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To the Readef:”

Thousands of fine scientists throughout the country have
contributed directly or indirectly to this publication-on - -
"Quality Criteria for Water." This volume represents a stock=- .

- taking effort on the part of this Agency to identify as precisely
as possible at this time, on a national scale, the various water
constituents that combine to form the concept of "Quality Criteria

~ for Water". This process of definition will continue .far into
the future because research related to water quality is a never-
ending evo]ut1onary process, and the water environment is so
complex that man's efforts to define it will never attain finite
precision.

" Water quality criteria do not have direct regu]atory use, but -
they form -the basis for judgment in several Environmental Protection .’
Agency and State programs that are associated with water quality ’
considerations. The criteria presented in this publication should not’
be used as absolute values for water quality. As it is stated in the
chapter.on "The Philosophy of Quality Criteria"” there is.varfability
in the natural quality of water and certain organ1sns become adapted
to that quality, which may be considered extreme in other areas.
These criteria represent scientific Jjudgments based upon 1iterature
and research about the concentration-effect relationship to a particular
water quality constituent upon a particular aquatic species within the
Jimits of experimental investigation. They should be used with con-
 sidered judgment and with an understanding of their development. The.
A judgment associated with their use should include the natural quality
' of water under consideration, the kinds of organisms that it contains,
the association of those species to the particular species described
~in this volume upon which criteria values have been placed, and the
local hydrologic conditions.

It must be emphasized that national criteria can never be de-
veloped to meet the individual needs of each of the HNation's water-
ways--the natural variability within the aquatic ecosystem can never .
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be identified with a single numerical value. Water quality criteria. . .. . ...

““will change in the future as our knowledge and perception of the

intricacies of water improve. There is no question but that criteria
for some constituents will change within a period of only two years
based upon research now in progress. That is a mark of continuing
progressive research effort, as well as a mark of a better under-
standing by man of the environment that he inhabits. '

This, then, is the challenge for the future: to expand upon our
present baseline of knowledge of the cause-effect relationships of
water constituents to aquatic life and of the antagonistic and syner-
gistic reactions among many quality constituents_in water; and to mold
such future knowledge into realistic, environmenfally protective

~criteria to insure that the water resource can fuifill socigty's
needs. -

o Y A
. ) ol V78 r,z/ y
' ‘ ‘(/;%E;rdt C. Beck -
" Deputy Assistant Administrator
for Water Planning and Standards
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CRITERIA:

'1“by the high1y alkaline condittons. It is a’ vital oxygen transport mechanism~§f S

 INTRODUCT ION:

_ practical purposes the ferric (pettt ) form is insoluble.

03 MY for domestic vater supp11es fwe1fare)

1.0 mg/1 for freshwater aquatwc life.

Iron is the fourth most’abundent}_by weight; of the e1éments.tnet,j

make up the earth's crust. - Common in many rocks it }swenﬂinportant'compenent:”5

'.~ofvmany soi]s,ﬂespeeiaily'the“c1ay soils where usuelly it isa majnr
'constituent Iron in water may be present 1n varying quantities dependent

upon the geoXogy of the area and other chemica] camponents of the waterway

- Iron is an essential trace element required by both plants’ and anima1s.;,LTLH._}¢‘~5*:“.A

In some waters it may be a 1im1ting factor for the. growth of a]gae and otherg"“

pTants, especiaIly th1s is true 1n some marT 1akes where it 1s precipitated .

'_in the b1ood of all vertebrate and somé. 1nvertebrate animals.

The ferrous, or biva1ent (Fe**). and the ferric or tr1va1ent (Fe***)

.1rons, are the primary forms of concern in the aquatic env1ronment, althoughﬁz
- other forms may be in organ1c and 1norgan1c wastewater streams.' The ferrousi‘3
- (Fe**) form can persist 1n waters void of dissolved oxygen and originates

" usually fndm groundwaters or mines when these are pumped or drained. For

Iron can exist in

'naturaI organometallic or humic compounds and colloidal forms Black or

brown swamp waters may contain iron concentrations of several mg/1 in the presence

1 oY absence of dissolved oxygen, but this iron form has Titte effect on aquatic

3]
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Tife because it is complexed or relatively inactive chemically or

physiologically.

In stratified lakes with anaerobic hypolimnia, soluble ferrous 1ron

e OCCUPS =1 n-the-deep;—anaerobic waters. Dur1ng ‘the autumna] or verna] overtuins

and with aeration of these lakes, 1t is oxidized rapidly to the ferric ion
that precipitates to the bottom sediments as a hydroxide, Fe(OH) 3, or with
other anions.- If hydrogen éu]fide (HZS) is present in anaerobic bottom
waters or muds, ferrous sulfide (FeS) may be formed. Ferrous sulfide is'a
bTack compound and results in the production of blaék mineral muds.

Prime iron pollution sources are industrial wastes, mine drainage

’.wabers, and iron-bearing groundwaters In the presence of dissolved oxygen,
. iron-in water from mine drainage is precipitated as a hydroxide, Fe(OH)z. '

' .'_Thése ye]!oﬁish~or ochre precipitates produce ?ye]low boy" deposits found -
"in many streams dréining cbal mining'regions of Appalachia.' Occasionally

ferric oxide (Fe203) is prec1p1tated forming red waters Both of these

precipttates form as gels or flocs that may be detr1menta1 when suspended

~in water, to flshes and other aquatfc 1ife. They cdan settle to form flocculant

. materidls that cover stream bottoms thereby destroyung bottom-dwe111n

invertebrates, plants or lncubating ‘Fish eggs ‘With time these f]ocs can

’i'consol1date to form cement—like mater1als, thus consolidating bottom gravels

~ into pavement-like areas that are unsuitable as spawning sites for nest

building fishes* particu?arly this is detrimental to trout and salmon
populat1ons whose eggs are protected in the interst1ces of gravel and

1ncubated with oxygen-bear1ng waters passing through the gravel.

193
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RATIONALE :

Iron is an objectionable constituent in- water supp11es for either domestic 1“ NS

or industr1a1 use.. Iron appreciably affects the taste of beverages (Ridd{ck,

et ai“‘“1958)wand‘oeﬁ”sta1n 1aundered clotheq ‘and p1umb1nq fixturesfifh study -

by the Public Health Serv1ce (Cohen. et a1 1960) 1nd1cates that the taste

of iron may be detected readily at 1 8 mg/1 in spring water and at 13, 4 mg/! o

“n distﬂled Water. o oaeoew 0 im0 “
. The dafly nutritional requirement for 1ron 1s T to 2 mg, but intake of

larger quantities is requieed as a resu1t of poor absorption.. Diets contain

7 to 35 mg per day and.average 16 mg (So}lman,-1957).v Theliron crjterion in .

water is go prevent objectionabie_foéﬁeo,or launory}e;ejnjng,(p.3~mg/1)

" constitutes only a small fraction of the iron normally consumed and is of

aesthetic rather than toxicological significance. -

- Warnick.and Bell (1969) obta1ned 96—hour LC50 values of 0. 32ng/! 1ron

:'.for mayf]ies, stoneflies, and caddisf11es. aIl are 1mportant ?fsh food orQani:;hgf.,'7*'w"

_iBrandt (1948) found 1ron toxic to carp, Cyprinus carpio, at concentv&tions of fﬁff }\‘,,/ _
- 0 9 mg/1 when the pH of the water was 5. 5 P1ke, Esox lucius. and trout F

(species not known) died at 1ron concentrations of 1 to 2 mg/l (Doudoroff

and Katz, 1953) - In.an iron po1luted Colorado stream. neither trout nor- other f1sh'

wege found until the waters were d11uted or the iron had precipitatad to

effect a concentration of less than 1. O'mg/I even thoughAothen‘wateé’euétit§

constituents measured were suitable for the presence of trout (FWPCA 1967)

Ferric hydroxide flocs have been observed to codt. the giIls of white perch

Roccus americanus’ minnows and silversides, Mgn1d1a._p. (Olsen; et 1.,



' detrimenta? to fish eggs and bottom-dwelling fish Food organisms. Iron deposits

in the BruIe River, chhwgan and Nisconfin were found to have a residual iong-

-

e —~~term~adverse~effectwon fish. food_organ ismsweyenwgtteretnewpumplﬂg of 1ron-

,}§4I).~ The smotheking effects of settled fron precipitates may be particularly’

~ bearing ‘waters from deep shaft iron mines had ceesed (West et al,, 1963).
Sett?ing iron flocs have also been ,reported to trap and carry diatoms downward
. in waters (Olsen, et al., 1941)

) ElTis (1937) found that in 69 of 75 study sites with good fish fauna; ‘
%Se iron concentration was less than 10 0 mg/1. The European Inland.Fisheries
AdV1sory Commission (1964) recommended that iron concentrations not exceed
1 0 mg/l in waters to be managed for aquatic 11fe.

' Based on field observat1ons principa1]y, a criterion of 1 mg/1 iron -

fnr freshwater aquatic 1ife is believed to be adequately protective. '

As noted, -Gata obtalned under laboratoxy condltions suggest a greater

//4*\\ C ’ toxicity for iron than that obtalned in natural ecosystems Amblent

natural waters will vary with respect to alkallnity, PH, hardness,

tenperature and the presence of 1lgands vhich change the valence state

and solublllty, and,therefbxe the toxlclty of the metal

The effects of iron on marnne 11fe have not been 1nvestigated adequately
to determfne a water quality criterion.ﬁD1ssolved iron read11y precipitataes
1n atkaline sea waters Fears have ‘been expressed that these sett}ed 1ron ‘
fiocs may have adverse effects on 1mportant benthic commerc1a1 musse1s and

otber she]Ifish resources.
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Iron has not been reported to have a direct effect on’ the recreationain

uses of water other than its. effects on aquatic iife. Suspended iron pr_cipitates

‘may interfere with swimming and be aestheticaily objectionabie. Deposits ‘of Yeliow

ochre or reddish iron oxides can be aesthetica]iy objectionabie o

“7i?of soiubie iron

'“Dietary supp}ements of phosphorus can be used to- overcome this: mettﬁdfi”“"

--thom less avaiiabie as plant nutrients In alkaiine soils, iron may be S0 f'

_ obdectionable piant nutrient deffciency disease.. Rhoades (1971) reporte 1

: .fthat prescribed above for public water suppiies are required or de'irabIef_

Iron at exceedingiy high concentrations has been reported to be toxic‘”oif

iivestock and interfere with the metaboiism of phosphorus~(NAS,197{if

l.'/

'defiCiency (HcKee and Hoif 1963) In aerated 40114. iron in irrigetion weters

.is not toxic. Precipitated iron may compiex phosphorus and molybdenum making

insoiubie as to be deficwent as a trace eiement and resuit in chlorosisf*e '

reduction in-the quaiity of tobacco because of . precipitated iron oxides on

the ieaves when ‘the crop was spray irrigated with water containing 5 mg/]f“

For some industries iron concentrations in process waters Iower th'

Exampies inciude high pressure b011er feed waters. scouring. b1eaching,

" and dyeing of- textiies. certain types of paper production, some chemicals*

some food processing; and leather finisningfindustries..

1S(e
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CRITERIA:

. . 50 ug/l for domestic water supply (health);

0.0l times the 96-hour LCgy value, using the receiving

or comparable water as e diluent and soluble lead
measurements (non-filtrable lead using an 0.45 .

micron filter), for sensitive freshwater resident species.

INTRODUCTION:

In addition to their ﬁatural occurrence, lead and its compounds
‘may enter and contamiinate thé’ global environment at- any stage during
mining, smelting, processing, and use. The annual increase in lead
consumption in the U..S_. during the 10-year period from 1962-1971 |
' averaged 2.9 .percent,' largely due to increased demands for electro-
chér;:ical batteries and gasoline additives (Ryan, 1971). In 1971 the
total U.'S. lead consumption was.1; 431, 514 short tons,” of which 42
/\ o percent came from recycled lead (Ryan, 1971). Of the 1971 U. 5. lead
o consumption, apprommately 25 percent wes as metalhc Iead or lead
alloy (Ryan, 1971; NAS 1972) Non~mdustr1a1 sources that may .
contnbute to the poss:.blhty of mgesnon of lead by man include the’
indoor use of lead-bearmg pamts and plaster, 1mproper1y glazed
earthenware. lead fumes on ashes produced in bummg Iead battery

casmgs, and exhaust from mternal combus’uon engines,
Mosf Iéad salts Iare 'of low solubilitj,?»-‘ Lead exists in nature mainly
as lea.d sulflde (galena) other common natural forms are lead carbonate

_"' (ceruss:.te), lead sulfate (a.nglesﬁ:e), and lead- chlorophosphate

(pyromorphl.te); Stable complexes result also from the mteractmn of
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