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FOREWORD 

Section 304(a)(1) of the Clean Water ACt of 1977 (P.L. 95-217) requires 
the Administrator of the Environmental Protection Agency to publish criteria 
for water quality accurately reflecting the latest scientific knowledge on 
the kind and extent of all identifiable effects on health and welfare which 
may be expected from the presence of pollutants in any body of water, 
including ground water. This document is a revision of proposed criteria 
based upon a consideration of comments received from ocher Federal agencies, 
State agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
aquatic life criteria. 

The term “water quality criteria” is used in two sections of the Clean 
Water Act, section 304(a)(1) and section 303(c)(2). The term has a different 
program impact in each section. In section 304, the term represents a 
non-regulatory, scientific assessment of ecological effects. The criteria a 
presented in this publication are such scientific assessments. Such water 
quality criteria associated with specific stream uses when adopted as State 
water quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters. The water quality 
criteria adopted in the State water quality standards could have the same 
numerical limits as the criteria developed under section 304. However, in 
many situations States may want to adjust water quality criteria developed 
under section 304 to reflect local environmental conditions and human 
exposure patterns before incorporation into water quality standards. It is 
not until their adoption as part of the State water quality standards that 
the criteria become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of water quality standards, 
and in ocher water-related orograms of this Agency, have been developed by 
EPA. 

Edwin L. Johnson 
Director 
Office of Water Regulations and Standards 
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Introduction 

Because of the variety of forms of Lead (Boggess, 1977; Callahan, et al. 

1979) and lack of definitive information about their relative toxicities, no 

available analytical measurement is known to be ideal for expressing aquatic 

Life criteria for lead. Previous aquatic life criteria for lead (U.S. EPA, 

1980) were expressed in terms of total recoverable lead (U.S. EPA, 1983a), 

but this measurement is probably too rigorous in some situations. Acid- 

soluble lead (operationally defined as the lead chat passes through a 0.45 ? 

membrane filter after the sample is acidified to pH = 1.5 to 2.0 with nitric 

acid) is probably the best measurement at the present for the following 

reasons: 

1. This measurement is compatible with nearly all available data concerning 

toxicity of lead to, and bioaccumulation of lead by, aquatic organisms. 

Very few test results were rejected just because it was likely that they 

would have been substantially different if they had been reported in 

terms of acid-soluble lead. For example, results reported in terms of 

dissolved lead were not used if the concentration of precipitated lead 

was substantial. 

2. On samples of ambient water, measurement of acid-soluble lead should 

measure all forms of lead that are toxic to aquatic life or can be 

readily converted to toxic forms under natural conditions. In addition, 

this measurement should not measure several forms, such as lead that is 

occluded in minerals, clays, and sand or is strongly sorbed co 

*An understanding of the “Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses” 
(Stephan, et al. 1985), hereafter referred to as the Guidelines, is necessary 
in order co understand the following text, cables, and calculations. 



particulate matter, that are not toxic and are not likely to become toxic 

under natural conditions. Although this measurement (and many others) 

will measure soluble, complexed forms of lead, such as the EDTA complex of 

lead, that probably have low toxicities to aquatic life, concentrations of 

these forms probably are negligible in most ambient water. 

3. Although water quality criteria apply to ambient water, the measurement 

4 

5, 

6. 

7. 

8. 

9. 

used co express criteria is likely co be used co measure lead in aqueous 

effluents. Measurement of acid-soluble lead should be applicable to 

effluents because it will measure precipitates, such as carbonate and 

hydroxide precipitates of lead, that might exist in an effluent and 

dissolve when the effluent is diluted with receiving water. If desired, 

dilution of effluent with receiving water before measurement of 

acid-soluble lead might be used to determine whether the receiving water 

can decrease the concentration of acid-soluble lead because of sorption. 

The acid-soluble measurement should be useful for most metals, thus 

minimizing the number of samples and procedures that are necessary. 

The acid-soluble measurement does not require filtration at the time of 

collection, as does the dissolved measurement. 

The only treatment required at the time of collection is preservation by 

acidification to pH = 1.5 to 2.0, similar to that required for the total 

recoverable measurement. 

Durations of 10 minutes to 24 hours between acidification and filtration 

probably will not affect the result substantially. 

The carbonate system has a much higher buffer capacity from pH = 1.5 to 

2.0 than it does from pH = 4 to 9 (Weber and Stumm, 1963). 

Differences in pH within the range of 1.5 to 2.0 probably will not affect 

the result substantially. 
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10. The acid-soluble measurement does not require a digestion step, as does 

the coca1 recoverable measurement. 

11. After acidification and filtration of the sample co isolate the acid- 

soluble lead, the analysis can be performed using either atomic 

absorption spectroscopy or ICP-acomic emission spectroscopy (U.S. EPA, 

1983a), as with the cotal recoverable measurement. 

Thus, expressing aquatic life criteria for lead in terms of the acid-soluble 

measurement has both toxicological and practical advantages. On the ocher 

hand, because no measurement is known co be ideal for expressin? aquatic life 

criteria for lead or for measuring lead in ambient water 3r aqueous 

effluents, aeasureqmenc of both acid-soluble lead and total recoverable lead 

in ambient water or effluent or both might be useful. For example, there 

miqhc be cause for concern if coca1 recoverable lead is much above an 

applicable limit, even though acid-soluble lead is below the limit. 

Unless otherwise noted, all concencracions reported herein are expected 

co be essentially equivalent co acid-soluble lead concencracions. All 

concentrations are expressed as lead, not as the chemical tested. The 

criteria presented herein supersede previous aquatic life water quality 

criteria for lead (U.S. EPX, 1976, 1980) because these new criteria wet-? 

derived using improved procedures and additional information. Winenever 

adequately justified, a national criterion may be replaced by a site-specific 

criterion (U.S. EPA, 1983b), which may include not only site-specific 

criterion concentrations (U.S. C,PX, 1983c), but also site-specific duracisns 

of averao,ing periods and sire-specific frequencies of allowed exceedences 

(U.S. EPA, 1985). The lacesc liceracure search for information for this 

document was conducted in Xay, 1984; some newer information was also used. 
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Acute Toxicity to Aquatic Animals 

Acute tests were conducted at three different levels of water hardness 

with Daphnia magna (Chapman, et al. Manuscript), demonstrating that daphnids 

were three times more sensitive to lead in soft than in hard water (Table 1). 

The value in soft water agrees closely with the value in Table 6 for the same 

species in soft water (Biesinger and Christensen, 1972). Data in Table 1 also 

indicate that lead was more toxic to the rainbow trout, fathead minnow, and 

bluegill in soft than in hard water. The results of the acute tests conducted 

by Davies, et al, (1976) with rainbow trout in hard water are reported as 

unmeasured values in Table 1, because total lead concentrations were not 

measured, even though the dissolved concentrations were. Hale (1977) 

conducted an acute exposure of rainbow trout to lead and obtained an LC50 of 

8,000 mg,/L. This value is almost seven times greater than the LC50 obtained 

for rainbow trout in soft water by Davies, et al. (1976). Hale did not report 

water hardness ; however, alkalinity and pH were reported to be 105 mg/L and 

7.3, respectively, which suggests that this water was probably harder than the 

soft water used by Davies, et al. (1976). 

Amphipods were reported by Spehar, et al. (1978) and Call, et al. (1983) 

to be more sensitive to lead than any other freshwater animal species thus far 

tested. Also, in exposures lasting up to 28 days the amphipod was far more 

sensitive to lead than a snail, cladoceran, chironomid, mayfly, stonefly, and 

caddisfly (Table 6) (Anderson, et al. 1980; Biesinger and Christensen, 1972; 

Nehring, 1976; Spehar, et al. 1978). Although results of tests on lead 

acetate were placed in Table 6 because of the possible effect of acetate on 

the toxicity of lead, Pickering and Henderson (1966) found that Lead chloride 

(Table 1) and lead acetate (Table 6) were about equally toxic to the fathead 

minnow in static tests in soft water. Wallen, et al. (1957) reported that 
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lead oxide (Table 6) is much less ? toxic than lead nitrate (Table 1) to 

the mosquitofish in water containing a high concentration of suspended clay 

particles. 

Different species exhibit different sensitivities to lead, and many other 

factors might affect the results of tests of the toxicity of lead co aquatic 

organisms. Criteria can quantitatively take into account such a factor, 

however, only if enough data are available co show that the factor similarly 

affects the results of tests with a variety of species. Hardness is often 

though of as having a major effect on the toxicity of lead, although the 

observed effect is probably due to one or more of a number of usually 

interrelated ions, such as hydroxide, carbonate, calcium, and magnesium. 

Hardness is used here as a surrogate for the ions which affect the results of 

toxicity tests on lead. An analysis of covariance (Dixon and Brown, 1979; 

Neter and Wasserman, 1974) was performed using the natural logarithm of the 

acute value as the dependent variable, species as the treatment or grouping 

variable, and the natural logarithm of hardness as the covariate or 

independent variable. This analysis of covariance model was fit to the data 

in Table 1 for the four species for which acute values are available over a 

range of hardness such chat the highest hardness is at least three times the 

lowest and the highest is also at least 100 mg/L higher than the lowest. An 

F-test showed that, under the assumption of equality of slopes, the probabil- 

ity of obtaining four slopes as dissimilar as these is P=0.03. This was 

interpreted as indicating that it is unreasonable to assume that the slopes 

for these four species are the same. The slopes for Daphnia magna, fathead 

minnow, and bluegill (see end of Table 1) were close co the slope of 1.0 that 

is expected on the basis that lead, calcium, magnesium, and carbonate all have 
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percent 

solllbi 1 

Tests of the acute coxicicy of lead co saltwater organisms have 3ern 

conducted with nine species of invercebraces and four species of fish (Table 

1). In flov-chrouqh toxicity cescs with C**IO fish species, less than 50 

oE the test organisms were killed ac 3,140 ‘g/L, which is chz 

icions, bu: tie acute value 

ivicies of biv31.Jci ioliusrs 

ife stage. The adult 

the acute values with 

icv of Lead in sea water under the cesc cond 

for the mumichog is 315 dq/L. The range of jensit 

is also great, probably refleccinq di ffclrences in 1 

soft-shell clam had an LC50 of 27,000 Jg/L, whereas 

a charge of two. The slope for rainbow crouc was 2.475 and therefore was not 

used, A cesc of equality of slopes showed chat P=O.16, indicating c’nac ic is 

not unreasonable co assume chat the slopes for the three species are the same. 

The pooled slope of 1.273 was used with the data in Table 1 LO calculate 

Soecies Xean Acute Values at a hardness of 50 mg/L (Table 1). Genus Yean 

Acute Values (Table 3) were then calculated as geometric means of the 

avai :e freshwater Species Xean Acute Values. Of the Len genera for which 

acuT<: ,.'d, Jes arc available, the most sensitive senus, Gammarus, was 1,65u 

t iaes ::_ r,.. .cive than the most resistant, Tanycarsus. The freshwacer 

Final Xcuc- I’ me of 67.54 J~,/L was calculated ac a hardness of 50 z~g/L from 

the Genus .lean Acute Vallfes in Table 3 using the procedure described in the 

Guidelines. Thus, the freshwacer Criterion ?taximum Concencracion (in J~/L) = 

e(l.273[ln(hardness)]-l.460) 

larvae of four species ranged from 476 tc 2,450 Jq/L. Of the eleven saltwater 

genera For which acute values are available, chz most sensitive genus, 

Fundu lus , was 85 times more sensitive than the most resistant, ti (Table 3). 

The sensitivities of the six most sensitive genera differed by only a factor 

of 2.5, even thouo,h these six lowest Genus Yean Acute Values are from cescs 



conducted with a variety of species and life stages. The saltwater Final 

Acute Value was calculated to be 287.4 gg/L. 

Chronic Toxicity to Aquatic Animals 

Chapman, et al. (Manuscript) studied the chronic toxicity of lead to 

Daphnia magna at three different hardnesses (Table 2). The daphnids were 

nearly 11 times more sensitive to lead in soft water than in hard water. The 

value in soft water was about one-fourth chat obtained by Biesinger and 

Christensen (1972) with the same species in a different soft water in a test 

in which the concentrations of lead were not measured (Table 6). The chronic 

values of Chapman, et al. were regressed against hardness; the slope was 

2.328, but the 95% confidence limits were -8.274 and 12.931. 

A life-cycle test on lead in hard water was conducted by Borgmann, et al. 

(1978) with a snail. These authors used biomass as their endpoint and 

reported that lead concentrations as low as 19 ug/L significantly decreased 

survival, but not growth or reproduction. It is not clear, however, how these 

investigators arrived at such a low effect concentration. This publication 

did, however, contain suitable information for determining a chronic value. 

Chronic limits were taken directly from the cumulative percent survival figure 

which showed no observed effect on survival at 12 ug/L and almost complete 

mortality at 54 ug/L. The chronic value (geometric mean of the lower and 

upper limits) for snails was therefore established at 25.46 ug/L (Table 2), 

Davies, et al. (1976) published results of an early life-stage test with 

rainbow trout in soft water (Table 2). Even though this test was started with 

embryos and continued for 19 months after hatch, it could not be considered a 

Iife-cycle test because no reproduction occurred. Davies, et al. (1976) 

7 



selected chronic limits based on a very Low incidence of black-colored tails 

and spinal deformities (4.7 and 0.7 percent, respectively). For the purposes 

of deriving water quality criteria, such low percentages of such effects were 

not considered unacceptable. The concentration of 27 ug/L was selected as the 

upper limit because it caused spinal curvature in 32.2 percent of the fish, 

whereas 13.2 ug/L only caused curvature in 3.6 percent of the fish. The 

occurrence of black tails was not considered co be an unacceptable effect. 

Spinal deformities were also caused by lead in a life-cycle test with 

brook trout (Holcombe, et al. 1976) and in an early life-stage test with 

rainbow trout (Sauter, et al. 1976). Results of tests by Sauter, et al. 

(1976) with the northern pike, walleye, lake trout, channel catfish, white 

sucker, and bluegill were not included in Tables 2 or 6 because of excessive 

mortalicy in the controls. Even though the hardnesses were similar, the 

chronic value obtained for rainbow trout by Sauter, et al. (1976) is higher 

than the chronic value derived from Davies, et al. (1976), possibly because 

Saucer, et al. exposed the fish for 2 months, whereas Davies, et al. exposed 

the fish for 19 months. 

Davies, et al. (1976) described the long-term effects on rainbow trout 

fry and fingerlings exposed to various concentrations of lead for 19 months 

in hard and soft water (Table 6). Although these tests were neither life- 

cycle (no natural reproduction) nor early life-stage (no embryos exposed), 

they do provide information concerning the relationship between water hardness 

and the chronic toxicity of lead to fish. In the test in hard water, only 0 

and 10 percent of the trout developed spinal deformities at measured lead 

concentrations of 190 and 380 ug/L, respectively. In soft water 44 and 97 
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percent of the trout developed spinal deformities at measured lead concentra- 

tions of 31 and 62 ug/L, respectively. These results strongly demonstrate 

that lead is more chronically toxic in soft water than in hard water. 

The mysid, Mysidopsis bahia, is the only saltwater species with which a 

chronic test has been conducted on lead (Table 2). The most sensitive 

observed adverse effect was reduced spawning and the resulting chronic value 

was 25.08 ~gfL. The 96-hr LC50 for this same species in the same study was 

3,130 yg/L, producing an acute-chronic ratio of 124.8. 

The range of the available acute-chronic ratios (Table 3) is small 

enough char: all four can be used co calculate the geometric mean ratio of 

51.29. \Jhen this ratio is used with the freshwater Final Acute Value and the 

pooled slope (Table 3)) the resulting freshwater Final Chronic Value (in 

2gll.j = e (1.273[ln(hardness)l-4.705). Similarly, the salcwacer Final 

Chronic Value is 5.603 gg/i (Table 3). 

Toxicity to Plants 

The effects of lead on various species of algae have been studied in 

tests which lasted from 4 to 10 days (Table 4). All authors except Rachlin, 

et al. (1982, 1983) used nominal concentrations. The adverse effect 

concentrations from these tests ranged from 500 co 63,800 ug/L. It would 

appear therefore that adverse effects of lead on freshwater plants are 

unlikely at concentrations protective of chronic effects on freshwater 

animals. 

The saltwater alga, Champia parvula, is quite sensitive to lead and a 

diatom is only slightly less sensitive (Table 4). The saltwater alga, 

Dunaliella terriolecta, is 10 times more sensitive to tetraethyl lead than to 

tetramethyl lead (Table 6). 
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Bioaccumulation 

Four freshwater invertabrace species have been exposed to lead 

(Borgmann, et al. 1978; Spehar, et al. 1978) and the bioconcentration factors 

(BCFs) ranged from 499 to 1,700 (Table 5). BCFs obtained with brook trout 

and bluegills were 42 and 45, respectively, (Atchison, et al. 1977; Holcombe, 

et at. 1976). 

BCFs reported for lead from tests with saltwater bivalve molluscs and 

? range from 17.5 from a 56-day exposure of the quahog clam co 2,570 

from ?-day exposure of the blue mussel (Table 5). The difference in BCFs 

? difference between species or might be due to the difference in 

the duration ? tests 

Neither freshwater nor a saltwater Final Residue Value can be 

calculated because no maximum permissible tissue concentration is available 

for lead. 

Ocher Data 

Many of the values in Table 5 have already been discussed. Spehar, et 

al. (1978) found no adverse effects on a freshwater snail, sconefly, and 

caddisfly in 28 days at 565 ug/L. Anderson, et al. (1980) obtained a 10-day 

LC50 of 258 ug/L for the midge, Tanytatus dissimilis (Table 6), which is -_--- - 

much lower than the 48-hr acute value of 224,000 ug/L obtained by Call, et 

al. (1983) with the same species. The 10-day exposure includes most of its 

life cycle and several of the presumably sensitive molts, and so should 

probably be considered as useful as the early life-stage test with fish. 

Merlini and Pozzi (1977a) conducted a pH acclimation and lead bioconcentra- 

tion study with bluegills collected from a lake contaminated with lead. 
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A variety of effects on saltwater organisms have been observed. Gray 

and Ventilla (1973) observed a reduction in growth race in a ciliate 

protozoan after 12-hr exposures co lead concentrations of 150 and 300 ug/L. 

Woolery and Lewin (1976) observed a reduction in photosynthesis and 

respiration in the diatom, Pheodactylum tricornucum, at concentrations of 

lead ranging from 100 to 10,000 ug/L. However, Hannan and Patouillet (1972) 

obtained no inhibition of growth of the same species at a concentration of 

1,000 ug/L after 72 hours. Rivkin (1979), using growth rate to determine 

toxicity to the diatom, Skeletonema costatum, reported a 12-day EC50 of 5.1 

ug/L. Hessler (1974) observed delayed cell division in the phytoplankton, 

Platymonas subcordiformus, during exposure to 2,500 ug/L for 72 hours. At 

60,000 ug/L, however, Hessler (1974) reported not only growth retardation but 

also death. Benijts-Claus and Benijts (1975) observed delayed larval 

development in the mud crab, Rhichropanopeus harrisii, during exposure to 50 

ug/L. Weis and Weis (1977) observed depressed axis formation in developing 

embryos of Fundulus hereroclitus at lead concentrations of 100 ug/L. Reish 

and Carr (1978) found that 1,000 ug/L suppressed reproduction of two 

polychaete species, Crenodriluis serratus and Ophryotrocha diadema, in a 

21-day test. 

Unused Data 

Some data on the effects of lead on aquatic organisms were not used 

because the studies were conducted with species that are not resident in 

North America. Jennett, et al. (1981) did not identify their test animals 

beyond common names such as “algae, crayfish, and minnows”. Nehring, et al. 

(1979) did not identify their organisms to species, so it is not known if 
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these animals, which were collected in lran, are also found in North America. 

Brown and Ahsanullah (1971) conducted ? with brine shrimp, which species 

is too atypical to be used in deriving national criteria. 

Data were not used if lead was a ? of a mixture (Hedtke and 

Puglisi, 1980; Heisey and Damman, 1982, Jana and Choudhuri, 1984; Wong, et 

al. 1982). Reviews by Chapman, et al. (1968), Demayo, et al. (1980, 1982), 

Eisler (1981), Eisler, et al. (1979), North, et al. (1972), Phillips and 

Russo, (1978), and Thompson, et a?. (1972) only contain data that have been 

? ? elsewhere. 

? ? dealing with toxicity or physiological effects could not 

be use ? ? the authors did not report clearly defined endpoints (i.e., 

LC50, EC? statistically significant adverse effects): Apostol (1973), 

Baker, et al. (1983), Behan, et al. (1979), Belding (1927), Carpenter (1925), 

Crandall and Goodnight (1962), Dawson (1935), Dilling, et al. (1926), Dilling 

and Healy (1927), Ellis (1937), Ferguson and Bubela (1974), Fujiya (1961), 

Jackim (1973), Jackim, et al. (1970), Johnson and Eaton (1980), Jones (1935, 

1947a,b), Laube, et al. (1980), Lloyd (1961), Lu, et al. (1975), Manalis and 

Cooper (1973), Manalis, et al. (1984), Merlini and Pozzi (1977b), Metayer, et 

al. (1982), Narbonne, et: al. (1973), O’Neill (1981), Overnell (1975), 

Phillips (1980), Rao and Subramanian (1982), Rachore and Swarup (1978), Rice, 

et al. (1973), Ruchven and Cairns (1973), Ryck and Whitley (1974), Schulze 

and Brand (1978), Stratford, et al. (1984), Thomas, et al. (1980), Tucker and 

Matte (1980), Van der Werff and Pruyt (1982), Varansai and Gmur (1978), 

Varansai, et al. (1975), Watling (1981), Westfall (1945), and Wiener and 

Ciesy (1979). 

Some results were not used because the test was either improperly 

designed for deriving criteria or important details were omitted from the 
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repor:: Ferard, et. al. il9?~2), Foster (1982a,b), Gentile, ec al. (1982)) 

Yarion and nznizeau (I 933,. Passino and Cocanc (1979), Say and Whiccon 

(1983), VI<t:l \i‘Sdii, :~>rt: at7d 3hiccon (1983a,b), and ‘fiiccon, ec al. (1982). 

DorEman sr.d X~ic~~rch (ljr69) exposed brook crouc co lead only on wee’k days 

and c!le CLJIIC~I~~: r,rrcion~ ‘AC:‘.: not measured during cescs lasting up to 38 daks. 

These authors and Carpenter (1927), Rushcon (1922), and Tarzwell and 

ilenderson (195c)I condos cred cescs with only one or two fish ac a time. 

Rainbow crouc cesced by Hodson, er: al. (197Sb) were not acclimated to abrupt 

changes in of-l before stressing them with lead. Expe rimencs reported by 

Hodson, et a!. (1982) were designed co measure Lead upcake in opercular bone 

and fDrnlacion of \lsck csils correlated co different yrowch races of rainbow 

c rout ; however, these fish were only exposed co one sublethal concencracion 

OE lead. No data are available on she concencracions of lead in water during 

the studies reported by Flodson, et al. (1983a). Sicko-Goad (19821, 

Sicko-Goarl and Lazinsky ( 1981, 1982)) and Sicko-Goad and Scoermer (1979) 

exposed algae co only one suhlechal concencracion of lead. The 96-hr values 

reoorced by Buikema, et al. (1974a,b) Yere subject co error because of 

possib1* reproductive inceraccions (Buikema, ec al. 1977) o Clarke and Clarke 

(1974) reDarced ci-Lac their cesc water was contaminated with lead leached from 

plasc ic exposur? tanks. Esposure tines were not reported by Brown (1976) anJ 

‘{aider ( 1964) . Kariya, et al. (1969) and Turnbull (1954) failed co report 

the number of fish cesced. High control morcalicies occurred in all except 

,; 2 cesc reported by Sauter, ec al. (1976). Control norcalicy exceeded 13 

:?rcenc ir? c1i2 c?sts by Younc and Norberg (1954). 

English, fc al. (1953) >ublished results based on volume dilutions 

instead of nominal or measured concentrations. Brown (196d), Garavini and 
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Harcelli (1979), Pawlaczyk-Szpilowa and S!owik (1981), Rao and Saxena (1980)) 

and Rolfe, ec al. (1977) exposed algae, inverrebrates, and fish co lead but 

failed co adequately describe CheiC L~>C m-~:nods. Carpenter (1926, 1930), 

Carter and Cameron (1973), ELlo,aacd and Rudner (i9821, Ellis (1940), Grande 

and hdersen (19831, Jones (1938, 19333, Nyman (!981), Ozoh (19791, Rachore, 

ec al. (1979), Shaw and Grushkin (19571, Shaw and Lowrance (1956), 

Vi jaymadhavan and Iwai (1975)) Wang (19591, and Weir and iIine (1970) 

conducted tests in distilled, deionized, chlorinated, or “tap” water. 

Riegerc and Valkovic (1980) expressed their acute data in hours co death 

and concentrations were a factor of ten a?arc. The concentrations af lead 

overlapped in the cescs by SDBrks, et al. (1983). Tests on the coxicicy of 

lead co alrgae wer? nor: used iE the medium concaine COO much of a complexinq 

agent such as EDT.4 (Davis, 1978). 

Results of laboratory bioconcencracion tests were not used if the test 

was not flow-through (Yonc%om2ry, 2c al. 1978; ;larlinq, 19831, if the cesc 

diA not last long enough (:Jonl:, ec al. 1981), if no soft tissues were 

analyzed (Sturesson, 1978), if the concentration in water was not known (Ray, 

ec al. 1981) or was not measured often encugh (Freeman, 1979, 1380)) ,3r if 

control morcalicies were high (Vsllela, ec ai. !974). Studies such as chose 

by Ancellin, ec al. (19731, Auberc, et al. (!97!~), and Nash, ec al. (1981), 

which used radioactive isotopes of lead, were nor: used because of the 

possibility of isotope discrimination. Newman and McIntosh (1983b) conducted 

a depuracion study, but not an uptake study. 

X 1 arge number of regorcs on lead coxicicy and residues in wi Id aqllacic 

organisms could not be used for the calculation of bioaccumulacion factors or 

toxicity due co an insufficient number of measurements of the concentration 



of lead in the water: Anderson (1977), Badsha and Goldspink (19821, Brezina 

and Arnold (19771, Brezina, ec al. (19741, BrOWl and Chow (19771, Eide and 

Myklesrad (19801, Enk and Machis (19771, Evans and Lasenby (1983), Gale, et 

al. (1973a,b, 19821, Gordon, ec al. (19801, Helm (19801, Kharkar, ec al. 

(19761, Knowlton, ec al. (19831, Lelaod and McNurney (19741, Lucus and 

Edgingcon (1970), Marcin and Mudre (1982)) Mart in, ec al* (19841, Mathis and 

Cummings (19731, Machis and Kevern (19751, May and YcKinney (1981), Mehrle, 

et al. (19821, Newman and McIntosh (1983a), Pagenkopf and Newman (19741, 

Pakkala, et al. (1972)) Penningcon, SC al. (1982), Popham and D’Auria (19811, 

Price and Knight (19781, Randall, et al. (19811, Ray (19781, Sidwell, er: al. 

(19781, Simbson (19791, Smith, ec al. (1981>, Tong, et al: (1974)) Trollope 

and Evans (19761, Tsui and McCarc (1981), Uche and Bligh (1971), Vinikour, ec 

al. (19801, !Jachs (1982)) Walsh, ec al. (19771, Welsh and Denny (1980)) 

‘dixson and Bolter (1972), and Wren, ec al. (1983). 

Summary 

The acute toxicity of lead co several species of freshwater animals has 

been shown co decrease as the hardness of water increases. At a hardness of 

50 mg/L the acute sensitivities of ten species range from 142.5 ug/L for an 

amphipod to 235,900 ug/L for a midge. Data on the chronic effects of lead on 

freshwater animals are available for two fish and two invertebrate species. 

The chronic toxicity of lead also decreases as hardness increases 

and the lowest and highest available chronic values (12.26 and 128.1 ug/L) 

are both for a cladoceran, but in soft and hard water, respectively. 

Acute-chronic ratios are available for three species and range from 18 to 62. 

Freshwater algae are affected by concentrations of lead above 500 ug/L, based 
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on data for four species. Bioconcentration factors are available for four 

invertebrate and two fish species and range from 42 to 1,700. 

Acute values are available for 13 saltwater animal species and range 

from 315 ug/L for the mummichog to 27,000 ug/L for the soft-shell clam. A 

chronic toxicicy test was conducted with a mysid; unacceptable effects were 

observed at 37 ug/L but not at 17 ug/L and the acute-chronic ratio for this 

species is 124.8. A species of macroalgae was affected at 20 ug/L. 

Available bioconcentration factors range from 17.5 to 2,570. 

National Criteria 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

is very sensitive, freshwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average concentration (in ug/L) of lead 

does not exceed the numerical value given by e (1.273[1n(hardness)]-4.705) 

more than once every three years on the average and if the one-hour average 

concentration (in ug/L) does not exceed the numerical value given by 

e(1.273[1nthardness)]j-1.460) more than once every three years on the 

average. For example, at hardnesses of 50, 100, and 200 mg/L as CaC03 the 

four-day average concentrations of lead are 1.3, 3.2, and 7.7 ug/L, respec- 
-- 

tively, and the one-hour average concentrations are 34, 82, and 200 ug/L. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

The i r Uses” indicate that, except possibly where a locally important species 

is very sensitive, saltwater aquatic organisms and their uses should not be 

affected unacceptably if the four-day average concentration of lead does not 

15 



exceed 5.6 ug/L more than once every three years on the average and if the 

one-hour average concentration does not exceed 140 ug/L more than once every 

three years on the average. 

EPA believes that a measurement such as “acid-soluble” would provide a 

more scientifically correct basis upon which to establish criteria for 

metals. The criteria were developed on this basis. However, at this time, 

no EPA approved methods for such a measurement are available to implement the 

criteria through the regulatory programs of the Agency and the States. The 

Agency is considering development and approval of methods for a measurement 

such as “acid-soluble”. Until available, however, EPA recommends applying 

the criteria using the total recoverable method. This has two impacts: (1) 

certain species of some metals cannot be analyzed directly because the total 

recoverable method does not distinguish between individual oxidation states, 

and (2) these criteria may be overly protective when based on the total 

recoverable method. 

The recommended exceedence frequency of three years is the Agency’s best 

scientific judgment of the average amount of time it will take an unstressed 

system to recover from a pollution event in which exposure to lead exceeds 

the criterion. Stressed systems, for example, one in which several outfalls 

occur in a limited area, would be expected to require more time for recovery. 

The resilience of ecosystems and their ability to recover differ greatly, 

however, and site-specific criteria may be established if adequate 

justificacion is provided. 

The use of criteria in designing waste treatment facilities requires the 

selection of an appropriate wasteload allocation model. Dynamic models are 

preferred for the application of these criteria. Limited data or other 

17 



factors may make their use impractical, in which case one should rely on a 

sceady-state model. The Agency recommends the interim use of 1QS or IQ10 for 

Criterion Maximum Concentration (CFtC> design flow and 745 or 7QlO for [he 

Criterion Continuous Concentration (CCC> design flow in steady-state models 

for unstressed and stressed systems respectively. These maccers art2 

discussed in more detail in the Technical Support: Document for Water Quality- 

Based Y .ics Control (U.S. EPA, 1385). 
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