thrre rorever. Thie i B analogous ror 

~~•mpt~, 1n some reepecto , t o the ract that every­

tb~ng you breatne in -- there nae been some d i aouaeioa 

or the minute sized ribera , and perhaps they are 

aore reapirable t han the 5 m1oror. and up ribers. 

Actually, the gu~st1on is not whether it 

1• resp1rable, but •~ther or not 1t ta roapirable 

a.ad ataya in tbe lunge. Actually, aoat or the 

ater1a1 bi:-eatbed 1Dto the lunge 1s c1eaaaed out 

and 1n raot, ~ery amall rtbers tend aot to be reta1Ae4. 

\'bey tend to be 1nh&lc,d and expired on tbe ro11o• 1.Qg 
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Q or oo,u•"•, yoa po1at up uothor related 

pNble■, that tr lt l• oteaned tro■ tbe a1r bJ wate~ • 

tllea lt ■l&ht pt 1oto the 4r1ak1Q& water and we 

ba • uotber proble■ 1A that regara. You augseet 

tb t the re1u1atl0D re1at1Ag to sewage treat nt 

~r 41aobars• 1Ato aewftr ayate■• algbt bo unncceaeary 

beoauae the 1A4u•tr~e• ual.ng aabeatoa will have their 

own a'bateMnt prooadlU'ea, and •o do sewage t. at.eat 

plaata -- 1t t.hat ta the oaee, why would there be 

&JI¥ objeotlon to bav1ng th1• a• a requ1rea.at~ 

In other worda, lt it la being done what 

1• obJeottonab1• about requiring it to be done~ 

A I th1Alc t hat 1t beoome• a aeaa1ag1ees 

eituattoa, and 1t 1a a:ao one, then, that beco■es 

V9'f'7 41tt1oult t o establish a sta.nd&rd oa. 

Q or course, that le inherent in o lU' 

A It you estabt~sh a zero staD4ar4, ro~ 

exaaple, tbl• in many case. ta a standard •b1oh 1s 

really 1■praot1oa1 ae rar as aobteve■eat 1s concerned. 

Q We are all 't,roubled by th1a recurring 

proble■ or wtwa a11ght bu114up 111 tbe body beoo•• 

eaouah or a buildup to have some 4etr1maata1 conee• 

quaac••· Ve encountered thta 1n tbe •reury Ngulatloaa, 
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I tll1Dk, 1a tba reepeot. 11h11 lfO ••re 11Jllt1Dg 

w• eonoera to water aepeot• ot' thle, &Dd that 

••• th• probtea. I kDow that there 111cew1ee w111 

be a ooooel'D t'or the Board 1D th1• category. 

A Ve are troubled, obYtoua11, 1D properly 

4et'1Jl1Dg what 18 eat• and what 1• not •a.te. I 

baY9 an a441t1oaat zoeport on tb• Jlal>ou14 •tudy, 

Wb1eb OOYer• tbe 10,500 worker• 1n a•be8toa, Wh1ob 

••• Dot ava11abl.e at tbe tlae we prepa.red the 

•tertal to aub■tt to you, aa4 wblcb does reach a 

oonatuaton .rro■ the 8tat1at1oa1 data a.-auabte to 

thea, that 1n the o&8e or the workers 8tu41ed at a 

dose teYet or 12 t'1ber8 per co, thta 1& 1A an 

ocoupattonat ntttng, and an oeoupat1oD&1 type or 

41aeaae -- b1• conctustoo 18 that there 18 no 

tnoreased 1nc1dence or lung cancer 1D the popula­

t10A at that particular dose level. 

Now, tr you would 1 lke, I wo 1110 be glad 

to eub111t tb&t. 

~ Yea, we w111 oerta1n11 be pteued to get 

everytbl.DI• not only what you 8ugge8te4 11' 1our 

oomanta., buT. anytb1.Qg that ocoura to you,. 1cDow1aa 

wbat our problem te., and knowtng the area• •• are 

ooaoe.rne4 wttb. 
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Nr. D ue , Clo you bav any que1t1oa.a? 

IX.AN IJIA T IOW 

BJ Nr. DuaUe: 

Q I tb1Dk 1t 1• along the 11.oe that Nr. 

Lawton brought up, &Ill° tbat 1• ttie bu11.D8'!1 or the 

tbreahold, 1r any . Dr . N1ohol■ OD tai..a oa page 6 

or b1• atateMDt, ~hua , •• have no doee-reponae 

taror•t1oo on ow-1eve1 Albeato• expoaure. We 

oaly have knowledge or a poteatlal r11k or oanoer, 

at expoaurea ■\ICJb below oooupattonal ones. 

Obvtouety, addlt1ona1 reaearoh aoa con­

t1Dued aurv• 111uoe are highly dee lrabl•. " 

So ■1 question would ba, wbat ta your 

1nduatry group doing to oollect euch 1ow-1evo1 

dose-reaponse 1Dtorut1on tor example, like atudytn& 

toll ~ooth 0011eotor1, or people who are exposed 

t~ tow levels, but perhaps a little higher than 

tbe s•neral popu1at1on? 

A Well, let me go back 1n tbe statement. 

ll't.rat, I have to aay that I do not agree tbat tbere 

1■ not aome tnroraatton ava11able, medloal publlshed 

la1"oniat1oD available on the erreot or lo• ud aocler&te 

doNa. Row, tbta ■ay becoae a ■atter or bow do you 

~1'1.De a low or aoderate doae, but oerta1Dly the 
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et .. lee I eUe4 lty NoDonald 1a C&na.4 • Wbo H 

ta Loa4oa, lactud, aad th• otb•r•, ao b&ft aata 

oa aoder&te &Dd oooupattonal Ht.ting expoaurea, 

U4 ,bey are &bl o ••t~~t1ab an 1Do1deno• or 

41 .. •••• or DO 1Ao14ence or d1aeaae, •o tb&t 1D 

that ••Dae there u 1Afon:aatton on tow 1eYe1 expoaur911 

to aebeatoa duat, tb••• low le••t• be1.q ■uob, muoh 

b1gher than the general public, 

To aaawer another queat1oa you posed 

&beut toll bootb colleotora, wbloh ~ould be a Yer~ 

1Atel"'llat1ng atudy to do, exoept 1t might be obacuro4 

by ruaea and carbon and exbauet e■1sa1ons ~- we 

bave not done a atudy on that. However,•• b&ve 

1A our atudlee or popul&t1on groups done rel&tlvely 

lo• expoaurea, aod we do hope to bave a~dltlonal 

laf'ormation aloag thia line to either supplement 

tbe Knox-Dahl atudtea, tbe Newhouse atud1ea, and 

tbe WoDoa&ld studies. 

MR, DU8LLB : Th&Dk you. 

&XAMIHATION 

By Mr. Barker: 

Q Do you think there 1a a medlo~t cs1rrerenoe 

between chryaot11• f'lbera and oroeidoll~•' 

A I oan beg orr ancs aay I am Dot •dtoa111 
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qual1f1ed to an•••r the queat1on. 

There are some great auperior effects 

obaerved with some or the aabes toe fibers -­

there 1e some evidence I have eeen publiehed 

that the eo• oalled blue crooidolite fiber doee 

have a more toxic erfeot than tho chryeotile 

aabeetoe. 
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Again, I would like to say that I don't 

think thie 1e the oaee. becauee there is a very 

pecul1a1• s1 tuat1on 1n South Africa which was 

touobed on ver1 briefly by Dr. Nicholson tbie 

morning, and that 1e tha~ in many cases -- quite a 

few caaes of meeothelioma observed in one of the 

cbryaotile mining regione ot Africa, but not in -­

croc1dol1te, not in the other crocidolite mining 

range of Africa, and the exact explanation for 

this 1e somewhat ~oot now. 

It hae been suggested that part of this 

is really related to the average diameter of the 

fiber from theee two different deposits, and one of 

the fibers is actually more apt at a given doee 

level to reside in the lunge and not be cleansed 

than is the other. It 1e a ver1 difficult question. 

Q The British have established .2 fibers 
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Ol'OOldollte, •1tbo~t worr71ag 

What do you Ch1ak t• the 

Mtlvat1oa ror tbe Aaer1oaa ud Br1t1•~ aettlng a 

aaertoat •tandard. •• oppo•ed to &ak1ng tho oourae 

JOU Noo--a4ed, 11
DO vl■ ibte .. 1aa100■." WbOD Wb&t 

700 ••Y 1• true• that there 1■ no csoae -tlae re1&t1on­

■h1p7 

A I thl.Jlk 1t ta a aatter or philoaopby 1n 

ho• the approach 1a rateed. Tb• "no vt■ 1ble emte■ 10DII" 

reoe1ved oon■1derab1e d1eoua■ 1on th1e aorn1ng Our 

teeltns ta that tr you ut11Ue the beat eateoton 

ooatrot techllolosy aa4 eng1neer1ng avA11&ble to yo¥, 

Wbiob at the 110aent would be a rabrlc bag hou■e r11ter, 

aad 1r you ooup1e6 tbat k1nd or an eng1aeer1ng 

ooatrol approach with "no vtalble em1na1one,r you 

4o 1n erreot have a very low. very tough standard. 

You have one wbtob la easy ror an toapector to deter­

atae whether tbere la viatble emtaatona, and you 

wol.ll.4 have oae wb1oh makes 1t eaey ror bifl to 

4etera1ne whethar the bag houae, ror exuaple, ta 

aotally operat1Jlg. 

All the 1Jlapeotor baa to do 1■ opea tbe 

door or the b&& ~ouae, and 1t it ta not operat1n; 

property or baa a bole 1n 1t, it 1• qutte obv1ou■, 
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•••ua• there 1• a depoatt or duet oa the outaiae 

or tbe bq bouae . 

Q On paae G -- I tb 1.n;c you bave taken some 

or thlt queattou that I baa u aaewered tbe11 . Let 

• •ntlcn tbta. tbe ceaeral pab11o you •••4 through­

out youf' paper, &AO agal.a I take it you clar1f'1ec:l 

tb&t ~Y eaylq you are Dot oppoaed to the Tiew that 

tbare are data 1D e11pport of' tbe be11et' that moderate 

or eTeD lo• to mo4erate 1eve1• or exposure can cause 

d1aeaae? 

A no . I b&Ye no q1.1es t1on 1n aa ocoupat 1onal 

type ot' eettillg. ud tb1• I ~b1ak goes with your 

really approaob1ng tbe question or the neighborhood 

exposure surrounding a n asbestos raotory. 

Q You are u111Dg ·the word "general pub 11c " 

and tbat would .include anybody t ha t 11ved 1n the 

neighborhood as r ar as we are concerned, but your 

uee or them would be 1nc1ud1ng them as being exposed 

to any danger, and I ~•a unclear on thnt point. 

You were talki ng about Dr. Selikotr's data. 

I think 7ou are aay1ng tll&t they are things 1nvo1ved 

tbare are tb1Jlge to which tbose men were exposed 

wbleh we don't kAo• about, whtob perbapa goes to the 

s711,ergiet1c erteot? 
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A V rta1 lJ le.no• tb 1 r Jt ed 1n 

tbl our•• or etr ~ CM tto or •or~ to a 1d 

• riety or <lu t, a• e oD-cont&1n1ng &t.er~a.1 bc1Ag 

o • or tho• , a • alao know that the obeervat1one 

that weN aade on tbo e 632 •n re the aul t 

po• 1bly to a large ext•itat or the klo<1 or xpoeure11 

that tbey have ■ u1're d 25 or 30 y ro ago, ond not 

•o•••ar111 the expo••rea today. 

Ve kaow -- ror xaaple, 1n a 11lsu1 tlon 

worker, 1D exaa1Aat1oD or the lwit~", you w111 

tNQueatly t'lAd that there 1• aore rroe cbryotalllJie 

•111oate 1D the luaga than th11~ 1e &llbeOtO" flbe1•. 

So what I a■ eaytna te thP-y do have a very ~1xed 

type or th1q . 

Q That aee■a to, gc to the queat1on -- perbapa 

1t goe• to the Queet1oh or ayoerg1 m, hioh oeem.11 

to ae to be a very 1aportant to u, to deter~1ne 

whether a peraon tn ooe area or one tnduatr1 1 

v 1•1n1ty would be expoe1ed to the other raotor, •blob 

■l&ht work weU 1n ooab1aat1on •1th be ■toa, a• 

~ <Jd to whether be ttould not be expoaecS 111 another 

o1l"O •t&noe. That would aaem to aotually a peak 

to enhanoe Dr. Se11kot'1~ '• data, and whatever we 

■1&bt talm or 1 t. 
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A xoept th t. 1 th l IC JOII U Bt. 11 r that 

tbat 1• a atudJ or 632 worlce:ra , a o t M t 11" you h v 

wor r• tor the 

••t part, ba•e a ••r1, very btgb lnd1.1 tr1&1 expo­

aare. 

Q In other wor4a , JOQ a lookill& at a croup 

that ha• a nr1 b_,ga b4U8t!•1.a1 expoaure. You tal'lceC 

about low &D4 ■o4er te expoaure• lo tb atud l e you 

cited. What ar tho•• 1eve1a, aoa how 4o tbey relate 

to what Dr. Se11korr aatd? 

A We haft no pl.lbl1ahed 1Df'Ora&t1cm OD What 

tbe 1eveu are 1A Dr. Se11kot't'• •t~y. We CAil 

pro•14e 1.nt'or tton 1D tbe paper• that I bave rererre• 

to, Wb1Ch 1Dd1cate how the ••t1 B or h 1gb , 1 OW, 

~odezoa~e, and ao rorth, expoaw- • were arrLved at 

1a tbe Newho1.1ee aAd. tbe NcDould 11t1.1d 1.es. 

In the RoDo~ald atudy, the actual fiber 

counta, since they have been taken and recorded, 

which goes bac~ to about 1949, were actuall) taken 

on about 5,000 d1tter~nt Job categories, and then 

eet1m&tew were made prior to the 1949 data being 

a•a1la~le. McDonald then we•shted the relat1•e 

duet1neaa ot the environment. At that time, oounte 

were being taken in terma or million• ot p~rt1clea 
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per oub1o toot, and it a ■an• r xpoeed rrom 

work environaent, that wae ra~ed at 5,000,000 

partiolea per oub1c toot tor a p r1od or 20 reara, 

and tben NoDonald would aaeign a duet ~xpoaure or 

100. It he worked tor ten 7eara in tbat environ­

ment that had a dust oount ot 10,000,000 particles, 

be waa aeaigned 100 tor the ten ye•re, and a 100 

tor tbe 20 7eara tbat he -- be would give h1m a 

duet index or 200, and he studied workers wboee 

duet indicee were 600 that vae, the duet level 

expoeurea, and broke them down in terms or 500. 

600 over 600, and that 1• a fairly complete stud) . 

Q Bow d1d tbey compare to Nr. Seliko~t•n --

18 there any 

A We don't have any criteria which permits 

us to determine that. 

Q You used the word that you have every 

reason to believe that the Sel1kott subjects were 

expoeod to high or very high levels I am trying 

to tind tbe baaie tor that conclusion. 

A I hope I didn't say they were posed t o 

higher. I said that first the Selikott etud7 1s 

unique 1n that there is a higher mortality rat• 

in that sample than in any other eamplee or which 
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•• are aware, and I hop• I have ugge ted tha~ 

perbap• on• explanation ot that aotuelly the worker• 

atu41ed bJ Dr. Selikott have a ver:y high duat 

ezpoaura. 

Q Tbat 1a what I am driving at. What 1e 

tbe ba•1• ot that conol~a1on, aa oppoeed to the 

uonolu•ion that the "oDonald people had, perhape 

lower or moderate levels? 

A Well, tb McDonald group -- McDonald 

tound tin 5 peroont ot the samples which had 

a du•t index or 600. he did get an incre••• 1n 

lung c~noer . 

Q You had no bae1e, then, tor determining 

or eaying tbe Selikott group had a high level or 

duet exposure? 

A Ro, otbe~ than aa a poea1bl• expl~natioD 

tor bie reoulte . 

Q I would like to talk about one ot your 

a1.ggeationa about the proposed rates. that even 

though there 1a no medical data to conclude the r.aed 

tor auoh, that we restrict uee~ or aebeetoe which 

mlgbt be a nuisance. ~ou ~•1d, small use• ot aebeatoa, 

wb1cb ugbt be a nuisance. 

Bow oan aabeatoa be a nu1aanoe without 
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be1n& • bealth bazard? 

A I th1~~ 1n &nJ oa■• 1n which a v■r 

•-11 Y1■1ble eaJ.aaion would be coming from a 

plant, that ■l&bt not neoeaaar1ly oon■t1tut an 

actual bealtb baaard in p r► _pa be1n1 down and 

d1aa1pat1n& 1nto e nanogram per cubic eter cate­

aory, but 1t it ie preventable, I~•• no re~son 

to b••• any klnd or em1■a1on rro■ a raotory. 

Q Do you have any data to eupport the 

oonclua1on tbat no aebeatoa fiber, or perhaps 

very little aabeatoa r1bor 1e ~•1tted during the 

handling program, cutting, tr1mm1ng and fit ting 

ot tbe locked-in products? The roason the conclusion 

Nr. Lawton alluded to 1a, is there an1 data? 

A I think we can provide you with data on 

tba induetry whioh would be typical or so-called 

looked-in materials. 

Q Do you have any similar data perhaps to 

support tbe conclusion that a&beetoe from demolition 

ot • building is not an emission source? You cite 

the meaauremente taken in eastern Pennsylvania. 

Wbat ••• the count 1n that study? 

A Tbat demolition wae on the way or a tenth 

or a fiber per co at the t1■e or demolition. We 
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•oulO be ••rJ lad to aubm1t thane data. 

Q Do you know th• wind d1r ot1on ano epeed? 

,. Ve took 1t botb up and downwind. e do 

ba•• the wind YelooltJ. I don't happ~n tor call 

it at the lllO■ent. 

Q I• t here a clear doae-time relat1onat p 

•••~ tor oocupat1onal expoaurea? 
,. I t~l1eve that there la, and t hat the data 

eupport thla. Tbere are alao animal tud1ea that 

iqbt •••• to indicate the t1me-doee response. 

Q What do you think the Japanese data on 

~h• 1ngeat1cn or aabeatoa part1cleo or the poaa1ble 

1ngeat1on or aabeatoa tib~ra, aa being relat~d to 

the higher inoid•nce ot stomach cancers 1n Japan? 

A I have not had an opportunity to study 

that. I really prefer not to ooament. 

Q Wall, the only data that I have seen on 

tbe etteota ot 1ngaet1 on aa opposed to inbalntion 

bawe been this Japanese data, tbe data or cancers 

produced 1n the ■tomacb, perhaps due to a oerta1n 

amowit ot 1ngeat1on during occupational expoaure. 

Wouldn't occupational exposure, or wouldn't 1ngeat1on 

during work be actually a great deal lees it they 

are inhaled, and speak to pernapa the low lo•el ot 

) 
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upoeure which llight oaa~ abdominal cancer? 

A I would aa, that in ■any, ■any oaaes, 

1n an occupational expoaure to aabaatoa that iE 

air-borne. that ■oat or the aebeatoa that 1a 

1nbaled into the lunga and which 1s not exhaled, 

but which tanda to rea1d~ in the lung wall ia 

ectuall7 cleared from the lunge by the normal 

clearing meobaniam. which br1nge the material up 

to the top ot the throat, and you actually swallow 

1t, ao actually Ul7 data or erteot on air-borne 

aebeatoa oonat1tutea a verr b1gh expoeure 1n terma 

of material 1ngeated, o anyone that 1a breath!ng 

in an occupational enT1ronment 1ngeste a great deal 

ot aabeatoa in the olear1i.g mecban1am or the l nga. 

Q You related that point and aaid you believo 

the amaller fibers would be the onea tending to 

be d1apelled trom the lungs. 

Do you have data on that? 

A We can aubm.it some 1r.rormation that is 

awa1lable in the literature in terme ot tbe 

reep1rability or various sizes or fiber. I cannot, 

and certainly would not mean to imply that I know 

that tbe amall f1bere are or are not in thia taeh1on. 

I tbJ.nk tbat Nr. Romer referred to tb• tact in hie 
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talk that th• ••a ll •1s re ore r••~trable a nd 

■or• danaerou• . •rmkly, I n o or no edical 

••1denoe that tl'l.1• ia •o• a nd 1r Mr . Romer had 

aedloal ••ldenoe to which he c a n re t • r• I certainly 

would appreciate lt. 

Q Vbat percentage -- do you know tbe per-

centage ot nah-out that occur• annuall~ ot any 

fiber or particle! 

A I am not aure I underat rud you. 

Q When you talked about waab-out in answering 

llr. Lawton•• question --

A You ■ean cleanaing it? 

Q Wash-out or -- what 1e t hat percent age 

then. or 1• it conetant~ year arter year? 

A I don•t have any data on it. My gueae 

would be that it 1a probably fairl y constant 

Q In that een~e. it it were constant, would 

an inorea"•• an annual increaae in the am>unt ot 

asbeetoa emitted to the atmosphere tend to move 

toward an eYentual 1noreaae 1D the overall ambient 

alr level and perhaps an actual high level? 

A I would doubt very much that it would. 

I th1.nk that we are dealing with auoh huge numbers 

bere 1n ter■a or the ability ot the environment 
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,o olean out th, rel t lYelJ • all mount• ot aabeato 

fiber that 1■ 1DV01Yed 

Q But it oould 1ncr•••• that, given ~h 

1DoNa■e in ea1a■1on■ ? 

A It there were a tremendous increase 1n 

ell1111on■ annuall7, certainlJ it 1s poaaible that 

it 111.gbt po■aibl7 on a l ong-term 

a abort-term b&a1■• 

possibly on 

Actuallv, I tblnlc theN 1a no large increase 

1n the amount or elll1■s1ona ot asbestos. llluob ot 

tbe 1ncrea•• 1n the uee■ or asbe■toa to which people 

refer 1■ primarily 1n the looked-in products . 

IIR. BARDR: Tbat 1a all I have. I wanted to 

a■k llr. Ooodaan anotber que■t1on. 

llBAftIIIO OPJ'ICBR LAWTOR: Thank ;you. 

JOSBPB L. OOODIIA9, 

thereupon re■waed the etand, and hav1.ng been r1rat 

duly ■worn. wa■ exall1ned and teet1t1ed turtber 

ae tollow■t 

DAJIIUHOK 

- Kr.Barker: 

Q Ie your teat on the rate. or was 1t w1tb 

guinea p1ge --

A Tb1a ••• publ1■heG 1n the proceed1nge at 



• 

• 

169 

Johanne1burg 1n 1969 on page 68, and it 1e a 

P11111C111a17•t•rn&1nou Wlu and tbelr or1&1D. u d 

lt 11 • publ1abed report , it waa abou +- breakdown of 

du•t• but tb1a 11 one or the many --

Q Tb• percentage or the r1ber which waa 

inhaled by tbe animals or 1n1erted, waa that asbestos? 

A They ■aid leea than ~~e porcent. 

Q Le•• tban on6 percent? 

A And tbat was or a magnitude ot lese than 

halt a micron. ot electron microscopy proportions. 

Q Do•• tbs tact that -- 1n a~dit:on, perhaps 

t he amount wae lees than -- ot some people - - id 

tbe tact that the t~st took place only one year or 

s1gn1t1canco that we should be concerned with? 

A I think a year 1e long enough to determine 

the reaulte ae tar aa pathology ia oonce~ned. We 

have other studies, incidentally, or a similar nature, 

the 1nJection or benz(a)pyrene and ohrysot1le into 

tbe pleural cavity, with no carcino~a occurring 

into the pleural cavity of hamsters, in atud1es 

done over a period or ten years ott and on with 

different animals. But this atudy, I think the 

length ot time 1a sutt1c1ent. It was considered 

auttloieat by Dr. Webster and Dr. Ian Grose. who are 



• 

• 

170 

Vef'J prlnclpal 1nveat1satora in the t1eld. 

Q D1d tbeJ find aabeetoa bodies ? 

A Yea, tbe7 round aebeatoe bod1ea. They 

found •11 ot ua had aabeatoa bodiee. It 7ou burn 

leavea, JOU set aabeatoa bodiea . The reaaon why 

tb97 are la ao that they can set to the core to 

aee whether any ot the aabeatoa bodiea are there, 

but even with the ohryaot11e, one peroent being 

there, Dr. Oroaa atatea unequivocally that the 

material 1• biologically inert. 

NR. HAR!tBR: 'l'hank you . 

TBB WITH~S: I would like to make tono comment 

about the fiber content in the lung 1toelt, and 

when 1t la d1aaected at the medical univera1ty, 

1t contained trom 3 tu 6 million fibers ot leas then 

balt a aioron, and there was no pathology in theae 

lung aeot1ona, and th1a study 1a being done. 

There 1a alao a study being done 111 

reference to cancer chains themaelvea ot sputum. 

We are instituting a study to try to determine 

obangea 1n the cancer cell betore it appears 1n the 

lung, and we have an interest in this subJect, and 

we appreciate your t1me. 

IR. B.ARDR: Thank you very much. 
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IIBARiffO OPJIOK.ft LAWTOKi Nr. Zabour1n, do 

7ou oar• to 111.ake any comment, 

IVAB ZABOtmIH, 

haYin& been t1ret duly sworn, wae exemined and 

te1t1tied in narratiYe form aa follows: 
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TBB VITllBSSr Nr. Chairun, ladiea and gentle■en. 

I did not expect to have tb1e occaaion. I really 

appreciate your gi#ing me thia occasion to say a 

tew words. 

I a■ trom Canada, I am a lawyer on the 

Queen'• Council. I hav~ been representing tor 35 

years, tbe Johna-Manville 1ntereate in Canada, and 

moat ot the aebeetos industry tor 30 years, from 

the Atlantic to the Pacitic, and we produce in 

Canada. 90 percent or the ~~rld 'e cbryaotile needs 

in asbeatoa. the u.s.s.R. being excluded. 

I have had occasion over those yeara to 

attend world symposia or study. In the last three 

aontba, I have been with Dr. Selikott in P1nland, 

I have alao been with him in Romania on different 

oocasione, and I have followed very closely theae 

atud.7 periods. 

I have been in Russia and Siberia. where 

auob. U' not 11ore obryaotile is mined than an)'lfhere 
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elae 1n tbe world, and I ~uat aay that in v1 • ot 

the fact. I aubmit to 7ou, air, tnat we produce 

troa our tr1endlJ country or Canada, rr1endl/ 

to you, north ot the boundary, the greater rpro­

port1on ot the world's needa in ohryeotile aab~etos, 

111d that the greater proportion or this roduction 

ot oura 1a used and procoseed by the U.S.A., Just 

ae tb1a tnduatry in Canada 1a in the main owned 

by American interests. 

I can eay that it ia eomewhat a common 

venture. 
A 

Thia explains my raison d'etre to appear 

here today . 

The last time I came here was to celebrate 

somewhat a victory over Chicago, because I graduated 

at KcOill -- when I was there. you used to play 

hockey quite often with our alma mater, air, Dartmouth, 

and llr. Barker studied law where I studied law. 

But adverting t o the asbestos pr~blem, 

per ae, I would say that in a couple or minutes, 1r 

you Will allow me, that it seems to me that there 

1a a curve from left to right in .he assessment in 

the appreciation ot the various incidences ot 

responae ot the human being to tbie fiber ot asbeatos. 

You, a1r. asked a minute ago to Dr. Pundsack, 
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well. what ot crooidolite 1n England? Well. I 

beard Di- . Sel1kott tell m11, i r. Bele1tlk1 from t he 

podium to a question put t'rom the audience, t hat 

ci-oo1dol1 te ebouldn' t have: been indict<. i any more 

tbar. any other ebeetos ti.ber in England, "here 

it was ruled out. 

I was in Africa with Dr . Selikott 1n 

Johanneeburg. where these croc1do11tes were involved. 

I ea:v th18 't)eoauae th.is 'JC:ientU'ic problem which 18 

that ot the 8tudy ot asbE1stos and the biophyslcal 

properties. the 1nc1dencee1 or t c l ~ology, immunology, 

l>aoteriology-, pathology, ELnd all the t1elds or 

medicine are suoh that it will take quite a number 

ot years be!'ore the problum 1a i oned out, but in 

the meantime, no turn to E1ubi,titut.et. should be even 

thought ot, beca~se I &&sure you :l.c my word, there 

1e no ac1ent1et in the wo1~ld who will tell you 

that asbestos should be banned. They 111111 all tell 

:vou that it 18 controllable and should b controlled. 

I have it 1n writing from Dr. Selikotf 

of June of la8t year. I have it from many other 

pathologists the world ovc!r. I don't disagree 

openly with my friend Billl Nicholson, who like me, 

18 a phye1c1i,t versed in 1~he law. We both t.ave 
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th••• co11U11on tactore: that" don 't loae patience 

because neither or us are pathologiata or doctors 

1n medicine. 

Mow, our exper1enoo 1n Canada, Dr. Pundsack 

bas told you about, goes back to 35 years ot obser­

vation. Our preventive ••d1c1ne and eng1neerlng 

ha■ been taking place since 1930 . To my peracoal 

knowledge, in 1935, 1n the Corbett-McDonald McQ1ll 

Univerelty etudy YM~b baa been going oh tor yeara, 

1t d1■cloeee th~t the incidence 1a not any more 

prevailing ot cancer 10 our Qinern exposed to aebesto& 

than 1n the general population . 

Thia confirms u.-,i.iaer study in the same 

Nin that had been conducted way back in 1952 or '3 

by the Cyronac Laboratory, which 1& really a school 

ot profound study in the field or asbestos, a school 

which lasted tor some 20 yeare, a.1d o~ which today 

Dr. George Wright. or St. Luke's Hospital, ie, I would 

say, the prolongation who ie quJ.te a man or 

authority, and I say, Dr. Sel!koft is undoubt~dly 

a man tor whom I have profound esteem, and a ac1ent1■t 

ot note. 

Hie research is immense, and his task 1e 

gigantic, but considering the experience that we 
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hsTe bad •n Canada our expoaure, l think, contiraa 

tbe propoait:on which Dr, PundeocK • a~v nc1ng 

4 rew 111.nuteo ago, tha~ 1t 1e eomewh t -- it seemed 

tbat tbie wa■ atema.1ng from your qu tlon, 

Kr, Chairman, tbat 1t 18 a question or response 

doee-reaponae threshold l1111te. 

Thie problem h&e been &nd is being nnlyzed. 

I am not pereon1tJly con,·ereant enougb with the 

data to discus■ 1t betore you, but I am oonvinced 

tbat the study is not term.1nated. So with theee 

few remarks, I aleo am a member ot th~ Committee tor 

Canada, that has been tor some years tor the nation 

1.nvestigating these properties ot asbestos; and I 

was Ju•~ two days ago with our Air Pollution Program, 

Dr. W1ntbm,p, from Canada, discussing the aspects 

that I am disouseing with you. 

I would say in termination that or the 

studies that go back t o 193v in Canada in asbestos, 

•• have bad some 16,000 films examined by a comm.ittee 

of radiologists picked from a rew nati ons, and tew 

persona of eminence in the field ot radiology . 

I th1.nk we are ind position to say to 

you that our picture 1a not a bad one, ind•ed, and 

ebowa that the backlog 1e really what we are now 
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•••ins oon.tna up, where the1e beat ond rro1t 

1neulat1on worker• ' t11ure1 cos• up, We ahouldn't 

be eurpri1ed, beoau•• t teel that vc arc dealing 

here W1tb period• ot int••~ expo1urc . 

The 1pra7er -- w• ha•• b re a contractor 

wbo 1poke tb11 ■orning -- they have intense ~xpoeurea 

wbiob we haven't tod~. In m1n1ng ae well aa the 

textile 1n4uetey t,bat I know -- and I don't protoee 

to know them all -- on the continent, the doee­

relationeh1p today ia not th4~ which it was 25 or 

30 year• ago, and at no time wae it comparable to 

that wbicb u1eted in the aprayere• occupational 

field, 

What I hava been saying to you was really 

tbe 1wmaation or three pereone two weeks ago in 

.Buobareat. 

HBARIRO OPPICER LAWTON: Ex~us~ me a moment. 

Dr. N1choleon, don't go away. 

THE WITNBSSs At that symposium, Dr. H1lleen, 

Dr. Wright, ae well as Dr. Sel1kotr were speakers, 

and I say that their views rather coincide with wbat 

I expreea, in abort, that aebeatoa is controllable 

and 1a DQt to be barred. I thank you, Mr. Chairaan . 

B.BARUO O~PICKR LAW'l'OB: Thank you very ■uob, 
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ooae back and a ue 1n. 

TU VI'l'IB8Ss V ry k.1Dd or JOU, 1r . 

UARIHO o,,1cu LAVTO I Dr. Harwood, I believe 

~ou bave a queation that 7ou would like to po• 

to Dr. 11cbolaon, 

VILLIA J. ■ICHOLSO, 

re•ued the atand, and having been prcvioualy duly 

eworn, •a• examined and toattr1ed further a 

fol owa1 

EXAIIIJf A'l'I ON 

BJ Dr. Harwood: 

Q The queatlon I have that I would l1ke 

to obeok -- I night have aiabeard what Dr. H1cholaon 

ea1d With regard to the exposure levels in the 

cabient air. Mow, I have a paper written b7 

Dr. Hicholeon in which he quotes tigurea 1D the 

New York aab1ent air or between 10 and 16 nanogrtJU 

per cu 10 meter. 

A That 1a Manhattan, 1en 1 t 1t, 

Q Right, With various parta ot Staten Island 

an4 llanbattan. I might have llliabeard th1a morning. 

Tou mentioned a t1&\,lre ot 3 near the toll booth. 

BARDO OPP1CBR LA'll".l'ORs Could you apeak up? 

Ve have to bear you, eo Will you apealc into the 
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a1cropbonet 

moa urement1 ot the TU VITll&SS: In 

aab1ent air, th•~ are ny taotor1 that give r11e 

to error, and on any• a urement, the error 

~ that Maaurement could a,•• Dr. Pundsack pointed 

out, a taotor o two or •• We have round 1n 

the etudy that I mentioned ot the analysis ot 100 

in th11 oase, it was about 200 samples rrom the 

Fnviroruaental Protection Agency, that on repeat 

suplee, the average dev1atior. rrom all duplicate 

&haaurementa in the men wae about 40 peraent, so there 

1a a wide variability . 

So that 1.n any case, you can have this 

error. The measured values that we have obtained 

in New York City 1n Manhattan. and were quite 

significant -- were significantly higher than those 

in other cirou.aetancee. I don't -- could I eee the 

report! Do you have a copy or it? Because I don't 

remember the exact values. I am sorry, you have 

a report that bas aome very prellmJ.nary data, and 

the levels that we obtained in Hew York City that 

went 1 to th• t1nal publication or tbi.s were some­

what lower. 

Ot the levels in llanhattan~ they did go 
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up to 1n tb• tena of nanograma. The leTela 1n 

the outl71ng bu~rougha were more otten lees than 

10 nanograu. I don 't have the final data. The 

problem 1a that a■ on etarta the experiment, you 

end up with Yar1oua erronstbat you correct ea you 

so alons. Thi■ 1a the t1rat m•••~rement that baa 

ever been done ot ambient air levels, and the 

measurements ••re true. 

The improved measurements bad more levels, 

part1oularly in the outlying burrougha, levels or 

the order or those that I saw 1n a well-ventilated 

entranoe or the Long Island Kxprees•ay, tbe entrance 

to the tunnel. 

The question is, bow representative were 

our very tew measurements to tbe actual problem? 

The answer 1e that all they do is 1nd1oate that you 

don't get tremendous quantities nearby. The vagaries 

ot wind direction. or sample processing, aou.ld 

1nu1oate that it 1a a greater problem than our 

prelim.1.nary measurements, which totalled no more than 

a duet sample would indicate. 

The po1nt I am mald.ng 1s that we do eee 

the ftl1ee1one trom br•Jcoa They are surtic1ent 

to indicate that at a given loc3t1on, you would 
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t1nd epread1ng. but the main conclu81on 18 that 

one need• a great deal more "ork 1n tb1e area 

t o define it more accurately. 

DMINO OJJICBR LAWTON, Thank you very much. 

Doe• tbat complete 

TIIB WITJISSSs That completes my anawer to that. 

lll.ARI■a OffICBR LAWTON: Are there other people 

preaent -- unleaa you teel there is something that 

ought to be on the record -- I "ant to give evel7" 

body an opportunity t o be heard --

DR. BARVOOD: This will take a moment. 

HBARIKO OPPICBR LAWTOR: All right . 

DR. HARWOOD: The tact 18 that llr. Thompson 

of the EPA bas published a paper~ and it was presented 

in June or this year in Canada, and he gave us valuee 

or .5 to 15 nanograma per cubic meter. and I would 

like to aek Dr. Ricbolaon it be thought these were 

more reaeonable values. 

DR. HICBOLSOR: I have not. 

DR. HARWOOD, The importance or it is that it 

t1ee in with the evidence I presented 1n the report 

that I gave to the Board on the t1gurea for aabeatoa 

from brake 11D1nge 1n the urban atmosphere. 

DR. HICBOLSO»: In th.1a report. there ia the 
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meter. The highest I reme■ber our measuring waa 

around 400 nanograms per cub1o ~etor. lt ia the 

sa• ball park. 
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DR. HARWOOD: I am really more interested 1n 

the urban --

DR. RIC&OLSOBt I oan give the urban valuesa 

and bare I have submitted those the range or 

urban values that we round. These ar data that 

I have considerable cont 1denoe in. It was after 

one 7ear•a experience in the samplo that was that 

of -- let me read tbe table or our analyaia or 187 

quarterly samples. 

61 were leas than 4.5 nanograma per cubic 

meter or leas. 103 were between 0,1 and 4.9. 12 

were between 5.0 and 9.9, inclusive. 8 were from 

10 to 19.9. 2 were 20 to 49. I believe the dose 

waa 38 and 40 reapeotively, and one waa 95. So that 

we bad a tew that were beyond this range ot urban 

valuee. These were values 1n the -- in public 

buildings that were used that 1s outside public 

bu1ld.1nga that were used by the Rational Air Pollution 

Control Aaaociation moru.toring ot it. 

They were taken by the Environmental 
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Ada1n1atrat1on, eent to ua for analye1a, and t ba t 

waa the range ot t he ,aluee. The ones 1n which 

we tound bigb value■ appeare~ to oomo trom point 

■ouroe■ prior to d1atr 1but 1on, and had a large 

nwaber ot lar ge t 1bera present 

BARINO OfflCBR LAW'l'OII : Thank you v~ry much. 

Ia there anyone present who • •hes t o make a oolllllent 

or be heard? 

IIR. DUBLL· I wo~ld like t o ~o • comment 

concerning the d1aouaa1on . 

HBARI.110 OPP!CBR LAWTON: All r1gbt, would you 

come up, please? 

IIR. OELL: It 1a only a thought that I bavo. 

Ve have beard the di scussion between t he 

two p~ople here. The essential thing that needs to 

be answered, does the material escaping trom brake■ 

have an ettect on people. and I would euggest that 

one tb.t~0 that might be looked at 1e the oper ating 

engineer , particularly those that operate cable 

equipment, because they are 1n the outdoor air, 

eaaent1ally, and ~bey sit and work amongst brakes 

allot their working career. That was just a thought. 

If people are going to do some investigating 

or checking, one might look to the health ot tbia 
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1roup ot people. 

DARJ:IIQ ORIClm LAWTON: Thank you very IIUCh . 

DR MICHOLSO■ : Nay I make a coEmant on occu­

pat1onal leTela that we have f ound? 

DAllDQ O:JPICBR LAWTON: Yoe . 

DR. NICHOLSON: The queation arose as to what 

were the leTela of aebestos that were experienc•d 

by 1ndividuala in different circW1U1tances. There 

are two studies that hev~ been wa~o or the work 

environment or insulation workers. and one ot these 

waa published by Leroy Wellser. and Dr. Clark Cooper. 

mdtbo general result from that study. when samples 

were taken in all d1tferent types ot work and were 

rated according to the time that an insulator would 

be engaged in that type or work. was that the 

average exposure to asbestos workers. as measured 

1n the last few years. as about 7 fibers long than 

5 m1orons per cc. it might have been 6 or a. but the 

figure was very olose to 7. 

That 1a Tory similar to the values that 

~~ ~~ve tound wl.en measuring the work env1ro~m~~t 

ot the asbestos workers in Hew York City. and the 

Kew Jersey area. That 18 the same area in which 

the tr1end ot Dr. Selikott referred to. I eight 
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JU8t read a hal t doz n v luea t om average 

level• obtained: llixin ot cement and applyi ng 

it -- th1a 1nd1oate a m1x1ng ~r ceaent can give 

riae to• high level or about 50 t1bera per ~o , 

perbapa. while auing takee plaoo, but that 1• 
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2 111nutea out ot tbe bour•e job. Th~ rest or the 

bour. the un apende applying it t o t h& pipe. and 

the average over hi• entire work ranges rrom 3 to 5, 

depending upon ventilation oondit lucs when you 

apply the material to pipee. It variea between 

5 to 12. depending upon the ventilation condi t i ons . 

It 1ou are cutting matertala and then 

appl¥1ng them, 1t mlgbt be around 8. We also have 

an ~verage ot around 7 before the time tbat the 

insulator works With bis aebestoa, m to hie averaie 

exposure in tbe past. Some ot these exposures 

may have been higher, tbey may have spent moN time 

working with aabeatoa then now. It !e difficult to 

1mag1ne that even 1n the paat. the average exposure 

of an aabeatoa worker would orten exceed 10 fibers 

per co . 

The only time you get very high exposure• 

1a the r1p-out ot old 1nsulat1on, and tbey do that 

veey little Occasionally, some men -- not oocaaionally. 
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but aboard ah1p, and Jn naval 1natal lat1ooe, where 

that 1a aore oo-on, ao, of t he e men ror ahort 

period• ot time during t he Var , orton engaged in 

alUpboal'd inaulat1on work. Other than that, t heir 

u:poaurea are relati v•l~ low compared t o some ot 

the factory ezpoauree that took place in t he past . 

One couent. again, with respect to l i ght 

expoaur••• aeaaured particles or dust -- a a you know, 

wen you blow up the aide ot a bill t o extract t he 

or~ in the lll1ne, much ot the particulate mater ial 

1a not aabestoa. and exposures measur ed in t erms 

ct'part1clea ~er cc cannot easily be related t o fibers 

per cc. and again. it ia the same problem. You have 

an index ot exposure that varies considerably, 

dep~nding upon the oirculll!ltanoee or work. 

BBAJIIHG OP~ICER LAWTON: Thank you. 

la there anybody else who 'Wishes to be 

heard or make a statment? ?ea, air? 

IIR. ZABOURIN: I Just wanted t o sa1 that in the 

11.s.s.a.~ the picture we tormed trom our mines 

involved more than 25,000 workers producing more 

ohryaotile aabeatoa than we did in Canada. 

BBARIIIG OYPICBR LAW'l'OR: Thank you very muc~. 

Not hearing any indication ot anyone wiah1ng 
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to apeu or aake a atatemeot~ I will deolare tbia 

pozot1on ot tbe bearing oloaed . 

We nll meat again in Vaukeg&D at the 

Publlo Library on the l9tb or October , which I 

believe 1a next 'l'ueada,, and we will hear at tbat 

time, repreaentat1vea or the I113no1e Chamber or 

Commerce, the Illinois Bnvironaental Protection 

Agency, Caterpillar, Incorporated. and the National 

Inaulation ICanutacturing Aaaoci ation. 

Any ot you who have not testified but would 

lilce to set anything into the record, please aend 

whatever you care to to me. Samuel T. Lawton, Jr., 

Pollution Control Board, 189 West Madison. We will 

keep tbe record open tor three weeks. 

The atatuents and exhibits ot Dr. Pundaaok 

nll be marked and received aa ColllPOBite Exhibit No. 

(The document above referred 
to was thereupon marked 
Compoeite bh1b1t No. 23, 
tor identification, and 
waa received in evidence. ) 

BBARDIG OPPICBR LAWTON: I will declare this 

portion ot the hearing closed . Thank you all tor 

(Whereupon, an adjournment was taken 
until Tuesday, October 19, A.D., 1971 
at 10:00 o'clock a.m.) 
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