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To: Mary Gade, Director

Illinois Environmental
protection Agency
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2200 Churchill Road
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Bruce Carlson

office of General Counsel

Illinois Environmental
protection Agency

P.0. BoxX 19276

2200 Churchill Road
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Bill Denham

Department of
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springfield,

PLEASE TAKE NOTICE that today 1

1l1linois 62704-1892

have filed with the

office of the clerk of the Illinois pPollution control Board, Motion

to Waive Requirement to submit 200 Signatures and Petition to Amend

gite-specific Regulation,

you.

BY

pDated: June 23, 1993
ROSS & HARDIES
Raymond T. Murphy
pavid L. Rieser
150 North Michigan
Chicago, Illinois
(312) 558-1000

Avenue
60601

copies of which are nerewith served upon

GENERAL MOTORS CORPORATION,
POWERTRAIN DIVISION

one of its Attorneys
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BEFORE THE ILLINOIS POLLUTION CONTROL

F ILLINOIS

IN THE MATTER OF: ONTROL BOARD

R93-

CORPORATION TO AMEND
35 ILL. ADMIN. CODE 303.322

)
PETITION OF GENERAL MOTORS )
)
(site-Specific Requlation for Fluoride) )

Now comes GENERAL MOTORS CORPORATION, POWERTRAIN
DIVISION, by and through its attorneys, ROSS & HARDIES and requests
the Pollution Control Board to waive the requirement to submit 200
signatures with its Petition to Amend Regulations and states in
support as follows:

1. General Motors operates an iron foundry in Danville,
Illinois which employs more than 11,000 persons and annually
contributes more than $80 million to the area economy. The
facility produces more than 800 tons per day of iron castings for
General Motors.

2. This motion is attached to a Petition to amend the
current site specific regulation for this facility. This petition
requests the Board to modify the fluoride water quality originally
granted to GM.

3. The Board has waived signature requirements for site
specific rule change petitions in the past, most recently with
regard to a rule change petition docketed as R93-8 by order dated

February 4, 1993.

—— THIS FILING SUBMITTED ON RECYCLED PAPER ——



4. Granting this motion is in the public interest in
light of the products produced by the facility and the benefits of
the facility’s operation.

WHEREFORE, GENERAL MOTORS respectfully requests the Board
to waive the requirement to submit 200 signatures in support of its

Site Specific Rule Change Petition.

Respectfully Submitted,

GENERAL MOTORS CORPORATION,
POWERTRAIN DIVISION

Ciz:——*—-"'One its AtToraeys

ROSS & HARDIES

Raymond T. Murphy

David L. Rieser

150 North Michigan Avenue
Chicago, Illinois 60601
(312) 558-1000



10944-1 PET

IN THE MATTER OF:

PETITION OF GENERAL MOTORS

CORPORATION TO AMEND

35 ILL. ADMIN. CODE 303.322
(Site-Specific Regulation for Fluoride)

2EI1IIQH_IQ_AMEHD_SIIE:SBESIEIQ_BEGHLBIIQH

GENERAL MOTORS CORPORATION, POWERTRAIN DIVISION (GM),
by and through its attorneys, ROSS & HARDIES, petitions the
Illinois Pollution Control Board pursuant to 415 ILCS 5/27 and 35
111. Admin. Code 102 Subpart C to amend 35 Ill. Admin. Code
303.322 (Site Specific fluoride standard) and states in support

as follows:

2BQEQ5ED_SIIE:SBEQIEIQ_BEQHLAIIQE

1. GM is seeking to modify 35 Ill. Admin. Code 303.322
which established a site-specific water quality standard for
fluoride in an unnamed tributary of the Vermilion River and the
vermilion River from the juncture of the unnamed tributary to the
Indiana border. This site-specific water quality standard was
intended to provide relief for fluoride discharges from GM's
panville plant. The Board adopted this regulation under docket
number R78-7 on September 24, 1981. GM seeks to increase the

fluoride water quality standard for the unnamed tributary and the

THIS FILING SUBMITTED ON RECYCLED PAPER



vermilion River from the juncture of the unnamed tributary to a
point 0.9 miles downstream of that juncture from 5 mg/l to 10
mg/l. By virtue of this request, the water quality standard for
the stretch of the Vermillion River to the Indiana border
previously covered by this relief would revert to the General Use
Standard of 1.4 mg/l. The Agency has reviewed this Petition
prior to filing it with the Board and has indicated that it has
no objection to the relief.
The revised standard would read as follows:
section 303.322 Unnamed Tributary of the Vermilion River
The fluoride standard of Sec. 302.208 shall not apply to
waters of the State which are located from the point of a
discharge to an unnamed tributary of the Vermilion River,
said point being located 3900 feet south of the Vermilion
River, 1900 feet north of 1-74, at 40°6’35" north latitude
and 87°68’'52" west longitude, to the confluence of said

unnamed tributary with the Vermilion River and from there

downstream to i%e—&uﬁe%&fe—wi%h—%he—%ﬁdiaﬁa—etaﬁe—befdef

Fluoride

levels in such waters shall meet a water quality standard

for fluoride (Storet Number 009050) of 5 30 mg/1.

T N F

Description of the Facility

2. GM's Danville Plant is an iron foundry which
employs more than 1000 persons and annually contributes more than
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$80 million to the Danville area economy. The foundry is located
in a rural industrial area on the border between panville and the
vVillage of Tilton, immediately north of Interstate 74. The
foundry manufactures ductile and grey iron castings for the
automotive industry. The unit processes include cupola melting,
sand molding, rough finishing and annealing of castings that are
used in the production of intake manifolds, transmission parts
and brake parts. The facility produces approximately 800 tons
per day of iron castings.

3. The facility draws its make-up water for process
and cooling purposes from the Vermilion River. The water is used
for a variety of purposes including cupola shell cooling, cupola
emission cleaning, slag sluicing, non-contact machine cooling and
dust collecting.

4. The facility discharges 400,000 to 750,000 gpd of
waste water including both process waste water and non—contact
cooling water. Process waste water, non-contact cooling water
and storm water receive treatment prior to discharge through
outfall 002. The treatment process includes: primary settling of
process waste waters, chemical treatment and mixing, settling in
a 12 million gallon settling basin, filtering through multimedia
pressure filters and cooling as required through a cooling tower.
The outfall discharges to a ditch which joins the Vermilion River

1400 feet from the outfall.

Description of the Present Inabjlity fo Achieve Compliance




5. GM described its inability to comply with the
general use fluoride standard in great detail in R78-7. 1In that
proceeding, GM experts testified that the facility exceeded the
fluoride water quality standard due to the elevated levels of
fluoride in the intake water and due to the limestone used as
part of the foundry process. Although GM complied with the site
specific regulations adopted by the Board, in 1989 the IEPA
imposed tighter mass discharge limits in GM’s NPDES permit which
required significantly increased recycling of process waste
water. GM recently spent $1.2 million to upgrade its wastewater
treatment system to comply with these stricter limits, installing
a larger holding basin and upgrading its wastewater treatment
process controls. As a result of these tighter limits, however,
and as a result of increased levels of fluoride in the limestone,
fluoride levels in the discharge began to increase in 1991.

6. In response to these increased levels, GM studied
various potential sources of increased fluoride. These studies
indicated that the fluoride levels in the limestone have
increased above prior levels. These studies also indicated that
fluoride levels in limestone fluctuate, even in limestone from
the same quarry.

o] ian ive

7. The alternatives for achieving compliance are
essentially as they were in 1981 when the site specific rule was
adopted. They include: (a) additional treatment for fluoride

which has significant expense and environmental conseguences; (b)



discharging directly to the Vermilion River and obtaining a
mixing zone; (cC) locating additional sources of limestone, which
involve significant transportation and other costs; and (d) site-
specific relief as requested here.

8. Several treatment alternatives were outlined in the
prior site specific proceeding and all of these had significant
capital and operating costs. The alternatives were outlined in a
Dr. James E. Etzel'’'s testimony in the prior proceeding and the
costs here are expressed in 1976 dollars. A copy of the
testimony is attached and incorporated as Exhibit A. The
treatment alternatives included: precipitation with high
magnesium lime, with a capital cost of $6,700,000 and annual O&M
costs of $1,850,000; absorption on bone char, with capital costs
of $2,300,000 and annual O&M costs of $580,000; and ion exchange
with activated alumina, with capital costs of $2,500,000 and
annual O&M costs of $530,000. All of these alternatives would
result in a high fluoride sludge which would have to be disposed
in a special waste disposal facility, thus increasing the solid
waste load on and diminishing useful space in that landfill.

9. The cost of constructing a conduit to transmit the
discharge directly to the vermillion River has recently been
reevaluated and is estimated to exceed $460,000. This estimate
does not include the cost of seeking to obtain a mixing zone from
the IEPA in order to allow discharges of fluoride in compliance

with the Board’s effluent levels but in excess of the Board’s



water quality standards. A copy of the cost estimate for this
construction is attached and incorporated as Exhibit B.

10. GM has also investigated sources of low fluoride
limestone. GM currently uses a limestone source 6 miles away and
costs per year of purchasing and transporting limestone are
$120,960. The only proven source of low fluoride limestone is in
Alpena, Michigan which is 514 miles from the facility. The
Alpena source produces FDA quality limestone for various products
including antacids and it is the only limestone source known to
GM where fluoride levels are routinely monitored. The additional
cost of obtaining limestone from thie source would be $541, 440
per year. A potential source of low fluoride limestone is in
Bloomington, Indiana, 125 miles from the plant. The excess costs
for that source would be $262,656 per year. Since limestone
levels from this source are not routinely monitored, it is not
certain that the fluoride levels would be as consistently low as
the Alpena source and therefore it is not clear that using
limestone from this source will result in consistent compliance
with the existing standard. A copy of the cost estimates for the
costs from these sources is attached as Exhibit C.

11. It is clear that any action by GM to either treat
the fluoride in its wastewater, discharge directly to the
Vermillion River or obtain limestone lower in fluoride from
another source would have substantial costs. Given the lack of
environmental impact as described below, and the high cost of the

options described above, compliance with GM's current fluoride



standard by use of any of these alternatives is economically
unreasonable.

Environmental Impact

12. The facility discharges to an unnamed ditch which
flows into the Vermilion River. This ditch was thoroughly
studied in the R78-8 proceeding and the technical consensus at
that time was that fluoride was not a limiting factor on the
maintenance of a diverse aquatic community. At that time the
ditch was subject to intermittent flows, had poor habitat
substrate and a slope equal to a mountain stream, all of which
explained the observed limited benthic community.

13. In the prior proceeding, GM witnesses testified to
the impact of fluoride on aquatic life. They stated (and the
Board held) that warm water midwestern agquatic communities were
far less sensitive to fluoride than cold water fish such as trout
and that this was explained in part by the different hardness
levels and availability of alternative sources of calcium. Both
GM and the Agency stated that the increased fluoride standard
would have no adverse impact on any uses of the ditch or the
vermilion River and would not affect the aquatic community in
either water.

14. These same conditions are prevalent now. A recent
study of the stream performed by Greg Bright of Commonwealth
Biomonitoring demonstrates that fluoride is not a limiting factor
on the aquatic life and the habitat structure is the principal

limit to achieving a more balanced aquatic community. In



addition, a recent review of the literature performed by Bright
showed that increasing the fluoride limits to 10 mg/l would have
no adverse impact on the fish or macroinvertebrates in the ditch
or the Vermilion River. Copies of the biological assessment and
literature survey are attached and incorporated as Exhibit D.

The ditch remains limited by factors other than water quality and
the fluoride levels to be expected in the Vermilion River will
have no adverse impact on the aguatic community there.

15. GM believes that the 10 mg/l standard is
consistent with GM’s current discharges and necessary to prevent
violations in the future. GM performed a statistical analysis of
its fluoride discharges over the last three years which
demonetrate that the fluoride discharges under normal operating
conditions can reach a maximum of 9.75 mg/l. A copy of this
report is attached hereto and incorporated as Exhibit E. GM will
continue its present treatment practices which should result in
average fluoride levels lower than 10 mg/l but GM is simply not
able to control the levels of fluoride in its limestone which is
the one variable that contributes most significantly to its
increased fluoride levels. Therefore, the 10 mg/l standard is
necessary as demonstrated by this statistical analysis.

16. Although GM’s requested relief would increase the
water quality standard for the unnamed tributary and a 0.9 mile
stretch of the Vermillion River, it would also return the water
guality standard for the remainder of the Vermillion river to the

General Use Water Quality Standard of 1.4 mg/l. Review of recent



data suggested the lack of current need for the extended relief
and that the volume of flow and structures in the Vermillion
River would provide sufficient mixing so that relief beyond the
0.9 mile stretch is no longer necessary.

17. As is shown by this petition, it is not
economically reasonable for GM to comply with its existing
standard. The alternatives available all involve substantial
expense and uncertainty, and several of them involve additional
environmental consequences. Further, the relief will have no
adverse impact on the receiving waters and because of its limited
applicability, will not affect any other discharger. Finally, the
relief will reestablish the General Use Water Quality Standard
for fluoride in all but a 0.9 mile stretch of the Vermillion
River.

c jance wi Federa W

18. The Board can grant this site specific standard
consistent with federal law. The USEPA has adopted no water
quality criteria for fluoride and has no applicéble literature
concerning fluoride. The revised water quality standard would
not affect any present or future uses of the receiving waters and
can be adopted consistent with the requirements of the Clean
Wwater Act and appropriate regulations.

ECONOMIC IMPACT STUDY
19. Pursuant to P.A. 87-860, Economic Impact Studies

are no longer required for proposed Board regulations. Should



this requirement be modified during the pendency of this
rulemaking, GM requests that the Board determine that an Economic
Impact Study is not necessary. The rule change affects only GM’'s
facility and will have no environmental impact. The Board will
be in a position to determine the economic reasonableness and
technical feasibility of the proposed rule based on the technical
information and cost figures submitted by GM in this proceeding.
SYNOPSIS OF TESTIMONY

20. ©M will call several individuals to testify in

support of this Petition. They include:

A. Mr. James Schifo, Senior Process Engineer at the
Danville Plant, will describe the facility and the
wastewater treatment system; will outline the
efforts to comply with the fluoride standard and
the treatment alternatives including costs and
testify that the modification of the existing
standard is both economically reasonable and
technically feasible,

B. Mr. Greg Bright will testify to the conditions of
the receiving stream and Vermilion River and
testify to the lack of environmental impact
associated with the facility's discharge.

c. Ms. Dawn Cleary, Environmental Engineer at the
Plant, will testify as to the beneficial economic
impact of the Plant on Vermilion County and its

role as a corporate citizen there.
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SIGNATURES
21. Attached is a Motion to seek a waiver of the

requirement to have a Petition containing 200 signatures in

support of this request.

WHEREFORE for the reasons stated herein, GENERAL MOTORS
CORPORATION, POWERTRAIN DIVISION respectfully requests the Board
to amend the water quality standard for fluoride applicable to

this facility contained in 35 Ill. Admin. Code 303.322 from 5
mg/l to 10 mg/l.

Respectfully Submitted,

GENERAL MOTORS CORPORATION,
POWERTRAIN DIVISION

One its Attorneys

ROSS & HARDIES
Raymond T. Murphy
David L. Rieser
150 North Michigan

Chicago, Illinois 60601
(312) 558-1000



R78-7
TESTIMONY .
: Ol .
FLUORIDE LEVELS, ACCOUNTABILITY AND TREATMENT
ON BEHALF OF THE
DANVILLE, ILLINOIS PLANT OF THE CENTRAL FOUNDRY
DIVISION OF GEMERAL MOTORS CORPORATION

BY

JAMES E. ETZEL, Ph.D.

GCood morning. My name is James FEtzel, anéd I Am the head
of the Environnental Fngineering area of the School of Civil
Engineering at purdue University and hold the position of a
chaired professor. In my position I am res»onsible for coor-
dination of six trained professionals all §f which.hold profes-
sorial rank and possess the Ph.D. degree. My acadenmic duties
consist of teaching at the undergraduate and graduate levels
and directing of research. During the past 20 vears I have
personaliy supervised the graduate training of 44 masters’
degree candidates ana 19 Ph.D. candidates. My education con-
cists of a Bachelor of Science degree in Sanitary Engineering
from the Pennsylvania State University in 1951, and a Mastex
of Science degree in 1955, and a Doctor of Philosophy degree
in 1957, both from Purdue University. One of ny other univer-
sity duties is to serve as the Chairman of the Purdue Industrial
Waste Conference. This conference and its published proceedings
are known worldwide to the exteﬁt that many practicing envixron-

mental. engineers use the proceedings as their prime refexance

EXHIBIT
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source. Alonag with my university activities I also serve as a
consultant on industrial wastewater problems to several indus-
trial concerns both in the United States and throughout the
world. I am also a registered professional engineer in the

State of Indiana and author of numerous technical articles.

A copy of my vita is attached as Appendix 1.



INTRODUCTION

It is a well known fact that fluoride levels in drinking
water, in %he range of 0.8-1.2 mg/l, are beneficial in preventing
tocth decay. For this reason, many towns in Illinois, as well
as around the nation, have chosen to add fluoride to their
water supplv. These additions are normally made by use of the
chemical compounds of sodium fluoride or hydrofluosilic acid,
and, to a lesser extent, sodium silicofluoride. Choice of
these particular compounds is very heavily based on their solu-
bility, since most other compounds that contain fluoride are
very insoluble. It is imoortant to emphasize that no matter
what the original compound was that contained the fluoride
anion, its integrity is lost once it is dissolved in water.

As an examnle, if one were to add 10 mg/l sodium fluoride
(NaF) to tap water, all that could be said after dissolving

is that the water contains an additional 5.5 mg/l of sodium
cation and 4.5 mg/l of additional fluoride anion, over and
above the original concentration of each ion. Previous Board
deliberations that I have read concerning the fluorspar mining
industry and its fluoride problem seem to be confusing on the
point of calcium fluoride, since they indicate that calcium
fluoride is the important material in the water. Although the
presence of calcium or magnesium ions in a water containing
fluoride may be significant from the standpoint of its environ-

mental effect on fish or agquatic life, this does not mean that
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calcium fluoride or magnesium fluoride as compounds are present
in the water. Therefore, in collecting water quality data to be
used by aquatic experts to determine any environmental effect

on aquatic life, analysis cannot be verformed to determine the
presence of calcium fluoride or magnesium fluoride dissolved

in water. TInstead, samnles must be analyzed for the individual
ions of calcium, or magnesium, or fluoride.

With the growing trend of municipalities in the past ten
vears to add fluoride to drinking water, there has been a cor-
responding increase in fluoride levels discharged from waste-
water treatment plants. Existing wastewater treatment plants,
such as Blue Plains or Lake Tahoe, as well as future.plans for
similar advanced or tertiary wastewater treatment plants that
are being designed to remove pollutants according to the most
stringent pollution control regulations, are not capable of re-
moving fluoride. It can thus be concluded that streams which have
a high use rate for water supplies, and which receive high amounts
of treated wastewater from any water source, should be experiencing
higher levels of fluoride ion. This higher fluoride ion level is most
pronounced at low stream flows, because of the high proportion of
previously used water flowing in the stream at that time, This
is the case with the Vermilion River at Danville, Tllinois, since
flow data that I have seen shows a very high proportion of the low
river flows being composed of upstream sewage plant discharges.

although data on the fluoride content of the Vermilion River,



either upstream of the foundry intake point or at the intake
point itself, are not available in mass, I have assembled a
combination of déta and analyses from GM's various contractors,
the Illinois Water Survey and the IEPA, which are compiled in
mable 1 of this document. Using these data, it was possible

to produce a probability plot as to the percentage of time that
a given fluoride level could be expected to be equaled or ex-
ceeded. This plot is shown in Figure 1 in this document, and the
data relative to decennial percentages and their corresponding
fluoride concentrations in the Vermilion River are presented in
Table 2. These data show that on the average a fluoride level
of 0.8 mg/l or areater can be expected 50% of the time. This
fluoride level is in the exact range which would be expected

because of the high usage rate of the Vermilion River as pre-

viously pointed out,



IN-PLANT COMSIDERATIONS OF FLUORIDE SOURCES

As has already been described, the Danville plant of the
Central Foundry Division of the General Motors Corporation has
devoted a lot of time, effort and money to the subject of
fluoride sources within its process materials. Through changes
in raw materials such as fluorspar, it was thought that enough
of the fluoride sources had been eliminated so that the fluoride
levels in the plant wastewater discharge would no longer be a
problem, However, extensive testing was conducted to develop
a treatment system that Would treat a major portion of the plant
wastewaters for heavy metals and suspended solids down to Board
limitations, and this testinq showed that the changes in raw
materials did not eliminate the problem of fluoride levels at
002. During this testing, a few analyses of the main discharge
from the plant (002) were run for total and soluble fluorides,
more or less as a check to confirm that the concentrations were
not a factor. To everyone's surprise, a few spot-check fluoride
analyses by a GM contractor showed values in the range of 1-3 mg/l.
This data suggested that a much closer look at the sources of
filuoride would be necessary to ascertain the oxrigin of the fluorides.
A study of the problem led to a report on "Fluoride Sources Within
the Production Processes and Manganese Levels in Discharge 003"
in October, 1977, which is attached as Exhibit G to GM's regula-

tory petition in this proceeding. This report showed the major



sources of fluoride to be the limestone used in the cupola
charging and the Vermilion River, as well as the Interstate
Water Company's fluoridated water.

~ Using the data from Table 2 on the intake water from the
Vermilion River and Table 4 on the plant discharge at outfall
002, one can see that, 50% of the time, the 0.8 mg/l of soluble
fluoride in the plant intake water is 40% of the 2 mg/1l soluble
fluoride at point 002;;'£60king into all the other process
materials, that are used in any gquantity large enough to be
significant, showed the 1imestone flux, the coke, and the
anthracite coal, all used in the cupola charges, to be the
only likely sources of the fluoride. An analysis of ‘the coal
showed it to contain 0.005% by weight of fluoride, and, since
the coke was nore pure thaﬁ the coal, it was dismissed as a
possible source. Materials balance calculations on the cupolas
showed the coal at 0.005% fluoride to be an insignificant souxce.
Tests on the limestone showed that it contained 0.04% by weight
of fluoride, and, since it is used in such mass guantities (100+
tons/day) , the materials balance calculations across the cupolas
" showed the limestone to be a major factor in the source of fluorides.
Using a 002 discharge flow of 10,1Z mgd,. the basis for which X will ex-
plain later, and a hypothetical soluble fluoride congentration of
1.22 mg/1 [2,00 ma/l, the 002 effluent 50% of the time, minus 0.78
mg/1l, the intake water level 50% of the timel, approximately 102
pounds of fluoride would be added to the water on such a hypotheti-

cal day. In comparison, the plant's limestone usage, during
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the veriod in which I conducted my fluoride mass balancing
tests at the plant, averaged 141 tons/day, which, with a

0.04% fluoride content in that limestone, liberated approxi-
mately 112 pounds of fluoride. The close agreement of these
numbers is very strong data to support the statement that

the water source and the limestone were the two major fluoride

sources.



ALTERNATIVES TO ELIMINATE OR REMOVE FLUORIDE

Since the only controllable source of fluoride was
the limestone flux, it appeared that an alternate source of
limestone, which was lower in fluoride content, should be
considered. Calculations to determine how low the fluoride
content of the alternate limestone would have to be were
the first order of investigation. Referring to Table 2, it
becomes clear that with a probable river intake level of
soluble fluoride of 1,32 ma/l or greater 10% of the time,
an effluent limit of 1.40 mg/1l 100% of the time is impossible.
An actual plant-water balance study, as presented in'Bob Jones'
testimony, showed that the 11.016 mgd of Vermilion River water,
together with 0.895 mgd from the Interstate Water Company,
made un the total plant water usage on a typical operating day
in Movember, 1976. ©Of this water intake, 0.120 mgd was dis-
charged as sanitary sewage to the Tilton Sanitary District;
0.091 mgd was discharged via outfall 001; and 0.0035 mgd was
discharged via outfall 002. This total water discharge of
0.2145 mgd, or about .22 mgd, had no effect on discharge 002,
nor was it subjected to much evaporation. The remaining flow
of approximately 11.68 mgd [11.9 mgd minus 0.22 mgd] was used
in ways where evaporation losses of 1.56 mgd occurred. Thus,
the discharge at 002 had a volume of approximately 10.12 mgd, but

contained all of the dissolved and suspended constituents in the



11.68 mgd of original water. If we thus consider, from Table
2., the 10% probability value of 1.32 ma/l of fluoride in the
Vermilion River intake water, and apnly a concentration factor
for evavmoration based upon the above water halance data, we
would get a soluble fluoride value in discharge 002 of approx-
imately 1.5 ma/l, These facts show that, without any fluoride
additions by the plant, meeting a discharge limitation of 1.4
ma/l is impossible,

All of this shows you what the situation is without any
fluoride additions by the plant, But let me now tell you what
hapoens when the plant's use of limestone in the process |
adds fluoride to the plant's Vermilion River intake water. For
examole, at a usage rate of 141 tpd of limestone, which was the
plant's average usage during the period in which I conducted the
fluoride mass-halancing tests, and at a fluoride content in that
limestone of 0.04%, there would be a total fluoride release of
119 pounds/day added to the water. At this level, assuming a
discharge flow at 002 of 10.12 mgd, an added fluoride concentra-
tion of 1.41 mg/l would result from the limestone. Using the
data in Figure 1, on the soluble fluoride content of the Vermilion
River intake water, we can thus calculate the possible fluoride
jevels at 002. Using the 99% probability value of 1.78 mg/1
soluble fluoride, and correcting for evaporatioﬁ loss, a value
&f 2.05 mg/l results. Adding the 1.41 mg/l and 2.05 mg/l values
yields 3.46 mg/l of soluble £luoride in discharge 002. 1In the

same way, the 99.9% soluble fluoride at 002 would be 2.42 plus
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1.41, or 3.83 mg/)l or higher. The 99.99% value would be 4.18
mg/1l or higher, However, as Bob Jones has pointed out, the plant's
limestone usagelrate has reached 175 tpd, a level well in excess
of the above rate of 141 tpd; and this higher usage rate would
yield a total fluoride release of 140 pounds/day, or 1.66 mg/l.
Again using the 99,99% probability value of river intake water,
a soluble fluoride value of 4.59 mg/l or higher could result at
discharge 002, Accordingly, it is easy to understand why a 5 mg/1
limitation for fluoride is necessary at outfall 002.

In spite of this situation an investigation into other
possible limestone sources lower in fluoride was conducted.
After many contacts with state geologists in Illinois and
Indiana, along with contacts at Purdue, the University of
Illinois, and Indiana University departments of geology, no
data on fluoride contents of limestone could be found. This
lack of data was understandable, because most quarries do not
typically analyze for constituents which would be present in
trace amounts, such as fluoride, Some opinions that 0.04% by
weight was not high, or seemed low, were all that could be ob-
tained. Analyses of three other limestone sources were then
pursued. One source near Kentland, Indiana, showed a limestone
with a fluoride content of 0.074% by weight. One near Fairbury,
I1linois, showed a value of 0.057% by weight. And one from
Thornton, Illinois, showed a value of 0.02% by weight, suggesting

that use of thig limestone would cut fluoride contributions by
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the vlant, due to limestone, to half of their existing levels.
However, such a reduction would not allow the plant to meet

the existing 1.4 mg/l limit, because of the probability values

as to the Vermilion River intake water, and the evaporation

rate, that I just mentioned. In fact, applying the above lime;
stone usage rates of 141 tpd or 175 tpd, using the Thornton lime-
stone would reduce the plant's fluoride contribution to 0.70

or 0.83 mg/l, respectively. Then, adding these values to the
above probability values of the vermilion River intake water,
yields a fluoride concentration range at 002 of 2.75 to 3.60 mg/l or
higher. This information, together with the cost impact of such

a limestone substitution as presented by Bob Jones, elearly leads
+o the conclusion that limestone substitution would not allow the
plant to comply with the existing 1.4 limit, and in any case is
not an economically reasonable alternative for reducing fluoride
levels at 002,

Consideration was also given to the discharge of the waste-
water from outfall 002 directly into the Vermilion River via a
pipeline. The data on river flow and on fluoride levels are very
much parallel, and so, as river flow decreases, the fluoride and
soluble fluoride concentrations increase. Taking into account
that the seven day ten year low flow at Danville is 13.2 mgd, it
can be;%éen that no dilution water for discharge 002 would be
available (an upstreém withdrawal of 10-12 mgd must be taken into
account), and thus no benefits could be derived from direct river

discharge by means of a pipeline,
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Tt was thus concluded at this point in the investigations
that neither materials substitution nor pipeline discharge were

feasible means of meeting the applicable fluoride limitation.
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FLUORIDE REMOVAL BY PHYSICAL OR CHEMICAL TREATMENT

In evaluating the treatment alternatives for removal of the
heavy metal ions in the plant wastewater flow; such processes as
reverse osnosis, high pH chemical precipitation with lime, and
jon exchange were considered. In the case of either reverse os-
mosis or ion exchange, one is still left with what to do with
the reverse osmosis reject water, or the ion exchange regenera-
tion wastewater, both of which would contain a high concentration
of total dissolved solids. Considerations of using lime precipi-
tation showed that about 13.5 tons/day of lime would be consumed
since all of the 350 mg/l of hardness as CaCOj would have to be
removed along with the heavy metal ions. Not only would this
have cost the environment a lot of energy to produce the lime,
but also the 164,000 gal/day of 5% total solids sludge that would
result would have been a significant problem to dispose of in an
environmentally acceptable manner. Consideration of ion exchange
showed that the quantity of lime would not have been reduced since
treatment of the regeneration wastewater was necessary and a quantity
of approximately 42 tons/day of salt (NaCl) would have entered the
environment in addition, It was on the basis of this information
that Central Foundry Divsion of the General Motors Corproation de-
‘cided to try a totally new and undemonstrated technology. The
technology employed the use of alum coagulation for removal of
colloidal materials and made use of the fact that at pH values of

about 9 the hydrous oxide flocs of aluminum have ion exchange
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properties. Laboratory scale tests of the technology showed it
to be very promising and formed the basis for full scale plant
construction. Data on the full scale system has already been
presented by Bob Jones, but I emphasize that the low dosages of
alum and sodium hydroxide, along with the resulting sludge, are
minimal compared to any of the other technologies considered.

'An in depth look at fluoride removal methods showed that
only the following technologies were applicable: adsorption
on bone char; ion exchange with activated alumina; and preci-
pitation with high magnesium lime. However, none of these
technologies can reduce soluble fluoride levels below 1.0-1.5
mg/1, and I would not guarantee that any of them could achieve
consistent compliance with the limit of 1.4 mg/l. Moreover, the
costs of each technology ate extremely high, both as to capital
investment and annual operating costs; and each technology pro-
duces large volumes of sludge, the disposal of which is also
very costly as well as environmentally unacceptable. In addi-
tion, one must account for the pollution caused in the manufac-
ture of the very'chemicals needed to apply this technology.

For example, in using bone char technology, it would first
be necessary to have a coagulation and settling system as has
recently been installed at the Danville plant. The coagulated
and settled water could then be passed through the bone char
for fluoride removal, and then the defluoridated water would re-

guire filtration. The last filtration would be required because
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of the high attrition losses of the bone char and the effect
these would have on suspended solids and fluoride in the final
effluent. Further, there would have to be a regeneration of the
bone éhar using sodium hydroxide. The resulting regeneration
wastewaters would contain the same mass of fluoride as originally
present, but in a more concentrated form. It would therefore

be necessary to use lime treatment with high-magnesium lime, to
ultimately remove the fluoride from the regeneration wastewaters.
In addition, this treatment of the regeneration wastewater would
produce more than 14,000 gpd of sludge, which would also have.to
be disposed of in some environmentally acceptable manner.

The expense of bone char exchange, above and beyond the
capital and operation expense of the new wastewater treatment
plant that went on-line oﬁ September 1, would require a capital
cost of $800,000 and an annual chemical cost of $250,000. The
final capital cost for regeneration wastewater treatment and
sludge dewatering would run approximately $1.5 million with
annual chemical costs of $180,000, and sludge disposal costs
of another $150,000 per year. As a grand total, and above and
beyond the capital and operating expense of the new wastewater
treatment plant, capital costs for bone char treatment would be
$2.3 million and annual chemical and sludge disposal costs would
be about $0.58 million. These estimates, and the others I will
give you shortly, are based on my knowledge of the required

hardware and equipment, together with information I have obtained
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through calls and contacts to suppliers and other industry repre-
sentatives. My figures include all project costs, but do not
include operating labor. All of these costs, as you can see,
would be for something that is borderline in meeting the re-
guired water quality limits at outfall 002.

Activated alumina exchange would have the same pretreat-
ment requirements as those for bone char. While the bone char
technology is an adsorption process, and the activated alumina
is an ion exchange process, both are similar in their requirement
of regeneration. The wastewaters resulting from regeneration of
activated alumina thus contain the same mass of fluoride as
originally present, but in a more concentrated form--and now have
to be treated with chemicals for precipitation. The only dif-
ference between the two technologies is that a filtration is
needed prior to exchange, rather than after, because of the fine
nature of the activated alumina. The expense for activated alumina,
above and beyond the capital and operating expense of the new
wastewater treatment plant, would require a capital cost of about
$1.0 million, and an annual chemical cost of about 9.2 million.
The regenerant treatment and sludge dewatering costs would be
essentially the same as those for the bone char: capital $1.5
million and annual chemical and sludge disposal costs of $0.33
million. Total capital costs, above and beyond the capital and
operating expense of the new wastevater treatment plant, would be $2.5
million with annual chemical and sludge disposal costs of $0.53

million, excluding operating labor.
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Wwhen we were considering the various alternatives that could
be used to remove the heavy metals in the 002 wastewater discharge,
high pH precipitation was considered and abandoned for a variety
of reasons. It seemed possible, however, that if high pH precipi-
tation could be used to remove heavy metals and soluble fluoride,
it might be worthy of a second evaluation. Technology showed that
a magnesium lime, instead of a reqular high calcium lime, would be
necessary; and that the process would be considerably different than
the one recently installed. The start of treatment would be with
chemical addition, rapid mix, flocculation, and then settling in
conventional settling tanks, instead of a lagoon as in the new plant.
Tanks for settling would be required since the sludge volume of
164,000 gpd was so large that it required constant removal rather
than annual cleaning as does the existing lagoon. Sludge recycle
back to the rapid mix tank would be needed to minimize scaling and
sludge volume. The settled effluent would have to be stabilized by
recarbonation or acid addition prior to filtration so as not to
scale the filters or have any after-precipitation in the stream
due to super saturation with calcium carbonate or magnesium hydroxide.

Capital costs for the high magnesium lime precipitation were
found to be $5.5 million. Annual chemical costs for high magnesium
1ime and sulfuric acid to control pH after the precipitation werxe
$0.35 million. Dewatering of the 164,000 gallons per day of sludge
which would be produced from the precipitation{ and disposal of the
dewatered cake, would require another $1,2 million of capital, and
$1.5 million of operating costs exclusive of labor. A grand total
of $6.7 million of capital, and $1.85 million of operating costs

exclusive of labor, would be needed,



puring the evaluation of the fluoride removal processes
the technology of using magnesium as a co-precipitant for fluoride
in the high magnesium lime process seemed as though it might have
a chance of working if used in another location. The rationale
was that if dolomitic limestone (high magnesium limestone) could
be added to the high calcium limestone in the cupola charge in
a ratio where the magnesium content was high enough to cause co-
precipitation of the fluoride, the fluoride might not be
solubilized in the wet cap and scrubbing waters used in the cupola.
A study of this idea involving full scale tests on one of the
cupolas was made and a report "Dolomite Limestone Study on
Control of Cupola Fluoride Losses" was prepared in Jﬁly, 1978.
Using the equations for fluoride removal by co-precipitation with
magnesium, & charge of 50 pounds of dolomitic limestone per cupola
charge should have been more than enough to drive the soluble
fluoride in the cupola wastewaters to zero. The thought behind
the use of dolomitic limestone was that, in the molten fluid mass
of the cupola, the reactions between fluoride and magnesium would
take place much as they do ih a water environment. Thus the fluoride
would be chemically bound to the magnesium and leave the cupola by
way of the slag. Another possible action was the evolved fluoride
and magnesium, when removed from the cupola off-gases by the
venturi scrubber, would react to co-precipitate in the water,
Tests showed little 6r no change in the soluble fluoride content
of the cupola wastewaters. A further attempt using 100 pounds of
dolomitic limestone per cupola charge (a 200% excess) was made, but
the results still gave no indications of fluoride removal, and so

further testing of the approach was abandoned. Other considerations



in using the dolomitic limestone took into account the fact
that oliflux, a magnesium oxide material which had been.pre—
viously used in the cupola charge, could be substituted for
the.dolomitic limestone had it been successful, without the
fear of a significant increase in operating costs for obtaining
and using dolomitic limestone, as previously pointed out by Bob

Jones.
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STATUS OF PRESENT TREATMENT SYSTEM REMOVALS

The new technology wastewater treatment system has, as
already shown, demonstrated a very high dedree of heavy metal
'ion removal ability. Data in Table 5 on the concentrations
of total and soluble fluoride in the Vermilion River, treatment
system influent (Parshall flume), and outfall 002 clearly show
that the system has no effect on soluble fluoride anions. This
fact is exactly as expected since only cation exchange capacity
is possible with the hydrous oxide aluminum floc. The slight
variations between soluble and total fluoride levels in Table
5 are normal experimental error and any removals of soluble
fluoride across the sytem are a matter of chance since influent
and effluent samples were not staggered to allow for system
detention time. While these data are not exhaustive, they are,
in my opinion, sufficient to show if any unexpected removals
were being achieved. Since no removals were shown, it can bhe
concluded that soluble fluorides, and more than likely no anions,

are removed or exchanged by the wastewater treatment system.



SUMMARY

A new technology wastewater treatment system has, during
its early operational history, been shown to be capable'of achieving
high degrees of heavy metal cation removal, but no ability to
remdve or exchange anions, Other investigations involving
dolomitic limestone additions to the high calcium limestone
flux to the cupolas proved ineffective in reducing or eliminating
the soluble fluorides in the cupola wastewaters.

Probability studies on the levels of soluble fluorides in
the Vermilion River showed that levels higher than 1.4 mg/l
could occur by chance alone at least 7% of the time, Allowing
for the evaporation losses in the process, a level of soluble
fluoride of only 1.2-1/3 mg/l could be in the_Vermilion River
water if a level of 1.4 mg/l were not to be exceeded in discharge
go2, This means that the per cent of time for exceeding the
1.4 mg/l level in discharge 002 would be‘u—lﬁ%. All of the —
foregoing data assume zero fluoxide ion is added in the plant
processes. Correlation of the probability data on fluoride
levels with Vermilion River flows, coupled with water withdrawals
from the river, show that pipeline discharge directly to the river
would be of no advantage because of the absence of dilution
water in the river,

In depth evaluations of fluoride removal processes showed
that they were only gpod enough to reduce the discharge level at
point 002 to about 1.,0-1.5 mg/l of soluble fluoride. This fact,
when coupled with the possibility of creating masses of poorly
dewaterable sludge and possible adding of up to 42 tons per day of

salt to the river flow, seemed to be more environmentally detri-
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mental than the minimal levels of soluble fluoride that now
exist in discharge 002. It is on the basis of this information
and in the interest of environmental preservation that I feel

a legal remedy rather than a treatment system is the most

reasonable solution to the fluoride situation.



CONCLUSION

1. Meeting a fluoride level of 1.4 mg/l is impossible
when we consider the fluoride levels that occur in the Vermilion
River intake water.

2. Use of an alternate limestone for the current one, in
order to achieve compliance with the 1.4 limit is impossible,
since no limestone to my knowledge is free of fluoride.

3. Changes in cupola charge materials to eliminate fluoride
losses hav= been unsuccessful in meeting the 1.4 limit.

4, Removal of fluoride by kncwn technology cannot
cquarantee continuous compliance with a limit of 1.4 ﬁg/l.

5. Damage to the environment from production of chemicals
used in fluoride removal and by sludges resulting from the

removal are more than those from the original fluoride.
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MAR-15-1993 14:52 FROM  GM POWERTRAIN DANVILLE TO 831275B8ERR P.E3

GMPT 002 DISCHARGE TILE  o3/12:93
COST ESTIMATE

EXTEND 002 DISCHARGE DIRECTLY TO THE VERMILION RIVER.

CLEARBURSH i  $2,000

LAYOUT SEWER | | $1,800

4250 FT.OF 48" TILE | $294,000

LAY TLE . | $66,000

INSTALL MANHOLES $40,000
BACKFILL | $10,550 '
HEADWALL " $3.450
EQUIPMENT MOVES $1.350

SUBTOTAL $419,150

+10% MISC. & UNFORSEEN $41915

GRAND TOTAL S451065

EXHIBIT

TOTAL P.E3
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Review of Potential for Environmental Impact
from Fluoride in Wastewater

GM Powertrain Outfall 002
panville, Illinois

EXECUTIVE SUMMARY

Commonwealth Biomonitoring conducted two studies associated with
fluoride in the wastewater of GM Powertrain outfall 002: a
literature review of fluoride toxicity and a rapid bioassessment
of use impairment in the company’'s receiving stream. The purpose
of the studies was to evaluate any environmental impacts from
fluoride in the company’s discharge.

The hardness of the receiving stream below outfall 002 is
typically greater than 300 mg/l. A review of fluoride toxicity
information from previously published scientific literature
supports a conclusion that 10 mg/l of fluoride in water of this
hardness should not adversely affect freshwater organisms.

The biocassessment study showed that the stream below outfall 002
is moderately impaired. Much of the impairment is probably due
to high dissolved solids from coal spoils runoff in the
watershed. Typical toxicity-related effects were not observed.
The study supported the literature search cited previously in
showing that typical fluoride levels in this stream are probably

not high enough to cause toxicity problems to resident aquatic
species.

Neither the receiving stream nor the Vermilion River downstream
from GM Powertrain is used as a public water supply or as a
significant source of stock watering. Therefore, potential for

fluoride—induced mottling of tooth enamel from the discharge is
low.

GM is requesting that the NPDES permit limit for fluoride be
raised to 10 mg/l. Both field and laboratory studies support the
conclusion that this limit would not cause environmental harm.

EXHIBIT

D
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AQUATIC BIOLOGICAL ASSESSMENT
GM POWERTRAIN RECEIVING STREAM
DANVILLE, ILLINOIS
DECEMBER 1992

I. Introduction

GM Powertrain manufactures automotive parts and discharges
wastewater from outfall 002 to the extreme headwaters of an unnamed
tributary of the Vermilion River. The company’s wastewater
contains fluoride derived from limestone used in the manufacturing
process. The particular source of limestone used by GM Powertrain
is relatively high in fluoride content, which causes the fluoride
concentration in the wastewater to periodically exceed the
company’s NPDES permit limit of 5 mg/1.

The fluoride limit in the company’s present NPDES permit was based
on an Illinois Pollution Control Board rule supported by fluoride
toxicity literature and biological data showing that 5 mg/1 would
not cause environmental harm. Based on increased fluoride in the
1imestone used in the foundry process, the company believed that
the 5 mg/l limit did not appear to be econcmically achievable and
they wanted to determine whether the limit was more restrictive
than necessary to protect designated uses of the stream. The
company then commissioned this study.

This aquatic biological assessment was conducted to determine
whether fluoride periodically exceeding 5 mg/l in the GM Powertrain
effluent was adversely affecting the aquatic community of the
stream. If no effects from fluoride were observed, the evidence
provided by a field study would help support evidence from
laboratory toxicity studies (submitted separately) that fluoride in
the company’s wastewater was not environmentally significant.

II. Objectives

An aquatic biological assessment of the GM Powertrain receiving
stream at Danville, Illinois was conducted during December 1992.
The study was designed to help determine the potential
environmental effects of fluoride in the GM Powertrain effluent.
The scope of work was read and approved by Tllinois EPA before the
assessment was made.



I1I. Description of the Area

The unnamed GM Powertrain receiving stream is a first order
tributary of the Vermilion River on the south edge of Danville,
Illinois. The stream drains an area of approximately 3 square
kilometers and its watershed includes both industrial, residential,
and forested areas. The immediate area of the stream is heavily
wooded and the channel is relatively unaltered. Stream slope is
very steep, dropping approximately 30 meters in its 1 km length.
This steep gradient causes the stream to fall in a series of short
waterfalls and debris dams (up to 1 m high), and a bedrock
substrate exists in many places. The stream is 1-3 meters wide,
with pools up to 1 m deep.

The relatively natural, wooded surroundings of the receiving stream
are interrupted by numerous areas of old coal mining spoils in the
jmmediate area. The watershed was probably mined near the turn of
the century, but seeps of runoff water from these spoils were
observed thoughout the entire length of the stream. A sample of
water from one of these seeps had the following chemical
characteristics:

pH 7.7

conductivity 1060 uS
hardness 430 mg/l
alkalinity 248 mg/l
sulfate 325 ng/l
chloride 145 nmg/1
sodium 220 mg/1

These chemical concentrations are characteristic of old coal
spoils. Runoff from the spoils significantly boost the ionic
composition of the surrounding surface waters compared to
unimpacted streams.



IV. Methods

The methods used for bioassessment were adapted from the U.S. EPA
Technical Suppert Document Rapid Biocassessment Protocols for Use in
Streams and Rivers (EPA/444/4-89-001, Plafkin et al. 1989).
Bioassessment Protocol III for benthic macroinvertebrates was used
for the study. Protocol III requires qualitative sampling of
benthos by kicknet from a riffle area, identification to the genus
or species level of 100 individuals from each site, functional
feeding group analysis, and sampling from an unimpacted reference
stream. Data from the reference stream are used for comparison to
determine whether uses for aguatic life have been impaired.

To help separate habitat effects from water gquality effects,
Protocol III requires that habitat in study and reference streams
be as similar as possible. Riffle areas were relatively uncommon
in the study stream, but water flowing over exposed bedrock was
common. Therefore, all benthos samples were collected similarly
from bedrock outcrops where current speed approached 30-40 cm/sec.
Copies of all habitat evaluation forms are attached in an Appendix.
A discussion of stream habitat effects are included in the Results
section (Section V, below)..

Samples were collected  in the GM receiving stream about 100 m
downstream from outfall 002. In addition, another sample was
‘collected from a second unnamed tributary to this stream, entering
about 200 m downstream from outfall 002. This unnamed tributary
had habitat which was very similar to the GM receiving stream and
it drained much of the same larger watershed. The Town of Tilton
once .had a municipal wastewater discharge to this stream, but the
town discontinued its discharge at least three years ago and the
stream no longer has any point source wastewater discharges.
However, because it drained areas potentially affected by coal mine
- spoils (see discussion below), the aquatic community of this stream
would probably be representative of that expected in the GM
receiving stream if no wastewater discharge occurred there.

Willow Creek, a first order tributary of the Vermilion River about
10 km southeast of the GM Powertrain property, was chosen as the
_reference stream for this study. Willow Creek is a reasonably
natural stream, with an 8 square kilometer watershed, about 50% of
which is forested and which has relatively little human habitation.
The stream receives no point source wastewater discharges and has
not been extensively channelized. The sampling site was located in
Forest Glen Park, a nature preserve and recreational area owned by
vermillion County. Willow Creek lies within the same "Central Corn
Belt Plains" ecoregion as the GM Powertrain receiving stream.



For quality assurance purposes, a duplicate sample was collected at
the Willow Creek site. Analysis of this duplicate was used to
determine the amount of variability associated with the sampling
technique and the resulting biometrics.

A generalized map showing the collecting sites and GM Powertrain’s
outfall 002 are shown in Figure 1.

V. Results
HABITAT EVALUATION
211 streams in the study had similar aquatic habitats (see Appendix

for habitat assessment field sheets). The habitat scores for each
stream were as follows:

Unnamed GM Receiving Stream 84 out of 135
Tributary to Receiving Stream 81 out of 135
Willow Creek (reference stream) 93 out of 135

According to the EPA Habitat Evaluation Scheme, which ranks habitat
as Excellent, Good, Fair, and Poor, each of these streams had
"Good" aquatic habitat. The score for the reference stream, Willow
Creek, was 11 to 15% higher than either of the study streams. It
appeared to have slightly Jess channel alteration and bottom
deposition than the two study streams. However, the difference in
habitat scores was probably not large enough to account for the
impaired aquatic communities discussed below.

QUALITY CONTROL DUPLICATE

The quality control duplicate samples at Willow Creek (sites 3 and
4) indicated that the biometrics at these sites were very similar
(Table 5). The bioassessment scores varied by less than 13% and
both scores indicated no impairment of uses in the reference
stream. Therefore, results of bioassessment scores at the study
sites can probably be accepted with a high degree of confidence.
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I PAIRMENT

Macroinvertebrate sampling results for each site are shown in
Tables 1-4. A summary of the biometrics and biocassessment scores
for each site are shown in Table 5. These bicassessment scores are
based on comparison to reference site 3 on Willow Creek.

The U.S. EPA Rapid Bioassessment Protocol III defines impairment of
uses for aquatic life as follows:

Study Site / Reference Site Score Impairment Condition
>0.87 None
0.21 - 0.50 Moderate
<0.17 Severe

The summary of bioassessment scores in Table 5 shows that the
aquatic community of the GM Powertrain receiving stream was
mmoderately" impaired. Its bioassessment score was less than both
the unnamed tributary (Site 2) and the reference stream (Sites 3
and 4).

The unnamed tributary had an aquatic community which was "slightly"
impaired. I1ts bioassessment score was higher than the GM
Powertrain receiving stream score but less than the reference
stream score.



Table 1.
Macroinvertebrate Sampling Results
Unnamed GM Powertrain Receiving Stream

Site 1
December 4, 1992

Bedrock Sample

Diptera
Simuliidae 1
Chironomidae
Psectrocladjus psjlopterus 1
Chironomus riparjius group 1
Polvypedjlum jllinoense 1
Trichoptera
Hmr_gpﬁy_ehe_b_ss_t_eni‘ 88
Oligochaeta (Tubificidae) 8
CPOM (Coarse Particulate Organic Matter) Sample
Shredders 0

Non-shredders (Chironomidae, Hydropsychidae, Tubificidae) 8

BIOMETRICS

Total Number of Genera - 6

Total Number of EPT (Ephemeroptera, Plecoptera, Trichoptera)
Genera - 1

Ratio of Scrapers/Filtering Collectors - 0.0

Ratio of EPT Abundance/Chironomids - 29.3

Ratio of Shredders/Total - 0.0

Percent Contribution of Dominant Taxon - 88%

Community Loss Index - 1.7

Hilsenhoff Biotic Index - 6.2



Table 2.
Macroinvertebrate Sampling Results
Tributary to Unnamed GM Powertrain Receiving Stream

Site 2
December 4, 1992

Bedrock Sample

Diptera
Tipulidae 7
Chironomidae
Parametriocnemus sp. 1
Psectrocladius psjlopterus 4
Trichoptera
Hydropsyche betteni . 5
cheumatopsyche sp. 3
Isopoda (Lirceus sp.) 1
Mollusca
Sphaeridae 1
Physa sp. B 1

* Only 23 organisms in sample, even after intensive effort

CPOM Sample

Shredders (Isopoda and Tipulidae) 19
Non-shredders (Chironomidae & Tubificidae} 3
BIOMETRICS

Total Number of Genera - 8

Total Number of EPT Genera - 2

Ratio of Scrapers/Filtering Collectors - 0.0
Ratio of EPT Abundance/Chironomids - 1.6
Ratio of Shredders/Total - 0.86

Percent Contribution of Dominant Taxon - 30%
Community Loss Index - 1.3

Hilsenhoff Biotic Index - 5.4



Table 3.

Macroinvertebrate Sampling Results

Willow Creek (Reference Stream)
g8ite 3
December 4, 1992

Bedrock Sample

Diptera
simuliidae
Chironomidae
Cardiocladius sp.
Diplocladijus sp.
sectrocla s psilopterus
Cricotopus sylvestris
Ablabesmyia sp.
Trichoptera

Cheu ops e sp.

Ephemeroptera

Stenonema vicarium

Plecoptera (Allocapnia sp.)

.CPOM Bample

Shredders (Filipalpia and Tipulidae)
Non-shredders

BIOMETRICS

Total
Total
Ratio
Ratio
Ratio

Number of Genera - 13

Number of EPT Genera - 6

of Scrapers/Filtering Collectors - 0.26
of EPT Abundance/Chironomids - 1.4

of Shredders/Total - 0.06

percent Contribution of Dominant Taxon = 24%
Community Loss Index - 0.0
Hilsenhoff Biotic Index - 5.8

WK

24
10
10

108



Table 4.

Macroinvertebrate Sampling Results

DUPLICATE

willow Creek (Reference Stream)

8ite 4
December 4, 1992

Bedrock Sample

Diptera
Simuliidae
Chironomidae
sp.
ug sp.
Cricotopus sylvestris
Trichoptera

HBydropsyche betteni .
Cheumatopsyche sp.
S

Ephemeroptera
Stenonema vicarium
Plecoptera

Allocapnia sp.
Isoperla sp.

Coleoptera (Elmid larvae)

Amphipoda

CPOM Sample (not duplicated)
Shredders (Filipalpia and Tipulidae)
Non-shredders

BIOMETRICS

Total Number of Genera - 13

Total Number of EPT Genera - 6

Ratio of Scrapers/Filtering Collectors - 0.38
Ratio of EPT Abundance/Chironomids - 0.56
Ratio of Shredders/Total - 0.06

Percent Contribution of Dominant Taxon - 31%
Community Loss Index = 0.0

Hilsenhoff Biotic Index - 6.0

31
19

= N B

108



Table 5.

SUMMARY OF MACROINVERTEBRATE BIOMETRICS AND

SCORING FROM EACH SITE

(Scores are based on comparison to reference site 3)

Site No.
No. of Genera

EPT Genera

Scrapers/Filterers Ratio
EPT/Chirononid Abundance

Percent Shredders
Percent Dominant Taxon
Community Loss Index

Hilsenhoff Biotic Index

Site No.

No. of Genera

EPT Genera
Scrapers/Filterers Ratio
EPT/Chironomid Abundance
Percent Shredders
Percent Dominant Taxon
Community Loss Index

Hilsenhoff Biotic Index

Ssite Score
Percent of Reference
Impairment

1 = GM Receiving Stream

N

o o ©o o

16

35

moderate slight

2 = Tributary

BIOMETRICS
2 3 4
8 13 13
2 6 6
0.0 0.26 0.38
1.6 1.4 0.56
86 6 6
30 24 31
1.3 0.0 0.0
5.4 5.8 6.0
SCORING
2 3 4
4 6 6
0 6 6
0 6 6
6 6 2
6 6 6
2 4 2
4 6 6
6 6 6
28 46 40
61 100 87
none none

3,4 = Reference Sites



VI. Possible Causes of Impairment

By examining the composition of an "impaired" benthic community and
applying a knowledge of how animals are affected by different forms
of stress, it is sometimes possible to determine causes of
impairment. Causes of impairment in the GM receiving stream (site
1) and its unnamed tributary (site 2) are discussed separately
below.

The benthic community downstream from GM Powertrain outfall 002
(site 1) did not appear to be stressed by toxic substances.
Toxicity-related effects are usually manifested by a decline in
total biomass and the dominance of the community by one or two
toxicity-tolerant species. Although total diversity was 1low,
benthic animals in the GM receiving stream were very abundant and
were dominated by caddisfly larvae, a group usually intolerant to
most forms of toxic pollution.

Likewise, site 1 did not appear to be affected by low dissolved
oxygen caused by "organic" pollution. The Hilsenhoff Biotic Index
(HBI), which is a highly sensitive indicator of stress caused by
low dissolved oxygen, was similar at all sites (see Table 5).

There is strong evidence that much of the impairment observed at
Site 1 (the GM receiving stream) was due to runoff from coal spoils
in the watershed. Wangsness (USGS Open File Report 82-566)
observed that most EPT genera (environmentally sensitive aquatic
insects) were eliminated from streams draining mined areas in
Indiana. Resistant forms included certain hydropsychid
caddisflies, midge larvae, and blackfly larvae, all of which were
common or dominant at Site 1. Similar—results were observed in
mine-impacted streams in Pennsylvania (Letterman & Mitsch, 1978.
Environmental Pollution 17:53-73).

The unnamed tributary (site 2) had a somewhat different benthic
community. Although total diversity was similar to that observed
at site 1, biomass was very low (only 23 animals were collected
from the stream despite extensive sampling). Orange-colored
(ferric hydroxide derived) sediments typical of streams draining
previously mined areas were common in this stream. These loose,
easily sloughed sediments appeared to be clogging much of the
available benthic habitat and probably contributed to the
impairment observed in this tributary.

12



VII. Comparison to Previous Studies

The aquatic communities of the GCM Powertrain receiving stream and
jts unnamed tributary were studied by Michael E. Bender of the
Virginia Institute of Marine Science in 1976 and 1978. Bender’s
studies were conducted in November and December, which is the same
sampling season used in the present study. His sampling techniques
(Surber samples from riffle areas) differed somewhat from those
used here, but a fairly close comparison between the two studies is
still possible. This comparison would allow a rough determination
of whether the aquatic communities of the two streams have improved

or deteriorated over the years.

Bender’s samples from the GM Powertrain receiving stream (site 1 in
this study) showed that the stream supported virtually no benthic
1ife downstream from the GM wastewater outfall. only a few
scattered oligochaetes (highly pollution-tolerant aquatic worms)
were present in the stream both years. Bender attributed the

paucity of benthos in this stream as an indication of "toxic
pollutants"” (primarily zinc).

Likewise, samples from 1976 and 1978 in the unnamed tributary (site
2 in this study) contained few types of aquatic organisms. These
samples contained nunmerous oligochaetes (normally indicative of
worganic" or sewage-related pollution) and one or two other genera
of midge larvae or snails. Bender attributed the high benthic
density but generally low diversity to an inadequately treated
wastewater discharge from the Tilton Wastewater Treatment Plant,
immediately upstream from the sampling site.

The benthic community of the GM Powertrain receiving stream (site
1) appears to have improved tremendously since the late 1970's.
The number of genera present has increased from 1 to at least 6 and
the dominant animals are generally-‘pollution-sensitive caddisflies
rather than pollution-tolerant aquatic worms. The density of
organisms has probably increased significantly as well (only 1 or
2 animals were present per square foot previously, compared to -
the 1992 study in which at-least a hundred animals could easily be
collected in a square foot area).

Likewise, the benthic community of the unnamed tributary (site 2)
appears to be somewhat improved since the 1970’s. The number of
genera present has increased from 2 or 3 to at least 8 and
relatively intolerant caddisfly larvae have replaced tolerant
aguatic worms as the dominant 1ife form. Although the 1992 samples
were not strictly quantitative, the density of animals appears to
be much less now than previously. This change could be a
reflection of decreased organic inputs to the stream (the Tilton
Wastewater Treatment Plant no longer discharges to this tributary).

13



VIII. Evaluation of Potential Fluoride Effects
on the GM Powertrain Receiving Stream

Because of the interference caused by coal spoils-related
impairment, the effect of fluoride in GM Powertrain wastewater on
the aquatic communities of these streams is difficult to determine.
A toxicity literature search (see Bgx1ggL5nglggrigg_ngigi;g;ng;Q ,
report, submitted separately) revealed no toxicity data for
£luoride effects on any of the benthic species collected in this
study. Therefore, their relative tolerances to fluoride are not
directly known.

However, the Review of Fluoride Toxicity Data showed that even the
most sensitive species tested for fluoride toxicity, as reported in
the scientific literature, showed no adverse effects at 10 mg/1 in
hard water. Except for one period during early 1992 when the
company used a coke substitute in the foundry process, the GM 002
wastewater never exceeded 10 mg/l fluoride and its hardness is
consistently higher than 300 mg/l. These observations lend
additional evidence that flyoride in the GM Powertrain wastewater
are not causing instream toxicity.

Tn addition, the benthic community of the stream was not typical of
those affected by most toxic substances. Many studies by numerous
aquatic scientists have consistently shown that toxics-affected
streams are characterized by both low diversity and low numbers of
animals (a bibliography of several such studies is included in the
Appendix) . Although its overall diversity was low, the GM
Powertrain receiving stream supported-a very abundant benthic
community, dominated by what most aquatic biologists regard as
pollution—intolerant-hydropsychid caddisfly larvae. If fluoride
toxicity was causing impairment in this stream, these benthic
animals would almost certainly be much reduced in density below
what was observed here.

14



VII. Conclusions

The aquatic habitat value of the GM Powertrain receiving stream and
an unnamed tributary to this stream were determined to be "good"
using a standard EPA evaluation procedure. Although not able to
support a diverse fishery because of its steep gradient and
numerous waterfalls and debris dams, the GM receiving stream had
adequate habitat to support a diverse benthic community.

Despite their good aquatic habitats, the GM Powertrain receiving
stream and its unnamed tributary pboth had impaired benthic
macroinvertebrate communities when compared to a relatively
pristine reference stream nearby.

Much of the impairment observed in these two study streams was
probably due to runoff from coal spoils in the watershed. Stress
from total dissolved solids (chloride, sulfate, calcium, magnesium,
sodium) derived from this runoff probably contributed to the
impairment. Unless this runoff is controlled, it is unlikely that
the impairment observed in the two study streams will improve
significantly.

Fluoride concentrations in GM outfall 002 probably have little or
no toxic effect on the aquatic community of the GM receiving stream
or on the Vermilion River downstream from the outfall. This
conclusion is based on both laboratory studies reported in the
scientific literature (showing that 10 mg/1l in hard water is not
chronically toxic to the most sensitive animals tested) and this
field study (showing that benthic 1ife in the stream was not
typical of toxics-affected streams) .

The aquatic communities of the GM receiving stream and its
tributary appear to have improved significantly since the 1970’s.
These changes are probably related to improvements in the GM
treatment process and the discontinuation of discharge from the
Tilton Wastewater Treatment Plant.
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Review of Fluoride Toxicity Data

OBJECTIVE

The objective of this review was to determine levels of fluoride
which would not cause aquatic toxicity to freshwater communities in
North America.

METHODS

We assembled all available information on the toxicity of fluoride
to aguatic animals. Much of this information was present in the
USEPA database AQUIRE, which is maintained and updated by the EPA
Environmental Research Laboratory at Duluth, Minnesota. The
information was edited to include only the following:

Data on North American freshwater species
Data from laboratory toxicity tests
48 or 96-hr acute tests
partial life-cycle or early life stage chronic tests
Data with review codes .of 1 or 2 (the data had been subjected
to most EPA quality assurance procedures to confirm its
precision, accuracy, and repeatability.

Other information which was not in AQUIRE (including data available
after 1990) was also included in this literature search. Copies of
all available reports are attached in an Appendix.

Because much of the scientific literature on fluoride suggests that
there is a relationship between fluoride toxicity and hardness, the
hardness values of water used in the toxicity tests was reported
whenever possible.

RESULTS OF DATABASE SEARCH -

The literature search revealed acceptable information on the
aquatic toxicity of fluoride for eight North American freshwater
animal species. Six of these species were fish. The available
database was not extensive enough to calculate water quality
criteria using USEPA’s method published in 50 F.R. 30784, July 29,
1985. Specifically, data were lacking for a benthic crustacean and
an aquatic insect. Acute to chronic ratios were available for only
two of the three required groups.

Although a true water quality criterion for fluoride could not be
calculated using USEPA’s technique, an estimated criterion based on
the technique is still possible. The purpose of such an estimated
criterion is to determine a "threshold" level of fluoride, below
which aquatic toxicity to most organisms in North American
freshwaters should not occur.



SUMMARY OF ACUTE TOXICITY EFFECTS

The 1lowest acute effect observed for fluoride toxicity to a
freshwater animal species was 51 mg/l to rainbow trout, while
mosquitofish (Gambusia affinis) appeared to be the most tolerant
species tested. The range of LC50 values available for all species
in the database was relatively small (minimum 51 mg/1, maximum 418
mg/1l). This small range of toxicity values means that a criterion
protective of the most sensitive species in the database would
probably protect almost all species potentially exposed to

fluoride.

SUMMARY OF CHRONIC TOXICITY EFFECTS

Chronic toxicity information was available for two species. The
lowest reported chronic value to a freshwater animal species was
2.7 mg/l to rainbow trout in very soft water. However, the chronic
value in water with hardness greater than 100 mg/l was 25 mg/l for

Daphnia magna.

Acute to Chronic Ratios for these two species ranged from 9.0 to
18.9 for tests done under similar conditions. The geometric mean
of these A/C ratios was 13.4.



SUMMARY OF HARDNESS-RELATED EFFECTS ON FLUCRIDE TOXICITY

Four species have been used in aguatic toxicity tests in which
hardness values of the test water were significantly different in
two or more tests. The following summary shows these effects:

LC50 hardness
Rainbow trout 51 17
128 | 49
140 182
193 385
Daphnia magna 154 72
227 100
279 169
Fathead minnow ) 180 92
205 256
Threespine stickleback 340 78
a80 146
460 300

For each of these species, toxicity decreased with increasing
hardness. The inverse relationship between hardness and fluoride
toxicity may be due to changes in fluoride speciation occuring in
high-hardness waters. Several authors have remarked on the
chemistry of fluoride in the presence of relatively high calcium
concentrations (high-hardness waters) .



For exzmple, Smith et al. (Reference 8) observed that "combinations
of high fluoride and moderate to high hardness caused rapid
precipitation of finely divided solid, which spectorgraphic
analysis indicated to consist of calcium and magnesium salts". 1In
their tests with water of an initial hardness of 256 mg/l, the
hardness dropped to 12 mg/l within a few hours after the addition
of 400 mg/l fluoride (as sodium fluoride). Vallin (reference 16)
noted a formation of calcium fluoride precipitate in his fluoride
tests with hardness values of 320 ng/l. Apparently, fluoride
combines easily with calcium in high-hardness water to form the
relatively insoluble compound calcium fluoride. Once out of
solution, the fluoride precipitate is in a form which is not
readily available as a toxicant.

The relationship between toxicity and hardness can be expressed
mathematically using the technique employed by EPA in the Gold Book
(Water Quality Criteria for Water 1986, EPA 440/5-86-001). All
data are normalized and a least squares regression on the
normalized data is performed. The technique produces a pooled

slope of the regression, by which predicted toxicity at any given
hardness value may be calculated for each species.

Slopes of the regression range from 0.1524 for fathead minnows to
1.1874 for Daphnia magna. - When all the available data from all
four species are used in the analysis, the pooled slope of the
toxicity~hardness regression is 0.2288. EPA uses the following
equation to predict acute toxicity effects at various hardness
values for each species:

Y = 1ln W - V(InX - 1nZ)

where Y = predicted LC50 —_
W = geometric mean of the LC50 values available
V = pooled slope
X = geometric mean of all hardness values available
72 = selected hardness value

The lowest predicted acute LC50 value (for the most sensitive
species, brook trout) would vary with hardness as follows:

LC50
hardness 100 119
hardness 200 139
hardness 300 153
hardness 400 163

Although a chronic slope cannot be calculated because of limited
data, tests with brook trout indicate that chronic toxicity of
fluoride is also inversely related to hardness. This result is
consistent with EPA’s analysis of hardness effects on other
toxicants. For example, six of the seven toxicants studied by EPA
for hardness related effects showed that hardness affects both
acute and chronic toxicity (EPA Gold Book, 1985).



Given this inverse relationship between hardness and toxicity, it
appears that acute fluoride toxicity in waters where hardness
exceeds 300 mg/l should not be observed to even the most sensitive
species in the database until the fluoride concentration exceeds
150 mg/1l.

Assuming that chronic fluoride toxicity is similarly related to
hardness and that an acute to chronic ratio of 13.4 (the geometric
mean of three values reported for two species) is representative,
fluoride in waters where hardness exceeds 300 mg/l should not cause
chronic toxicity until concentrations exceed 11 mg/1l (the predicted
acute toxicity to brook trout divided by the A/C ratio).

These concentrations appear reasonably protective because an array
of field and laboratory data show no toxicity effects below these
values. For example, a thriving population of brown trout (closely
related to brook trout) exist in the Firehole River of Montana,
where fluoride concentrations are as high as 14 mg/l (reference
12). Another field study done in Colorado showed that benthic
community in a "softwater" Colorado stream showed no reduction in
diversity where fluoride averaged 3.5 mg/l (reference 14). In
laboratory studies, 11 mnmg/1 fluoride is less than the lowest
chronic value observed for any animal in tests where hardness
exceeded 100 mg/l.

In addition, Daphnia magna are known to be among the most sensitive
of all freshwater animals to most toxicants. The observation that
11 mg/l fluoride has not adversely affected this sensitive test
animal adds additional confidence to the value. Finally, the most
sensitive animal in the fluoride database (brook trout) is found
only in cool streams of northern North America. It would not be a
potential resident of streams where water temperature regularly
exceeds 20 degrees Centigrade. Therefore, a criterion which is
based on protection of this species, even where it is not a
potential resident, would appear to be even more restrictive than
necessary to protect the rest of the aquatic community.



Rank

AQUATIC TOXICITY INFORMATION

Acute Toxicity

Species 48 or 96
~hr LC50
mg/1l
Rainbow trout 51
Rainbow trout 128
Rainbow trout 140
Rainbow trout 193
Carp 75-91
Daphnia magna 154
Daphnia magna © 227
Daphnia magna 279
Philodina
acuticornus 158
(rotifer)
Bluegill >239
Fathead minnow 315
Fathead minnow 180
Fathead minnow _ 205
Threespine 460
stickleback
Threespine 380
stickleback
Threespine 340
stickleback

Mosquitofish 418

FOR FLUORIDE

hardness
mg/1l

17

49

182

385

10

72

100

169

20-48

92

256

300

146

78

reference

19



Rank

Species

Rainbow

Daphnia

Chronic Toxicity

Species

Rainbow trout

Daphnia magna

trout

magna

Chronic Hardness
Value mg/1l
mg/1l
2.7 10
>100 320
25 230
31 169

Acute to Chronic Ratios

Acute Value

51

<352
279

Chronic Value

2.7

25
31

Reference

18
19

A/C Ratio

18.9

<14.1
9.0

The geometric mean of these three A/C Ratios is 13.4



Species

Green algae
Scenedesmus
subspicatus

Green algae
Selenastrum
capricornutum

Leopard frog
Rana pipiens

Brown trout

Goldfish

Benthos

in Colorado
softwater
stream

Ceriodaphnia
dubia

Rainbow trout

Other Data

reduced mobili
heart enlargem

healthy specim

Effect Concentration
mg/1l
4=-day ECS0 900
4-day EC50 122

ty >50
ent

ens 14

in Firehole River

mortality seen
after 4 days

no reduction
in diversity

48-hr LC50

100-hr LC50
in water with
no "hardness"

100

120-340

Reference

10

11
12
13

14

15

17
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RESULTS OF THE HARMFUL EFFECTS OF WATER
POLLUTANTS TO DAPHNIA MAGNA IN THE
21 DAY REPRODUCTION TEST
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Abstract-—Investigations were carried out in order to determine the “no observed effact concentration™
(NOEC) of 73 environmentally relevant substances in the 21d Daphnia reproduction test. The test
was conducted in line with the provisional procedure proposed by the Federal Environmental Agency
{Umweltbundesamt) (xs of 1 January 1984), Daphnia magna Straus was used as the test organism,
Evaluation parameters for fixing the NOEC were the mortality of the parent animals, the reproduction
rate and the appearance of the first offspring during the test period. The concentrations of substances in

0043-1154/3% 53.00 + 0.00
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the test preparations were chemically quantified. The NOEC values obtained for ethyl parathion,
bis(tri-n-butyltin)oxide and the active ion Cd (II} were in the concentration range 1 ngl~'~1 ugl-!, for
13 tested substances in the range 1 ugl-'-<0.1 mg!~" and for 23 substances in the range 0.1-<Img|-*,
In further evaluation of the results, it could be czlculated that the substance concentration of the NOEC
. for three substances was morc than 3 1dgs, in the case of 13 substances more than 2 logs, for 10 substances
50-90 times, for 24 substances 1040 times and for 14 substances 5-9 times lower than the 24 h EC,, of

the corresponding substance.

Key words—Dephnia magna, 21 d reproduction test, NOEC, water pollutants

INTRODUCTION AND OUTLINE OF PROBLEM

Toxicological investigations were conducted into the
potentially harmful effects of inorganic and organic
substances in water on Daphnia magna, in particular
on its reproduction and survival rate during the test
period of 21 days. The test was conducted in accor-
dance with the “Provisional Procedure: extended
toxicology test with Daphnia magna (determination
of NOEC for reproduction rate, mortality and the
time of the first appearance of offspring; 21 d)” as of
| January 1984, issued as the “Recommendation of
the Federal Environmental Agency on the Perfor-
mance of Testing according to Section 5, para 1
No. 3 of the Regulation on Application Documents
and Evidence under the Chemicals Act" {Federal
Environmental Agency). The investigation covered
Potential pollutants which have various chemical
Properties and/for belong to different groups, i.e.

water soluble,
volatite,

poorly scluble substances,

The concentrations of substances in the test prepara-
Uons were quantified chemically. In order 1o obtain
comparable results on the tested substances, the test
Procedure was retained during the investigation
Petiod.

501

il

METHODS

Test organism—>Daphnia magna

The Daphnia magna strain (IRCHA strain) has been
maintained in accordance with the procedure practised since
1978. In each case, 20-30 specimens were placed in forty 2.1,
beakers which had been filled with at least 1.61, Berlin tap
water. They provided 24 h-old animals when the offspring
were removed daily from the cultures.

For all Daphnia strain cultures, temperature-controlled,
dechlorinated and oxygen-saturated tap water (German
hardness 16°, pH value 7.6-7.7) was used which had been
left to stand for 24 h. Before collecting the water, the tap was
turned on fully and left to run for at least 1 h.

All beakers were covered with watch glasses and placed
on a white supporting surface. Feeding with dry algae of the
Scenedesmus genus took place daily. Nine g of feed were
suspended in 1000 ml tap water 2nd 2 ml of the suspension
were added to each beaker,

The temperature of the culture area was regulated
thermostatically at 20°C. Under exclusion of daylight, the
area was lit by fluorescent lamps (Philips TL 65/33W) for 9 h
between 7a.m. and 4p.m.

On Monday and Thursday of each week the tap water in
all beakers was renewed as were the beakers themselves on
Mondays. On Moendays, the offspring which had appeared
between Thursday or Friday and Monday wers cuncen-
trated using the 0.315 mm DIN sieve and separated accord-
ing to size using the 0.630 mm DIN sieve. Daphnia in the
different size categories were used scparately for further
cultivation.

In order to obtain 24 h-old znimals on the potential
preparation days in a 21d test serics—Wednesdays or
Fridays—it was necessary to remove the offspring from
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the cultivation beakers on Tuesday and/or Thursday. The
daphnids which were at most 24h old were removed by
pipette and concentrated ona 0.25 mm DIN sieve, placed in
as small an amount of dilution waler as possible and used
as tesl organisms.

Dilution water

In the intercsts of national and international standardiza-
tion, an artificial medium (synthetic fresh water) (DIN—
German lostitute of Standardization, 1982a,b) of the
following composition was used in the test and control
preparations: '

11.76 g CaCly-2H,0 (AR)/1 litre deionized water
493 g MgS0O, - TH,0 (A.R.)/1 litre deionized water
2.59 g NaHCO, (A.R.)/1 litre deionized water
0.23 g KCI (A.R)/1 litre deionized water.

Twenty-five miltilitres of sach solution was pipetied into
a graduated flask and completed to 1 litre with deionized
water. The amount of calcium and magnesium jons in this
solution was 2.Smmoll~'. The molar relationship of
sodium to potassium jons was 10:1. This water was acratcd
up to the water saturation level and the pH value was
measured (8.0 £0.2). When using deionized water with a
conductivity of <1 xSem™", the dilution water was diluted
with 10% tap water.

Test procedure

Before preparing the dilution series, the substances 10
be tested were fully dissolved (both quantitatively and
optically) in dilution waler using magnetic slirrers stock
solution). In the case of substances of low water solu-
bility, efforts were made 10 dissoive them by means of up to
24 h stirring. Solutions which were not optically clear after
dissolution, were filtcred over fibre-glass filters and the
filtrate was quantified chemically, Pure ethanol in & concen-
tration of 5 g 1000 m}~! dilution water was used as a solubi-
lizer in the case of two substances which only dissolved
with great difficulty [bis(tri-n -butyltin)oxide and ethyl
_ parathion). The preparation and concentration of the stock
* solution for each tested substance are given in Table 4.

From the stock solution of the substance 10 be tested,
graduated dilutions with dilution water were produced in
the concentration range in which effects were to be expected
in accordance with the results from the acute 24 h Daphnia
test and a preliminary 3 d Daphnia test (same conditions as
in the 21 d reproduction test). The pumber of dilution steps
dépended on the effect of the respective substance. Efforts
were made to determine both the NOEC and the concen-
tration at which a lethal effect could be observed on all
the parent animals. The dilution steps corresponded 10 a
ratio of 1:2. If it was necessary to use a concentration range
of the substance of 34 logs in the test, then the dilution
stries was set up with a ratio of 1:./10. 400 m! beakers with
250 m! useful capacity were uscd as test vessels. In the case
of volatile or strongly smelling substances, 250 ml wide-neck
bottles with ground-glass stoppers were used.

Four parallel test vessels per concentration level and the
controls comprising at least four vessels, were filied with
24 h-old Daphnia—1 anima)/50 mhl—and this meant 20 test
animals per concentration level.

The semi-static procedure adopted meant that the parent
animals in the test and controj vesscls had to be pipetted 3
times & week (Mondays, Wednesdays and Fridays) into
freshly prepared test and control media—in each casc at the
corresponding concentration level. During this process,
dead parent animals or those incapable of swimming were
removed. The offspring were counted and the total number
for each test vessel was recorded. Then, the pH value and
the oxygen concentralion were measured in two test vessels
per concentration level.

The test and control preparations were observed daily in
order inter alia, to record the day on which the first offspring

appeared. In the case of open test vessels (beakers covered
with watch glasses), feeding was carried out at the same time,
In the case of closed test vessels (bottles closed with ground.
glass stoppers), feeding could only take place on the days on
which the parent animals were transferred. The amount of
feed given at that time was 2-3 times highcr than the daily
amount given in the open vessels, Tetramin-Hauptfutter (fish
feed) and nctivated sludge were used as (ceds. This led to an
overall COD of 15-20mgl~" as the daily feed amount.

The test culture arca was protected from daylight &nd lit
from 7a.m. to 4 p.m. with fluorescent lamps—Philips TL
40/25W. Unlike the procedure proposal, the tempetature of
the test area was sct thermostatically at 25 + 1°C in order
1o be sure of meeting the stipulated quality criteria.

For reasons of practicability, the chemical determinstion
of the substance concentrations laid down in the test
guideline was modified as follows. Samples were taken twice
from seiected concentration levels of the test series during
the test period and analysed chemically; the first sampling
took place on one of the transfer days before the Tth day,
i.c. in the period during which no offspring appeared; the
second sampling took place between the 16th and 2ist day.

For the corresponding dilution levels, the following par-
ameters were determined:

the concentrations of the initial preparations in order to
check the solution behaviour and the dilution steps;
the concentrations in the test and blank preparations (no
test organisms of feed) after an interval of 48/72 hin order
to determine the fate of the substance.

STATISTICAL EVALUATION OF THE RESULTS

The parameters for fixing the NOEC of the sub-
stance were the mortality of the parent animals, the
reproduction rate and the appearance of the first
offspring during the test period. The Student's ¢-test
and the U-test were the statistical methods used to
calculate the first two parameters (Sachs, 1969). The
U-test did not require the normal distribution of the
test results and was therefore more suitable for
evaluating the 21 d Daphnia reproduction test. The
highest concentration level, which did not differ
(NOEC) from the control, and the lowest, which did
differ from the control in respect of mortality of the
parent animals and of the reproduction rate, could be
ascertained from the calculations. Moreover, in order
to determine the NOEC, observations and evalua-
tions were also made of the appearance of the first
offspring in the test preparations in compa ison with
the control preparations. Primarily, the results were
expressed with reference 10 the nominal concen-
tration. If, however, the chemical analysis showed a
loss of the tested substance of more than 20%, then
the lowest analysed concentration (minimum value)
obtained during the test was also given for the
NOEC. The aim was to counteract the customary
discrepancies between interpretation and the repro-
ducibility of chemical measured data which move
within a range of variance.

PRESENTATION AND ASSESSMENT OF THE RESULTS

In order to facilitate comparison of the results,
the following data were included in Table 1 on the
substances listed according to substance group:

ts in the acute snd in the 21 d Daphnie reproduction test

Tabie 1. Comparative presenitation of the resufts of the harmful cffeets of water pollutan

At A Pacbuls eearadusting tadd
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21d Daphnia test with water pollutants

The 24 h EC, and the 24h ECy (referred to the
nominal value) for the acute Daphnia test.

The NOEC as referred to the nominal value and,
in addition, the minimum value of the test concen-
—rber  weareses tration range, the dilution ratio, the most sensitive
parameter and the type of vessel used in the 21d
Daphnia teproduction test.

]

]

]
[}
]

observed.

125-16 mgl~*
08-20mg1-'
07-17.5mg1”
os-10mgl~*
063-8.0mgl”
04-50 mgl”
04-50mgl™!

0

19

14
0.30
0.030

pentadiene.

0
k>
27
32
¢
63
3
63
0.80

vessel,

>20
76
result of chemical analysis.
B—reproduction tate, C—appeamnce of first offspring.

test was
| concentration was calculated on
in closed vessel.
animal mortality,

{Test in
A—parent

4-Chlaro-3methylphenol (4-chloro-m-cresol}
1,2,}-Trichlorobenzene

4-Chloro-2-pitrotoluenc
4-Chioro-3-nitrotoluenc
Heterocyclic hydrocarbons
Quinoline

*Where no details are given,

2.Chlorotoluene
2.Chloro-6-nitrotoloene

{Nomi

butyltin)oxide and for the ac
NOEC values for 13 of the substances
in the concentration range
0.001-<0.1 mg1~': potassium
- acetate—as referred to Cr(VI) or Ni(II)—aniline,
2. and 3- and 4<chloroaniline, 3 4-dichloroaniline,
2,4-dimethylaniline,
2,4-dinitrotoluene, niclosami

2-bromoaniline,

In the case of 23 substances,
determined in the concentration range 0.1-
mgl-". Of the 73 tested substances, the NOEC for
more than half was below 1 mg
effect under 2mgl~".

~ When compared in
4.chloroaniline was foun
lower than 2-chlorosniline, 3,4-dime
NOEC 10 times lower than 2,3-dimethylanili

in the case of phthalic acid
Table 3 shows the no
obtained for the 24h ECy
substance groups. The no
to be given as no results of
available for the 24h ECy.
starice, the statistically confi
NOEC values were rel
substance concentration of NO
table shows that out of the 73 subs
NOEC values for 3 substances were
for 13 substances more than 2 logs,
50-90 times, for 24 sub
. 14 substances 50-9 times lower
24 h EC,, of the correspo
to these findings, the ratio
between 1:10* and 1:2 an

dibutyl ester.

minal concentrations
and the 21d NOEC by
concentrations had
chemical analysis were
For each tested sub-
med 24h ECyq and
ated to each other whereby &
EC = 1 was used. This
tances tested, the
more than 3 logs,
for 10 substances
stances 10-40 times and for
than the values for the
nding substance. According
NOEC to 24 b EC,, varied

505

From data on the NOEC and the dilution ratios,
it was possible to identify the lowest concentration
tested where an effect of the substance could be

Table 2 lists the substances according to their
harmful effects (as referred to the nominal value)
beginning with the most toxic. The minimum value
was also given. In the case of 3 of the T3 toxic
v substances, the NOEC values in the concentration
3 a0 @ range comprising 3 logs were between 0.00000% and
@ 0001 mgl-?, ie for ethyl parathion, bis(tri-n-
< tive ion Cd(II)}. The
tested were
comprising 2logs, ic.
dichromate and nickel

azobenzene,
de and perchlorocyclo-

an NOEC was

<1

1-1, the first observed

terms of position isomerism,
d to have an NOEC 3 times
thylaniline an
ne and
p-~hlorabenzene an NOEC 12 times lower than in the

L L L o-position.

SSSN-w—vmaran=< g g-! Tnble!reve&lsahighertoxicityofphthllatuwith
53 increasing alkyl chain length. In comparison With
£ phthalic acid diethyl ester, the NOEC of phthatic acid
33 diallyl ester was 4 times lower; it was 13 times lower

d was dependent on
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Table 2. No observed effect concentration (NOEC) of water pollutants for Daphnia magna
in the 21 d reproduction test

Nomina! value Minimum value

i,

TR e T AL PR

Pollstant dissolved in synthetic fresh water (mgl—") (mgl")
Eshryt parathion 0.000002 B
Bis{tri-n -butyltinjoxide . 0.00016 S
Cadmium chloride (CACT,) 0.0006¢ i
Perchlorocyclopentadicne 0.009¢ 4
0.010 (0.004) %
4-Chioroaniline 0.0t
3 4-Dichlorcanitine 0.012 *
3Chloroaniline 0.013 .
3.4-Dimethylaniline 0.016 (.o1) 14
Potagsium dichromate (K,Cr,0,) 0.018* g
Nichsamide 0.0201
Azobeazene 0.023 {0.009) I
2-Choloraailine 0.032
2.4-Dinitrotoluene (10% water) 0.040 (0.020) :
2-Brownoaniline 0.080
Nickel acetate (NI(GH,CO0),-4H,0) 0.09%0° 3 3
24.6-Trimethylphenol 0.10 : ¥
3,5-Dimethoxyphenol 0.10 (0.04) 5
o-Tolidine 0.16
2.3-Dimethylaniline - 0.16 ©.10)
Ethylenediamine . 0.16
2.6-Dinitretoluene (10% water) 0.16 (0.06)
2-Amino-4-methylphenol (2-aminc-p-cresol) 0.25
2-Chlarotoluene 0.27 (0.14)
1-=Chiore-4-nitrobenzene 0.32 [ORL )]
4 Chioro-2-nitrotoluene 0.32
2.4-Dicklorophenol 0.32 {0.21)
2-Bromopheno) 032 {0.22)
4-Chioro-3-nitrotoluene 0.50 {0.30)
2-Chiorophenol 0.50 (0.30)
1.4-Dichlorobenzene _0.50 (0.30)
Salicylaldehyde . 0.63 {0.33)
4-Chlorophenol ' 0.63
2-Chloro-6-nitrotoluene - 0.63
1.2-Dichlorobenzene 0.63 H
1.2,3-Tricklorobenzene 0.63 (0.03) . L
Chromium chloride (CrCl,-6H,0) 0.70°
13-Dicklorobenyene 0.80 {0-50) 3
i 0.80
Phthalic acid dibutyl ester 19 {0.50) R
#-Cresal S 10 g
4,6-Dimitro-o-cresol 1.3 &
4-Nitrephenol 13 ¥
4-Chloro-3-methylphenol 13 3
Chlorsmine T 13 &
Phosphoric acid tributy! ester 1.3 -i"
HOctanot , 1.6 (1.0)
Tohuens 20 (1.0) ¥
2,4-Disitrophencl 0 Y
1,3, Trimethylbenzene 26 {0.40) ¥
2Niropcresol - 23 i
Tsocctamol 23 (1.6) A
Phthatic scid dinfly! ester 32 !
Monobromouncetic acid 3.2 (1.6} -
4-Nitromsisole 12 -2
1-Chloro-2-nitrobenzene 40 0.0) 3,
Chloroucetaldehyde (50% solution) 50 ¥
2,4 6-Trimitrophenol (picric acid) 50 i
Propionic acid ethyl cster  © - 63 1.3
Propiosic acid methyl ester . 63 0.2 o
Ethyl acetate 12 2.4) K
Chloroform 13 {6.3) ‘
Phthalic acid diethyl ester 13 (3.8)
Nitrobenaene 13 (2.6) -
2-Nitroamisole 5] w3
Sodium Saoride (NaF) 14 —“'§
Triethawolerzine 16 2
2,3-Dibeowso-1-propancl - 16 9.6) #
1.3-Dichloro-2-propanol 16 (10.4) '{
Isobutancd - : 20 4.0 _ .
Monochloroscetic acid - 2 z
Methyl Bobuty! ketone .7 (7.8-39) ‘ ;ﬁ
Sodium bromide (NaBr) 91
*Details on concentrations in the test results of inorganic substances are always related o -
the sctive jon (with the exception of K,Cr, 0, which is related to Cr**).
1The nominal concentration was caleulated on the basis of the result of the chemical analysis ¥
of the stock solution. _-3,
&
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Table 3. Cakulated poliutant concentrations for the 24 h ECy and the 214 NOEC. ‘Test organism:

Daphnia magna
E Reproduction test
: 21 d-NOEC
o Acute test
i 24h-ECy Nominal value
£ Substances in Daphnia test {mg!1-") (mgl~") ECy/NOEC
i Cadmium chioride: Cd** 19 0.0006
i3 <, 30 0.001 3000
i Nicke! acctate: NP+ n 0.09
Y3 Ni(CH,000),-4H,0 17 0.40 218
x Sodium bromide: Br- 7219 9t
L. NaBr 9313 1"? 80
& Chromium chloride: Cr** 2 0.70
t R CrQ1y-6H,0 i 34 33
E Sodium fluoride: F~ 152 14
: MNaF m n 24
y: Potassium dichromate: Ce** 0.35 0.013
= K, Cr; Oy 0.93 0.050 19
4-Chloroaniline 130 o 1300
3 4-dichlorogniline 6.0 0.012 500
2-Chloroaniline 6.0 0.032 88
3,4-Dimethylaniline 29 0.016 181
3-Chloraniline 19 0013 146
2-Bromoaniline 9.0 0.08 13
Aniline 09 .01 90
2,3-Dimethylaniline 0.0 0.16 62
Organophosphorus compovnds
Ethy! parathion 0.002 0.000002 1000
Phosphoric acid tributyl ester © s 13 n
Aromatic witro compounds
2 4-Diinitrotoluene (10% water)} 18 0.04 950
2. 6-Dinitrotoluene (10% water) 20 0.16 125
2-Nitro-p-cresol 52 i 2.3 23
24,6 Trinitrophenol (picric acid) 35 50 17
4-Nitrophenol 30 13 6
Nitrobenzene 60 13 $
2-Nitrosnisole 65 13 5
4-Nitroanisole 15 32 H
2.4-Dinitrophenel 1.0 20 35
4,6-Dinitro-o-cresol . 23 1.3 2
Aromatic compounds
Azobenzens 50 0.023 217
Toluene u 20 L %]
2.3, 5-Trimethylbenzene{mesitylenc) ~50 20 25 .
= Esters
- Ethyl aceute 2306 12 192
- Propionic acid methyl ester s6 [ %] 12
2 Propionic acid ethyl ester 286 6.3 45
i Phthalic acid dibutyl ester 17 1.0 17
Phthalic acid diallyl ester 26 32 8
- Phthalic acid diethyl ester 86 13 7
" Organometallic compounds
: bis(tri-n butyltin)oxide 0.030 0.00015 188
< Phenols
* 3,5-Dimethoxyphenol . 14.0 0.1 140
= 2,4,6- Trimethylphenol 34 0.1 M
2-Amino-4-methylphenol 33 0.2% 13
p-Cresol 49 1.0 5
Amines
Triethanolamine 2038 16 127
Ethylencdiamine 14 0.16 88
B o-tolidine 3.2 0.16 0
A Niclosamide® 0.16 0.02 L]
_g Chloramine T 4.8 13 4
= Heterocyclic kydrocarbons
g Quinoline 76 03 95
=} Halogenated aromatics
e 2-Chlorotoluene 20 0.27 74
& 1-Chioro-4-nitrobenzene 15 032 2
o 2-Bromophenol n 0.32 4
3 4 Chloro-2-nitrotoluene 12 0.32 3
- Perchlorocyciopentadiene® 0.21 0.009 23
f continued overleaf
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t_ Table 3—conrinued b
4 Reproduction test »
. 21 4-NOEC
Acute test N
l’_ 24 h-EC, Nominal value :
3 Substances in Daphnia test {mg!-") (mgl1™") ECy/NOEC H
ﬁ 4Chloro-3-nitrotoluene 9.7 0.5 19 ;
¥ 4-Chlorophenol 16 0.63 14 :
, 2-Chlorophenol 63 0.5 13 ; B
: 24-Dichlorophenol 39 032 12 I
" 1,3-Dichlorobenzene 10 01 9 i
’ 1,4-Dichlorobenzene 32 0.5 i
' 2-Chloro-6-nitrotoluene 40 0.63 6 L
3 4-Chloro-3-methylphenol {4chloro-m-cresol) 44 13 15
1.2-Dichlorobenzene 1.7 0.63 k] iz
. 1-Chloro-2-nitrcbenzene 120 4.0 3 ;A
: 1.2,3-Trichlorobenrene 20 0.63 3 i
Alcokoly £
l Isobutanol 1250 2 63 5 4
1,4-Dichloro-2-propancl 923 16 61 [
Tsooctanol 115 23 50 %
N 2.3-Dibromo-1-propanol 53 16.0 M i
) 1-Octanol 6 16 16 : 3
l'- Ketones ) ;
Methyl isobutyl ketone 3623 T8 46
Monocarboxylic acids
Monobromoacetic acid 63 32 20
E Menochloroacetic acid 9% 32 3
: Halogenated alkanes
! Chloroform ” 13 [
) Aldehydes -
- Salicylaldehyde k¥ 0.63 5
ot Chioroacetaldehyde (50% sol.) - 15.0 $0 3
*The nominal concentration was calculated from the result of the chemical snalysis of the stock solution.
H Table 4. Preparation of the stock solution for the tested substances
' Solution in dilution
vater (DW) for
. reproduction test
: Substances in Daphnia test (mgi~") Observations
‘ ) Inorganic compounds
Cadmium chloride 20
Potassium dichromate 100 DW without tap water
. Chromium chloride - 0 DW without tap water :
v Sodium Auoride 4000 Dist. in H,0, salts added later to DW
’ Sodium bromide 20,000 e
: Nickel acetate - 400 -
f Org Hic compound: . 1.
!'f 3 bis{tri-n-butyltin)oxide 0.020 Solubilizer: cthanol 40 mg/10 mi oo =
E Organophosphorus compounds
Phosphoric acid tributyl ester 40 Stirred for 1h i
4 Ethyl parathion ¢.002 Solubilizer: ethanol 10 mg/100 ml o B
| Halogenated alkanes L
t Chloreform (irichioromethane) 2000 :
: Exters -
Ethyl acetate 10,000 .
o Propionic acid methy! ester . 16,000 -
- ! Propionic acid ethyl ester 2000
T Phthalic acid diethyl ester 400 Stirred for 1 h
: Phtbalic acid dibuty] ester 63 Stirred for 24 h, filtered off
Phthalic scid diallyl ester 100 Stirred for 24h
. Alcohols . M
' Isobutanol 10,000 ) +
. 1 llmcul:;l % Stirred for 1h z the su
i 1,3-Dichloro-2-propancl 4000 - achiev
. 2.3-Dibromo-1-propanct 1% ? aniline
o Phenols = H
i =
L 2,4,6-Trimethylphenot 2 Stirred for 24h £ lained
! 3,5-Dimethoxyphenol 50 Stirred for 24h & and a
: 2-Amino-4-methylphenol 30 Stirred for 1 h “ dinitrc
(2-amino-p-cresol) - Int
p-Cresol 50 DW heated to 40°C, stirred for 2h ; hi
i continued on facing page . a high
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Table 4—continued

Solution in dilution
water (DW) lor
reproduction test

Substances in Daphnia test (mg1™") Observations
Aromatic compounds
Toluene 125 Stirred for 1 h
Azobenzene 6 DW heated to 80°C, stirred for 24 h
1.1,5-Trimethylbenzene 63 Stirred for 24h
{mesitylene)
Halogenated aromatics
Perchlorocyclopentadiens 15 Stirred for 24 b, Gliered off
2-Chlorophenot n
4-Chlorophenol 10
2-Bromophenol 40
2-Bromoaniline 40 DW beated 10 40°C. Stirred for 24b
2-Chioroaniline 20 Stirred for 241
3-Chloroaniline 2
4-Chloroaniline 63 DW heated to 80°C
34-Dichloroaniline 10 Stirred for 24 b in dist. H,O; fltered off,
salts added afterwards to DW
2 4-Dichlorophenol 0 Stirred for 24h
1,2-Dichlorobenzenc 50
1,3-Dichlorobenzene 50 Stirred for 24b
1,4-Dichlorobenzene 40 DW heated to 60°C, stirred for 24 h
{-Chioro-2-nitrobenzene 50 Stirred for 24 h
1-Chloro-4-nitrobenzene 50 Stirred for 24b
2-Chlorotoluene 80 Stirred for 24k
4-Chioro-2-nitrotoluene 10 Stirred for 244
4-Chloro-3-nitrotoluene 5 Stirred for 24h
2-Chloro-6-nitrotoluene 10 DW heated to 40°C, stirred for 24 h
4-Chloro-3-methyiphenol - 10 Stirred for 24h
(4-chloro-m-cresol)
1,2,3-Trichtorobenzene 25 DW heated 1o 80°C, stirred for 24 b
Heterocyclic kydrocarbons
Quinaline 100 DW heated to 80°C
Aldekydes
Chloroacetaldehyde 20
Salicylaldehyde 100
Amines
Ethylenediamine 20
Tricthanolamine 2000 DW heated to 30°C
Aniline 32
2.3-Dimethylaniline 50
3,4-Dimethylaniline 200 Stirred for 24h
o-Tolidine 10 Stirred for 24 h, filtered ofl
Chloramine T 40
Niclosamide 2 Stirred for 24 h, filtered off
Monocarboxylic acids
Monochloroacetic scid 400
Moncbromoacetic acid 100
Ketones :
Methyl isobuty! ketone 5000
Aromatic nitro compounds .
Nitrobenzene 400 Stirred for a few hours
2-Nitroanisole 200 Stirred for L h
4-Nitroanisole 50 Stirted for 24 h
4-Nitrophenol - 50
1,4-Dinitrophenol 15
2.4.6-Trinitrophenol (picric acid) 160 Stirred for 1h
2,6-Dinitrotoluene (10% water) 20 Stirred for 24h
2.4-Dinitrotoluene (10% water) 20 DW heated to 80°C, stirred for 24h
2-Nitro-p -cresol 200 Stirred for 24 b
4,6-Dinitro-o-<resol 13 Stirred for 24h

the substance. In the first group, cadmium chloride
achieved the highest ratios followed by 4-chloro-
aniline and ethyl parathion. The second group con-
tained an organic tin compound and nickel acetate
and azobenzene, five aniline compounds and two
dinitrotoluenes.

In the 21 d reproduction test, the anilines showed
a higher than average potentially harmful effect than

in the acute Daphnia test and thus distinguished
themselves very clearly ‘from the other substance
groups.

If one compared the ratio NOEC/24 h ECy, then
this meant that in terms of position isomerism,
4-chloroaniline had a 7 times more harmful effect
than 2-chloroaniline and a 9 times more harmful
effect than 3-chloroaniline and that 3,4-dimethyl-
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aniline had a 3 times more harmful effect’
2,3-dimethylaniline.

In the case of the aromatic nitrocompounds, 2,4« -
dinitrotoluene had an approx. § times more harm-_
ful effect than 2,6-dinitrotoluene. In the group of.
halogenated aromatics, chloronitrobenzene in the
p-position had a 15 times more harmful effect than
in the o-position and m-dichlorobenzene a 3 times
more harmful effect and p-dichlorobenzene a 2 times
more harmful effect than in the o-position.

ChegeeumaLn

than

THE TEST METHOD

ML )

EVALUATION OF
In determining the reproduction rate, the survival
rate of the parent animals over a period of 21 days
and the time of the appearance of the first offspring,
this test has three parameters which'are easily quanti-
fiable and which can be related to the control prep-
arations. In order to determine the NOEC in the 73
substances tested, the reproduction” rate—being the
most sensitive parameter—was used in 58 cases, on29
of these together with one or both other parameters.
By contrast, in .7 cases the parent animal mortality
and the appearance of the first offspring, respectively,
proved to be the most sensitive parameters.

The validity criteria- ‘'were' met as follows.

Altogether, 64 control solutions in beakers and 29
control solutions in closed glass bottles with ground-
glass stoppers were prepared. The reproduction rate
per parent animal after 21 days, in the case of the test
preparation in the beazkers, was 88.8. offspring
{SD = 13.1; coefficient of variation = 14.8%), in the
bottles it was 68.0 offspring (SD = 10.6%; coefficient
of variation = 15.6%}). The “parent animal mortal-
ity" after 21 days was 7.1% in the case of the test

preparation in beakers and 9.1% in bottles. The “first -

offspring” appeared in both types of vessel on the 7th,

and only in a few cases, on the 8th test day at the very

latest. Both met the quality criteria.

The oxygen content and pH value of the test and
control media can influence the test organisms and
thus, they were measured on each transfer day.

"RENATE KOHN et al.

. ing. On ne occasion was the pH value—based on :r

ﬁ}‘;_ Res. Vol 23, N¢
' prioted in Great Brita

Evaluation of the m:ast;rcd data revealed the follow.:

———— e

8.0 4 0.2—lower than 7.0 in any of the control or tegy

preparations either in. beakers or in bottles at the i SO
end of the test period, ‘i.c. after 48/72h; it alwayg )
remained in the neutral to subalkaline range. Bassd A
‘on the oxygen saturation of the test and contrg]

media, an average minimum oxygen saturation value JRREARRE:: ;... -

of 69% was measured at the end of the test period in .

_the beakers, and a value' of 58% in the bottles. A 1
‘negative influence on the test organisms could be -
 Fuled out even at these extrenie values: - -

;- When carrying out the 21 d Daphnia reproduction ..
“test, the chemical quantification of substance concen- Abstract—
" trations at selected dilution steps proved necessary in upland car
order to ensure that the results could be interpreted ; . shawn 1o
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FLUORIDE INTOXICATION N FISH: A REVIEW

W, F. SIGLER and JOHN M. NEUHOLD, Department of Wildlife Science,

Utah State University, Logan, Utsh, US.A.

Abstract: A wide range of environmental and genetic factors cause fish to respond
differently to given levels of fluorides, but they do display characteristic fluoride
jintoxication signs. Some of the variation can also be explained by postulating &
chloride-fluoride excretion mechanism over the epithelial tissues. Such a mechanism
would explain variations in toxicity correlated with differemt chloride concentratic:

and the survival of natural populations ¢

are lethal under laboratory conditions.

FLUORIDE IN THE AQUATIC ENVIRONMENT

Fluorides are widely distributed in the
rivers, lakes, and scas of the world. The
U.S. Geological Survey® reports that
fluorides are common in the waters of
the United States, especially in the west.
Concentrations of 0.1 ppm are common
and concentrations exceeding 1.0 ppm
are not rare. Water samples from Walker
and Pyramid Lakes in Nevada contain
up to 13 ppm fiuoride. The Madison and
Firchole Rivers in Yellowstane National
Park have fluoride concentrations rang-
ing from 12-14 ppm. Kobayashi® reports
1.5-5.5 ppm of fluorides in wells in
Japan. The patural thermal walers of
New Zealand (pH 5-9) contain from
1-12 ppm of fluorides’.

Most of the fluorides occur naturally.
They are leached from fluoride, cryolite,
apatite, and sedimentary  phosphate
rocks by precipilation and ground water.
Pollution, both aerial and hydric also
contribute fluoride 10 the aquatic e¢n-
vironment.

Aquatic organisms would be expected
to contain fluoride concentrations pro-
pertional to those in their environment.
Neuhold and Sigler” reporied mean
concentration up {0 1600 ppm in the
bones of brown trout taken from the
Madison River system. Lee and Nilson®
recorded high concentrations of fluorides
in the bvones of canned salmon and
mackerel. Similarly, Fisher' ncted high
concentrations of fluorides in fish meals
used in the manufacture of prepared
feads,

f fish at fivoride concentrations whic.

FLUORIDE INTOXICATION
Signs of Fluorosis

Rainbow trout, carp and goldfish be-
come apathetic and evidenced anorexia
with the introduction of sodium fluoride
to their medium. Goldfish suffering from
anorexia lose weight’, 80 through a
period of viglent movement which de-
grades into aimless wandering. and final-
Iy lose their equilibrium. The loss in
equilibrivm  is accompanied by tetany
and ends in death, Mucus secretion in all
the fish tested increases with introduced
fluoride, The increased mucus secretion
is accompanied by proliferation . ©
mucus-produging cells in the respiratory
and integumentary epitheliurn'.

The embryos of rainbow trout display
much the same signs as adults when in-
toxicated with fluoride. Violent move-
ment within the confines of the cgg often
cause the vitelline membrane to rupture
prcmmurely.'This phenomenon frequent-
ly is followed by death and an immediate
coagulation of the yolk protcin. Embves
that survive a fivoride-induced  pre
ture emergence have a high incidencs u!
deformed spines®.

Blsod Changes

Changes oceur in the Hlood of rainbow
rrout suffering from fluoride intoxicd”
tion'. The level of total serum protcin
appears to drop in hoth trout and €arf
during intoxication'*, The gamma o
beta  globulins specifically  appear w
change. Buth serum alkaline phosphati®
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activity and plasma magnesium  levels
increase. while calcium decreases with
increasing fluoride concentrations.

Ditfarentiation from Thermal Death

In thermal death, fish first show
marked apathy then loss of orientatlion
and equilibrium and finally gasping for
breath. reduction of swimming abilily,
darkening cf color, and then death. Oc-
casionally there is limited muscular con-
traction just before death. After death
the fish is limp. The difference in signs
between fluorisis and thermal stress is
that in the former, fish activity is much
more intense in the early stapes: in the
final stage fluoride-induced death in-
variably results in some degree of tetany,
generally quite intense and the skin does
nat discolor.

TOXIC LEVELS

The effects of fluorides in the environ-
ment, as reported by literature, all lead
to the conclusion that fluorides above
certain levels have a profound toxic ef-
fect on the physiology of animals.

The response of fish to moderate
!'Iuonde concentrations (1.5 to 5.0 ppm)
L related to environmental acclimatiza-
ticn and is species dependent. Tt is dif-
ficull to assign specific values as toxic
kvc_ls because so many factors in the
environment, including the physiological
state of the fish, the species, even the
race or strain. govern the responsc of
fish to intoxication. Various chloride
mncgnlralions in the medium affect the
reactions of rainbow trout to fluoridey’
M_mnows subjected to simultancously
mscq concentrations of chiorides and
fluorides succumb 1o lower levels of
ﬂuor!d:s than do fish subjected to only
ﬂuot:tde‘. The amount of calcium in the
medium  also affects  fish  response.
le‘:lcr than normal concentrations of
alcium in the medium or the food tend
':u enhance the resistance of fish 10
_ Ruorides®,

—

The 1D is the dose tethal to S0 percent of t

ne Although the time s 1 M Pred
clermined. Ia the ¢ I3
. ctn 48 and M0 hours
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genetic factors cause fish to respo_nd
they do display characteristic flu’onde
an also be explained by poslulatmg_ a
* » epithelial tissues. Such a mechaq:sm
with different chloride concentraiions
fish at fluoride concentrations which

UDORIDE INTOXICATION
igns of Flucrosis

Rainbow trout, carp and . goldfish bg-
ime apathetic and evidenced anorcxia
~ith the introduction of sodium fluoride
o their medium. Goldfish suffering from
jorexia lose weight’, go through a
sriod of violent movement which_deo
rades into aimless wandering. and fma'l-
"y lose their cquilibrium._ The loss in
rquilibrium  is accompanied b_y tetany
ad ends in death. Mucus secretion in all
1 fish 1ested increases with imrodut.:ed
Hluoride. The increased mucus secretion
is accompanied by proliferation of
aucus-producing cells in the respiratory
nd integumentary epithelium®.

The embryos of rainbow trout displ_ay
much the same signs as adults when in-
‘oxicated with fluoride, Violent move-
nent within the confines of the egg often
.ause the vitelline membrane to rupture
premazurely. This phenomenon i'rcqu;nl—
ly is followed by death and an immediate
“onguiation of the yolk protein. Embryos
‘hat survive a fluoride-induced prema-
{ure emergence have a high incidence of
deformed spines®.

S}aod Changes

Changes occur in the blood of .rainb.ow
wrout suffering from fluoride intoxica-
tion. The level of total serum protein
appears to drop in hoth trout and carp
during intoxication'*. The gamma and
heta  globuling  specifically  appear 10
change. Both serum alkaline phosphatase
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activity and plasma magnesium levels
increase, while calcium decreases with
increasing fluoride concentrations.

pitfcrentiation from Tharmal Death

Ia thermal death, fish first show
marked apathy then loss of orientation
snd equilibrium and finally gasping for
breath, reduction of swimming ability,
dJurkening cf color, and then death. Oc-
casionally there is limited muscular con-
traction just before death. After death
the fish is limp. The difference in signs
petween fluorisis and thermal stress is
that in the former, fish activity is much
more intense in the carly stages; in the

- final stage fluoride-induced death in-

variably results in some degree of tetany,
generally quite Mitense and the skin does
nat discolor. :

1OXiC LEVELS

The effects of fluorides in the environ-
ment, as reported by literature, all lead
1o the conclusion that fluorides above
cenain levels have a profound toxic ef-
fect on the plysiology of animals.

Tihe response of fish to moderate
fluoride concentrations (1.5 to 5.0 ppm)
iv rclated to environmental acclimatiza-
ticn and is species dependent. It is dif-
ficult 1o assign specific values as loxic
lesets because so many factors in the
e ronment, including the physiological
« . of the fish, the species, even the
tae or strain, govern the response of
tsh o intoxication. Various chloride
vuneentrations in the medium affect the
weactions of rainbow trout to fluorides®
\Minnows subjected to simultaneously
taised  concentrations of chlorides and
lworides succumb to fower levels of
fluorides than do fish subjected to only
Huoride'. The amount of calcium in the
medium  also  affects  fish  response.
Higher than normal concentrations of
salium in the medium or the food tend
*+ cnhance the resistance of fish to

e b

h,

The time necessary for rainbow trout
eggs to haich decreases with an increase
in the ccncentration of fluoride in the
medium. It is concluded that larger fish,
subjected to a given level of fluoride,
tend to succumb last; that is, the larger
tae fish the more resistant they are to
a given level of fluorides. The size of the
fish has an effect on the length of the
experiment only. No effect on the LDuw*
or the sensitivity is apparent. The LD:
for rainbow trout, 10-20 c¢m in total
length, in 2 medium low in both calcium
and magresium and at a temperature of
13C, is between 2.7 and 47 ppm. The
LD for small carp falls between 75 and
91 pom of fluoride when the same low
calcium and magnesium concentrations
are present”. .

Increasing the temperature of the me-
dium increases the sensitivity of rainbow
trout to fluoride intoxication. This re-
lationship appears to be a function of
the metabolic rate, which increases with
temperature®. The telationship between
temperature and metabolism is one of
size and sensitivity of fish to fluorides.
Small rainbow trout and small carp ap-
pear to be less resistant to fluoride in-
toxication than large ones.

Fish populations vary widely with re-
spect to their ability 1o live in specific
concentrations of fluorides.
growing populations of trout exist in the
Firchole River in Yellowstone Nationatl
Park where fluoride concentrations reach
14 ppm. The same is true of Pyramid
and Walker Lakes in Nevada where the
concentrations reach 13 ppm. Yet, rain-
bow trout that have been reared in low
concentrations of fluoride display LDun
of approximately 3 ppm.

FLUORIDE UPTAKE

Fluoride uptake occurs in both soft
tissues and bone in carp, goldfish and
rainbow trout, The uptake in muscle
tissue is highly variable and can be ascer-
tained only between extremes. Osseous
tissues are particutarly good indicators of

-2, iy the dose lethal o 50 perceml of the experimental animals. The dosage schedule is
crmined. Although the time is not predewermined, experiments  ure penevally terminated

Soeeen X gnd 2400 hours.

Healthy, .
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uptake of fluoride. Fish collected from
the Madison River system showed a
positive correlation between bone fluor-
ide concentration and size of fish.
Goldfish subjected to chronic levels
for 90 days accumulated fluoride at a
rate similar to those for carp under acute
tevels®, The rate of uptake from the
medium and its incorporation into the
bone is by an apparent second order
mode, suggesting active transport®. Fluor-
ide concentration in the tissue is directly
correlated with the amount of fluoride
in the medium and with the duration of
exposure. Fluorides accumulate more
readily in osseous tissues”, When goldfish
were subjected to low concentrations of
fluorides (0.34-2.95 ppm) in soft water
for 90 days there was an increase in
bene fluoride concentration that correla-
ted with both the median fluoride con-
centration and the duration of exposure?,

TISSUE CHANGES

In one experiment, the epithelium of
the gill filaments of rainbow trout dis-
played an increase in population density
of mucus-producing cells from 0.31 at

LITERATURE CITED

0.0 ppm fluoride to 0.52 at 250 ppx
flucride, The epithelial tissue in the heuy
regicn of rainbow trout fry subjected 1o
two ranges of fluoride concentrationy (o
to 25 ppm and 250 to 335 ppm) alw
indicated an increase in mucus celis. Tie
tissue upcn which these population den.
sity determinaticns were made wus irn-
tegumentary epithelial  tissue  locueg !
betueen the eyes'.

Aside from the accumulation of :.
ides in the tissues, other changes ¢...r
as well. The ultimobranchial plund
{parathyroid function) hypertrophied in
trout,subjected to high levels of fluor-
ide'", In the gill lamellae of goldfish. an
edematous condition of the epithelium
(described as a focal, non-specific, cylo-
plasmic enlargement, with the nuclei of
the cells remaining unchanged) alw
occurs during fluoride intoxication™ If
the mucus cells in the epithelium are
assumed to act as a fluoride secretion
mechanism. and if their proliferation is
assumed to be a function of the fluorids
concentration in the blood, the tendeny:
would be toward an increased concan-
tration of blood fluorides with increased
concentration of medium fuoride,
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SEASONAL ABUNDANCE (
(MONOGENOIDEA) PARAS
Lepomis macrochirus (R

MAC V. RAWSON, Cooperative Fisheriet
Univessity of Georgia, Athens, Georgia ©

WILMER A, ROGERS, Southzastern Cocog
Avburn University, Auburn, Alabama,

Abstract: Nine species of Monogent
lected from Lepomis macrochirus m‘
from December 1967 to January !
organism formed three distinct grou
the autumn and least abundang dur
triangularis and Clavinctlus bifurce
the spring and least abundant du
seminolensis and Cleidodiscus m’bu:
the summer but having a prewinic
Actinocleidus ferpusoni, Urocleidu:
nenatocirriis.

Knowledge of seasonal abu_nfiam
parasites will allow us to anticipat
tential discate problems and su
management procedures where fea
The object of this study was to ¢
mine the seasonal abundance of an
cephalinaen parasites of onc of the
important spart fish — the bluegill.

Seasonal abundance of the subf

Ancyrocephalinae has been report
only a few papers. Cranc und. M
found thar on bluegill. Lepomis &
chirus Rafinesque. the Urocieidus
Mueller. 1934, population rcachc_d
Jevels in August and April and in
uary when the temperature wias K C
kighest pepulations of Actinua
fergusoni Mizelle, 1938 oc_t.‘urr?x_l in
January and May. Meyer”. utilizin
200tic case histories, felt that
g¥rus populations were at the h
level in Apri! but were common &
the remainder of the spring and
summer and thal Cleidodisers on <
was frequent from January o nid
mer,
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suopulise Oolained from  addition

. of Ca and perhaps other ions to the

- medium.

In previous work (6) with whole

excised barley roots, CaCls was found
i to have a much smaller effect upon res-

piration than that found here, while

- CaBr; and CaSO, were entirely without

- effect. This is probably a reflection of
- the greater need for Ca of cells close to

the root meristem. In the case of
excised barley roots the bulk of the

|- tissus was composed of mature cells.

There is of course also the possibility
that the different responses to Ca found

" may be due to metabolic differences

between the two species. Experiments
with maize root sections further from
the growing point are expected to illu-
minate this (7).

RAYMOND HANDLEY

Roy OVERSTREET

Department of Soils and Plant
Nutrition, University of
California, Berkeley
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Chlorides Affect the Toxicity of
Fluorides to Rainbow Trout

Abstract. Results of an experiment de-
signed to test the effect of chloride ion
concentration on fluoride toxicity to rain-
bow trout (Saimo gairdnerii) indicated that
tempering fish to chloride reduced their
response to fluoride.

On several occasions we have ob-
served that fish collected for fluoride
toxicity experiments varied in their
gTOoup responses to the same concentra-
tion of fluoride. In every case these fish
came from waters that had different
chloride concentrations (1). Prelimi~
nary investigation indicated that the
time required for the top minnow Gam-
busia affinis to succumb to a given con-
centration of fluoride increased when
the normality of chloride was incrensed.
This suggested that the chlorides had
an effect on the toxicity of fluorides.

A2X3x6 completely randomized
factorial experiment, with rainbow trout

732

saple 1. Number of deaths of rainbow trout in response to combinations of various'ﬁ
chloride concentrations. The response indicated is

EN ..

the sum mortality in numbers of fish’;

replications,

) Deaths (No.) .
Fluoride - - —
concen- Fish not tempered Fish tempered i

tration At CI~ concn. indicated Deaths, At CI™ conen. indicated Deathy, %
(_ppm) sub- sub- “H
Oppm 3ppm 9ppm total Oppm 3ppm 9ppm  toral
o 2 0 3 o 3 0 3
C 2 3 2 0 5 0 0 5 5
4 5 4 0 g 0 1 0 i
? 5 5 4 14 1 2 0 3
13 9 10 6 25 6 5 1 12
25 10 10 10 30 10 5 1 16
Totals M 32 20 86 17 16 7 40

as subject, was designed as follows: two
replications of two qualities of temper-
ing by three concentrations of chloride
by six concentrations of fluoride were
used, All combinations of these treat-
ments were randomly selected and
placed in 72 experimental units, Each
unit consisted of five trout ranging
from 4 to 7 inches and placed in a
20-gallon aquarium filled with 50 liters
of softened water (the calcium and
magnesium were reduced in an anion
exchange column to a calcium concen-
tration of less than 1 ppm and a mag-
mesium concentration of less than 0.3
ppm). The tempering solutions were
of the same quality softened water as
the experimental units. The experiment
was run for 120 hours at 7°C. All
mortality occurred within the first 72
hours.

The fish were first placed into two
300-gallon holding tanks; in one the
concentration of chloride (added in the
form of sodium chloride} was 34 ppm.
In the other it was O ppm. The fish
were held in these aquaria for 48 hours
before they were placed in the experi-
mental tanks, The unit of measurement
in the experiment was the number of
fish in each unit that responded to the
toxin.

Results of the experiment indicated
that two factors had very significant

Table 2. Analysis of the variance of the responses shown in Table 1.

effects on the response. The m
ing was that tempering to -¢h
decreased the response of the’
2 given concentration of fluorig
other was that increasing concent
of fluoride bring about an incre
fish mortality (Taple 1). Tabl
statistical analysis of the regults,
The LCu (lethal concentrationSr
50 percent of the experimental subjg
was also found to differ signific
6 ppm elicited a response frg
percent of the nontempered fish
22 ppm was required for the ter
fish. B
Sensitivities of the fish to fiy
toxication also differed significantlyipag
tween the tempering treatments. RThN
tempered fish responded less in te
of probits of response per unit incr
in concentration of the toxin than:
nontempered fish. -
A number of authors have allu
to the existence of a specialized chlord®
secretion mechanism in fish (2). Copgl
land (3) states that chloride-secretingy
cells appear to respond to changes
chloride concentration in the blood
Similarly, we have found an increase 13
gill epithelium mucous cells when raind
bow trout were subjected to increas_in 4
concentrations of fluoride (7). -
The evidence presented by this e
ment suggests that the chloride

Source D.F. Sum of squares . Mean square F-ratio
Replications 1 8.0000 8.0000 3.077_
Tempering 1 29,3889 29.3889 11.303
Chloride 2 14.2500 7.1250 2.740,
Fluoride 5 113.6667 2,733 g.743
Tempering X chloride 2 0.3611 0.1805 0.06%
Tempering X fluoride 5 16.4444 3.2889 1.265
Chloride X fluoride 10 15.0833 1.5083 0.580
Tempering X chloride X Buoride 10 25.3056 2.5306 0.973
Error K} 91.0000 2.6000

Total 71 313.5000

* Slguificant at the 99-percent level of confidence,
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7ARIOUS SODIUM SAL
f DAPHNIA MAGNA

ERSON

Miio State University and
est Firginic University

atration curves, from which the
10ld concentrations were “esfi
1, were constructed on the basis
irty-eight hours of observation®
+ than sixteen hours. In  the
v work the control animals’did ga
urvive consistently over sixteen Wil
so that it was not cousidered]
able to base the curves on%a
* period. Tn the experiment's“o -
the present thresholds are basb:_a
- to one hundred per cent of the}}
ds remained alive and active
eight hours or more. The to;ﬁg-
hresholds for the thirty-eightf
o salts are given in Table I. "
a consequence of using a longerg®
“ation time the threshold concen- 3
1s bave been found to be lowerk
ren of the eight sodium salts prega
in the earlier report (Andery
344). The segments of the hew
al curves covering times upito
1 hours coincide with the curves®
-which the earlier report ‘was§
In many instances, however®
Tnents of the curves in the pres:}
. . +
periments for the period from
. to forty-eight hours, the period]
vered in the previous "exper SaE
have definite inflections oconr N
etween sixteen and thirty-two}
{Figure 1). In some’ instances]
lections were very pronouncéd
1e case of sodium sulfite.. Theses
ons may be explained on ’the
tion that Daphnia are more sus=x
: during ecdysis than at other
{Banta, 1939, pp. 192-193)3
vn and Jenkins (1942) found$M

[ YR 3
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Sernzy o Wonks
vol. 18, No. 1 TOXICITY THRESHOLDS

OF SODIUM SALTS 83

~—Threshold Concentrations for Immobilizgfion of Dephnia megna
TABLEL by Substances when Added to Lake Erie Water

T Substance v Formula Blolarity* P.P.AL*

s ACELALE. « s raranns weees] NaCiHOa <0.071 <5800
o e 1o s Na.HALO, <0000 2
Sod;u.m ATBERILE . .« cevvrnavarnians NaAsO. 0.00007 653.1 .
Sodium bensoate . .. ..oeereianisn NaC:H,0s <0.0045 <

ium DOTAtE. cav v iaernecnsrseas NaBs . «0.0012 <240
mm perbon.w ................. NaBO, <«0.000063 «5.2.
%uu:: BIOMIALE . o v vvvennrnnernoss - NaBrO, 0.0014 3358
Sodium bromide .......ooiaeiaiens NaBr 0.08 20

um carbonate...o.oiiiiaees ..} NasCOs <gg0 <2350
Sodium bicarbonate. .......vueens E:Iél%?s. 0.028 B0
NaCl <0.072 <4200
Na:CrOy <0.0000020 <0.32
Na.Cri. <0.0000012 <0.31
: Na,CeHiOr 0.0032 825
Sodiumcyanide...............'... NaCN <0.000060 _ 6<og.4 '
Sodium ferrocyanide.. . ........... ga‘g‘e(CN )N < 003(1)20 <50{
Sodiom ?:3:&'.'.'.'. ............... NaCHO, <0076 <5200
Sodium hydroxide ... ... . .ioainis NaOH 0.0039 158
Sodium J0ABLE. ¢+« +neecernrnerrnes NalO; «0.00080 «18
Sodium jodide. .. coreaeaiaiiaanee Nal 0.000022 5000.
Sodium nitrate o .. coeereesniaanes NaNOs 0.059 0%
Sodium DItTIte. ..o v rraearcirenes NaNQ: . <0.00029 S
Sodium nitroprusside......... S Na;Fe(CN)JNO <0.00080 & 20
Sodium oxalate........... Cieewaae NS:C¢0¢ 0.0018 1560
Sodium monobasic phosphate....... NaH,PO, «g'&%; ) «<'<5g
Sodium dibasic phosphate........-. NaHPO, «0.00032 5
Sodium tribasic phosphate......... Na, PO & 0003 e )
Sodium salicylate..........c.oues NaCH(Os - 0. SQAT
Sodium sulfate........ RPN Na,S0, 0.042 Qﬁ@_)ggo
Sodium bisulfate ..... Feereenreeons NaHSO, 0.0016 0 .
Sodium sulfide.......coonaraannens NasS 0.00012 -
Sodium mulfite.........everrenes NSOy 0.0035- P
Sodiam bisulfite. . ..c.cocvreriaaian NaHS0D, <0,0014 S
Sodium tArtrate . .. covreernacnsas NaCHOs <0018 S
Sodium thiocyanate. ........... ..} NsSCN - <0.00014 S
Sodium thiosulfate..........c.v0-e- Na:S:0y . <0.0033

. *On the Pm of the formula given. .

that well fed Daphniac magna at 25° C.
undergo their first ecdysis about
twenty hours after their release from
the brood chambers of the mothers.:
Some cast carapaces can be observed
ou the bottom of the experimental bot-
tles at the sixteen hour observation
when the animals are sixteen to-
twenty-four hours old. In Table I
the concentrations preceded by either
{¢<) or (¢) are not true threshold con-
‘centrations since the immobilization
time-concentration curves for the salts
designated had not reached their verti-

-

cal asymptotes at forty-eight Lours.

The threshold concentration for any
salt with (¢) might be about nine-

_tenths of the value given if the trend

of the curve were continued in each
particular instance. The . t_hreshold
concentration for a salt with («)
might be as low as one-half the value

- given or less. The lack of (¢ ) or {(«)

does not mean, however, that tl.le curve
for any one salt might not be inflected

were the observations continued for a

longer period. )
From a pollution standpoint the most
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FEBRUARY 7, 1879
INTRODUCTION

Good day. My name is Michael Bender and I am
Assistant Director and Head of the Division of Environmental
Sciences and Engineering at the Virginia Institute of Marine
Science in Gloucester Point, Vvirginia; and 1 am Vvice President
of Environmental Control Technology Corporation ("Encotec")
in Ann Arbor, Michigan. Briefly, MY academic background
includes a B.A. from Southern 11lineis University in 1961; a
Master of Science in Fisheries from Michigan State University
in 1962; and a Ph.D. degree in Environmental Sciences from
Rutgers University in 1968. As my resume illustrates (a2
copy attached to this statement as appendix 1), almost all
of my professional training and work during the past 20
years has centered around the study and management of aquatic‘
1ife and resources, with particular emphasis in determining
the effect of pollution on aquatic life. The attached
resume also includes chronological citations to my professional
publications, which number about 30. AS you can see, most
of my professional experience and publications since 1960

are related to the subject of my testimony today.
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shown you what changes are to be expected now, in view of
the 1978 water quality data, foll&wing start-up of the new
wastewater treatment plant on September 1, 1978. I have
said that future aquatic life at E2 - E7, in about a year,
will either equal or approximate aguatic life at El, with an

adjustment that reflects the gradient and flow of the ditch.

But all of this analysis has assumed that fluoride
jevels in the ditch are 1.4 mg/l -- the water quality limit
in existing Rule 203 (f). However, the question in this
proceeding for me to answer is: what effect, if any, would 5
mg/l of fluoride in the water have upon the begthos in the
ditch? At this poiﬁ% in my testimony, 1 believe that you
have almost all of the information you need for me to give
you my expert opinion on that question. There are, however,

+wo other items that need to be discussed.

First, the Board should know that there is little

or no literature available on the potential effect of fluoride

- on benthic animals. To my knowledge, the only data that

exists on this subject was collected by Encotec in Colorado
from 1970 through 1974. Attached as Appendix 7 is a graph
of this data which shows the effect of fluoride on the
number of taxa.(or species) of benthic animals in those
Colorado waters. As you can see from this chart, there is

no reduction in the number of species at up to 3.5 mg/l of

~13~



fluoride; and even at 4.5 mg/l, there is only about a 33%

reduction.

The second item that +he Board needs to know
concerns hard and soft-water streams. The streams in which
we collected the Colorado data were cold, soft-water trout
streams -- a "soft-water stream" meaning that it is low‘in
calcium and magnesium. The aquatic life in such streams is
more sensitive to pollutants than in warm, hard-water streams.
Hard water is high in calcium and magnesium. while to my
kxnowledge there ig no literature directly comparing the
toxicity of fluoride on penthic animals in har§ water versus
that in soft water,.there is information available on the
toxicity of fluoride to fishes in bhard water and in soft
water, as Dr. Sigler will discuss later today. This litera-
ture shows that toxicity of fluoride to fishes decreases as
the levels of calcium and magnesium increase =< as in hard
water. Based on this informatiom, it is reasonable for me

to conclude that the same result would apply to the benthic

1ife in a hard-water stream.

CONCLUSION
I have thus covered all the information needed by
the Board for my expert opinion, and now we come to the
ultimate question for my opinion. would 5 mg/1l of fluoride

in GMC's ditch have a significant effect on the number of

-14-



arn INTERSPECTES RELATIONSHIPS IN ACUTE TOXICITY
ik GEF CHEMICALS TO AQUATIC ORGANISMS

T,

unlivhe ~q )
ahotn . N i . . . :
g Grratp A, LaBrang 4
Tl EGXG, Hionunics
wiand] Aguuatic Tonwology Laboratory
nloie ! Warcham, Masachusetts (2571
13y : !
w __.s-..u....__"...:. N Noeynder YL .._.....qz_...-m v .=._<—. —-_-m.“.
‘ b}
t .
w Mosieant - R Y I LTIy It AN R ARRL YT PN TR L PR LR D s lenncabs s ategorisad
a 1 A s cesticrte nd tie b wee enzrciated tsitg pelyaemial e vsm e 7y ) X, s ;
oo : ditalyses v e cad - e el el dsh, v erchrates ad ol e proridend e s e '
RTINS t sty B woeaeiy vtk onpnes Ditfeiom proas ol angannn 3 peided ot P Aete B B
! Aot et peawaties TG sorts ook Brad o the sanw damiby resposded alonost sicincally ot e o T H
' e vl o peticeies wheteas Lo ob difleien Gamibies zosponded sunilirly, bug o g ks
: e asted Tt e ety sensitivities of o sk and anansertebnue, A . ; i 48 .
’ NIRRT R [T} b s et aties 1o metals between bliegillamd fathead B Y h AR L
| n b sear. e sods ol ooty of metah seenn o b e :
1 vy, althenzin e ! I Ly Gale 3 _
4
(X1 W M ‘
v . Rrsnids Fouaake thpren M Teainy AU T TN % :
“ - .
s N INEAOI L HON freshwater e tebrates, freshevnier overte: . e : a ;
oripe § I - e brales, marine and estwnne vericbrues ¥ 34}-2 S R R
iy e Le e DF T L3S [ \ . . . I 't - |
' _ vierin ;_ aete Lo .,__ the :.i and marine and estamine invertchrates. A i A o '
' o i PTG w phye ; - . . . ; Y i : -
: .._..__:_:__L:_ Wit .......%:r.. __ ¢ _::_.:.:_ When estimiting thie acute toxicity of a pes- T, . .
4 T H P MAATET R (W U H o .| .. . . . . . Rllalt A s thc” : i -
P _.:. by cisshated VA i ROIERUAT g intencded Tor e in the United States, a IR - S : _
m ”.“._._ .:”. _:._.:.. .*_:....:r_r:f:..._::F_._. >=..”_ wart-water fish, a cold wate: fish and a T I, L E '
t QITUI LU 1.y g : - Seb gl . N e f 3 il .
P .=“._= ensive T .:.._ At WIR g gpwater invertebrite must be used it the " _
¢ Cacule ity dadd. ©novariety - = . ,
* i._ Ife dcute xtty « At :.,,:__m “ ZJ:._ WY product is intended for outdoor application, i H
3 _nf.n_“_x.%__ﬂnv__.m.._.m_..av o z..o__..,‘ __: P Saitwater fish, shrimp and crab acute toxi- A, :
P npene %_5.. \ 4__”.%._.__:.___._.;_ ‘roleclion iy fests are required i the pesticide is . . ;
. N | U - Ty o 8 b, LY ol b vﬁh ot TrL N . . . - L. Y
Y en &.v__ H. " _. MSSeverd __4_. fes J. ..,_“. intended for direct application to the estua- .
: .":57, “.;a. .:.:.__. _“.;F:w Ut D SUR pie or yarine environment 12]. When _ :
. S oty four WS GAcponest oo ima ing the acute toxicity of an industrizl :
b T i e e com v e e efftuent, the EPA [3] recoinimends that spe- ' ;
) w“ . .?“5334..:...;.5...__._.._:! tox Deparunent of Uiolo cies mzr.—mm.unﬂc_,_m to the _.ﬂﬂdmi:ﬂ water be ’ !
© r._»._.ﬁ.a_ﬂ.__. wm H..._..,___. _q_ﬁ,._u..“.ﬂ_..__r”.. _...._u...“a“,_.w. ~used. The recommended base ecotosicity ) .
: ATtted a hird Arnual Mecting of the S e ) . . ‘o ' X
4 ool Enviroumental Toawology and Chemisiry, data vom or .__o.h_:n.__m m:gnr_ o :
Alinzton, Vieginia, Movember 14-17, tv32, o premanufaciure  natificavon  under  the .
3
W




i.‘ '
3

M “acute scns;tmty of:

o.uuu .-

... = The’ rauonalc for testing a variety of -

'xqu:mr' species is clear. Insufiicient daa

exist that elucidate reliable interspevies refa-
tionships rega_'dmg sensitivity to tovicams.
To maximize the protection of all biotic

- components of the aguatic eavironment, it

is advisable to determine tive susceptitily
of as many component representatives as is
economically and reasonably possible. Suzh
an z2ppreach should not be discouraged, coit-
sidering the current developmental stages of
the science of aquatic toxicology and the art
of aazard assessmeni. However. shouid
some definhiive .n.-::;':.:cmc woxicoingica
polarinsciiog exist, defintng such rzianon.
shine wouid grenty gphanoe R n.‘z..wi
sxcessment proc e when nirhe
eanain Saty I AUEnEoL, v Sl LEteTY
ata have nol bazp obtained baczuse o
ime, #CMIOMEC or othes ¢ w'.x b and L
ihe su<a.a.pti‘r-.:-u Glacritios) indigenonis s, -

.|....,.l W

cies hias not been dmerained du2 o u~
unavaiabiliny or cullectng and handling

sensitivity.

A few interspecific ticologica. rel 1.:0..
ships have hoon investgated. Patrick et 2
[5] comparad the acue susceptibutity of fish,
diatony and snats W several ot
consistent trends in suscepribifity were de-
wenined. However, has the confidance
intesvals been presentsd for the TLnts used,
it might kave becomez apparcm that the
acute sensitivities of the three gro ups of ar
ganisms were similar for many of the oxins.
"Kenaga and Moolenaar {6} comparud the .

] ascular.planfsmxd

da hm&é'aquaucs #
’5&3-1’ s :~d$0f .g’?

I
Bt
2

be an attraciive akernaiive to life cycle
toxicity tasts with fish,

Since differant types of toaicants have
ditferent modes of toxic action. it would be
naive 10 presume thet, thould sonie inter:

specific toxicological relations:tps exisi,

they would apply to all chemicals. In the
present study, various interspecies compari-
sons were made, with the acute toaicities of
chemicals caagorized inn thres asneric

categories. la) \omest.mdg organic coni-
pounds: These conipiurads weore selectel
Team: tha UK B P Barad prion.y sodiusas

1

A e s
tanendled O

LT P T
b LR L L

IS LT R

niagrriany wWhig
CoenvIrenaT et b

ariirnanoesin,

WHUL DS,

LA RIALS ANOAY 00

Azute toxiciny s wed I poapesgide
'.\T:;;mi:-rc TS Wikt wnrme and couh
LY

oA
R el
M —‘l.t- l-‘:] ' "ll.\ .-‘.

DUNOINCS. M'" atic Tovion! Wy Loy

» BaeIeeH
|\-l' TR -~

WO

Tariz ' Proonies s oapy I
VO vales wild e : o
a Tty MKt

LO, mpfla
[ -
mazerial tucgill Rainvow trout

A

Lt el e e P

Ak

L e W X el ¢ A TS

(3}
e

e Lo

PPy
Py

uons | H

for nonp
obtainsd
i5), Heite
{Tabic 2).
soluble il
cated by,
in the o
obtained’
nonpesiic
[I!Eand v

.
-
vers CUl

2 Chicropne

bensofura - - 0

Diohenvied .
N-Dozmdnty
Sodiven Nua
Methylothy |
Tolueng © 1
.\Imubcnu
. 4 Nirdphea- -
" S4BT

? hTe!nchlome
. a-qp,fﬂo.

Vel el

A o Tt T O L

R N

S



t"l‘.

il

YA kN

' x
.'T

. -v.‘Lﬂ'o"_'-?ﬂ:‘"

“oeamugy

- ...m...‘.un--_.‘n—q‘\""‘"=’—"""""""“
AR ety gt 34

M o e e

[—)

k]
WA T

o
SRl %
e

_ s 02
4

-

-

atrl asem & wwrtod ded D [V A A ) u,.n--nnw
vans 111 All owner acute toxicity d2!a used
" fgr ponpsticide crganic compounds were
obtained from LeBlanc{8]. Buccafuscoetal.
55, Heitruiler er al. {10, and \he CPA (1]
{Table 2). Only compounds that ware Waler
soluble it (e CONCentrations tested, as indi-
cared by Duccafusco et al. {9], were used
in the comparisons. Pesticide cita wert
obtained fromi the four sources listed for
nonpesticidas, as wellas Iohnsonand Finley
1121and the EPA 1] (] abie 3). Metals dana
were cltmined from the EPA [ 1] and

PR 1 L TR - PO T pagy e it ]

talfizae T IpeTRRL somimoiienhnd
e i

. P RIS i"\l.- . gi‘- S ey,

e LI LR HPCRL T RS St

. [ et et b T

UL TRt NELATE o SO P sty Waldd

'A.._--..-'gl
PRI A Y R

fugs, s LA L, WrE COTVETES
for siaiietical vompsansen.

Compariaags

cressien anclysis wng 2 Howleu-Packard

ks
r.0d2ino, S313A programmable caleulator
Jroniliceice was deteniived ai p < 003

and p = 0.1, Fornagiihour L5 valuds

Taie & aatrisi bl TR, SOMPOUR AR A

RESULLS

Nunpesticide crganic compounds

Warm-water fich vs. cold-waier fish, Be- -
cause of differences in mewbolic rates ai -
ditfarsnt temperatures, it is generaly pre-
suried that the sensiiivities of warm-water |
and cold-water lish may vary sigmificanuly
for toxicants when the mode of toxicity in-
volves metabolic pathways. Figurs ] shows
the corralation between the Lo values for

A

L] : b - P v . . b . pr e
Dluse il 1)y - i A PR AT for riin-

- N - I PRSIy ) - .7 1

Porer ol coultiler B Wi Ll L2
. P - YL [ I s

[ LW E PR AR AN WS AR EL O

R T3 PIRPRIE R AN (SRS EIR N 5 g

eoiat i botwgen e dlule SoRE
thoss Cod spocios, penien, U he FITEAHEA
OF ihe T spuTits WETT Dalis e sdTe

P

3yt STl omeF a5 et -
Qairhow sout eabibierd d sagi) gk

ceasitivity within the range ol LC:, valaas
tested. The refationshipy bete sen the aduic

consitivities of ralnbow 1ot and tlusgiii 1o
ponfesticris organic comkntinds was as e

atien de B I N COmana AT A T

1 or U et

& L L 3. AL C
ToEm CopSeOrIUIm REANE  HET ke ool initia (WTAEN
. 2.Duznlarehensene 21.0 X M) L5 , R ol
2 Chlorophienol 5.01 s.00 38 5.3%
Ditenzoluran 018 .23 041 0.25
Diphenvicther LY 067 1.7 24

N-Docosine »>33C
Sodivm Nuaride
Methylethyl ketore | .
Toluene " & - i
Ni‘lm_bcnur;?"

. 4‘.‘&“6}“‘[6“]“' e
. 24 &Trinifranhenots
.r‘ : e - w.,h. 25
LIDRSee T
+Eshylotozeng 0o
7 Bambforn:”
N Mc'.wléﬁ§c A i A
- hi2g T mchloroetligne: v
o l-{,:r:'.rb':gnnphtlaa.‘cne,,i;-,‘.'ﬁ T

e

R TG L L

IR AP




sidrabudambener 4.4t )
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Acute Toxicity of Priority Pollutants to Water Flea
(Daphnia magna)
Gerald A. LeBlanc

E G & G, Bionomics, Aquatic Toxicology Laboralory, 790 Main Street,
Wareham, Massachusetts 025771

Industrially used chemicals are potential sources
of contzmination of the aquatic environment either
through normal usage, disposal, or accidental spillage.
In corder to properly evaluate the potential hazards of
these materials to the aquatic environment, toxicity
tests must be conducted with aquatic organisms. Data
derived from toxicity tests are used by the United States
Environmental Protection Agency to develop water guality
criteria for such chemicals. The.purpose of this study
was to determine the acute toxicity of selected priority
pollutants to the water flea (Daphnia magna}. Water flea
are commonly used organisms in aquatic toxicity tests,
and their susceptibility to contaminants in the aquatic

envirenment tends to be representative of freshwater zoo-
plankton.

MATERIALS AND METHODS

All chemicals tested were purchased from commercial
chemical suppliers and had 2 minimum purity of 80%. The
chemicals were tested on an active ingredient basis and
concentrations are reported as milligrams (mg) of test
material per liter (L) of diluent water.

Daphnia magna (<24 hours old) used in these toxicity

tests were from laboratory stocks cultured at EGEG,
Bionomics. Water used to culture the organisms used in
the initial 15 tests was deionized reconstituted well
water having a total hardness of 72 + 6 mg/L as CaCO3
and a pH of 7.0 + 0.2. Subsequently, culture water was
reconstituted according to U.S. EPA (1975) to a total
hardness of 173 + 13 mg/L as CaCO3 and a pH of 8.0 + 0.2,
to improve conditions for test organisms.

Procedures used in these acute toxicity tests were
based on protocols in “"liethods for acute toxicity tests
with fish, macroinvertebrates, and amphibians" (U.S. EPA
1975). Diluent water used in these tests was of the
same qguality as previously described for water used to
culture these animals. At the initiation of all tests,
the dissolved oxygen concentration of diluent water was
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i TABLE 1 -- continued

Yo discernible

{ 150 (mg/L) effect conc.
!* - Test Substance 24-hour 48~hour (mg/1.)
]
. diethanolamine 170 55 <24
: (~)¢ {44-68)
, n-dibutyl cther 32 26 4.6
(26-38) (21-33)
(1.1-1.9) (0.11-1.1)
i n-docosarne »530 »530 <68
v -.. 50dium fluoride 680 340 110
) (=) (280-410)
: methylethylketone >520 2520 {70
o a-pinena €8 41 8.8
ST (24-190) (27-82)
r --- styrene 27 23 {6.8
ﬂ (20-~135) (18-29)
) _'i biphenyl 27 ) 4.7 €2.2
o (19-48) (3.6-5.9)
e e .-.dibenzofuran 7.5 1.7 0.28
T ] ~— (4.4-13) (1.1-2.7)
“_;._u,-**J ‘Diluent water had a mean hardness of 72 ng/L as CBCOJ.
o b95 Percent confidence interval,
; ] cbonfidence interval was not calculatable. - / m
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STUDIES ON THE ACUTE TOXICITY OF FLUORIDE LON
TO STICKLEBACK, FATHEAD MINNOW, AND RAINBOW TROUT

s, e v

tLeverett R. Smich®, Thomas M. Holsen, Noel C. lbay, Ronald M. dlock, and Anthony B. De Leon
Laboratory Division, Kennedy/Jenks Engineers, 657 Howard Streer, San Francisco, CA 96105,
U.5.A.
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Abstract: We have studied the acute toxicity of fluoride ion to Casterosteus aculeatus,
Pinephales promelas, and juvenile Salmo gairdnerd. LCS0 values varied vith specles and (due
ta pt:cipi:a:inn) initisl water hardness. Exposure to elevated fluoride levels in watef
resulred {n increased blood fluoride levels in Salmo gairdneri.

—

= AT

Introduction

Interest in environcental fluoride fon and fluoride salts has long been spurred by observ
ance of differing effects of fluoride, depending on exposure level. While the toxicity of
high levels and the benefits of trace levels appear well esrablished (Underwood, 1971), the
question of vhat level is stfciy tolerable in the environoent resains less clearly deline”
ated (U.S. Environmental Protection Agency, 1380%). As vith other potential pollutants,
fluoride's effects in aqueous systems and on aquatic 1ife have been of parcricular concern.
Our laboratory has carried out a aumber of static bicassay studles tntended to define the
acute toxieity of fluoride ion to sticklebacks (Casterogteus aculeatus), fathead sinnous

{Picephales promelas), and juvenile rainbouy trout (Salmo gatrdneri) (Holsen et al., 1985). ) TP

As will be discussed below, ouf tesules suggest that fluoride =3ay not he as acutely toxic to
fish as certain earlier studies concluded. There arte {ndications of a threshold toxicity
effect in all three species. Our results also support the suggestions of others {lHerbert
and Shurben, 1964; Valllnm, 1968; Pimencel and Bulkley, 1983) chat the observed protective
effect of high wacer hardness may ve due to the precipitation of insoluble calciua fluoride

from hard wvater. Finally, measurements of blood fluoride levels in ralnbow trout exposed to

fluoride indicate a modest increase in biood fluoride at sublethal laveis. but narkequ

f i
5
\

higher concencrations in the blood of fish exposed to fluoride leveli near the LCS0. Fol-
lowing a summary of our results, we will discuss out Findings in cthe context of daca previ- ! S SUPPE PP

ously reported by other researchers, snd of regulatory concerns.

Static Bioassavs

iIn Table 1, we sunmarize our static biocassay condicions, and the 96=-hour LC50 values
derived. All fish used wvere obtained from Alex Fish Co., San Rafael, CA. Sticklebacks and

P A i daai
!
}
i
1

fathead minnows used vere typically iess than one gram in size; trout wvere generally less : I - S
than three graos. Bloassays were Tun in duplicace, using ten {ndividuals per ten liter

tank. Except as indlcaced, {nicial fluoride levels were not replenished during the course

e o

of an experizent. Bloassay water was dechlorinated San Franclsce tap water, which generally . e e e T
has a hardness below 50 mg/L (as CaC03), and 8 fiuoride fon level of ca. 0.5 og/L. Fluoride
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{on concentrations vere adjusted with reagent grade sodium fluoride, and hardness vas
adjusted using reagent grade calcium sulface and magnesium sulfate. fluoride fon concentra=
cion was monitored by means of an Orion fluoride electrode, and hardness vas weasured by
EDTA ticration. Combinations of high fluoride and moderate to high hardness caused rapld
precipitation of finely divided solid, vhich spectrographic analysis indicated to consist of
calcium and magnesiun salts. In two of the fathead minnow experiments, fluoride levels were
restored afrer precipitate formation. Becsuse of the incompatibilicy of high fluoride and

high hardness, there wag no attempt Lo restore hardnessllevels afrer preciplitace formation.

LCSO values were determined graphically; datz was pletted on log-probit paper, with test
concentrations entered on the log scale and per cent sortalicy on the probit scale (Aperican
Public Health Association, 1981). From our results, any protéc:ive effect of water hardness
appears slight, and is probably due to 1oss of fluoride lon to precipitacion. Figures I, 2
and 3, graphing mortality directly against fluoride level, appear tO ghou a threshold toxi-
city'effecz as exposure concentrations approach ehe LCS0 value for each species. While
trout and !athead‘nlnuous appear more censitive to fluoride ion than deo sttckiﬁhacﬁs. the
overall range of 96-hour 1C50 values observed in our studies (180 to 460 mg/L, depending on
species and conditions) varied by s factor of only 2.55.

Figure 1: Fluoride ion toxicity
Lo §Lick1eback. Gasterosieus aculeatus

; 100;
Per cenl

Mortality ]
(96 hours) |

- - oo
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o 100 200 300 400 500 600

Fluoride ion concentration, mg/L
Notes on test conditions:
Temperature 20° C, hordness 78 mg/l--e 0 ———

Temperature 20° C, hordness 146 mg/L=-9,0 —.omom o
Temperature 20° C, hardness 300 mg/l-=a g smmemees
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Figure 2: Fluoride ion toxicity ' .
to fathead minnow, Pimephales promelas '

1004
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Mortality
(96 hours) |

501 M

o
5 100 200 300 400 SO0 600
FlJoride ion concentration, mg/L
Notes on Lest conditions;
Temperature 16-20° C, harcness 20-48 mg/L--¢0 ——
Temperalure 15-19° C, hardness 10-44mg/L-~s0  ~""7

Temperature 20° C, harcness Q2 mg/l==ep omemoummmTEEnT
Temperature 20° C, hardness 256 Mg/Le- e e e

Figure 3: Fluoride ion toxicity
o rainbow troul, Salmo gairdneri
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Blood Fluoride

For measurements of blood fluoride in trout, somewhat larger {ndividuals (1.4=5.1 grams)
were used than in the 96-hour bioassays, to facilitate collection of sufficient blood for
fluoride measutemencs. Tanks were set up at several fluoride concentrations, with the LC30
chosen at the highest concentration. At intervals, living fish vere removed from the test
tanks, wiped dry, and their calls were amputated with a scalpel. MNicrohematoerit tubes were
used to collect 10-20 L of blood from the vein paralleling the backbone. A microtechnique,
tn which the fluoride electrode was placed flat againsc s I-cm Filter paper disk moiscened
with sample, was used to measure fluoride levels in 10 uL of fish blood after mixing wich 10
yL of fonic strength sdjustment buffer {"TISAB").

Our blood fluoride results are summarized in Table 2. High morcality prevented measurements
beyond one day a¢ the 200 ppm exposure, but extended survival at lower concentrations per—
micted neasurements over a 10-day perfod. While the data are limited, they indfcate a
‘leveling-off of blood fluoride levels wichin a few days. These results supplagpn:'earller
studies by others, which found that prolonged exposute of fish to fluoride rasults in accu-
oulation of fluoride both in bone and {n soft tissue (Neuhold and Sirler, 1960; Wright and
Davison, 1975; Wrighe, 19773 Hilﬁiud. El Bahri, and Dridi, 1981). une study has suggesced
that although trout may be relatively sensicive to fluoride as compared with other fish,
adaptation may also be possible; a case of wild trout successfully adapred to 14 mg/L of
[luoride was cited (Sigler and Neuhold, 1982). 1n sooe, but noc 2ll, marine organiscs,
prolonged exposureito moderace fluoride levels appears to be tolerable {Hemens and Warwick,
1972; Hemens, Watuick, and Oliff, 1975; Milhaud, El Bahri, and Dridi, 1981).

Discussion

——

A range of widely divergenc LC50 values has been reported for fluoride In rainbow trout and
octher species of fish. While the reported varlacions éay_predominancly reflect variables
such as exposure time, precipitacion due to water hardness, fish size, differences in
strains of fish tested, and test temperature, it may alsc be thac the concluslons of certain
early studies cited below cannot be confirmed. In 1960, Neuhold and Sigler determined a
26-day LCSU for flyoride of 2.7-4.7 mg/L in tainbow trout; {a 196!, Angelovic et al. mea~
sured & 10~day LCS0 of 5.9-7.5 mg/L for the same specles. Soon cherealzer, a 2l-day rainbow
trout LCSU value of §.5 mg/L (in soft water) wvas reported (Herbert and Shurben, 1964). How-
ever, in 1968, Vallin reported that rainbow trout in hard (320 mg/L, as CaC0j) water sur-
vived 100 og/L of fluoride for 21 days; formation of a precipitate of calcium fluoride was
also nentioned. Much more recently, a study of the effect of water hardness on fluoride
toxiclty Ln rainbow trout (Pimental and Bulkley, 1983) found $6-hour static LC50 values
ranging from 51 mg/L to 193 mg/L, depending on hardness. Our own 96-hour static LC50 value
of 206 my/lL for ralnbow trout, measuted at an intermediate (nit{al hardness level,
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corresponds Toughly te condftions under which Pimental and Bulkley obtatned an LESO value of i

E 128 mg/L. 1t is of interest to note that although the earliestc studies indicate ouch higher
toxicicy for fluoride than wva found, some studies also suggest threshold toxjcicty effects

: for fluorlde jon {Herbert and Shurben, 1964; Wrighc, 1977).

Discussions of fluoride toxicity are complicated by the status of fluoride both as a bene-
ficial trace element (Underwood, 197]; McKee and Wolf, 1977; Nacional Acadeny of Sciences

. (0.S.A.), 1972; U.S. Eavironmental Protection Agency, 1980a) and as 2 potencial toxin in
larger doses (Windholz et sl., 1983; McKee and Wolf, 1971; California Department of Health
Services, 1984; U.S. Eavironmenctal Procection Agency, 1980b). Imputed levels of hazard,

' such as the California "STLC™ (soluble threshold limic concencration) of 180 mg/L for leach—
able fluoride, were set at least parcly on the basis of the earliest studies, vhich indi-
cated a higher fish toxicicy level for [lyoride than more recent experiments. Drinking
water standards, which are relatively lov (ca. I mg/L), may also have tended co influence
regulatory views of porential hazards due to elevated fluoride ion concentrations in water.
The available daca suggest that a unifors consensus about the maxinua safe level of fluoride ‘ vl AT TR

1 jon for fish in natural waters of varying hardness has not yec heen achieved.

Table 1: Sueztary of Figh Bioassay Results
Fluoride A e rte  m
: Replenished Infcial
1 96~-hr to maintain hardness Initial Final Temp.,
Species 1cs0, mg/L level? (g CaCOq/L) __oH pH °‘c

Stickleback 340 no 78 1.4 7.7-7.9 20°* it e s e 2 -
i Stickleback 380 no 146 1.4 7.5-1.9 20° -
Stickleback 460 (1) no 300 7.6 7.6=-7.9 20° :
Rainbow trout 200 no 23-62 7.4 7.7-6.0 15° R R
: Fathead minnow 315 no 20-48 8.0~8.2 7.9-8.0 16-20° , -
. Fathead winnow 313 6o 1044 1.5 7.7-8.0 15-19°
Fathead minnow 180 (1) yes 92 (2) 1.4 7.7-7.8 20° aae
: Fathead minnow 205 yes 256 () 7.5-7.6 7.6-7.7 20°
(1) by extrapolatien
(2) Due to rapid precipitation, this hardness was maintsinable oaly tn the ' e
' control tank. Hardness dropped to 10 in cest tanks within a few hours, '
staying high only in the control tank.
{3) Within a few hours, sctual hardness dropped to 12 ia the 400 ppm fluoride -
tank, and to 75 in che 100 ppm fluoride tank. X
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Table 2: Rainbow _trout (Salmo gairdneri) blood fluoride levels

Exposure Blood level in Blood level, fish Blood level, fish 3lood level, fish

Time Control fish in 75 pom tank in 150 vpm tank in 200 ppm tank
TR O - - 3.0 = 1.1 (&)

1 day  <0.5 (8) 6.0 2 4.6 (5) 7.8 £ 4.4 (5) 17.4 £ 9.6 (5)

2 days 0.5 (1) 4,7 24,5 (5) 9.0 £ 7.7 (4) -

3 days <0.5 (&)} 6.7 = 2.3 (5) 3.0 £ 0.9 (5) -

6 days €0.5 (3) 4.1 2.3 (5) 2.2 £ 0.5 (4) -

8 days 0.5 (3) 3.8 £ 1.1 (5) - -

10 days <0.5 (3) 3.6 £ 1.5 (%) - -

Source of Fish: Alex Fish Co., San Rafael, CA

Welight range: 3.4-5.lg

Length: 6.8-8.4 ¢n .
Numbers in parentheses indicace the nusber of {ndividuals sampled.
tndicated uncertainties are scaadard deviations.
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Abstract == Static bioassays were conducted (o determine effests of water hardness on toxicity of
sodium fluoride 1o rainbow trout (Salmo gairdnerll. Ninetysix hour I.c%o values increatad from § |
,u

to 193 mg/L {F) as water hardness tevels rose from 17 10 335 mpL Co

Tests of chronic toxicity

at different water hardness levels are noeded before fluoride standards for aquatic tife, such as fish,

can be set.

Keywords = Fluoride  Toxicity

INTRODUCTION

~Considerable information has been col:
lected in the past on the toxicity of fluoride
to freshwater fish. Unfortunately, levels
that produce adverse effects are still difficult
to predict because toxicity is influenced not
only by the usual factors such as size (1),
species (2] and physiological state of the indi-
vidua! fish, but also by the chemistry of the
water {3]. Tolerance of fish to fluoride is
increased by low temperature, low concen-
trations of chloride ion and high levels of
calcivm hardness in the water {3-7]
Because of these complexities, criteria for
fluoride in wastewater often fail to reflect
the influence of important environmental
factors on toxicity. For example, recom:
mended upper limits of fluoride in water for

*To whom correspondence may be addressed.

Water hardness

Acute bloassay  Rainbow trout

domestic use range from 1.4 mg/L [F), when
the annual average of maximum daily air
temperature Is 27 to 33°C, to 2.4 mg/L. [F],

~when gir temperatures average 10 10 12°C

[8). The rationale for setting a sliding scate
for water for domestic use based on temper-
ature is that people and animals tend to
drink more water when the climale is warm.
Temperature should also be considered
when standards are set for aquatic life such
as fish because high tamperature increases
their metabolic rates and brings about {aster
absorption of fluoride {4). The much larger
range in measuted toxic effects to fish
caused by variation in water hardness is not
considered in the ¢riteria [8}, even though
the relationship has been knowa for more
than four decades [5). In soft water, the 204
LCy, for rainbow trout (Salmo gairdneri, 10
to 20 cmin fength, is 2.7 t0 4.7 mg/L {F] [9].
Hence, water hardness should be considered
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when numericalstandardsof fluoride are set
for fish. And, because fluoride standardsare
not set for aquatic wildlife, agriculture or
industry in many states, there may be a ten-
dency to impose the rigorous standard for

domestic use of water on these and other

users at a time when water is becoming
scarce and its multiple use imperative.

The purpose of our study was 10 de-
termine acute toxicity of different con-

-centrations of fluoride at different Jevels

of water hardness to rainbow trout, a species
common to cool waters of the United States.
Data offered here may provide the back-
ground for future long-term chronic toxigity

~ studies on the influcnce of water hardness,

which are nesded so that safe fluoride
standards for fish.can be established,

MATERIALS AND METHODS

_ The rainbow trout used in this ex’
periment were hatched and reared at the
Hotchkiss (Colorado) Nationzl Fish Hatch-

ery ‘and were certified disease-free. They
were transferred to the Utah Water Re-

search Laboratory in Logan, Utah, by air

shipment when they were about 30 mmlong
(swim-up stage). At the Laboratory, the fish
were held in 300-liter flow-through tanks at
80C in water from the Logan River at 2
natural photoperiod; they were {ed commer-

cial dry trout food for 90 d. Fish usedin the

experiments were 58.7 + 4.3 mm {X = so)
long and weighed 1.8 £ 0.5

- Exposure to fluoride oocurred in 19-liter
standard bioassay jars filled toa depth of 29
crm with 15 liters of Logan City water, which

had been dechlorinated and deionized (<1
x 10% ohm) and had salts added to obtain
the desired pH and hardness (Tables 1 and
2). The fish were acclimated toa test iemper-
ature of 12°C and a specific water hardness
in an 833-Titer static, covered tank. A photo-
period of 14 h light and 10 h darkness was
maintained. The temperature was faised
19C/d, and water hardness was raised or
jowered by replacing half the water in the
acelimation tank each day with water o the
desired hardness. After 4 d, the water was
94% of the desired hardness and the temper-
ature was at 12 & 0.1°C. The fish were left
undisturbed for two more days before they
were transferred to bioassay jars. Fish were
not fed during the § d of acctimation or the 4
d of exposute.

Fluoride was added to the jars in the
form of reageat-grade sodium fluoride
(Mallinkrodt). Sodium fluoride was first dis-
solved into & superstock soltution.of 20 g/L
NsF (F] = 9.05 p/L; NaF weighed to 0.1
mg. diluted in a 500-ml dilution (lask) and
then pipetted into jars in the appropriate
amounts to give a logarithmic serics of con-
centrations, 0.25 logarithm apart. Water
samples for fluoride analysis were taken
before the {ish were placed in the jars and
again after the 96-h test. Samples were
swaroped with total lonic strength adjust-
ment buffer (TISAB) {10] and analyzed with
an Orion fluoride probe (model no. 94.09),
Corning Calomnel reference electrode and a
Corning no. 130 pH/mv meter. Accuracy of
this method wasapproximately 8410 113%.

Six fish were placed in each bioassay jar
{loading rate = 0.2 g of fish per liter of

Table 1. Quanities of reagent-grade chemicals required o prepart recotnmended reconstituted frash water andthe
resulting water qualities®

Water Salts required tmg/L) )

Hirdness  NzHCO, CasO.2HO  Mgs0, KQ pH* Hardoess®  Alkalinity’
Very soft 12 1% 1.5 0.5 £4-5.8 10-13 10-13
Soft 48 300 100 0 1216 40-48 10-38
Hard 192 1200 1200 80 16-80 160-180 110-120
Very hard 384 2400 240.0 16.0 20-3.4 280-320 225-245
Fromref. 13

*Approximate equilibrium pH after acration and with fish in water,
‘:rout concentration of calcium and magnesium sahs expresied as mg/l €aCo, {10}
Quantitative capacity to neutralize acid toa designatcd pH. expressed in mp/le CaCO, 110

T . T SR 7o TP N e - oL
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Table 2. Actual quulity of the reconstituted freshwaters used in this experiment (analyzed aceording to ref. 10}

Water lons analyzed (/L)
hardness G’ Mg Lo oH' Hardness® Alkalinity*
Very soft 47 1.5 ] 12 17 t
Soft 113 15 5 8.} 4 %
Hard k¥4 23 40 33 182 139

~ Very hard 63 7 35 3 385 ki)

*Measurcd alter 18 h acration and with no fish in the water,
“Total concentration of calcium and magnesium salts expressad as mg/L C2CO, 10
*Quantitative capacity (o neutralize scid 1o & designaned pH, expressed in mg/L y (10}

water) after the toxicant had besn added.
There were thres jars of {ish per concentra.
tion {total of {8 fish) and five concentrations
plus & control for cach of the four levels of
water hardness. Jars were randomly placed
equidistant from each other in three
833-liter covered water baths, Six jars per
bath, Water baths were maintained at
12 + 0.1°C on a 14 h light and ]O h dark
photoperiod, with 2 15-min “dawn”™ and
“Jusk.” Data for {ish from each concentra-
tion were pooled to determine 96-h LCy
values [F]. The critcrion of effect was death,
defined as the fish floating upside down
and not operculating. LCyq values were esti-
mated from both initial calculated and
measured concentrations of Ruoride. We
calculated the 96-h LCqq vaiues and 95%
tonfidence intervals using the moving aver-
age methods of Thompson [11] and Weil
[12]. Throughout the experiment, tests were
conducted as recommended by the Commit-
tee on Methods for Toxicity Tests with
Aquatic Organisms {13].-

RESULTS

Since LCsp values obtained from cal-
culated and measured concentrations
of fluoride were similar (Table 3}, results
are discussed in terms of measured
concentrations,

The 96-h LCyg for rainbow trout exposed
to fluoride in very soft water (17 mg/L
CaCO0,) was 51 mg/L (Table 3). Increasing
the water hardness to 49 mg/l CaCO;
doubled the 1.Cq to 128 mg/L. Further in-
crease of water hardness to 182 mg/L
CaCO;, however, only increased the LCsoto
140 mg/L. When the water hardness was

doubled again to 385 mg/L.CaCO;, the LCy
increased to 193 mg/L, & value significantly
higher than the other LCy values.

When the LCsp values were plotted
against water hardness (Fig. 1), & definite
trend of decreasing fluoride toxicity with
increasing water hardness was observed.
This trend followed the logarithmic curve of
LCso expressed by the formuls LCy (mg/l)
w = 51.73 + 92.57 log,q (water hardnessin
mg/L. CaCO,). The correlation coefficient (n)
value of this refationship was 0.95. At the
highest watet hardness (385 mg/L CaCO,),
fluoride began to precipitate out, presuma-
bly as CaF; {6.95. The amount of fluoride
that precipitated varied from § to 30%,

‘depending on the concentration of

fluoride. The percentege was determined
by subtracting the final from the initial con-
centration and dividing by the.initial con-
centration. Recaleulation of the 96-h LCy
for very hard water with the final instead of
the initial concentrations of fluoride still in

¥ e 8257 0pX - S1.1D

FLUORIDE KC30 {mgnL)
2

t"1 0.90

L] 190 [1---]
10TAL WATER HARDNESS (ma/L CalOy)

Fiz. . The 96:h LC,, values for fluotide in relation to
water hardness,
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tuoride at four levels of walet

95 B LC. valucs 195% confidence interval i parentheses) fof

s

.

SNumber of dead tainbow trout of a total of 18 exposcd 1 cach voncentration,

harndrcss.

Miaced on measured hardness.
“Rased on ¢alculated hardness.

EfTects of water hardness on Nuoride wxwiity

solution gave a 96-h LCyp of 136 mg/L (con-
{idence lirnits, 121-153 mglL) This LC;Q
was essentially the same as that for the next
lower water hardness (Tabie 3), and re-
fiected the amount of fluoride precipitated
out. _
DISCUSSION
~ Results of these experiments confirm
“geports of other investigators that acute
effects of fluoride are influenced by water
hardness. Disect comparison of LCy, values
- with those from other studies is not possible
because of the different methods used to
report woxic effects. It is evident, however,
thet rainbow trout survived concentrations
of fluoride in hard water that were lethal
in softer water, The protective effect of
calcium carbonstc hardness is evidently
produced through both chemical and
physiological processes. In hard water, high
concentrations of fluoride are reduced by
formation and subsequent precipitation of
CaF, 16,9]. Sigler and Neuhold [3] reported
that fluoride also forms stable complexes
with caleium in the blood and bone. Hence,
a reservoir of calcium in the water surround-
ing the fish tends to compensate for this loss
- of calcium and thereby delays toxic ¢ffects
of fluoride on the organism.

The desirability of establishing fluoride
standards for fish on the basis of water hard-
ness becomes evident when one examines
the hardness of surface waters in Utah. Of
56 stream gauging stations in Utah where
chemical data were collected in the 1979
water year, water 3t only two stations had 2
hardness level below 200 mg/L [14]. Mean
CaCO, water hardness was £,010mg/L, and
the median hardness for the 56 stations was
approximately 370 mg/L. Based on our
acute toxicity findings, and with other
factors being equal, an estimated 50% of
rainbow teout fingerlings could tolerate 4
exposures to concentrations of 193 mg/L{F)
in at least half the waters tested in Utah. At
only one station would mortality higher
than S0% be expected in 140 mg/L {F].

Obviously, however, 50% mortality in

—

s

96 h is unacceptable for protecting fish. Un-
ti studies can be conducted to determine
safe chronic exposure concentrations, the
use of ageneral application factor basedon s
fraction of the 96-h LCy, level (8] seems
appropriate. The application factor for
substances that accumulate in the fish body
{fluoride is concentrated mainly in boney

tissue [5] is 0.05 times the 96-h LCg. Hence,
recommended interim maximum chronic
exposure levels range from 2.5 mg/L [F),ata
water hardness of 17 mg/L, to 9.6 mg/L [F)
at a hardness of 385 mg/L. Long-term stud.
ies are now needed to determine how well
this application factor reflects the maximum
acceptable toxic concentrations for fluoride
in waters of varying hardness.
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Effect of fluorides on survival and
reproduction of Daphnia magna

A. H. Fieser, J. L. Sykora, M. S. Kostalos, Y. C. Wy, D. W, Weyel

Fluorides occur naturally in water and usually are found in
areas that have been subject to recent volcanic activity. n natural
waters, concentrations of 0.1 mg/L are common, but concen-
trations that exceed 1.0 mg/L are not unusual. Certain industries,
such as aluminum, steel, phosphate, and glass production, are
also significant sources of fluorides for aquatic eco-systems.'?

The toxic and health effects of fluorides have been studied
extensively over the past several decades, mostly with regard to
their effects on mammals and especially on humans.! Micro-
organisms, aquatic invertebrates, and fish have received onty
minor attention, and very litte information is available on the

_chronic effect of fluorides on aquatic organisms.? Currently, the

only data on long-term effects of fuorides was published by
Neuhold and Sigler? who conducted experiments with rainbow
trout embryos and fry at 15.6°C (60°F) for 825 hours. Long-
term bioassays with warm water fish and freshwater invertebrates
were not performed: therefore, safe concentrations for fluorides
to protect aquatic life were not established, Daphnid magna was
chosen to determine the critical concentrations of fluorides be-
cause it is sensitive to pollutants, has a short life cycle, and is

ari important fish food organism: furthermore, the widespread

use of Cladocerans in other toxicity studies allows comparison
of results. .

There are no federal ambient water quality criteria for fluo-
rides; however, several states have established their own standard
for this contaminant. This paper provides some of the baseline
data that can be used to formulate meaningful water quality
criteria. . .-

MATERIALS AND METHODS _

Experimental animals. Daphnids (Daphnia magna) used for
acute and chronic toxicity experiments werc from in-house cul-

" tures originally obtained from a commercial biological supply

house. The stock cultures were maintained in 5-L aquaria that
contained gently aerated (20 cc/min) hard water {170 mg/L as
CaCOQ,) using 16-hr photoperiods at temperatures of 19to 21°C.
The experimental animals were fed 3 times a week (Monday,
Wednesday, and Friday) with a water suspension of a mixture
of trout chow, alfalfa, yeast, and commercial fish food. The water
in the aquaria was changed approximately every 10 days, and
if necessary, the culture was thinped. Only neonates less than
24 hours old were used as starting organisms in all toxicity ex-
periments.

Environmental conditions. Dilution water used for stock cul-
tures and experiments was reconstituted hard water (169 mg/L
as CaCO,) prepared according to method 801D in Standard
Methods® (Table 1). Double distilled water was prepared in an
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all-glass still. and reagent-grade chemicals were used to pr
the reconstituted water. The toxicant was reagent-grade so
fluoride (NaF); coticentrations were selected on the basis
logarithmic expansion.

Temperatures were constantly monitored and maint:

_ during the experiments with a constant-temperature ba

+1°C as described by Peltier*. The temperatures selecie
acute toxicity testing were 13. 20. and 25°C: chronic expc
were performed at 20°C.

Five chemical analyses were performed at the beginnin
end of each acute test and 10 times during the chronic !
each water change. Hardness was determined by EDTA
metric method 314B.? Alkalinity was measured by pot
metric titration (method 403%) with 0.02 NHCl 1o pH 4.

" was measured ¢lectrometrically. Dissolved oxygen was

mined by the membrane electrode method 421F.2 Fluoride
concentration was measured with a selective ion electrod
adding a total ionic strength adjustment buffer (method 4
Total fluoride additions were weighed to 0.1 mg and re:

asF .

A 16-hr photoperiod was used: a 10-hour fluorescen
period at 65 fi<, preceeded and followed by a 3-hour pe!
incandescent light at 4 Rc.

Daphnid food was prepared by mixing 3 g trout chow
commercial fish food, 2.6 8 dried yeast, and 0.5 g dried
with 500 mL double distilled water in a blender at high
for 7 minutes. The mixture was refrigerated for 1 hour, 1
300 mL of the suspension were decanted and frozen in
polyethylene botties for future use, and the sediment ¥
carded. In addition, green algae (Selenastrum capricor
were used to feed the daphnids. Algal cultures were esia
and maintained using an original (UTEX-1648) strain o!
from the University of Texas at Austin.?

The formation of complexes with polyvalent ca!
and several other factors can causeé significas
differences in toxicity results.

Testing. Methods for measuring acute toxicity gener
Jowed the guidelines of Peltier.* Acute toxicity was dete
from 48-hr static tests using 20 daphnids in 4 replicates’
concentration of toxicant. Five neonates were placed in
four 100-mL glass beakers filled with 80 mL of solut
feeding or acration was used. The measured endpoint v
tality, as determined by lack of movement of antennae
abdominal claw on gentle prodding.
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qable {—Composition of reconstituted water.
Water quality -
1ts added to double measured—median value
distilled vater (85% confidenca interval)
/-_-_—_
NaHCOs 192 mg/L pH 8.14(8.13-8.15)
Caso‘.w 120 mgiL Hardness 169.3 (167.8-170.9)
S0 120 mg/L mg/L as CaCly
KQ amgiL Alkalinity 110.8 (106.1-115.4}
mg/L as CaCOy
—

The interim guidelines of the U. S. EPA? were followed for

chronic toxicity tests. Chronic toxicity was determined from a
© 71-day renewal static test, using 20 daphnids for each concen-

tration of fluoride; one neonate was placed in each of wenty
100-mL beakers filled with 80 mL of solution. Water was
changed on Days 3, 5, 7, 10, 12, 14, 16, 18, and 20. Feeding

* consisted of 0.4 mg of prepared food suspension plus approxi-
mately 10 million cells of Selanastrum capricornutum following
each water change. No aeration was used. Observations included
mortality, time to the first brood, number of young per brood,
and the number of “eggs™ and neonates produced by the adult
daphnids. Live nconates were counted by individually pipetting
the organisms out of the test beaker; the number of egg$"produced
by individual females was established by pipetting all debris from
the test beaker, placing this debrison a petri dish, and examining
{he contents under a dissecting scope at 10X power. The egg

_ count was based on sell-contained eggs aborted by the adult,
and eggs contained in the shed carapace, dead embryos and live
neonates. ' - '

Statistical ‘methods used for calculation of the LCs values
were “log concentration versus percent mortality method™ and
the “moving average angle method™ as described by Peltier and
Weber.*

RESULTS

Acute test. A summary of fluoride concentrations and D.

" magna mortality for the acute tests are given in Table 2. Mea-

sured concentrations affecting the survival were greater than 124

mg/L F~ (average concentration at start and end of test) at 15°C,
greater than 93 mg/L F~ at 20°C, and greater than 52 mg/L F~
at 25°C. A similar temperature-related response was detected
when LCy values were calculated using the moving average angle
method. The 48-hour LCs, for measured fluoride concentrations
were 350, 247, and 180 mg/L for temperatures 15, 20, and 25°C,
respectively. The LCyo values for total fluorides were 10% to
13% higher than those obtained for measured (ionic) fluorides
{Table 3). '

The graphical method (log concentration versus percent mor-
tatity method) produced lower LCs values for the 15°C tem-
perature than the moving average angle method; the values ob-
tained for 20 and 25°C were greater, The values calculated by
the moving average angle method for total and ionic fluorides
are graphically depicted in Figure [. The noted relationship be-
tween increasing fluoride toxicity and increasing water temper-
ature could be charactegized by the following equations:

" LCyo = (6.93 — 0.065T) for total fluorides ()

LCy = (6.84 — 0.066T) for ionic fluorides {2)
where

T = temperature, *C.

Measured temperatures for the acute tests had median values
of 15.0, 20.0, and 24.9°C., The 95% confidence interval (C.L)
for temperature in all cases was within +0.1°C of the median
values. Dissolved oxygen was within 95 to 100% of saturation
in all concentrations. .

Chronic test. In the 3-week exposure test, survival and repro-
duction of daphnids exposed to varying flucride concentrations
(Table 4) was studied (Table 3). Impairment in reproduction
was observed in measured fluoride concentrations greater than
26 mg/L. A concentration of 35 mg/L of fluoride reduced the
neonate production (average number of neonates per adult dur-
ing the 21 days) to 44% of the control. The average number of
live young dropped by more than 98% at 49 mg/L F~ and daph-
nids exposed to 84 and 142 mg/L F~ did not produce any live
neonates.

A stimulating effect occurred at the lowest fluoride concen-
tration (26 mg/L); production of neonates exceeded the number
of young observed in the control. Also, the females exposed to
this concentration produced young more rapidly than daphnids

Table 2-~Fluoride concentrations and daphnid mortality (acute tesat).

Test at 15°C Test ot 20°C Testet 25°C
Measured lonic Measured lonic Measured lonic
fiuoride concen- fluoride concen- fiyoride concen-
Total fuoride tration, mg/L tration, mg/L tration, mg/L
toncentration, : Percent Parcent _— Parcent
mafL Start End montality Stant End montality Start End mortslity
0 0 0 4} 0 0 0 0 0 0
63 — -— —_— — _— — 5 50 0
100 — — —_— 95 90 0 85 84 15
158 123 126 0 144 136 10 136 134 25
251 210 210 20 224 210 15 23 240 25
36 286 290 35 284 290 80 300 280 100
3% 374 350 100 380 376 - 100 - - -
. 416 410 100 . - - - - - —
January 1986 83
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Table 3—LC,, values tor acute tests. in the control water (Figure 2). Reproductive cnhancement v
also initially recorded at 35 mg/L F~ where the total number
live young exceeded reproduction in the control on Day

however, after this brief increase. reproduction at this conc
tration was impaired. Alternately, the average total product
of eggs exceeded the control in all concentrations except !
mg/L F~. In higher fiuoride concentrations. however. mos!
these eggs did not hatch or were aborted in the form of eggs

LCys. mg/LF™
{85% confidence interval)

Log concentration
versus percent
mortality method®

Moving average
sngle method®

Total 15*C: 335 15°C: 385 (361-413) embryos (Figure 3).
fluoride 20°C: 284 20°C. 279 (285-302)
basis 25°C: 220 25°C: 201(169-239)  DISCUSSION AND CONCLUSIONS
m:c Ad ;S:g 2: ;g:g gig (3223:2;2 Several authors suggest that temperature may be an import
vonde o o~ ¢ modifier of toxicity; however, there is no general or consist
basis 25°C: 200 25°C: 180 (146-221) - . .
effect of warm or cold water on toxicity. Depending on the spe:
Table 4—Chemical analyses of test water at 20°, chronic test—median {95% confidence interval).
Tota) F~ lonic F Hardness (mg/L}
concentration concentration median value Alkalinity
{mg/L) (mg/L) (95% confidence Interval) {mg/L) pH
0 0 181.3 1263 816
- (168.5-184.1) {(120.0-132.6) . (8.06-8.27)
25 26.1 1816 1326 8.19
{24.4-27 B} {174.4-188.8) {135.0-144.2) (8.10-8.28)
40 355 158.7 1354 8.18
(33.8-37.2) (146.5—170.9) {131.5-139.3) (8.10-8.25)
63 43.0 1338 135.8 8.17
(46.5-51.5) (124.7-142.9) (131.7-139.9) (8.08-8.25)
100 838 1142 1365 814
(81.0-86.5) (109.2-119.3) (131.7-141.3) {8.06-8.22)
158 141.6 1016 1386 817
(137.8-145.4) {98.2-105.0) {135.5-141.7) (6.08-8.2T)
~ Table 5-—Reproduction data and mortality at 20°C (chronic test).
Coefficient of
lonic Buoride variation of Number of live
© ‘Total fluoride concentration, mg/L onic flucride Number of eggs neonates Totat number
concentration, (95% confidence concentrations (Average number {(Average number of mortlites Hatchab
mg/L Interval) (%) per adult)* per adutt)* during test® rate® {*
0 0 — 129.2 1223 0 947
25 261 a3 153.5 130.0 0 847
: (24.4-21.8)
a0 s 25 143.7 536 0 3r3
(33.8-37.2)
63 490 26 131.1/178.4 ' 1.7 3 13
(46.5-51.5)
100 © 838 32 1744 0 v 0
(81.0-86.4) .
158 1416 14 117.8 a 1 0
{137.8-145.4)
* Average number calculated on basis of 10 adufts with/without adjustment for mortalities.
® Mortalities at 63 mg/L occurred on Days 10, 14, 14; at 158 mg/L on Day 21.
© Hatchability rate is the number of live neonates divided by number of eggs.
84 . Journal WPCF, Volume 58, Numt
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and pollutant, fish in warmer water may be more, less, or equally
tolerant.’

The results of the acute test confirrn the idea expressed by
Angelovic et al$ that the toxicity of fluorides to aquatic organisms
may increase with temperature; however, because the authors
did not provide a final conclusion which would express the
mathematical relationship between the water temperature and
the effect of flucrides on freshwater animals, a quantitative com-
parison to these results cannot be made.

The model developed in this study shows that there is a simple
exponential relationship between the toxicity of fluorides and
temperature in hard water. This effect was possibly produced
through physiological processes, as at higher temperatures the
increast in metabolic rate may have resulted in increased uptake
of fluoride by the daphnids.

Several authors have noted the reduction in measured fluorides
relative to hardness.>'*'"* Figure 1 illustrates the difference be-
tween introduced (total) and measured (ionic) fluoride levels. It
is essential to differentiate between total and measured fluoride
content, especially at higher fluoride concentrations. Factors such
as formation of complexes of fluoride anion with the polyvalent
cations of the hard water constituents, elevated activities, solu-
bility limits of fluoride silts, and variations in temperature can
cause significant differences in toxicity results.

The fate of Ruoride contaminants as they eater a river of
stream of a given hardness is important from a pollution control
viewpoint, and total as well as measured fluoridé concentrations
are important. The measured or ionic form of fluoride concen-
tration is important from the ecological viewpoint because it is
imrmediately available for uptake by ofganisms.

Chronic testing of Daphnia magna in hard water at 20°C

indicates that the presence of fluoride anions has a multiple
effect on the reproductive system. Increases in fluoride content
up to 65 mg/L F- (Figure 3) stimulate egg production by in-
creasing amounts up to about 150% of that of the control. Con-
versely, increasing fluoride concentrations reduce the hatchability

. rate continuously with a sharp decrease around 34 mg/L. Ne-

onate production equivalent to that of the ¢ontrols was estab-
lished at 29 mg/L F~ which iy, in effect, a “break-even”™ point

" petween increased egg production and reduced hatchability -
- (Figure 3). The chronic-to-acute ratlo calculated from this “safe”™
concentration and the corresponding acuie value for hard water -
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a1 20°C was 0.12: the application factor'? calculated on the basiy §
of maximum acceptable toxicant concentration (MATC) was
established to be between 0.11 and 0.14.
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Mects of Sodium Fluoride on Carp and Ruinbow Trout
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INTRODUCTION

The leoridution of domestic waler supplics
1o control dental caries has raised a wunbey
of questions, including the eflcat of =.._=:._m..
on uquatic plants and animals. Fluorides in
domestic water supplics may be devived from
alcohol distillerics, phosphate planta, =.=..=_
refining plonts, and other industrics which
discharge cliluenls or goses containing Ruor-
ides it the atmosphere and surface walers,
Aerial pollutants are leached from the atinos-
phere by rain and snow {Adamx e al., —wmnu
Gabovicl, 1952) and into the aquatic environ-
ment. Anuther source of aquatic pollution is
Huoride leaclied from superphosphates which
have been applied as soil fertilizer.

Fluorides are iutroduced into the aquatic
Lubitat Trom such natural sources as {luorile,
apatite. cryolite, and sedimentary phosphate
rocks. Gabovich (1952} reports that an esti-
mated 15,117 wwns of fluorides per year are
varried by streams of the Ukeanian Territory.
The United States Gealogical Survey (1957)
has shown that lluorides in water are common
especially in western United States, Most of
these waters had concentrations in the magni-
tade of wathe of a part per million, Lul o
ilicant  purtion  contained  more than
| NTS[ACN

wte (ioride intexication in carp and rainbow trout juctude lethargy,
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of fisle 8 the fuxin are depeadent on -541..-.-_
aind eWoride reentration
woritle in numele tissue, can-
when there wan 8 rine in the
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prncess, Proliferation of mucoun cells in the
saetitfatesd 16 b instrumentsl in the excrelion of
aninm  againt  (luoride

is an uptake o

ke of Nuorile by the bune is 8 defense .
the elimination of

Arcan of recent volcanie activily also sdd
siznificont  amounts of fuoridex 1o waler,
Kohayashi (1951) vepurts wells in Japan
which contain from 1.5 10 5.5 p.pan, fluorides.
Our surveys indicale that liol springs and
geysers of Yellowstone National Park conlain
from 25 10 50 p.p.i. (worides. Firchole River
and Madisos River in Yellowstone National
Park coptain from 1 1 Db ppa. Quorides.
Waier samples froms Walker and Pyramid
Lakes in Nevada contain as much as 13 p.p.m.
Muorides.

Literature concerning the toxivity of Mluo- ]
rides to Gisly is rore. Ellia (1937) reports 1,000 o |
p-p-m. luoride killed goldiish, in hard water,
in 60 10 102 hours, In soft water mortality .
time ot 1000 ppas. ranged from 12 10 29 .
hours. DeRons' reporls that morlality at-
tributable Lo Muorides occurred on goldiish in
120 p.p.m. flyoride, Lee and Nilson (1939)
found thut cunned salmon and mackered held
high concentrations of fluerides in bones,
Fisher (1951} indicates some prepared feeds
containing fish meal contain relatively high
concentrations of luorides,

Wieltow, Carolyn Clapp, (1957) The cffects of
melium Huoride on the weight 4-,... and gills of the
curnimen golillish, ALS, ‘Theaix, Uil Staie Univensity,
Yargaun, Utah, 40 pp.

a5

EFFECTS OF SODIUM FLUORIDE ON CARP AND THOUY

I utder lo assess the effect of fluorides on
fish, iwo [resh-water lelenals were selecied as
experimental subjects: the carp, Cyprinus
carpio Linnseus, and the rainbow troul,
Salnio gairdneri Rlichardson. Both fish are
curyhaline, Between them they bave a distri-
bution in the Western States which covers
moat of the ccologival niches Trom uear-al-
—:_5 to sen level. In addition, both spovies
inva sport and commercial importance,

MATERIALS AND METHODS

The equipment for troul experinenta con-
wisted of cighteen 20-gatlon aquaria located
in refrigerated rooms which could be varied
from 40° to 60" F. Each aguarium had both
fuorcacent and incandescent light. A sub-
merged air line capped with a }-inch carho-
rundun slone supplied 30 cubic inches of air
per minute. Surfsce velocity was approxi-
mately 0.1 foot per second with & complele
surface turnover every 30 10 40 seconds. Carp
experiments were conducted in two 270-gallon
and one 150-gallon tanks. Lighting and acra-
tion were accomplished in the same manver as
for the 20-gallon aquaria.

Hainbow trout eggs used for toxicily ex-
periments were supported by a plastic screen
within a vertical plastic cylinder open at both
ewds. The bottom of the cylinder was venied,
awdl the air stona placed on Llop provided the
necessary energy for a verlical circulation of
water over the egga. Experiments were
initinted with eggs which had been held in
52" F. waler for 20 days alter fentilization.
During experiments the cggs were in tolal
darkness.

Fluoride cancentrations were maintained
by adding soluble sodium fluoride o the
waler until it tested at the desired level. Since
all the acute inloxication studies were done
in soft water (calcium and magnesinm were
removed in a cation exchange columnl only
an insignificant portion of the fluoride re-
mained associated and suspended in the
medivm. The aviount taken up by the fish
and that whick may have been complexcd
with hiological excretions also appeared to he
insignificant since no dillerence could be
discerned between the fluoride concentration
at the start and end of each experiment.

I'e waler used was frem Logan City, Utith,
municipal water supply which alter soflening
had the following analysis:
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Matcrial p-p-m.

Tolal dissolved solids ...251.207
Magnesivm ............ 0.0-0.3

Caleivm ...... - 0.5 L5
Potassium ...... veee +.3-5.8
Sodium .vveeeecnnna... Y103
Sulfles ...veerenia... 5.0.9.0
Bicarbonates .. Lo HiR212

Carbonales o ooviveaan 0.0
Chlotide .coenvennao.t, 50-12.0
Fluoride ...ocvvvvne.... 0.10-0.20

Population densities

The proper densitics at which 1o held fish
in the aquaria were determined empirically,
Aquaria were inilially overpopulated, oxygen
consumption aml the anuuonia production
were measured, aml the cllecis on the fish
noled. Numbers were then reduced until nio
significant chauge in the levels of oxygen and
ammoniz was detectalile and until the fish
displayed no abnormal antagonism to cach
other. These numbers were used as the maxi-
mum population densities for toxicity experi-
meants.

The maximum allowahle concentration of
accuniulaled ammonin was 04 gram  per
square centimeter of surfave (6.7 grams per
liter) for carp and 0.1 gram per square
centimeter of surface (3,33 prams per liter)
for trout. Carben dioxile wuas nol acenmu-
lated, and there appeared to be ne rocial

antagonism  al  Lhese levels. Temperalure
ranges were O0°-65° F. for varp and 507.55"
F. for trout. The actual rates of introduction

of fish for the foxicity experiments were
usually at 50 percent of the determined maxi-
mum ellowable rates. This approaches the
densities recommended by Doudoroll et al.

(1951).

Rainbow troul egps were held at densities
of approximately 0.0037 gram per square
cenlimeter of surface (0.25 gram per liter).
No change in the oxygen concentration was
observed. The ammonia concentration aficr
424 hours was less than | p.p.m. The tempera.
tures al which rainbow trout egzs taxicity
experiments were conducied ranged from 45’
to 60" F. and bracketed the oplimum tempera.
ture for development and survival,

Temperatires at which the loxicity experi.
ments on ruinhow 1roul were conducted were
from 53" to 57" F. This lemperaslure range
agrees closely with the wpper optimum growth
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temperadures for Selvelinus sp. ns reported
by Brown (1957). Tempurulures at which
carp  loxicily experimenls were conducted
were held from 00° 10 70° F., o range which
approached the optiouna  lemperature for
growth in carp as reported by Siazler (J950).

Chemical analysis of tissue

Ptk rainbow tront i earp were dlis-
seetend 1o separate skeletal muscle, eancellous
hone (represented by the opercular nssem-
hlies), and skelutal bone (represcnied by the
vertehral column). Afler disseetion the lissies
were autoclaved Tor 2 minutes at 15 ponndy
to eoagulute the protein, The samples were
then weapped in aluminum foil and {rozen
wntil analyzed. Since the samples were smalt
with respect 1o the tolal ameunt of fluoride
present, o micro-quantily Muoride determing-
tion technique was wsed  (Nielsen, 1UR8).
The values thus ohtoined had a precision of
5 percent in terms of gamwas of | uaride.

This technique was also used Lo determing
fluoride in water when samples were suspected
of contnining interfering ions. I inerference
was not a problem, water was analyzed by the
application of the A.DILA. Megregian.
Maicr modifications as presented in Fater
and Sewage Analysis (llach Chemicat Com-
pany, Ames. fown}. Delerminativg of am-
monia, oxygen, and carbon dioxide {olfowed
the teclmigques presented in Ellia et ol
(191, Blood samples were taken from fish
hy waking n diagonal excision scross the
candal peduncle, immenliately posterior to the
anal fin, 10 sever the caudal vein and arlery.
The Mol was collected in o 3-inch plastic
centrifuge tuhe and allowed 1o congulate for
3 hours ol romn lemperatnre. 1t was then
venrifuged at 2,500 revolulions per minute
for 20 minutes, The clear serum was syringed
frum the venirifuge tube, placed in 2-inch
glass tules which were sealed with polyethyl-
ene shecting, and stored for periods not ex-
ceeding 3 days at 40° F.

Serum prolein separalions were made in a
Spinco paper electrophoresis chamber for 14
hours. After development, the. puper siripa
were analyzed in a Spinco Analyirol. The
values ohlained were in tlerms of percentage
of total serum protein,

Histological exanination

*“Pissuo samples taken for histological prep-
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aration inctuded the gills of rainbow trout
and curp, e entire body of rainbow trout
sac fry, and the esophagi of rainbow trout,
The téchniques followed were those of Keyes 15
and Willmer (1932} [or the preparation of

pills o detect chloride-secreting cells. The

population  densities ol epithelial mucous

cells were dotermined by counting their oc- |
seene in M mdjarent eells of a yandomly

seletend gill (ilament, or in o medinl section

of intcaumentary cpithelium  of the head .
reg The esophagi were prepored for the
delern ol fluuride effects on the thy-

roid and wliimebronchial hody which is
reputed 1o have parathyroid fumdion in trout
(Brown, 195T).

-

Fxperimental design and analysis

The loxicily experiments used two designs.
The first invalved a gross division of concen:
trations of fluoride in magnitudes of 100
p.p-m. from 0 to 500 p.pan. sdded as sodium
fluoride. The concentrations were arranged al
vanclom within the physical plant. The same
wumber of fish were used in each concentra-
tion, This design was used 10 determine at
which concentrations complete  mortalily
conld e expected. ‘The second design included
concentrations which ranged between those st
which no mortality and complgle mortality
oerurred, These concentrulions were 0, 2, 4,

7. 13, and 25 ppn. for the rainbow trout.

L bt

The responses of carp and of rainbow trout
eggs were adequate in the gross ranges and
ne fusther subdivision of tho concentrations !
was necessary, ‘These experiments used an -
analysis of the probit responses and followed -
the techniques presented by Fiuney (1952) .-
and Coulden (1952). Both the sensitivity of
the fish Lo toxin and the L.C. 50 (lethal con-
centration to 50 percent of the fish) were es- -
timated &t the 95 percent confidence level
Rainbow trout cgg toxicity experiments fol- .
lowed a randumized block design in which
the temperatures were blocked and the con- ™
centrations distributed at random within the -
blocks. The aualyses from these experiments =
also followed the probit analysis technique.

The Grst caleium-Buoride relationship ex-
periment was condicled on the Lasis L two -
simple factorial designs. The first was a 2 by
6 in which the lluoride concentrations were 0
and 25 ppran., und the ealeium concentrations
A, aud & popan, The flueride

were 0, 1, 203,
was wdded us sudinm Nuaride and the ealcium
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s caleinm Auoride. The Muoride of caleimn
was added 1o the water in the situstion where
the amount of calcium required was less
than the solubility of calcium fiuoride. Ad-
ditional increments of fuoride were added
as sodium Nuoride,

The secand experimsent was & 3 by 6 fac.
torjul in which the Huorkde concenlrations
were 0, 7, and 13 p.pan., and the calcium
concentralions were 0, 2, 4, 7, 13, and 25
p.pn. The Buoride was added as sodium
fluoride and the calcium as caleium hydrox-
ide, The constituents were dissolved with the
aid of carbon divxide as dry ice, which was
added to the waler to provide a slight change
in the pH. After the constituents were dis-
solved Lhe waler was agitated to drive ofl the
excess carbon dioxide. This changed the pil
from 8.0 10 7.9. This slight change in pll was
attributed to a slight persistence of carbonic
acid in solution. These experimenls involved
a probit analysis of response Lo the log meta-
meter of the ratio of Muaride to calcium, The
results of the lwo experiments were combined
in the analysia. In all of the toxicily. experi-
menis the units of measurement included the
response of the fish, or the eggs, in tenns of
percentage mortalily.

To determine the relationship of fish size
Lo fluoride concentration in teems of mortal-
ily, another simple [actorial was used. Carp
in this experiment were arranged in length
groups. The design was a 3 by 5 [aclorial in
which three concentrations of Ruorides were
combined with five length groups. Concentra-
tions of fuorides were 250, 325, and 500
p-p-m. The 2-inch length groups ranged from
4 to 14 inches. Since the numbers of fish per
length group per concentration varied, a
factorial  with disproportionale  subelass
numbers was used (Snedecor, 1946). ’
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LETHAL POSES OF FLUORIDE
Acute sympromology

Symploms of acute fluoresis displayed by
eacp and rainbow trout incloded apathy and
anorexia. The onsct of these symploms wis
dependent on (luoride concentration and lime
of nn—_z..!:.n. Apathy and anorexia were fol.
lowed by o period of violenl, spormlie maove-
mesl, loss of equilibrivm, and finally death.
The near-denth symploms were characterized
by the loss of equilibrium and muscle trem-
ors, especially in the dorsal and caudal
peduncle regions. Fish died in a slate of
partinl or total musele contraction. During
the period in which these symploms were
displayed, the fish appeared to secrete an ex-
cessive amount of mucus, especially in the
higher range of fluorides.

Changes in serum proleins also occurred
(Table 1). These determinalions were made
on cacp displaying muscle tremors and those
displaying no symyploms. P'roteing designated
as 2, 5, and 7 showed significant differences.
The fish which displayed muscle tremors had
a reduction in the level of protein 2 and an
increase in the levels of proteins 5 and 7.
Protein 4 was significant at the 90 percent
level of confidence. This result might be
interpreted as a change in protein level, The
ehange indicales that it decreases with thie
onget of tremors,

Rainbow trout embryos, which died within
the cgg, displayed symptoms similar to those
of adult fish, Viclent movement often rup-
tured the vitelline membrane, and the embryo
succumbed in vitro. If the membrane was not
ruptured the embryo died in vive. Death of
the embryo was usually concurrent with co-
agulation of the yolk protein. If the vitelline
membrane ruptured, the embryo inverialily
left the egg sac headfirst. Not infrequenily,
embryos were caught in the membrane. If
these fish lived, they often had deformed
spines.

Tane 1.—3Mean percentage serum protein .,_nen__a from normal earp and ¢ displayi
ride intoxication determined by paper elecirophoresis analysis 4 orp displaying symptems of fluo.

'rotein designation

Bymptom
1 3 3 4 5 ) 4 8 o
N EE R THEE S T - B R T N BT W
No telany cerrerrees 194 B2 A3 A2 27.2% o8 “m..q_:_ ._“ﬂ “:w
Nifleres veraee =003 43.96¢ 40,20 ~-0,80 +8.22% 40,28 +1.17% 4 40 lau_xm

*Hignificant at the P8 percent lovel of sonfidente.
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The kength of time it takes cs 1o hatch n
Nuoridated water varics with the cencenies-
tion. Fggs hatch carlier in high concentra-
tions but arve not & advaneed in development.
An analysis of variance of the hatching time
of 400 rainbow Lrout cifs subjected to 0, 100,
200, aud 300 p.pan. of fiuoride imlicates thal
a significant Hinear regression exista in hateh-
i tiowe agninst contenieatinm.

Rainbow troui

Ihe toxicily of fluorides 1o rainbow troul
was determinud on fish ronging in length
from & to 1 inches when the water contined
jeas than 3 popam. of enleium or magnesivm.
At 55 F.the ‘5 50 varied between 2.7 and
1.7 ppam. fluoride (U5 percent confudence
leveld in a 480-hour experiment with the last
recorded mortalily occurring at 218 hours.
The rensitivily (the alope of the regression
furmuta) of the fish o concentration, of fluo-
rides was between 243 and 401 probits of
response o one unit change in the Jog con
centration of the toxin at the 95 percent level
of confidence. This relationship held to the
formula

Y =319 4 3.27X
where Y is the response in probits and Xis
the log of the fluoride concentralion (Figure
1}.

Prabive
.
1]

Raspasss W
-

Le .0 0
Lry. Melsmatw Fmaide Lonsretinlied

Fuune 1.—The veaponse of rainhow Lroul, corp,
and rainluw (rout rRgs 10 concenirations of Nuoride:
(a) rainhew irout ot 5q° P (b) cerp st 65° Fu;
{e) rainbow lrout €EES al 46° F; (1) rainhaw
1ol eppe L 53¢ F.o (¢} ruinbow treut eres s 60°
K.y () rinbow veout from hatching o the abmorp-
tien of the cpg sae 31 6o* F,

JOHN M. NEUIIQLY AND WILLIAM F. SIGIER

. Curp

The toxivily of (uorides to carp was de-
termined on fish ranging in length from 410,
14 inches, The calcium and magnesium con- -
centralions were helow 3 p.p-nt At tempers-’
lutes ranging belween 65 end 75" Fu the
L.C. 50 was Dletween 75 and 91 p.pan. fluo-
ride (95 pereent confidence level). The sensi-
livity was between 1.92 and 1.9+ probits of
response per unit change in the log metameter
(95 percent confidence Jovel). The relation- |
ship between: the probits of response and the *
log metamcler of the Muoride (Figure 1) fol- ¥
lowed the formula, ¥ = 193X — 1.3L g

The size of carp influenced the length of
fime requited o sroduce dewh al any con- :
centration, but did not determine the L.C, 50
(Table 2}, As the size of fish increased, & 1§
jonger time elapred hefore mortality occurred "<
al uny concentration, :

g A ]

- ok

= -.
Pt

=

CARL PP

Tam.k 2.—Mean pumber af hours before death of
carp in varying Tength groups at different concen-
trukions of Ruvride'

s

[ERNC T )

Coneentraliog [T N

Length - e

P Mean
{inches)? o E+ ) Loo
1. 61 "z as.ol 8.1
121.26 LA LR o8.78 .
IFIR L w -
AT :

The valum are ¢ i fur al

(Baeleeor, 1940
Hixniheant sl (he 0¥ prtcent lavel of confidence,

Rainbow trout eggs and Jry G

Rainhow troul eggs ol identical stages of
development were tested in waler and varying
temperatures with calcium and magnesium
concentrations of less than 3 ppan. At 46" F.
the L.C. 50 was belween 292 and 273 p.pam.
fuoride {421 hours); at a5° F. it was be
tween 212 and 261 p.pam. (214 hours) ; and -
al 60" F. it was hetween 237 and 281 p.p.m.
(167 hours). All estimales nre at the 95 per
cent confidence level. .

N ]

M s tabe

The sensitivilien were establishied hetween
1.4 and 2,16, 714 and 7.24, and 10,65 and
10.97 probits of response per unit of the Jog .
metameter ol the Nuoride fur 46° F., 55" F,
and GO ¥, resped ively, ‘The relutionships '
Dhetween the log melameter of the lluoride and
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the probits of response for the three tempera-
tures are expressed by the following formulae
(Figure 1): 46" F., «“ 202X — 0.17; 55°
F., Y = 719X — 12.36; and 60" F., Y=
10.81X — 21.08. .

Another na_.n_.m_:u_._ im:.::z_ﬁi:.c:_.
embryos and the [ry extending to the time of
yolk-sac ahsorption was conducted at 60° F.
for #25 hours. The L.C. 50 was between 66
and 853 p.p.m. Ouoride, and the sensilivily
was Detween 1,28 and 1.40 wobils of re-
sponse per unit chauge in the __sm melameier
195 percent confidence limit). The relation-
ship hetween the log melameler and the pro-
lits of response (Figure 1) is cxpressed by
the formula, ¥ = 1.34X — 2.52.

FACTORS AFFECTING FLUORIDE TOXICITY
Temperature

Temperature appears 10 have an eflect on
both the sensitivily snd the L.C. 50. An in-
crease in the temperature resulted in an in-
crease ju the sensitivily from 2.02 at 46" F. to
10.81 at 60° F. (Figure 2). This experiment
was conducted on rainbow trout ezgs and pro-
gressed until all the ¢ haiched or re-
sponded 1o the toxin. The L.C. 50 also in-
crensed from 246 p.pm. al 46" F. 10 251
pepm. fluoride ot 60" F. (Figure 2). A test ol
the hypothesis that the variances of the L.C,
50°s ur the sensitivitics are equal (Dixou and
Masacy, 1951} indicates thal significant dil-
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Freome 2—The empisical relationship  between

sensitivity snd lempersiure {upper) and tho 1.C
50 and temperature (lower) of ainbow irout CEES.
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{crences exist, or that the varianees at differ-
ent teiperalures were sufficiently different 1o
consider them {rom geparale populations,

Calcium

The relationship between the concentrations
of caleinm and funride ions and the 1L 50 of
rainbow tront suljected Lo varying combina-
tiona of caleium and (luuride was determine
by ploting the Jog of the ratis ol flneride o
calcium ogainst the probil of Tespanses to the
varying combination of calcium and fuoride.
A straight hine relationship from which the
L.C. 50 can be deterinined was Toumd (Figure

1}, The L.C. 50 was determined between 1.01
8

z

F

»

[

2

no . .

3

=
o8 i® b T
) (Leq. Flesride Goae./Colthust Cons. {ppmlis )
Ficumg, 3~The response af rainbow  tront o

combinations of fMueride and caleinm in the medivn
-.nn-.wu!&.ﬂ as the ratin betwren flusride and cal
eium).

and 4,22 [Auoride] / [calcium] at the 95 per-
cent confidence level. The sensitivity of the
qw..—rci troui to the ratio of fMuoride to cal-
cium was between 1.71 and 2.35 probits of
responsc per unit change n the log of the
ratio. The relationship hetween the responsc
and the log of the Huoride/caleium ratio
(Figure 3) is expressed by the formula,

Y == 2.33 — 203X
where ¥ is the response in probits and Xis
the logarithm of the ratio between the fluoride
concentration and the calcium ion concentra-
tion plus one unit characteristic.

Chlaride

The effect of chloride un the toxivity of
fluoride was tested with the mwosquitofish,
Cambusia affinis (Baird and Girard). The
toxicity of & given level of flunride was in-
creased when the total anion normality was
increased by the addition of sodinm chloride,
At 500 p.pam. Nuoride the magtalite e for
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50 pereent of the fish was 11 hours, and 100
wreent was 19 hours, When the tolal anion
notmalily was increased from 0026 Nuoride
i 500 ppam.d to 0.26 by the addition of
~odium —._._cl._s the mortality times were de-
reased 1o 30 minutes for 50 percent of the

s and 1 hour far 100 percent, The controls
ith a total anion normalily of 0.26 intre.
ueed as sodium chloride produced wo ap-
arent il effects,

FLUGRIDE UFTAKE
Uptake in muscle tissue

Varigtion in the nmonnts of fnoride in
wnsele tissues was high in both carp and rain-
gow trout. This varistion was due in part te
wn inability 1o extract integumentary hones
‘rom the muscle samples. Since the bones held
sigh concentrations of fluorides, any fluciua-
Gon in the amount of bone tissue in the
sample caused very significant veriations in
he appatent fluoride content of the muscle
issues. 'The values obiained for the muscle
issues could, however, be lumped into high
ul low medium Huoride concentration cate-
worivs, and the variance produced by the twe
-ategories could be demonstrated. Since low
evels of fluerides in the water produced a
oncentration in the muscle tissues of 295
wpam. and the high levels produced 20.83
.pan., it is concluded that the fluoride con-
entration in the muscle lissue increases with
w inerense in the Ruoride concentration in
he medivm (99 percent conlidence level}.

Uptake in o1seous fissue

Fluoride uptake in the osscous tissucs is a
funsction of time and fluoride concentration in
ihe medium. Analysis of the data indicates
that coucentration in the medium has the
sreater effect on the fluoride concentration in
the bone. Cancellous bones {rom the head
region of both rainbow trout which lived emd
died during the experimenls were analyzed.
When the mean rate of Ruoride upinke by
hone per hour is plotied against concentralion
in the medium. a quartic polynomial relation-
dip resuhs (Figure 4A), A similar relation.
iy existedt for hoth e cancellaus and skele-
al bones of rainbow tront (Table 3},

The bane samples from these fish were
aken ot the termination of the experiment,
Ihis procedure secured samples from fish
‘hat had died from the toxin and [rom fish
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that tived 1o the tesmination of the experi-
ment. Use of two types of sumples eould be
a soutce of variation if the rotes of uptake
from hoth Lypes were analyzed together. This
variation could be eliminated il one or the
other types were analyzed separalely (Fig:
uredl}}.

Since the fluoride in the medivm was the
only souree of Guoride, it could have heen sn
index 1o the fuoride in the fish hone, On this
ussumplion, the fuoride concentration of the
medimn beconmes 1he concentralion of one of
ihe reactants in the veaction in which fuoride
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Freumr 4.—The oy al relationsliips  hetween
the rate of Nuoride uptake snd the medium concen-
rration of finutide (ur cancellous and akelctal bones
of rainbow trout (ciccles represent skeletal bone and
s represent cancellous bone) : A, for all hish un-
dergoing experimentation; B. for nnly fish that suce
cumbed 1o Buoride intosication during the experi-
wenl,

is deposited in the bone, and the rate of
fluoride uptake becomes the velocity of the
formation of products in the same reaction,
A double reviproval plot of the type presented
by Lineweaver and Burk (1934} resulted in
significant (at the 99 percent level of con-
fidence) Niucar regressions for cancellous and
skeletal bones in both the rainbow trout and
the carp. .
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£FFECTS OF SODIUM FLUORIDE ON CAILIF AND TROUT

Tants u.....xn?z.e:a.:.huu of the reciprocal of fluoride
nes ta the reciprocal of the

uptuke in various
Huvride concentration in the medium

Thuae

Bpecien Bons Foruula! tration
Rainbow trout | Cancelious | ¥ =0.003|-1.078X Fig. 5o
Hainbow trout | Bheletal Y =0.014-11.431X | Fix. 5b
Camp Cancallous | ¥ =0.0044-12.751X | Fig. Se
Carpe Bhelotsl ¥ w0023 28.820X | Fig. 8d

Whera ) o 3/7 and X s 1751

The relationships are expressed by the
formulae tabulated in Table 3 and illustrated
in Figure 5. These relationships are charac-
leristic of sevond-order resclions. Since they
vceur in a biological system they could e ns-
sumed 10 be enzymatic reactions of the type,

[£] + [S] = (ES) =(P] + [£)
where [£] is the enzyme concentration, {S]
is the fluoride concentration, [ES] is the en-
zyme-fnoride complex, and [P] is the tod-
uct concentration, The formulae of Table 3
would then assume the Lineweaver-Burk form,

/v = (Km/Vmax) (1/(51) + 1/¥Vmax
wherc v is the velocity of the formation of the
“.qc.._._uum. Km is the Michaclis conslant,

max is the maximum velocity, and [S] is
the uoride concentration.

Fish from natural populations offercd an-
other opportunily to check the fluoride up-
take by the benes. Brown trout from the
“irchole River in Yellowstone National Park

.t L X3 .3

L ypat

{sh
- Ficune 5.—The relationships hetween the recipro-
cals of the rates of uptake and the reciprocals of the
medium concentration of Mugride for: (u) rainbow
uout cancellous bone; (b} rainbow trout skeletal
"..52 {c) carp cancellous bone; (d) carp skeletal
Kne,
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have & tendency 1o acemnulate fhuoride in the
bones, ‘This river conlains from 1 te 1Fppam.
fluorides. The fish collected ranged in age
from less than 1 to 3 years and from 142 to
400 millimeters in total length.

Regression of the Buoride concentration in
the bone on the length of the fish proveld 1o
be significantly Jincar ot the Y5 pervent levet
of confidence. ‘This relationship (Figure 0)
for the cuncelious hune is expressed by the
formula, ¥ == 1.518X 4 324, and the rela-
tionship for the skeletal hone by the Tormula,
Y = 5.501X — 471, where Y is the conven-
tration of the Nuoride in the bone in parts
per million and X is the length of the Gsh in
millimelers,

.W .
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Ficunk 6—~The relationship beiween tho fuoride
concentration in cancellous and skeletal bone and
_n...a__. of brown trout from the Firchole River,
Yellowstone Naticnal Park.

Uptake by rainbow trout eggs

Dats on uptake of fluoride by rainbow
trout eggs were treated similarly to bone data.
Since the analysis for fluoride was on a group
of eggs, mortality time was the average time
for each concentration. The analysis was on
both eggs and freshly hatched Iry combined
since it was difficult to separate the rgps that
died from the exin awd the Iry that died
shortly after hatching in the toxin.

Significant linearity (99 percent vonfi.
dence level) was observed in this regression,
The relationshiy (Figure 7V between 1/v and
1/[S] is expressed by the formula, ¥ =
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.Nn....mmb. — 0.51], and is similar to those for
woritde uptake in the hones except that the
inlereept is a negative value,

Histology

Increasing the concentration of fluoride in
‘¢ medium appears 1o have an eflect an the
spulation of mucous cells in the epithelium
“ ihe gill filaments, In rainhow trout an in-
ease of wucous cell density from 0.31 at
pp-m. Nuoride to 0.52 at 25 p.pan, lluoride
as ohserved (Figure B). The linearity of this
lationship was significant at the % pereent
vel of confidence and followed the formula,

= 025X + 947, where Y ois the count of
wicous cells per 30 cpithelial cetls and X is
1 conventration of fluorides in the medium
1 parts per million,

L ool Q.03

-......'—a.._u_r.s_.__:.?..s..z...._:.E.am:.e..-?
[ fate of uptake and the mediom =....qm._a con-
rntration for reinhow 1rout egpgs.

The epithelial tissue in the hiead region of
ainhow trout fry subjected to two ranges of
uoride conventrations {0 to 25 p.pm. aml
5} to 335 p.pon.) also indicated an increase
2 the mucous cells with an increase in the
woride concentration. The tissue upen
Jich  delerminations were made was in-
wpmentary epithelial tissue lucated dorsally
vtween the eyes. The population densily of
we mucats cells ranged From 0367 in 0 pp..
uoride 10 0,867 in 335 popo, Quoride (Fig-
re 81, “Uhe relationship hetween the mucous
ell densily anel the lluoride concentration of
ae medium showed significant (99 percent
wvel of vanfidence) corvilinearity, Since the

3

mesens Gut Ssser Pur B0 Lolbakiad Belly

Hedisa Husrlén Srajssiistios oud

ship between the mucoan cell
e M epitlelial celln gl the medive Busride
concenteation from () the gil Glament sl (b}
the imterocular integy 1 of reinlow trout,

fluwride concentrations were not at equal in-
crements bol rather ot Iwo widely spaced
portions of the range, no atlempt was made
10 determine the extent of curvilinesrity, but
there appeared to he a quadratic polynomial
relationship.

In addition W changes in the epithelial
tivmes, changes also appenresd (o ocear in
one of the plands. Hypertrophy of the ultimo-
branchial gland {homologous 10 the para-
thyroids in mammals) appeared 10 oceur in
fish expossl to higher concenlentions of
Muorides. This observation is based, on com-
parison with glands of fish maintained as

ary

contrels (Figure 9). ’

Ficine 9.—Phatomicrographs of A, imegumentary
epithelium of rainbow trout from @ ppom. Ruoride x
150; B, integmmentary epithelivm of
Trim 250 postn. fluoride x 150; C, vhilimohranchial
gland of painbow iront from 0 popan. fuoride x 400;
1 ultimalsunchiul glaml of rainbaw 17out from 4
. Nuoricle x 400,
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EFFECTS OF THE TOXIN ON TIIE FISH

The symploms of scule toxicity of fluo-
rides to rainbow trout and carp are similar to
those described Ly DeRoos for guldfish. The
general lethargy, violent movements, and
tetanic-like ~ death were identical in both
studies. The lethargy observed for the carp
and rainbow trout, however, appenred to be
» function of intoxication rather than a func-
tion of osmotic pressure differentials as stated
by Deltoos. This reaction is ascribed to ob-
servations in which both the carp and the
rainbow trout reacled identicaily whether or
unt they were “tempered” 1o Lthe osmolic con-
ventralions of the fluoride. The symptoms of
Yahargy and violent, crralic movementl are
analagoue to some of those displayed by
hizher veriebrates (Greenwoud, 1956).

(=

The embryos of ruinbow traut displayed
sysuptoms similar to those of lurger fish. This
implies that fuoride jons transgress the
chorion and are made available 1o the em-
bryo, Shanklin (1954) demonstrated that
flucride has the effect of reversing the calcium
flux seross the chorion of Fundulus epps and
of building up a concentration of liuoride
within the egg.

Ellis et al. (1948) indicate that fish eggs
subjected 10 1.5 p.p.m. flueride are delayed
from 7 to 10 days in hatching beyond com-
wrable eggs in weler contuining o fuorides.
—‘..:. a higher range of concentration rainbow
troul eggs dizplayed a very signiGicant nega-
tive slope for the regression of hatching time
on concentralion of fuorides. The earlier
hatching is probably the result of violem
contortivns of the embryos intoxicated with
fluorides but could be a result of structural
disruption of the proteins of the vitelline
membrane and .ro,nﬁeqmo?

Prolilcration of mucous cells in the epithe-
liwn of Ash subjected to fluorides appears Lo
corroborate the subjective obscrvation that
there is an .m._n:.“huL secrclion of mwucus by

such fish,

The fact that the fluoride concentration in
bones increases with concentration in the
mediun was not surprising since this phenom.
enon hos long heen established with higher
vertebrates, The experiments performed to
establish this in carp and rainbow frout,
however, fell somewhal short of direct demen-

‘stration. Since the bones tuken for analysis

were Trom fish that died as.a result of acute

intoxication or from fish that Jived past the
critical acute toxicity puint of the experiment,
two factors tended o confound eacl other ia
the analysis: (1) the period of time each fish
was subjected 1o a given concentration of fAuo-
ride and (2) the concentration of lluoride 1o
which each fish was subjected.

The concentration of fluoride in the bones
increases wilth the concentration of [fluorides
in the medium via a sccond-order reaction.
Since this reaclion is in a biological syslem,
it is assumed lo be an enzyme-culalyzed re-
action. Fluoride, in order 10 be placed in o
position to be absuthed by the bune under
the simplest possibie conditions, must pass
theough  several  physiological  phoses, I
must first transgress the gill or inlegumentary
epithelium into the blood stream which car-
ries il 1o the bone where it musl transgress
the capillary walls inlo the ostes interstices,

Similar oheervations were made on the
rainhow trout eggs (Figure 7), This work was
confined Lo an analysis of Nuoride content of
the entire egg rather than any specific part.
The fuoride most lransgress the chorion in
an activated fashion, i.e., it must be actively
transporled across the membrane, presumahly
by an enzymie reaction. Shanklin (1951)
made similar observations on the uptuke ol
fluoride by Furdulus eggs.

Another point that requires discussion is
e difference of Auoride uptake by the skele-
tal and cancellous bones. The reciprocal of
the velocity of flucride upiake by the bones
changes 1979 units per unit change in the
reciprocal of the fluoride concentration in
the medium in the cancellous bones and 1.431
in skeletal bones of rainbow trout. This dil-
ference in the slupes is believed to be of small
significance. The bones of carp displayed an
almast two-fold difference Letween the slopes
of their relationships. The cancellous bones
had a slepe of 12.7 and the skeletal
bones 25.5. This difference is probably re-
lated 1o differences in the amount of non-us-
seous material which remained on the bones
after they were cleaned.

Fluorides tend 1o occur in fish blood in
unassociated, ionic form and associated with
another jon or motecule. Beeause of s high
eleciro-negntivity the Nuoride ion is mo
likely 1o be associated with the clectro-posi-
tive elemnents sucly as caleivm and magnesimm
jons. Gurd (1954 hwlicated sodium fluoride
changes the isvionic point of human serum
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thumin 10 an exlent wore than twice the
unpe prodeeed by sodiom chilor
dicates Hnaride is houwl to the protein, A
mnpge in the iscionic point of the yrolein
ould result i a changed electrophoretio
dtern. This appeared 10 happen 1o several
the proteins in the carp serim we tested

‘able 1).

Uhe determivation of scule lethal concen-
dions of fluoride is dependat on an ac-
rale description of symploms. The symp.
ns presenled here are sufliciemly accurale
separate the fish that die from acule in-
sication and from otlier canses. The time
produce acule symptoms vacies with the
neemteation. An evaluation of the lethal
neentrations or the scmsilivity cannol he
swhed, therefore, until all fish exhibiting the
iptoms defined for acute intoxicalion have
cumhbed. For this reazon a specific time
erval for the experimentution was not in-
rporated into the design. The length of the
periment is dependent on the time re
-ired for the last of the fish in the group to
ceumb to the ellects of acente inloxication,
in wur definition of acute inlaxication,
subjective interpretation of the puint when
« lnst of the fish dies must he made,

The lethal doses and the sensitivities pre-
sed here are valid only for the conditions
der which the experiments were conducted.
number of variables were shown 10 have
cels on cither the sensitivity, the 1L.C. 50, or
+ length of the experiment.

The size of the fish has a very definile re-
tion to the length of the experiment as re-
vted by the time required for the fish to
oeumbh to the toxin (Table 2). This, how-
er, hax no appareat elfect oo the LG 50
* thee sensitivity in the probit analysis,

Temperature has a definite eflect on the
usitivity as well as the lengith of mortalit
me [or raivhow Irout eggs (Figure 2). _mc”ﬂ
" these abservalions may be aliributable to
{erences in metabolic rates of small and
rge fish of the same species. The same is
we for temperature dilferences with the
gher temperatures tending to increase the
e of metabolism of fish epga (Hrown,
57): Qur findings indicate thal the ser
ity of the eags 1o the toxin increased with
ise ju temperature. This indicates that the
alily due to Huoride intoxicalion oc-
el more completely in a given concentra-
n, or that all the mortality that vesulted

fram fuoride intoxication oceurced within a
wnrrower rauge of flooride  concentrations,
The 1.C. 50, on the other hand, increused
slightly, but significanily, as lemperature in-
creaseil. This finding appears somewhat para-
doxical and requires further investigation.

The calcium concentration of the medium
scems to reduce Lhe eflecliveness of the toxin
(Figuze 3). The high afllinity lluoride has for
calciuny tends o reduce the eflective ealciom
concentralion in the boly especially since
somie of the biochemival reactions require
calcinm as an activator, The added ealcium in
the medium provides a source for replenish-
ment of the caleivm  required 1o maintain
hody Tunctions. ‘The cliloride concentration of
the medinm appears to make the fluoride
more toxic when Lhe two are included logether
in the medivm.

DEFENSE MECIIANISMS

The defense mevhnniam against Nuoride
intoxication in essentinlly Huoride elimination,
whi crn be pevomplished by  excretio
cither through the kidney or the respiratory
epithelium, Fluoride wiay produce many of
its toxic eflects bevause it inhibits enzymes
which require calcium and magnesium for
their activity { Whittaker®). The elimination'of
Muoride, therefare, is instrumental in the al-
leviation of enzymie inhibition, and can he
acconyplished by incorporation of the Nluoride
into the bone as n stable mineral complex
{Shupe ¢ al., 1955).

DeRoos discusses the similarities between
epithelinl cells of fish subjected to fluorides
and sl subjected to ehlorides, Bevelonder
(1935} Dbelieves that the ehloridesecreting
cells may he modified mucous cells and that
chloride may he secreted (associated with the
mucin), The incrense of the density of the
mucous cells in both the gills and the integu-
mentary epithelium of the head region in rain-
bow troul (Figures 8 and 9) is similar to
that noted in goldlish (Delloos). The mucous
cells in rainbow tront and goldfish subjected
1o fluorides appear 1o have morphological
siiluritics 1o the chloride-seercting cells in
Fundulus asl may function as fluoride-sceret-
ing cells,

Whirtsker, V. 1%, (1951 Fluorides as enzymne in-
hibitors, Sywmposiom on flunrides. Univ. of Cincin-
nati, AMay 11, 1953, (Mimeo,)
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The apparemt hypertrophy of (e ultimo.
branehial gland in the raindwow trout that
were sulijected Lo fluorides and the display of
letany just prior to moriality are qn—.:qumu
good indicalions of a calcium deficiency.
Turner (1955) indicaled tetany can be the
result of calcium deficiency in body fuids and
that _.56:3_.___* of the parathyroid {ultimo-
branchial in fish) is oflien a result. Fluoride
tends 1o form atable complexes with dis-
salved calcium in the blood and thereby re-
duces the ionic calcium concentration, It will
elso react with calcium serving as activators
of cerlain enzyme systems. Fluoride appar.
ently teplaces the hydroxyl and bicarbonate
groups in the surface of the mineral face of
the bones (Neumen et al., 1950) and con-
scquently forms a very stable mineral com-
plex with calcium. Thus, calcium becomes
less uvailable for mobilization from the bone,
All these Tactors apparently combine to el-
fect the hypertrophy of the ulimobranchial
body in fish. It is significant that calcium in
the medium has the effect of delaying the
symploms and apparently acis o8 a reservoic
for bhody calcium,

The formation of a stahle mineral complex
with fluoride in the bone would act as & means
of eliminating fiworide as well as calcium
from systemic circulalion, and it was noled
that Uie uplake increases wilth an incresse in
the aubstrate concentration (Figure 5). This
response is characteristic of a second-order
reaction, 1{ the mucous cells in the epithelium
are assumed 10 act as a fluoride-secreling
mechanism, and il their proliferation is as-
simed 1o be a funclion of the fluoride concen-
tration in the hlood, the tendency would be
toward an increased councentralion of hlood
fluorides with increased concentralion of
mediwn fluorides. The effect on the velocity
of the Mluoride uptake on the Lones would then
be similar to the relatiouships presented here.
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SHORT PAPERS AND NOTES

The Appearance of Pink Salmon,
Ouncorhynchus gorbuscha
(Walbaum), in Luke Superior

Two salmonid fishes were caught in the Tull
ol 1959 by two anglers in or just alove the
muouths of lwo Minnesola streains flowing into
Lake Superior and were lurned over to the
Minnesola Department of Conservation. They
were .:_n:_:_.:x_ as pink selon, Oncorhynchus
gorbuscha (Watbaum), and have been depos-
ited in the collections of the University of Min-
nesola. One fish was canght by Willard J.
Negard, September 11, 1959, in the mouth of
the Cross River in Cook County and the
other by Willinm A. Vancalberg, Scptember
1Y, 1959, in the Sucker River just below
Higlway 61 bridge in St. Louis County, These
sirenms supporl substatinl runs of hath
brown tront (Salmo trutta) and rainlww
tronl (Selmo gairdneri) {rom Lake Superior.

One of the fishes had been eviscerated he-
fore il wus lurned over la the Depariment of
Conscrvation and measured 19 inches total
tengih. The other fish was intact and meas-
ured 191% inches total length. Hoth were
males and the .-c:.niunn_..:om specimen had
well developed lestes. Both were distinctly
hunsped anterior to the dorsal fin and had
slightly hooked upper jaws indicaling that
they had staried 1o develop the secondary
sexual characters which Davidson {1935)
slales appear in the last 35 to 45 duys of their
lifc eycle. Both of the fish had the charac.
teristic markings of the pink salmon. They
were well marked dorsally with relatively
large durk apots and hod the characteristic
large rectangular spols on the upper part of
the deeply forked coudal fin, Oue had 212
scale rows and the other had 214 scale rows
passing through the lateral line, The identi-
[ication was verified by Dr. Frederick A.
Davidson, formerly of the U. S. Fish and
Wildlife Service, who saw the fish soon after
they were deposited st the University.

Ihe capture of two mature pink salmon al
different places i the Lake Superior drain-
nge adds 1o the number of new fishes which
have recently appeared in lake Superior

(Eddy and Usclerhill, 1959) and raises an
interesting problem voncerning their or
and probability of survival of a papulativ.
The completion of the life cycle of the pink
salmon in fresh water is unusval. It has been
termied an “obligatory anndromous species™
by Rounsefell (1958) which he defines as
those species which “either cannot reproduce,
or cannot do so with suflicient success to
mainlain a natural population, witheul re-
siding for some time in a marine environ-
ment.” Romnselell also pointed out that no
natural Iresh-water populations of pink sal-
mon are known Lo exist. and that it exhibits
the highest degree of anadromy of various
specics of the North Americon salinonids,
nder normal conditions the pink salmon is
known 10 spawn primarily in rivers, with the
resulling fry entering e sea soon alter de-
velopment to the freesswimming stage,

Inquiries concerning the possible origin of
these sshuon were made Lo the Provinee of
Outario, the several states bordering Lake
Superior, and the U. S. Fish and Wildlile
Service. Only the Ontario Department of
Lands and Forests gave any information
concerning the possilde origin of these fish.
They stated that in 1955-1956 eyed eggs of
n.m..r salmon were hatched in the Port Anthur
Iatchery located on Thonder Bay in Ontario
aboul 40 miles north of the Minnesota border.
These eggs were collecied frem the Skeena
“MMM-. in British Celumbia during the fall of

About 518,000 of the resulting fry were
subsequently introduced inte Goose Creek. a
tributpey of 1ludson Bay, and 221,000 fry
were raised 1o fingerlings for introduction
into the Iludson Bay drainage. Provineial
suthorilies suggesied thal some small acei-
dental cscapement inlo Lake Superior may
have acenrred from the hatchery during rear-
ing. It was further learned from Richard
Ryder, of the Onlario Department of Lands
and Forests, that in the process of transferving
the fingerling salmon fram the Port Arthor
Halchery 1o a seaplane, there was a known
escapement of probably less than one hundred
fingerlings into Thunder Bay of lake Su-
perior.
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Water Pollution Research Laboratory Paper

The Toxicity of Fluoride to Rainbow Trout

by D. W. M. Herbert and D. 5. Shurben
Water Pollution Research Laboratory, Stevenage

Introduction

IN districts where fuoridation of domestic water supplies is

practised, the amount added 1o the water is usually that required
10 bring the concentration to 1 p.p.m. F. The effluent from sewage
works serving such districts might thus contain up to this concen-
tration of fiuoride; it has been asked whether this is likely to harm
fish in rivers to which such effluents are discharged.

There appear to have been no extensive studies of the survival of
fish in fluoride solutions except for the work of Neuhold and
Sigler (1), who found that the eggs of both carp ({yprinus corpio L.)
and rainbow trout (Salmo gairdnerii Richardson) were distinctly
more resistant than the grown'fish, In a very soft dilution water
{calcium 0'5 to 4:5 p.p.m., magnesium 0-0 to 0-3 p.p.m.) carp
suffered a 50 per cent mortality within 20 days, exposure to 75—91
p.p.m. fluoride, and it can be calculated from the probit regression
{ine fitted to their data that 1-0 p.p.m. F would probably not kill
more than 0'J per cent of a population of similar fish. This mor.
tality is so small that 1-0 p.p.m. fluoride coutd be considered 10 be

.virtually non-toxic to this species. Rainbow trout were more

susceptible; in similar experiments of 20 days® duration, a 50 per
cent kill occurred in 3-6 p.p.m. F, and it appeared from their data
that in very soft waters about 3 or 4 per cenl of a population of such
ffi:_sh might be killed within 3 weeks in a concentration of 1-0 p.p.m.

"Because the 1-0 p.p.m. fluoride which might be present in 8

& sewage cffiuent would usually be diluted by river water, Neuhold

and Sigler's results suggest that concentrations toxic to fish will not
normally be present in rivers as a result of the fluoridation of water

A

Fig. 3. Effect of concentration of fluoride on the survival of rainbow

trout in soft dilution water,

Numbers by each line are concentrations of fluoride as p.p.m. F.
Hardness, 12 p.p.m. as CaCO,.

Temperature 1430 C,

TIME IN HOURS (log. scake)

Page 141 wwb w 'AIE“ w B£ !Rmmin “ cu?mlcm Mﬂ“l% l”:su- ﬁ?'agg}EjSmrrmbrdOﬂobrr 19

< 5
8 10—
2 0 &
g - B
S 7 |
C 40—
s 1
x - 0N e 2
70— CX—
- 5
g 80— . g
i 90
59& L PP 1
0 20 50 100 200 500

r:
AL

1

supplics. However, the results of toxicity trials performed by dif
ferent authors sometimes show considerable variation as a result ¢
differences in experimental technigue. In Neuvhold and Sigles!
experiments, the trout were kept in the same solutions of fluoride
in acrated aquaria, throughout the 20-day experimental period
Preliminary tests showed that the fish did not produce detectabl
changes in the concentration of dissolved oxygen or ammonii
and no differences could be discerned in the fluoride concentratiog
of the test solutions between the beginning and the end of eag
experiment. Nevertheless, their technique is open to the objectid;
that other waste products from the fish might have accumuiaig
in the water and modified the toxicity of fluoride. For this rcason'i
was considered that the toxicity of fluoride to trout should

measured by techniques which did not allow metabolic was{
products Lo accqrnulaie. ;

Experimentat Methods s

Al each concentration of fluoride, 10 yearling rainbow troy
averaging 10 cm. in length were immersed in 40-litre quantities 0
solution which were continuously acrated to keep the dissol
oxygen concentration close to the air-saturation value, and the fist
were transferred each day to freshly prepared solutions 15 to ¥
minutes afier being fed with a proprietary trout food. The m
detailed tests were made with a very soft dilution water (hardnes
12 p.p.m.-as CaCO,) brouﬁ?l from Lake Trawsfynydd in Wale§
Additional toxicity trials in hard water (320 p.p.m. as CaCO,)
made with the borehole water supplied to this Latoratory, and al
in water of 45 p.p.m. as CaCO, obtained by mixing Lake Trawg

1
Fig. 2. Relation between fluoride concentrations and time taken to kil

5 and 50 per cent of a rainbow trout population in soft dilutier
wafer. '
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£ ynydd and borehole waters. All fish used in the tesls were acclima-
. qised Lo the dilution water and other test conditions for 6 days

B before the start of the toxicity trials which were continued for a

i N

{8

. ""*4?“'“*‘."-*"" i

maximum period of 21 days with each dilution water.

Results

¥ Goft water (hardness 12 p.p.. 35 CaC0y)

The content of calcium plus magnesium in the soft water used

. was about 4-8 p.p.m., which is very similar to that of the water
» gsed by Neuhold and Sigler. All the fuoride added apparently

remained in solution. In the conceatrations of fluoride in which all
the fish died, the distribution of individual periods of survival was
approximately logarithmic normal, and so the times corresponding
10 any required percentage kill could be interpolated from a line
fitted to the plot of probit percentage kill against log time. At the
fower congentrations tested these curves showed biological trunca-
tion, that is some of the more res arvi i
1he experiment although their carlier death would have been ex-
pected from the trend of the lines fitted to the poiats for the fish

which were killed. The point of teuncation cccurred at lower

2 percentages as the concentration was reduced (Fig. 1) and this

suggests 1he existence of thresholds of toxic concentration which

-. oceur at higher fluoride concentrations for the more resistant fish

" than for the more sensitive. Additional evidence for the existence

of such threshold concentrations is obtained by plotting the
togarithm of period of survival against the logarithm of concen-
tration {Fig. 2). As the fluoride concentration is reduced, survival
time at first increases slowly, the relation between the logarithms
of these variables being a straight line, but with further reduction
in concentration the curves turn sharply upwards to become sub-
stantially parallel to the axis of log time, so that a small reduction
in concentration corresponds to & very great increase in survival
time. Neuhold and Sigler's work also suggests that there 18 2
threshold of 1oxic concentration for fluoride, because intheir 480 h

. experiments the last recorded mortality occurred at 218 h. The

concentration of fluoride which kills no more than a given percen- | '

tage of trout within 21 days will thus be 2 close approximation 10 the
threshold concentration of Auoride for that percentage of the trout
population, and estimates of these threshold concentrations can be
read from the probit regression line in Fig. 3. The threshold for 50
pet cent mortality is 8-5 p.p.m. F; for 5 per cent itis 40 p.p.m. F.

“ The cutves in Fig. 2 have becn drawn 10 pass through these con-

centrations at 21 days.

Harder waters .

Inwaters of hardness 45and 320 p.p.m. as CaCO,the logtime/log
concentration curves for fluoride also indicated the existence of
threshold concentrations closely approximating those just killing
at 21 days. The results of these tesis are summarised in Table 1.

Table 1. Percentage of trout killed within 21 days in
sodium Buoride solutions In water of two hardness levels,

Hawdness Fliroride added Percentage killed
{p.p.m. as CaClly) (p.p.m. F) within 21 days
43 133 100
169 190
11} 100
73 0
50 Q0
0 0
320 150 100
200 100
150 90
100 0
0 2

In the hardest water a definite precipitate was formed after the
sodium fluoride was added, and it usually remained in suspension
for several hours before it settled. In the water of intermediate
hardoess (45 p.p.m. as CaCO,) 2 persistent opalescence was ob-
served after the fluoride was added. Some attempts to determine
the concentration of dissolved fluoride to which the fish were sub-
jected were made by filtering samples from aquaria and determining
fuoride by distillation from perchloric acid followed by titration
with thoriumt nitrate. The analytical values for total Auoride (fil-
trate plus precipitate) were nearly all within § per cent of the nomi-
nal amount added to the aquaria, but the amount in solution varied
greatly from day to day. For this reason the survival of the trout
could not be accurately related to the concentration of fluoride in
§0Iul10§\. but all determinations of dissolved fluoride in the aquaria
immediately above and below the thresholds gave concentrations
which were higher than that for the threshold in the softest water
Trom Lake Trawsfynydd: it may, therefore, be concluded that
gé}stolrcd fAluoride was less toxic in the two harder waters thaninthe
est.

Water and Waste Treatment, September!Octoher 1964

Discussion and Conclusions

It has been suggested that the maximum rate for the continuous
discharge of 2 poison to a riverin which a fishery is to be preserved

might re

dry-weat

her flow of the river,

asonably be taken as that which, when diluted only by the
would kill no more than 5 per cent

of a population of 2 sensitive species such as the rainbow trout

within a period of 3 months{?). Although about 4 p.

p.m. fluoride

produces 5 percent mmortality within 3 weeks, the shape of the curves
in Fig. 2 suggests that mortalities would not be rauch higher even
after 3 months at this concentration. The highest concentration of
fiuoride likely to be present in an cfMuent from a sewage works is
only 1 p.p.m. F, and extrapolation of the probit/log concentration
curve in Fig. ) suggests that this concentration is unlikely to kill

more than about 0-01 per cent of a population of trout similar in
resistance to those used in the present work. Such a low mortality
would be negligible by comparison with the naturat death rate to
which trout populations are subject. Thus, even in arcas where the
water is very soft, the highest fuoride conceatralions
be found in undiluted sewage effiucnts are unlikely to
fishery. In harder waters {in which fluoride is less toxic), and also

in streams where sewage effluents receive dilution with several times -

which would
harm a trout

their own velume of river water, there would be virtually no risk
at all 10 such fisheries from adding fluoride to the

supply.
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To: R. Murphy July 17, 1992
Ross & Hardies
150 N. Michigan Avenue
Chicago, IlL., 60601

Subject: Fluoride Limit Analysis for
Adjusted Rule Change.

Attached you will find two analysis of the 1991 "Outfall 002" fluoride levels. The letter is from
our Scnior Quality / Reliability Engincer along with the typical Statistical Process Control (SPC)
Analysis. The other package is a Lotus analysis that I worked up and yields the same results. I
will tell you the logic in cach analysis and we can discuss which way to go. I can writec up a
cover letter and sign it as we did before,

The typical SPC analysis that is used on process control analysis is not exactly proper, but does
yield good results. It is used to analyze processes that we have control of, not processes
controlled by an independent variable. The rules of the game give requirements for "long

term” and "short term" capabilities. Short term capabilitics should be 75% of the range and long
term tests arc allowed 100% of the range, Since we have varied year to year she concludes that
1991 is a "short term" analysis which should theoretically cover 75%. Since the 1991 analysis
gave a 7.25Mg/L high the properly toleranced upper limit would be 10.0Mg/L. The 7.25Mg/L is
a good reading and not sample error since the other reading taken that day at the other end of the
12MG Lagoon was also high at 6.7Mg/L.

Jackie's SPC analysis indicates that in 1990 the limit of 5.00Mg/L was appropriate. The 1991
readings indicate a definite change in the process which dictates a higher upper control limit.

The other charts give the results of a Lotus standard deviation analysis of the data by year. I set
up the table with upper and lower control limits. I included all data whereas a statistical
program would eliminate the highest assuming we had control of the process. I charted the
results which indicate that the 5.0Mg/L limit was appropriate in 1990 but not in 1991. A straight
upper control limit setting for 1991 would be 7.437Mg/L. This would assume that it covers the
worst possible operating conditions, I then adjust the numbers for volume and recycle rates.

EXHIBIT

E




PAGE 2

The 1991 volumes averaged 780 tons per day ship. We did have periods of time when we ran up
to 900 tons per day. Our capacity is 1050 tons per day. The more iron we melt the more
limestone we use and the more water we evaporate. Also during 1991 we typically recycled
80% but must increase this to about 90% to meet our NPDES limits. This will be done when we
complete our modernization of the water treatment system this September. Both these factors
will increase the fluoride levels in our discharge.

From the analysis of the past changes in fluoride levels it would be logical to conclude that the
relationship is approximately linear. In reality it is not quite this simple but it works out about
right. We do need some allowance for volume changes and recycle and this is a logical
approach that I believe we and the Agency can support.

The adjustments I made come up with a fluoride level of 9.76Mg/L or approximately 10.0Mg/1.
Please review the attached package and we can discuss how to organize the analysis. I will be in
the plant Thursday and probably Friday July 23 & 24. 1 will be in and out during the following
week. Leave a message on my recorder or cafl me at home at 217-267-7790.

I'll forward a copy to L. Tucker and K. West but they arc out during this two week period.

S A

cc: L. Tucker ~ James F. Schifo, P.E.
K. West Environmental Coordinator



FLUORIDE VS. TIME
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DANVILLE PLANT, OUTFALL "002" JESFLCT90

1990 FLUORIDE HISTOGRAM
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1991 FLUORIDE HISTOGRAM
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1992 FLUORIDE HISTOGRAM, MAY--DEC.
DANVILLE PLANT, OUTFALL "002" FSFLCTS?

FEBRUARY 4, 1993
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FLUORIDE HISTORICAL DATA 02/03/93

DANVILLE PLANT, GM POWERTRAIN JFSFLUOR
002 PF RIVER
Sample Date Fluoride TDS Fluoride FLUORIDE
1-4-80 1.13 621 1.43
1-11-90 0.99 572 0.96 0.29
1-18-80 1.31 489 1.22 0.44
1-25-90 1.85 527 1.42 0.30
2-1-90 1.19 517 1.66 G.28
2-8-90 1.20 567 1.62 0.23
2-15-90 1.20 518 1.21 0.22
2-22-90 1.38 520 1.70 0.22
3-1-90 1.21 645 1.47 0.21
3-890 1.40 761 1.64 0.22
3-15-90 1.73 617 2.50 0.22
3-22.90 1.42 629 1.39 0.22
3-29-90 1.16 579 1.78 0.21
4-5-90 1.33 571 1.58 0.22
4-12-80 1.36 679 1.98 0.20
4-19-890 1.50 593 1.82 0.22
4.27-90 1.05 674 0.25
5-3-90 1.50 603 1.75 0.30
5£-10-80 2.15 589 2.20 0.26
51780 1.54 712 2.37 0.28
5-24-80 2.10 572 212 0.18
6-1-80 1.88 723 2.20 0.22
6-7-80 1.80 692 1.60 0.28
6-14-80 1.75 704 2.40 0.21
6-21-90 2.26 622 - 2.62
6-28-90 2.39 308 2.70 0.19
7-3-80 1.90 508 2.680 0.90
7-12-90 2.18 292 2.68
7-19-00 2.15 686 2.60 0.28
7-26-90 2.60 950 2.55 0.25
8-2-90 1.61 825 1.58 0.28
8-10-80 . 1.95 802 2.10 0.28
8-16-90 2.95 950 .50 0.39
8-23-90 1.95 843 200 0.33
8-30-90 1.83 796 245 0.32
9-8-90 1.90 682 2.30 0.34
9-13-80 245 1074 2.70 0.45
9-20-90 3.20 1163 3.30 0.42
9-27-90 3.62 1107 3.95 0.36
10-4-80 425 1348 4.20 0.50
10-11-90 3.80 1159 3.50 0.20
10-19-80 440 1288 440 0.20
10-25-90 410 1026 4.65
11-1-90 4.00 1522 420 0.24
11-8-80 3.53 1743 2.60 0.60
11-19-90 3.40 1248 3.50 1.00
11-21-80 2.70 1050 3.00 0.28
11-29-9Q 240 1040 2.60 0.30
12-6-90 2.60 3.20 0.07
12-13-90 2.80 1058 2.10 0.36
12-20-80 1.60 740 1.60
1-3-91 1.62 593 1.92 0.91
1-10-91 2.00 938 2.00 0.38
1-17-91 2.90 938 4.30 0.50

1-24-91 380 735 360 0.30



1-31-81
2-7-91
2-14-91
2-21-91
2-28-91
3-7-91
3-14.91
3-21-81
3-28-91
4-4-91
4-11-61
4-18-91
4-25-61
5-2.91
5891
5-18-91
5-23-91
5-30-91
6-6-91
6-13-91
©-20-91
6-27-21
7-03-91
7-11-91
7-19-01
7-25-91
8-1-81
8-8-61
8-15-81
8-22-91
8-29.91
9-5-91
9-12-91
8-19-91
9-26-81
10-4-91
10-10-91
10-17-91
10-24-91
11491
11-781
11-14-91
11-21-91
11-27-91
12-5-91
12-12-91
12-19-91
12-27-81
1-2-92
1982
1-16-92
1-23-92
1-31.82
2-6-92
2-13-92
2-20-92
3-5-92
3-12-82

3-18-82 .

907
1036
997
1078

1116

1029
1028
1024
958
930

928
932

916
980
1070
1040
1000
1120
1030
910

812

2.90

2 80
3.80
3.10
3.40
440
6.70
.90
3.93
4.36
463
4.50
5.00

4.80
5.00
4.80
410
4.90
5.50
7.10
6.70
4.70
3.60

5.00
5.0
5.10
4.20
4.20
440
5.20

670

0.90
0.26

041
0.16
0.22
0.14
0.10
0.15
0.27
0.31

0.40
0.40
0.16
0.20
0.40
0.40
0.40
0.40
0.30
0.40
0.22
0.33
0.20

0.60
0.73
0.42
0.67
0.68
0.75
0.60
0.71
0.80
0.76
0.34
0.57
0.57

0.36
0.27
0.28
0.27
0.25

0.32
0.32
0.35
0.34
0.38
0.35
0.33

0.34
0.26
0.28

0.34 -

0.25



3-26-92
4-2-82
4-9.92
4-16-92
4-23-92
4-30-92
5-7-92
5-14-62
5-21-92
5-28-92
6-4.92
6-11-92
6-18-92
6-25-92
7-2-92
7882
7-16-82
7-23-92
7-30-82
8-8-92
8-13-92
8-20-92
8-27-92
9-3-92
9-10-92
9-17-92
9-23-92
10-1-92
10-8-92
10-15-92
10-22-92
10-29-92
11-5-92
11-12-92
11-1902
11-25-92
12-3-82
12.10-92
12-1792
12-23-92
12-29-92

AVERAGE
1990
1991

1992

570

5.70
5.30
5.40
4.90
3.90
3.70
3.50
4.00
4.30
2.70
3.20
3.30
4.20
3.40
3.40
3.10
3.60
2.80

4.15
2.14
4.27
6.04

466
596
694
776
946
946

830
724
738
810
754
778

658
772
810
788

874
730

852.66
791.28
948.96

816.55

14.70
14.80
16.10
10.70
7.30
7.00
5.20

470
5.50
570
5.20
6.10
4.90
4.40
5.00
4.70

4.55
2.40
4.55

6.70

0.25
0.27
0.25
0.29
0.27
0.00
0.19
0.19
0.31
0.32
0.35
0.33
0.35
0.37
043
0.25
0.29
0.23 PLANT DOWN
0.30 PLANT DOWN
0.30
0.33
0.35
0.54
0.40
0.45
0.41
0.52
0.30
0.40
0.40
0.33
0.42
0.14
0.15
0.16
0.18
0.29
0.27
0.25
0.25
0.22

0.35
0.31
0.42

0.31

8.74%
10.58%
8.21%
9.83%



CERTIFICATE OF SERVICE

I, DAVID L. RIESER, an attorney, depose and state that I
caused copies of the foregoing Motion to Waive Requirement to
Submit 200 Signatures and Petition to Amend Site-Specific
Regulation to be served by depositing copies of the same in the
U.S. Mail Chute, located at 150 North Michigan Avenue, Chicago,
Illinois, before the hour of 5:00 PM this 23rd day of June, 1993,

addressed as follows:

Mary Gade, Director Bruce Carlson

Illinois Environmental office of General Counsel
Protection Agency Illinocis Environmental

P.0O. Box 19276 Protection Agency

2200 Churchill Road P.0O. Box 19276

Springfield, Illinois 62794 2200 Churchill Road

Springfield, Illinois 62794

Bill Denham
Department of Energy & Natural Resources
325 West Adams
springfield, Illinois 62704-1892

DAVID L. RIESER





