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FOREWORD 

Section 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217) requires 
che Administrator of the Environmencal Proceccion Agency co publish criteria 
for wacer qualicy accurately reflecting the latesc scientific knowledge on 
the kind and excenc of all identifiable effeccs on health and welfare which 
may be expecced from the presence of pollutancs in any body of water, 
including ground wacer. This document is a revision of proposed criteria 
based upon a consideracion of corrunencs received from ocher Federal agencies, 
Scace agencies, special inceresc groups, and individual scienciscs. The 
criteria contained in chis document replace any previously published EPA 
aquatic life criteria. 

The cerm "water quality criteria" is used in cwo sections of the Clean 
Wacer Ace, section 304(a)(l) and section 303(c)(2). The term has a different 
program impact in each section. In seccion 304, the term represents a 
non-regulatory, scientific assessment of ecological effects. The criteria 
presented in chis publication are such scientific assessments. Such water 
quality criceria associated wich specific scream uses when adopced as Scace 
wacer quality scandards under section 303 become enforceable maximum 
acceptable levels of a pollucanc in ambient waters. The water quality 
criteria adopted in che Scace wacer quality standards could have che same 
numerical limits as the criteria developed under section 304. However, in 
many situacions Staces may wane co adjust wacer quality criteria developed 
under seccion 304 ro reflect local environmental conditions and human 
exposure oaccerns before incorporation into wacer quality standards. It is 
noc until their adoption as pare of che Scace wacer quality standards chac 
che criteria become regulatory. 

Guidelines co assist the Staces in the modification of criceria 
presented in chis document, in the development of water quality standards, 
and in ocher wacer-relaced programs of chis Agency, have been developed by 
EPA. 

Edwin L. Johnson 
Direccor 
Office of Water Regulacions and Standards 
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Introduction* 

Because of the variety of forms of lead (Boggess and WixsonJ 1977; 

CallahanJ et al. 1979) and lack of definitive information about their 

relative toxicitiesJ no available analytical measurement is known to be ideal 

for expressing aquatic life criteria for lead. · Previous aquatic life 

criteria for lead (U.S. EPAJ 1980) were expressed in terms of total 

recoverable lead (U.S. ~PAJ 1983a)J but this measurement is probably too 

rigo~cu~ in some situations. Acidsoluble lead (operationally defined as the 

lead that passes through a 0.45 µm 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 compatibl~ with nearly all available data concerning 

toxicity of lead toJ 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 o: ambient waterJ measurement of acid-soluole lead should 

m~asure all f,:>rms of leao.that are toxic to aquati'c·life or can be 

re·adily conver::ed to toxic forms under natural condici,,ns. Ir, additionJ 

·this measurement should not measure several formsJ such as lead that is 

occluded 1n minerals, clays, and sand or 1·s strongly sorbed to 

*An understanding of the "Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses" 
(StephanJ et al. 1985), hereafter referr~d to as the GuidelinesJ is necessary 
in order to understand the following text, tables, and calculations. 
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particulate maccer, chat are noc toxic and are not likely co become toxic 

under natural conditions. Although chis measurement (and many ochers) 

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

lead, chat probably have low toxicities co aquatic life, concencracions of 

these forms probably are negligible in most ambient water. 

3. Although water quality criteria apply co ambient wacer, the measurement 

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

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

effluents because it will measure precipicaces, such as carbonate and 

hydroxide precipicaces of lead, chat might exist in an effluent and 

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

dilution of effluent with receiving wacer before measurement of 

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

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

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

minimizing the number of samples and procedures chat are necessary. 

5. The acid-soluble measurement does not require filtration ac the time of 

collection, as does the dissolved measurement. 

6. The only treatment required ac the time of collection is preservation by 

acidification co pH= 1.5 co 2.0, similar co chat required for the total 

recoverable measurement. 

7. Durations of 10 minutes co 24 hours between acidification and filtration 

probably will noc affect the result substantially. 

8. The carbonate system has a much higher buffer capacity from pH= 1.5 co 

2.0 chan ic does from pH = 4 co 9 (Weber and Stumm, 1963). 

9. Differences in pH within che ran~e of 1.5 co 2.0 probably will not affect 

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

the total 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-atomic emission spectroscopy (U.S. EPA, 

1983a), as with che cocal 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 expressing aquatic life 

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

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

in ambient wacer or effluenc or both mi~hc be useful. For example, there 

mi~hc be cause for concern if coral recoverable lead is much above an 

applicable limit, even though acid-solu~le lead is below the limit. 

Unless otherwise noced, all concencracions reported herein are expected 

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

concencrac1ons are expressed as lead, noc as che chemical reseed. The 

cr1cer1a presented herein supersede previous aquatic life wacer quality 

cr1cer1a for lead (U.S. EPA, 1976, 1980) because these new criteria were 

derived using improved procedures and additional infor~acion. 'Whenever 

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

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

criterion concentrations (U.S. EPA, 1983c), but also sire-specific durations 

of avera~ing periods and sire-specific frequencies of allowed exceedences 

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

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

Acute tests were conducted at three different levels of wacer hardness 

wich Daphnia magna (Chapman, ec al. Manuscript), demonscracing chat daphnids 

were three times more sensitive co lead in soft than in hard wacer (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 chat lead was more coxic co the rainbow trout, fathead minnow, and 

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

by Davies, et al. (1976) ~ich rainbow crouc in hard water are reported as 

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

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

conducted an ac11te exposure of rainbow trout co lead and obtained an LC50 of 

8,000 )g/L. This value is almost seven times greater than che LC50 obtained 

for rainbow crouc in soft wacer by Davies, et al. (1976). Hale did not repor~ 

water hardness; however, alkalinity and pH were reported co be 105 mg/Land 

7.3, respectively, which su~gests chat chis water was probably harder than the 

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

~~phipods were reported by Spehar, et al. (1978) and Call, ec al. (1983) 

co be more sensitive co lead than any ocher freshwater animal species chus far 

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

sensitive co lead than a snail, cladoceran, chironomid, mayfly, sconefly, and 

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

~ehring, 1976; Spehar, et al. 1978). Although resulcs of tescs 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 chat lead chloride 

(Table 1) and lead acetate (Table 6) were about equally coxic co che fathead 

minnow 10 static cescs in sofc water. Wallen, et al. (1957) reported chac 

4 



lead oxide (Table 6) is much less acutely toxic chan lead nicrace (Table 1) co 

the mosquitofish in water containing a high concencracion of suspended clay 

particles. 

Different species exhibit different sensitivicies co lead, and many ocher 

factors mighc affect the results of cescs of che coxicicy of lead co aquatic 

or~anisms. Criteria can quancicacively cake into Recount such a factor, 

however, only if enough daca are available co show chat che factor similarly 

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

thought of as having a major effect on the coxicicy of lead, although che 

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

interrelated ions, such as hydroxide, carbon.u:~, calcium, and magnesium. 

Hardness 1s used here as a surrogate for the ions which affect che results of 

cox1c1cy tests on lead. An analysis of covariance (Dixon and Brown, 1979; 

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

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

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

indeoendenc variable. This analysis of covariance model was fie co che data 

in Table l for che four species for which acute values are available over a 

range of hardness such chat che highest hardness is ac lease three times the 

lowest and che highest 1s also ac lease 100 mg/L higher than the lowest. An 

F-cest showed chat, under the assumption of equality of slopes, the probabil­

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

incerpreced as indicating chat 1c 1s unreasonable co assume chat che slopes 

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

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

is exoecced on che basis chat lead, calcium, magnesium, and carbonate all have 
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a charge of two. The slope for rainbow trout was 2.475 and therefore was not 

used. A test of equality of slopes showed that P=0.16, indicating that it is 

not unreasonable to assume that the slopes for the three species are the same. 

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

Species Mean Acute Values at a hardness of 50 mg/L (Table 1). Genus Mean 

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

available freshwater Species Mean Acute Values. Even though valu~s ,-e 

available for only four invertebrate species; of the<--" genera for which 

acute values are available, the most sensitive genus, Gammarus, was 1,650 

times more sensitive than the most resistant, Tanytarsus. The freshwater 

Final Acute Value of 67.54 µg/L was calculated at a hardness of 50 mg/L from 

the Ger · Mean Acute Values in Table 3 using the procedure described in the 

GuideL . .., • Thus, the freshwater Criterion Maximum Concentration ( in µg/L) = 

e(l.273[ln(hardness)]-l.460) 
0 

Tests of the acute toxicity of lead to saltwater organisms have been 

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

1). In flow-through toxicity tests with two fish species, less than 50 

percent of the test organisms were killed at 3,140 ~g/L, which is the 

solubility of lead in sea water under the test condition:;, but ·the acut:~ value 

for the mummichog is 315 µg/L. The range of sensitivities of b~?alve moll~3cs 

is also great, probably reflecting differences in life stage. The adult 

soft-shell clam had an LCSO of 27,000 µg/L, whereas the acute values with 

larvae 6f four species ranged from 476 co 2,45ri µg/L. Of the eleven ~altwater 

genera for which acute values are available, the most sensitive genus, 

Fundulus, was 85 times more sensitive than the most resistant, Mya (Tabl~ 3). 

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

of 2.5, even though these six lowest Genus Mean Acute Values are from tests 

6 



conducced wich a variecy of species apd life scages. The salcwacer Final 

Acuce Value was calculated co be 287.4 ~g/L. 

Chronic Toxicicy co Aquacic Anim~ls 

Chapman, ec al. (Manuscripc) studied che chronic coxicicy of lead co 

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

nearly 11 times more sensitive co lead in sofc wacer chan in hard wacer. The 

value in sofc wacer was abouc one-fourth chat obtained by Biesinger and 

Christensen (1972) with the same species 1n a different soft water in a cesc 

1n which the concentrations of lead were noc measured (Table 6). The chronic 

values of Chapman, ec al. were regressed againsc hardness; the slope was 

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

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

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

reported chat lead concencracions as low as 19 ~g/L significancly decreased 

survival, but noc ~rowch or reproduction. It is not clear, however, how these 

investigators arrived ac such a low effect concentration. This publicacion 

did, however, conca1n 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 µg/L and almost complete 

mortality ac 54 µg/L. The chronic value (geometric mean of the lower and 

upper limits) for snails was therefore established at 25.46 ~g/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 chis cest was started with 

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

life-cycle test because no reproduction occurred. Davies, et al. (1976) 
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selected chronic limics based on a very low incidence of black-colored cails 

and spinal deformities (4.7 and 0.7 percent, respeccively). For che purposes 

of deriving wacer quality criceria, such low percencages of such effeccs were 

noc considered unacceptable. The concencracion of 27 ~g/L was selecced as che 

upper limic because ic caused spinal curvature in 32.2 percent of the fish, 

whereas 13.2 Jg/L only caused curvacure in 3.6 percent of che fish. The 

occurrence of black cails was noc considered co be an unacceptable effecc. 

Spinal deformities were also caused by lead in a life-cycle cest wich 

brook crouc (Holcombe, ec al. 1976) and in an early life-scage cesc wich 

rainhow trouc (Saucer, ec al. 1976). Results of cescs by Saucer, ec al. 

(1976) wich the norchern pike, walleye, lake crouc, channel catfish, whice 

sucker, and bluegill w~re noc included in Tables 2 or 6 because of exce~sive 

morcalicy in che concrols. Even chough che hardnesses were similar, che 

chronic value obcained for rainbow crouc by Saucer, ec al. (1976) is higher 

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

Saucer, ec al. exposed che fish for 2 months, whereas Davies, ec al. exposed 

the fish for 19 monchs. 

Davies, ec al. (1976) described che long-cerm effects on rainbow trouc 

fry and fingerlings exposed co various concencracions 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-scage (no embryos exposed), 

they do provide information concerning che relationship between water hardness 

and the chronic coxicicy of lead co fish. In che tesc in hard water, only 0 

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

concentrations of 190 and 380 ~g/L, respectively. In sofc wacer 44 and 97 
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percent of che crouc developed spinal deformities ac measured lead concentra­

tions of 31 and 62 µg/L, respectively. These resulc.s strongly demonscrace 

chat lead is more chronically coxic in soft wacer chan in hard wacer. 

The mysid, Mysidopsis bahia, is che only salcwacer species wich which a 

chronic cest has been conducted on lead (Table 2). The most sensicive 

observed adverse effecc was reduced spawning and che resulcing chronic value 

was 25 .08 Jg/L. The 96-hr LC50 for chis same species in che same study was 

3,130 µg/L, producing an acute-chronic racio of 124.8. 

The range of the available acuce-chronic racios (Table 3) is small 

enough chat all four can be used co calculate che geometric mean ratio of 

51.29. When chis ratio is used with che freshwater Final Acute Value and the 

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

;g/L) = e(l.2]3(ln(ha rd ness)]-4 . ]OS). Similarly, che salcwacer Final 

Chronic Value is 5.603 ;g/L (Table 3). 

Toxicicv co Planes 

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

cescs which lasted from 4 co 10 days (Table 4). All authors except Rathlin, 

ec al. (1982, 1983) used nominal concencracions. The adverse effect 

concencracions from these cescs ran8ed from 500 co 63,800 ~g/L. le would 

appear therefore chat adverse effects of lead on freshwater planes are 

unlikely at concentrations proceccive of chronic effects on freshwater 

animals. 

The salcwacer alga, Champia parvula, is quite sensitive co lead and a 

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

Dunaliella certioletta, is 10 ti~es more sensicive co cecraechyl lead than to 

cecramechyl lead (Table 6). 
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Bioaccumulacion 

Four freshwacer invercebrace species have been exposed co lead 

(Borgmann, ec al. 1978; Spehar, ec al. 1978) and the bioconcencracion factors 

(BCFs) ranged from 499 to 1,700 (Table 5). BCFs ohcained wich brook crouc 

and bluegills were 42 and 45, respeccively, (Atchison, ec al. 1977; Holcombe, 

ec al. 1976). 

BCFs reported for lead from cescs with salcwacer bivalve molluscs and 

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

from a 130-day exposure of the blue mussel (Table 5). The difference in BCFs 

mighc be a difference becween species or might be due co the difference in 

che duration of che cescs. 

Neither a freshwater nor a salcwacer Final Residue Value can be 

calculated because no maximum permissible cissue concencracion is available 

for lead. 

Ocher Daca 

Many of che values in Table 6 have already been discussed. Spehar, ec 

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

caddisfly in 28 days ac 565 u~/L. Anderson, ec al. (1980) obtained a 10-day 

LCSO of 258 µg/L for che midge, Tanycarsus dissimilis (Table 6), which is 

much lower than the 48-hr acute value of 224,000 )g/L obtained by Call, ec 

al. (1983) with che same species. The 10-day exposure includes mosc of 1cs 

life cycle and several of che presumably sensicive moles, and so should 

probably be considered as useful as che early life-stage cesc wich fish. 

Merlini and Pozzi (1977a) conducted a pH acclimacion and lead bioconcencra­

cion scudy wich bluegills collected from a lake concaminaced with lead. 
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A variecy of effeccs on saltwacer organisms have been observed. Gray 

and Vencilla (1973) observed a reduccion in growth race 1n a ciliace 

protozoan afcer 12-hr exposures co lead concencracions of 150 and 300 ~g/L. 

Woolery and Lewin (1976) observed a reduccion in phocosynchesis and 

respiracion in che diatom, Pheodaccylum tricornucum, ac concencracions of 

lead ranging from 100 co 10,000 µg/L. However, Hannan and Pacouillec (1972) 

obcained no inhibicion of growch of che same species ac a concencracion of 

1,000 ~g/L afcer 72 hours. Rivkin (1979), using growth race co decermine 

coxicicy co che diatom, Skeleconema coscacum, reporced a 12-day ECSO of 5.1 

~~/L. Hessler (1974) observed delayed cell division in che phycoplankcon, 

Placymonas subcordiformus, during exposure co 2,500 ~g/L for 72 hours. Ac 

60,000 ~g/L, however, Hessler (1974) reporced noc only growth retardacion buc 

also deach. Benijcs-Claus and Benijcs (1975) observed delayed larval 

development in che mud crab, Rhichropanopeus harrisii, during exposure co SO 

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

embryos of Fundulus heceroclicus ac lead concencracions of 100 ~g/L. Reish 

and Carr (1978) found thac 1,000 µg/L suppressed reproduccion of two 

polychaete species, Ccenodriluis serracus and Ophryocrocha diadema, in a 

21-d a y c est . 

Unused Daca 

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

because che studies were conducted with species chac are noc resident in 

Norch America. Jennecc, et al. (1981) did noc idencify their cesc animals 

beyond common names such as "algae, crayfish, and minnows". Nehring, ec al. 

(1979) did noc identify cheir organisms co species, so ic is noc known if 
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these animals, which were collected in Iran, are also found in North America. 

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

is too atypical to be used in deriving national criteria. 

Data were not used if lead was a compo.nent 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 al. (1972) only concain data that have been 

published elsewhere. 

Many articles dealing with toxicity or physiological effects could not 

be used because the authors did not report clearly defined endpoints (i.e., 

LC50, EC50, statistically significant adve· , effects): Apostol (1973), 

Baker, et al. (1983), Behan, et al. (1979), cllding (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 

Coo~er.(1973), Manalis, et al. (1984), Merlini and Pozzi (1977b), Metayer, ec 

al. 0982), Narbonre, et al. (1973), O'Neill (1981), Overnell 0975), 

Phillips and Gregorr ,1980), Rae and Subramanian (1982), Rathore and Swa~up 

(lS78), Ric~, et ~1. (1973), Ruthven and Cairns (1973), Ryck and Whitley 

(1974), Schulze and·Brand (1978), Stratford, et al. (1984), Thomas, et al. 

0980), ·Tucker and Matte (1980), Van der Werff and Pruyt 0982)~ Vara~s·a1·and 

GmurO978), Varansai, et al. (1975), Watling (1981), West.fall (1945), and 

Wiener and Giesy (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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report: Ferard, et al. (1982), Foster '(1982a,b), Gentile, ec al. (1982), 

Marion and Denizeau (1983), Passino and Cotant (1979), Say and Whitton 

(1983), Vi~hi (1981), Wehr and Whitton (1983a,b), and Whiccon, ec al. (1982). 
\ 

Dorfman and Whitworth (1969) exposed brook crouc co lead only on week days 

and che concencracions were not measured during cescs lasting up co 38 days. 

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

Henderson (1960) conducted cescs wich only one or cwo fish ac a time. 

Rainbow crouc cesced by Hodson, ec al. (1973b) were not acclimated co abrupt 

chan~es 10 oH before stressing chem with lead. Experiments reported by 

Hodson, ec al. (1982) were designed co measure lead uptake in opercular bone 

and for~acion of hlack tails correlated co different growth races of rainbow 

crouc; however, these fish were only exposed co one sublechal concencracion 

of lead. No daca are available on the concencracions of lead 1n wacer during 

the studies reported by Hodson, et al. (1983a). Sicko-Goad (1982), 

Sicko-Goad and Lazinsky (1981, 1982), and Sicko-Goad and Stoermer (1979) 

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

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

possible reproductive interactions (Buikema, et al. 1977). Clarke and Clarke 

(1974) reoorced chat their cesc wacer was contaminated with lead leached from 

plastic exposure tanks. Exposure times were not reported by Brown (1976) and 

Haider (1964). Kariya, ec al. (1969) and Turnbull (1954) failed co report 

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

one cesc reported by Saucer, et al. (1976). Control mortality exceeded 10 

oercenc in cwo tests by Mount and Norberg (1984). 

English, ec al. (1963) published results based on volume dilutions 

instead of nominal or measured concentrations. Brown (1968), Garavini and 
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Marcelli (1979), Pawlaczyk-Szpilowa and Slowik (1981), Rao and Saxena (1980), 

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

failed co adequately describe their cesc methods. Carpenter (1926, 1930), 

Career and Cameron (1973), Ellgaard and Rudner (1982), Ellis (1940), Grande 

and Andersen (1983), Jones (1938, 1939), Nyman (1981), Ozoh (1979), Rachore, 

ec al. (1979), Shaw and Grushkin (1957), Shaw and Lowrance (1956), 

Vijaymadhavan and Iwai (1975), Wang (1959), and Weir and Hine (1970) 

conducted cescs in distilled, rleionized, chlorinated, or "cap" wacer. 

Biegerc and Valkovic (1980) expressed their acute daca in hours co death 

and concencracions were a faccor of cen apart. The concencracions of lead 

overlapped in che cescs by Soarks, ec al. (1983). Tescs on che coxicicy of 

lead co algae were nor used if che medium contained coo much of a complexing 

agent such as EDTA (Davis, 1978). 

Results of laboratory bioconcencracion cescs were noc used if che cesc 

was nor flow-chrough (Montgomery, ec al. 1978; Watling, 1983), if che cesc 

din noc last long enough (Wong, ec al. 1981), if no sofc tissues were 

analyzed (Scuresson, 1978), if the concentration 1n water was not known (Ray, 

ec al. 1981) or was not measured often enough (Freeman, 1978, 1980), or if 

control morcalicies were high (Valiela, ec al. 1974). Studies such as chose 

by Ancellin, et al. (1973), Aubert, et al. (1974), and Nash, et al. (1981), 

which used radioactive isotopes of lead, were noc used because of the 

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

a depuracion study, but not an uptake study. 

A large number of reports on lead coxicicy and residues in wild aquatic 

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

coxicicy due co an insufficient number of measurements of the concencracion 
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of lead in the water: Anderson (1977), Badsha and Goldspink (1982), Brezina 

and Arnold (1977), Brezina, ec al. (1974), Brown and Chow (1977), Eide and 

Myklescad (1980), Enk and Mathis (1977), Evans and Lasenby (1983), Gale, ec 

al. (1973a,b, 1982), Gordon, ec al. (1980), Holm (1980), Kharkar, ec al. 

(1976), Knowlton, ec al. (1983), Leland and McNurney (1974), Lucus and 

. Edgington (1970); Marcin and Mudre (1982), Martin, ec al. (1984), Mathis and 

Cummings (1973), Mathis and Kevern (1975), May and McKinney (1981), Mehrle, 

ec al. (1982), Newman and McIntosh (1983a), Pagenkopf and Newman (1974), 

Pakkala, ec al. (1972), Pennington, ec al. (1982), Popham and D'Auria (1981), 

Price and Knight (1978), Randall, ec al. (1981). Ray (1978), Sidwell, ec al. 

(1978), Simoson (1979), Smich, ec al. (1981),. Tong, ec al. 0974), Trollope 

and Evans (1976), Tsui and McCarc (1981), Uche and Bligh (1971), Vinikour, ec 

al. (1980), Wachs (1982), Walsh, ec al. (1977), Welsh and Denny (1980), 

Wixson and Bolter (1972), and Wren, ec al. (1983). 

Summarv 

The acute toxicity of lead co several species of freshwater ani:nals has 

been shown co decrease as the hardness of wacer increases. Ac a hardness of 

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

amphipod co 235,900 ~g/L for a midge. Daca on the chronic effects of lead on 

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

The chronic toxicity of lead also decreases as· hardness increases 

and che lowest and highest available chronic values (12.26 and 128.1 Jg/L) 

are boch for a cladoceran, buc in sofc and hard water, respectively. 

Acute-chronic racios are available for three species and range from 18 co 62. 

Freshwater algae are affected by concentrations· of lead above 500 ~g/L, based 
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on daca for four species. Bioconcencracion factors are available for four 

invertebrate and cwo fish species and range from 42 co 1,700. 

Acute values are available for 13 salcwacer animal species and range 

from 315 µg/L for che mummichog co 27,000 µg/L for the safe-shell clam. A 

chronic coxicicy cesc was conducted with a mysid; unacceptable effeccs were 

observed ac 37 µg/L buc noc ac 17 ug/L and the acuce-chronic racio for chis 

species is 124.8. A species of macroalgae was affected ac 20 µg/L. 

Available bioconcentracion factors range from 17.5 co 2,570. 

Nacional Criteria 

The procedures described in the "Guidelines for Deriving Numerical 

National ~acer Qualicy Criteria for the Protection of Aquacic Organisms and 

Their Uses" indicate chat, excepc possibly where a locally importanc species' 

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

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

does not exceed the numerical value given by e(l.273[ln(hardness)]-4.705) 

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

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

e<l.273[ln(hardness)]-l.460) more than once every three years on the 

average. For example, ac hardnesses of SO, 100, and 200 mg/Las CaC03 the 

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

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

The procedures described in the "Guidelines for Deriving Numerical 

National Water Quality Criteria for the Procectiori of Aquatic Or1anisms and 

Their Uses" indicace chat, except possibly where a locally important spe~1es 

1s very sensicive, saltwater aquatic organisms and their uses should not be 

affecced unaccepcably if che four-day average concencracion of lead does not 
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exceed 5.6 µg/L more chan once every chree years on che average and if che 

one-hour average concencration does noc exceed 140 ,Jg/L more chan once every 

chree years on che average. 

EPA believes thac a measurement such as "acid-soluble" would provide a 

more scientifically correcc basis upon which co escablish criteria for 

mecals. The criceria were developed on chis basis. However, ac chis cime, 

no EPA approved mechods for such a measurement are available to implement che 

criceria chrough che regulacory programs of che A~ency and che Scaces. The 

Agency is considering developmenc and approval of methods for a measurement 

such as "acid-soluble". Uncil available, however, EPA recommends applying 

the criceria using the total recoverable mechod. This has cwo impaccs: (1) 

cercain species of some mecals cannoc be analyzed directly because che cocal 

recoverable method does noc discin~uish becween individual oxidation scares, 

and (2) these criceria may be overly proceccive when based on the cocal 

recovera~le mechod. 

The recommended exceedence frequency of three years is che Agency's best 

sciencific jud~Menc of che average amounc of cime ic will cake an unstressed 

system co recover from a pollucion evenc in which exposure co lead exceeds 

che cricerion. Scressed syscems, for example, one in which several oucfalls 

occur in a limited area, would be expected co require more cime for recovery. 

The resilience of ecosystems and their abilicy co recover differ greacly, 

however, and sice-specific criteria may be established if adequace 

juscificacion is providerl. 

The use of criceria in designing wasce creacmenc facilities requires che 

seleccion of an appropriace wasceload allocacion model. Dynamic models are 

preferred for che applicacio~ of chese criceria. Limiced daca or ocher 
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factors may make their use impractical, in which case one should rely on a 

steady-state model. The Agency recormnends the interim use of lQS or lQIO for 

Criterion Maximum Concentration (CMC) design flow and 7Q5 or 7Ql0 for the 

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

for unstressed and stressed systems respeccively. These macters are 

discussed in more detail in che Technical Support Document for Water Qualicy­

Based Toxics Control (U.S. EPA, 1985). 
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Table 1. Acute Toxicity of Lead to Aquatic Animals 

Species Method* Chemlcal 

Hardness 
(mg/Las 
C~) 

LC50 
or EC50 
(pg/L)H 

Spec I es Mean 
Acute Value 

<119/U*H Reference 

FRESHWATER SPECIES 

Snal I, 
Aplexa hypnorum 

FT, M Lead nitrate 61 1,340 1,040 Cal I, et al• 1981 

Cladoceran, 
Daphnia magna 

S, U Lead chloride 931 And er son, 1948 

Cladoceran, 
Daphnla magna 

s, u Lead nitrate 5,ooo•••• Brlngmann & Kuhn, 
1959a,b 

CI adoceran, 
Daphnla magna 

R, M Lead nitrate 54 612 Chapman, et al. 
Manuscript 

Cladoceran, 
Daphnla magna 

R, M Lead nitrate 110 952 Chapman, et al. 
Manuscr I pt 

Cladoceran, 
Daphnla magna 

R, M Lead nitrate 152 1,910 447.8 Chapman, et al • 
ManuscrllJ1" 

Cladoceran, 
Daphnla pulex 

S, U Lead nl trate 45 5, 100***** Mount & Norberg, 1984 

CI adoceran, 
Slmocephalus vetulus 

s, u Lead nitrate 45 4,500***** Mount & Norberg, 1984 

Amphlpod, 
Ganrnarus pseudollmnaeus 

FT, M Lead nl tr ate 46 124 Spehar, et al. 1978 

Amphl pod, 
Gammarus pseudollmnaeus 

FT, M Lead nitrate 48 140 142.6 Cal I, et al. 1983 

Crayfish, 
Orconectes llmosus 

S, M Lead chloride 3,300 Boutet & 
Chalsemartln, 1973 

Midge, 
Tanytarsus dlsslmllls 

FT, M Lead nitrate 48 224,000 235,900 Cal I, et al. 1983 

Rainbow trout (2 mos), 
Salmo galrdnerl 

FT, M Lead nitrate 8,000 Hale, 1977 



Table I. (Continued) 

SJ!ecles Method* Chemlcal 

Hardness 
(mg/Las 
Ca~) 

LC50 
or EC50 
(119/L)H 

Species Mean 
Acute Value 

<l!91u• .. Reference 

Ra I nbow trout, 
Salmo galrdnerl 

s, u Lead nltrdte 290 542,000 Goettl, et al. 1972; 
Davies & Everhart, 
1973; Davies, et al. 
1976 

Rainbow trout, 
Salmo galrdnerl 

s, u Lead n I tr ate 353 471,000 Goettl, et al. 1972; 
Davies & Everhart, 
1973; Davies, et al. 
1976 

Rainbow trout, 
Salmo galrdnerl 

FT, U Lead nitrate 28 1,170 2,448t Goettl, et al. 
1972; Davies & 
Everhart, 1973; 
Davies, et al. 1976 

Brook trout (18 mos), 
Salvellnus tontlnalls 

FT, M Lead nitrate 44 4,100 4,820 Holcombe, et al. 1976 

Goldfish, 
Car ass I us auratus 

S, u Lead chloride 20 31,500 101,100 Picker! ng & 
Henderson, 1966 

N 
0 

Fathead ml nnow, 
Plmephales promelas 

s, u Lead chloride 20 5,580 Pickering & 
Henderson, 1966 

Fathead minnow, 
Plmephales promelas 

s, u Lead ch I orl de 20 7,330 Pickering & 
Henderson , 1966 

Fathead minnow, 
Plmephales promelas 

S, u Lead chloride 360 482,000 25,440 Pickering & 
Henderson, 1966 

Mosqultotlsh (adult), 
Gambusla aftlnis 

s, u Lead n I tr ate 240,ooott Wa I len, -et al. 
1957 

Guppy (6 mos), 
Poecllla retlculata 

s, u Lead chloride 20 20,600 66,140 Picker Ing & 
Henderson, 1966 

Bluegl 11, 
Lepoml s macroch.1 rus 

S, u Lead chloride 20 23,800 Picker! ng & 
Henderson, 1966 

81 ueql 11, 
Lepomls macrochlrus 

s, u Lead chloride 360 442,000 52,310 Pickering & 
Henderson, 1966 



Table 1. (Continued) 

Seecles Method• Chemlcal 

Hardness 
(mg/Las 
CaC03,l 

LC50 
or EC50 
<119/L) .. 

Species Menn 
Acute Value 

(119/L)H* Reference 

SALTWATER SPEC I ES 

Blue mussel (larva), 
Mytl lus edul ls 

s, u Lead nl tr ate 476 476 Martin, et al. 1981 

Pacific oyster ( larva), 
Crassostrea ~ 

s. u Lead n l tr ate 758 758 Martin, et al. 1981 

Eastern oyster ( larva), 
Crassostrea vlrglnlca 

s. u Lead nitr;cite 2,450 2,450 Calabrese, 
1973 

et al. 

Quahog clam (larva), 
Mercenarla mercenarla 

s, u Lead nitrate 780 780 Calabrese & Nelson, 
1974 

Soft-shel I clam 
~ arenarla 

(adult), S, u Lead n I tr ate 27,000 27,000 Elsler, 1977 

Copepod, 
Acartla clausl 

s. u Lead nitrate 668 668 Gentl le, 1982 

N .... 14ys Id, 
Mys I does ls bah la 

FT, M Lead nitrate 3,130 3,130 Lussier, et al • 
Manuscr lpt 

Amph l pod, 
Ameellsca abdlta 

R, u Lead nitrate 547 547 Scott, et al. 
Manuscr I pt 

Dungeness crab, 
Cancer maglster 

s, u Lead nitrate 575 575 Martin, et al. 1981 

Sheepshead minnow, 
Cyerlnodon varlegatus 

FT• M Lead nitrate >3, 140 >3,140 Card In, 1981 

'4umm lcho!'.J, 
Fundulus heteroclltus 

s. u Lead nitrate 315 315 Dorfman, 1977 

Inland sllverslde, 
Menldla berylllna 

FT• M Lead n I tr ate >3, 140 >3, 140 Cardin, 1981 

Atlantic sllverslde, 
Menldla menldla 

s, u Lead n l tr ate >10,000 >10,000 Berry, 1981 



Table 1. (Continued) 

• S = static, R = renewal, FT= tlow-through, M = measured, U unmeasured • 

•• Results are expressed as lead, not as the chemical • 

••• Freshwater Species Mean Acute Values are calculated at a hardness ot 50 mg/L using the pooled slope • 

•••• In rl ver water • 

••••• Not used In calculations because the values In Mount and Norberg (1984) are much higher than values tor other species 
In the same genus and taml ly. 

t Calculated tran acute value of 1,170 ~g/L using pooled slope (see text>. 

tt High turbidity. 

Results of Covariance Analysis of Freshwater Acute Toxicity versus Hardness 

Species n ~ 95j Confidence Limits Degrees of Freed0111 

Da phn I a magna 3 1.021 -3.592, 5.634 

N 
N 

Ral nbow trout 3 2.475 -0.357, 5.308 

Fathead minnow 3 I 0 495 0.458 • 2.533 

Bluegl I I 2 1.011 (cannot be calculated) 0 

All of above 11 1.608* 1.014, 2.202 6 

All of above 8 1.273** 0.909, 1.637 4 
except ral nbow 
trout 

• P=0.03 tor equal lty of slopes • 

•• P=0.16 tor equal! ty of slopes. 



Table 2. Chronic Toxicity of Lead to Aquatic Animals 

Hardness 
(mg/Las Limits Chronic Value 

Species Test• Chemlcal caeo31- (119/L) .. (119/L)H 

FRESHWATER SPECIES 

Sna i I, LC Lead nitrate 139 12-54 25.46 
Lymnaea palustris 

Cladoceran, LC Lead nitrate 52 9-16.7 12.26 
Daphn I a macina 

Cladoceran, LC Lead nitrate 102 78-181 118.8 
Daphnla magna 

Cladoceran, LC Lead nitrate 151 85-193 128. I 
Daphnla magna 

Rainbow trout, ELS Lead nitrate 28 13.2-27 18.88 
Salmo galrdneri 

Ra I nbow trout, ELS Lead n I tr ate 35 71-146 101.a 
N Salmo galrdnerl I.,.) 

Brook trout , LC Lead n I tr ate 44 5t:H 19 83.08 
Salvellnus tontlnalls 

SALTWATER SPECIES 

Mys Id, LC Lead n I tr ate 17-37 25.08 
Mysldopsls bahla 

•LC= life cycle or partial life cycle, ELS= early life stage. 

**Results are expressed as lead, not as the chemical. 

Results of Regression Analysis of Freshwater Chronic Toxicity versus Hardness 

Species n 95j Confidence Limits Degrees of Freedom 

Daphnla magna 2. 328 -8.274, 12.931 

Reference 

Borgmann, et al. 1978 

Chapman, et al. 
Manuscript 

Chapman, et al. 
Manuscript 

Chapman, et al. 
Manuscript 

Goettl, et al. 1972; 
Davies & Everhart, 
1973; Davies, et al. 
1976 

Sauter, et al. 1976 

Holcanbe, et al. 1976 

Lussier, et al. 
Manuscript 



Table 2. (Continued) 

Acute-Chronic Ratio 

Hardness 
(mg/L as Acute Value Q\ronlc Value 

Seecles CaCO~ ( 119/L) ( 119/L) Ratio 

Cladoceran, 52-54 612 12 .26 49.92 
Daphnla magna 

Cladoceran, 102-110 952 118.8 8.013 
Daphnla magna 

CI adoceran, 151-152 1,910 128 .1 14.91 
Daphnla magna 

Ra I nbow trout• 28 1, 170 18.88 61 .97 
Salmo galrdnerl 

Brook trout, 44 4,100 83.08 49.35 
Salvellnus tontlnalls 

Mys Id, 3,130 25.08 124 .8 
M:r:sldopsls bahla 



Table 3. Ranked Genus Menn Acute Values with Species Menn Acute-Chronic Ratios 

Renk* 

N 
V, 

10 

9 

8 

7 

6 

5 

4 

3 

2 

11 

Genus Menn 
Acute Value 

(1,19/L)H 

235.900 

101,100 

66,140 

52.310 

25.440 

4,820 

2,448 

1,040 

447 .a 

142.6 

27,000 

Seecles 

FRESHWATER SPEC I ES 

Mldqe, 
Tanytarsus dlssimllls 

Goldfish, 
Carassius auratus 

Guppy, 
Poecl Ila retlculata 

Bluegl 11, 
Lepomls macrochirus 

Fathead minnow, 
Plmephales promelas 

Brook trout, 
Salvelinus fontlnalls 

Rainbow trout, 
Sa Imo gal rdnerl 

Sna I I , 
Aplexa hypnorum 

Cladoceran, 
Oaphnla magna 

Amphlpod, 
Gammarus pseudollmnaeus 

SALTWATER SPECIES 

Sott-shel I clam, 
Mya arenarla 

Species Menn 
Acute Value 

(1,19/UH 

235,900 

101, IOO 

66 • 140 

52,310 

25,440 

4,820 

2,448 

1,040 

447.8 

142.6 

27,000 

Species Menn 
Acute-Chronic 

Ratio 

49.35 

61.97 

1e.n••• 



Table 3. 

N 
(]'\ 

(Continued) 

Rank* 

10 

9 

8 

7 

6 

5 

4 

3 

2 

Genus Mean 
Acute Value 

(119/l)H 

>5,604 

>3,140 

3,130 

1,363 

780 

668 

575 

54 7 

476 

315 

Seecles 

Inland sl lverslde, 
Menldla beryl I Ina 

Atlantic sllverside, 
Menldla menldla 

Sheepshead minnow, 
Cyerlnodon varlegatus 

Mys Id, 
Mysldoesls bahia 

Pacific oyster, 
Crassostrea ~ 

Eastern oyster, 
Crassostrea vlrqlnlca 

Quahog clam, 
Mercenarla mercenarla 

Copepod, 
Acartla clausl 

llungeness crab, 
Cancer maglster 

Amphl pod, 
Amee I lsca abdlta 

Blue mussel, 
Mytl lus edul Is 

Mummlchoq, 
Fundulus heteroclltus 

Species Mean 
Acute Value 

(119/l)H 

> 3, 140 

>10,000 

>3, 140 

3,130 

758 

2,450 

780 

668 

575 

547 

476 

315 

Species Mean 
Acutfrthronlc 

Ratio 

124.8 



Table 3. (Continued) 

* Ranked from most resistant to most sensitive based on Genus Mean Acute Value. 

•• Freshwater Genus Mean Acute Values and Species Mean Acute Values are at a hardness ot 50 mg/L. 

***Geometric mean of three values In Table 2. 

Fresh water 

Flnal Acute Value= 67.54 ~g/L (at a hardness ot 50 mq/L) 

Criterion Maximum Concentration= (67.54 ~q/L) / 2 = 33.77 ~g/L (at a hardness ot 50 mg/L) 

Pooled Slope= 1.273 (see Table 1) 

ln(Crlterlon Maximum Intercept) = ln(33.77) - (slope x ln(50)1 

3 0 520 - (1.273 X 3 0 912) = -1.460 

Criterion Maximum Concentration= 8 <1.2731 ln(hardness)l-1.460) 
N 
-..J Fina I Acute-Chronic Ratio= 51.29 (see text) 

flnal Chronic Value= (67.54 ~g/L) / 51.29 = 1.317 ~g/L (at a hardness of 50 mg/L) 

ln(Flnal Chronic Intercept)= ln(l.317) - !slope x ln(50)1 

= 0 0 2754 - (1 0 273 X 3 0 912) = -4.705 

Flnal Chronic Value= e<l.27311n(hardness>l-4.705) 

Salt water 

Fl nal Acute Value = 287.4 ~q/L 

Criterion Maximum Concentration= (287.4 ~gill/ 2 = 143.7 ~g/L 

Final Acute-Chronic Ratio= 51.29 (see text) 

Final Chronic Value= (287.4 ~q/L) / 51.29 = 5.603 ~q/L 

https://ln(33.77


Table 4. Toxicity of Lead to Aquatic Plants 

Hardnns 
(ag/L es RHult 

Species Ch••cal C!!C93) Effect Cl!g/U* Refw•c:e 

FRESHWATER SPECIES 

Alga, Lead chi or Ide 24% growth lnhl- 1,000 Monahan, 1976 
Anklstrodesmus sp. bltlon 

Alga, Leeid chlorlde 40% reduction In 2,50 Dev I Prasad & Dev I Prasad, 
Anklstrodesmus falcatus growth 1982 

Alga, Lead chloride 53% growth lnhl- 500 Monahan, 1976 
Ch lore I la sp. bltlon 

Alga, Lead chi or Ide EC50 63,800 Rachi In, et al. 1982 
Chloral la saccharol!h I ta 

Alga, Lead chloride 29% reduct Ion In 2,500 Devi Prasad & Devi Prasad, 
Chlorococcum sp. growth 1982 

Alga, :.ead chi or Ide 35% growth lnhl- 500 Monahan, 1976 
Scenedesmus sp. bltton 

Alga, Lead chloride 28% reduct Ion In 2,500 Devi Prasad & Devi Prasad, N 
co Scenedesmus obllguus growth 1982 

Alga, Lel!ld chloride 52% growth lnhl- 500 Monahan, 1976 
Selenastrum sp. bltlon 

Diatom, Lead chloride EC50 10,960 Rachi In, et al. 1983 
Navlcula fncerta 

Eurasian watermflfofl, 32-day EC50 363,000 Stanley, 1974 
Myrlophyllum splcatum (root growth) 

SALTWATER SPECIES 

Alga, Lead nftrate Stopped sexual 20.3 Steele & Thursby, 
Champla earvula rep rod uct I on 1983 

Alga, 1-t>l!IO nitrate Reduced female 20.3 Steele & Thursby, 
Champla earvuta growth 198.3 



Table 4. (Continued) 

Seecles Chemical 

Hardness 
(mg/Las 
CaC03,.!_ Effect 

Result 
<119/U* Reference 

Alga, 
Chamela parvula 

lead nitrate Reduced tetra-
sporanqla 
production 

23.3 Steele & Thursby, 
1983 

Alga, 
Chameia earvula 

lead n I tr ate Reduced tetra-
sporophyte 
qrowth 

23.3 Steele & Thursby, 
1983 

Alga, 
Dunallella sal Ina 

Lead n I tr ate 65% growth 
reduct Ion 

900 Pace, et al. 1977 

Diatom, 
Ditti um brlghtwel Ii 

Lead chi or ide EC50 40 Canter ford & 
Canter ford, 1980 

fJ iatom, 
Asterlonella jaeonlca 

Lead nitrate EC50 207 Fisher & Jones, 1981 

• Results are expressed as lead, not as the chemical. Al I results are based on unmeasured concentrations. 

N 

'° 



s2ecles 

Snall, 
L):mnaea 2alustrls 

Sna II , 
Ph):Sa lntegra 

Stonef I y, 
PteronarC):S dorsata 

Caddlsfly, 
Brach):Centrus sp. 

Brook trout (embryo-3 mos), 
Salvellnus fontlnalls 

81 ueq 111, 
Lepomls macrochlrus 

I.,.) Olatorn, 0 
Dlt):lum br lghtwel 111 

Blue mussel, 
M):tllus edul!s 

BI ue mussel, 
M):t I I us edu I Is 

Blue mussel, 
M):t I I us edu I Is 

Blue mussel, 
Myt II us edu II s 

Blue mussel, 
Myt II us edu II s 

Eastern oyster, 
Crassostrea vlrglnlca 

Table 5. 

Tissue 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Cel Is 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Soft parts 

Bloaccumulatlon of lead by Aquatic Organisms 

Duration 
Chem I cal (days) 

FRESHWATER SPECIES 

Lead 

Lead 

Lead 

Le;id 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

Lead 

nitrate 

n I tr ate 

nitrate 

nitrate 

nitrate 

SALTWATER 

chloride 

nitrate 

ch I or Ide 

nitrate 

n I tr ate 

n I tr ate 

nitrate 

SPECIES 

120 

28 

28 

28 

140 

-··· 

14 

40 

37 

130 

130 

130 

140 

Bloconcentratlon 
Factor• 

I, 700** 

738** 

I, 120** 

499** 

42** 

45** 

725** 

650** 

200** 

2,570** 

2,080** 

796** 

536 

Reference 

Borgmann, et al. 1978 

Spehar, et al. 1978 

Spehar, et al. 1978 

Spehar, et al. 1978 

Holcombe, et al. 1976 

Atchison, et al. 1977 

Canterford, et al. 
1978 

Schulz-Baldes, 1974 

Tai bot, et al, f976 

Schulz-Bal des, 1972 

Schulz-Bal des, 1972 

Schulz-Bal des, 1972 

Zarooglan, et al. 
1979 



Table 5. (Continued) 

Sl!ecles 

Eastern oyster, 
Crassostrea vlrglnlca 

Eastern oyster, 
Crassostrea vlrglnlca 

Tissue 

Soft parts 

Soft parts 

Chemical 

Lead nitrate 

Lead nitrate 

Duration 
(dais> 

49 

10 

Bloconcentratlon 
Factor• 

68 .. 

1,400 

Reference 

Pr Ing le, et al. 1968 

Shuster & Pr Ing le, 
1969 

OuahCXJ cl am, 
Mercenarla mercenarla 

Soft parts Lead nitrate 56 17 .5 .. Pr Ing le, et al. 1968 

* Results are based on lead, not the chemical. 

•• Bloconcentratlon factor was converted from dry welqht to wet welqht basis. 

•urhls field study was conducted with a 
analyzed tor lead, zinc, and cadmium. 

natural population of blueqills living l_n a small lake which was extensively 

w ..... 



Table 6. Other Data on Effects of Lead on Aquatic Organlsas 

Species Chemlcal 

Hardness 
(mg/L as 
caeo~ Duration Effect 

Result 
<119/U* Reference 

FRESHWATER SPEC I ES 

Green al ']a. 
Scenedesmus guadrlcauda 

Lead nitrate 96 hrs Incipient 
lnhlbl tlon 

2,500•• Br I nqmann 
1959a,b 

& Kuhn• 

Blue alqa, 
MlcrOC):'.Stls aeruglnosa 

Lead acetate 8 days Incipient 
Inhibition 

450 Br lnqmann, 1975; 
Brlngmann & Kuhn, 
1976, 1978a,b 

Green alqa, 
Scenedesmus guadrlcauda 

Lead acetate 8 days Incipient 
inhibition 

3,700 Brlngmann & Kuhn, 1977a, 
1978a,b, 1979, 1980b 

Alqa, 
Anabaena sp. 

Lead n I tr ate 24 hrs 50i ~eductlon 
1of co2 

fixation 

15,000 
26,000 
15,000 

Malanchuk & Gruend 11 ng, 
1973 

Alqa, 
Ch I am):'.domonas sp. 

Lead n I tr ate 24 hrs 50j ~eductlon 
1of co2 

fixation 

17,000 
17,000 

Malanchuk & Gruend 11 nq, 
1973 

\,;.) 

N 

Angiosperm, 
Potamogeton 

Anqlosperm, 
Va I I Isner I a 

eectlnatus 

se Ira 11 s 

Lead 

Lead 

acetate 

acetate 

3 days 

3 days 

Reduced 
respiration 

Reduced 
respiration 

325,200 

3,252,000 

Jana 

Jana 

& Choudhur I, 1982 

& Choudhur I , 1982 

Desmld, 
Cosmarlum sp. 

Lead nitrate 24 hrs 50S ieduct Ion 
1of co2 

fixation 

5,000 
5,000 
5,000 

Malanchuk 
1973 

& Gruend I Ing, 

Diatom, 
Navlcula sp. 

Lead nl trate 24 hrs 50J seduct Ion 
1of CO2 

fixation 

17,000 
28 .ooo 
17 .ooo 

Malanchuk & Gr uend I I ng , 
1973 

Bacterl um, 
Escher I ch I a coll 

Lead nitrate Incipient 
inhlbl tlon 

1,300 Brlngmann & Kuhn• 1959a 

Bacter I um, 
Pseudomonas putlda 

Lead acetate 16 hrs Incipient 
lnhlbl tlon 

1,800 Brlngmann & Kuhn, 1976, 
1977a, 1979, 1980b 

Protozoan, 
Entoslphon sulcatum 

Lead acetate 72 hrs Inc Ip lent 
Inhibition 

20 Br I ngmann. 1978; 
Brlngmann & Kuhn, 
1980b, 1981 

19 79, 



Table 6. (Continued) 

Species Chen1lcal 

Hardness 
(mg/Las 
CaCO~ Duration Effect 

Result 
<119/U• Reference 

Protozoan, 
Mlcror~ma heterostoma 

lead ni trdte 28 hrs Incipient 
Inhibition 

1,250 Brlngmann & Kuhn, 1959b 

Protozoan, 
Chi lomonas earameclum 

lead acetdte 48 hrs Incipient 
Inhibition 

220 Brlngmann, 
1981 

et al. 1980, 

Protozoan, 
Uronema parduezi 

Lead acetdte 20 hrs Incipient 
Inhibition 

70 Brlngmann & Kuhn, 1980a, 
1981 

Tubl field worm, 
Tub I fex tubl tex 

lead nitrate 224 48 hrs LC50 450,000 Qureshi, et al. 1980 

Tuhlflcld worm, 
Tublfex sp. 

lead nltrdte 24 hrs LC50 49,000 -,..1 ti ey, 1968 

Tubltlcld worm, 
Tubltex sp. 

Lead nitrate 24 hrs LC50 27,500 Whitley, 1968 

Sna I I , 
Gonlobasls 11 vescens 

Lead acetate 48 hrs LC50 71,000 Cairns, et al. 1976 

l.,.l 
l.,.l 

Snal I, 
LJlmnaea emarglnata 

Lead acetate 48 hrs LC50 14,000 Cairns, et al. 1976 

Snal I, 
PhJlSa I ntegra 

Lead nitrate 46 28 days No effect 
survival 

on 565 Spehar, et al. 1978 

Cladoceran, 
Oaphnla magna 

Lead chloride 45 48 hrs EC50 (fed) 
(lmmobl llzatlon) 

450 Blasl nger & 
Christensen, 1972 

Cladoceran, 
Oaphnla magna 

Lead chloride 45 21 days Reproductive 
lmpal rment 

30 Biesinger & 
Christensen, 1972 

Cladoceran, 
Oaphnla magna 

Lead acetate 24 hrs LC50 2,500 Brlngmann & Kuhn, 1977b 

Natural copepod 
assemblages 

Lead nl trdte 7 days Reduced growth 
rate 

2,320 Borgmann, 1980 

Amphlpod, 
Gammarus pseudollmnaeus 

Lead n I tr ate 46 28 days LC50 28.4 Spehar, et al. 1978 

Crayfish, 
Orconectes vlrllls 

Lead acetate 40 days Increase In 
ventl latlon rate 

500 Anderson, 1978 



Table 6. (Continued) 

Seecles Chemlcal 

Hardness 
(mg/L as 
CaCO,SL_ Duration Effect 

Result 
,.,91u• Reference 

Mayfly, 
Ephemerel la grandls 

Lead nitrate 50 14 days LC50 3,500 Nehr I nq • 1976 

Mayfly (nymph), 
Ephemerella grandls 

Lead nitrate 50 14 days BCF 2,366 Nehr Ing, 1976 

Mayf I y, 
Ephemeral la subvarla 

Lead sulfate 44 7 days LC50 16,000 Warnick & Bel I, 1969 

Stonef I y • 
P teronarc:i:s cal I torn lea 

Lead nitrate 50 14 days BCF = 86 Nehr Ing, 1976 

Stonetly, 
Pteronarc:i:s dorsata 

Lead nitrate 46 28 days No et feet 
survival 

on 565 Spehar, et al. 1978 

Cadd Is f I y, 
H):'.drops:i:che bettenl 

Lead sulfate 44 7 days LC50 32,000 Warnick & Bel I, 1969 

Caddisfly, 
Brach:i:centrus sp. 

Lead nitrate 46 28 days No et feet 
survival 

on 565 Spehar, et al. 1978 

\.,.) 

.i:--
14ldqe, 
(embryo - 3rd instar) • 
Tan:i:tarsus dlsslmllls 

Lead nitrate 47 10 days LC50 258 Anderson, et al. 1980 

Ra I nbow trout• 
Salmo 9alrdnerl 

Lead nitrate ns 28 days Inhibition ot 
ALA-0 activity 

1J Hodson, 1976 

Rainbow trout (12 mos), 
Salmo 9alrdnerl 

135 14 days lnhlbl tion of 
ALA-0 activity 

10 Hodson, et al. 1977 

Ra I nbow trout• 
Salmo galrdnerl 

Lead nitrate 135 21 days LC50 2,400 Hodson, et al. 1978a 

Rainbow trout, 
Salmo 9alrdnerl 

Lead nitrate 135 32 wks Black-ta II s In 
3 of 10 
rema In Ing t I sh 

120 Hodson, 
SI ppel • 

et al. 
et al. 

1978a; 
1983 

Ra I nbow trout, 
Salmo galrdnerl 

Lead nitrate 135 32 wks At tected RBC, 
Iron content, and 
ALA-0 in blood 

13 Hodson, et al. 1978a 



Table 6. 

Species 

(Continued) 

Chemic~! 

Hardness 
(mg/l as 
CaCO.sl.,_ Duration Effect 

Result 
(119/L)• Reference 

Rainbow trout, 
Salmo galrdnerl 

l3'j 29 wks Al I t I sh had 
black tal Is and 
decrease In ALA-D 
In blood 

87 Hodson, et al. 1979a, 1980 

Ra I nbow trout, 
Sa lm~.2!._rdner I 

Lead nitrate 155 30 wks 64% Inhibition 
ot ALA-D activity 
and black tails In 
88% ot fish 

65 Hodson, et al. 1979b 

Ra I nbow trout, 
Salmo galrdnerl 

Lead nitrate 1 S5 20 days 45% Inhibition 
ot AlA-D act Iv I ty 

25 Hodson, et al. 1983b 

Rainbow trout (embryo, 
Salmo galrdnerl 

larva), lead chi or Ide 101 28 days EC50 (death and 
deform I ty) 

220 Bl rge, et al. 1980 

Rainbow trout (embryo, 
Salmo galrdnerl 

I arva), tead chi or Ide 101 28 days EC1 (death and 
deform I ty) 

10.3 Birge, et al. 1980, 1981 

Rainbow trout (tlnqerllng), 
Salmo qalrdnerl 

lead n I tr ate 353 19 mos lordosco I I os I s 850 Goettl, 
Davies, 

et al. 1972; 
et al. 1976 

l,J 

Ul 

Rainbow trout (sac 
Salmo galrdnerl 

try), Lead nitrate 28 19 mos lordosco I I os Is 31 Goettl, 
Davies, 

et al. 1972; 
et al. 1976 

Brook trout, 
Salvellnus fontlnalls 

21 days Stamina 14 Adams, 1975 

Brook trout (12 mos), 
Salvellnus fontlnalls 

Lead nitrate 135 14 days Inhibition of 
ALA-D act IV I ty 

90 Hodson, et al. 1977 

Brook trout 
<embryo - 21 day), 
Salvellnus fontlnalls 

Lead chloride 44 38 days El evatlon ot ALP 
and ACH activity 

525 Chr I stensen, 1975 

Brook trout (12 mos), 
Salvellnus fontlnalls 

Lead chloride 44 56 days Decrease of 
hemoglobin and 
Inhibition of 

GOT activity 

58 Chr I stensen, 
1977 

et al. 

Goldflsh (embryo, 
Carasslus auratus 

larva), Lead chi or Ide 195 7 days EC50 (death and 
detormi tyl 

1,660 Birge, 1978 

Goldflsh (<12 mos), 
Carasslus auratus 

Le;,d n I tra te JS'j 14 days Inhibition of 
ALA-D activity 

470 Hodson, et al.1977 



Table 6. (Continued) 
Hardness 

Seecles ~•lcal 
(ag/L as 
caeo~ DuratlCMI Effect 

Rffult 
<l!sll>• Reference 

Common carp (embryo), 
Cyprlnus carplo 

Lead acetate 360 EC50 (hatch) 7,293 Kapur & Yadav, 1982 

Red shiner, 
Notropls lutrensls 

Lead n I tr ate 48 hrs LC50 (high 
turbidity> 

630,000 Wallen, et al. 1957 

Fathead minnow, 
Plmephales promelas 

Lead acetate 20 96 hrs LC50 7,480 Pickering 
1966 

& Henderson, 

Fathead minnow, Lead acetate 44 96 hrs LC50 27,800 Curt Is & Ward, 1981 
Plmephales promelas 

Fathead minnow, Lead fluoroborate 44 96 hrs LC50 12,000 Curtis & Ward, 1981 
Plmephales promelas 

Channel catfish (1.6 g)• 
lctalurus punctatus 

Lead ;jrsenate 45 96 hrs LC50 >100,000 Johnson & F I n I ey, 1980 

Mosqultoflsh (adult), 
Gambusla atflnls 

Lead oxide 96 hrs LC50 (high 
turbidity) 

>56,000,000 Wallen, et al. 1957 

w 

°' 
Pumpklnseed (>12 mos), 
Lepomls glbbosus 

Lead nitrate 135 14 days Inhibition of 
ALA-0 activity 

go Hodson, et al. 1977 

Largemouth bass 
(embryo, larva), 
Mlcropterus salmoldes 

Lead chlcrlde 99 8 days EC50 (death and 
deformity) 

240 Birge, et al. 1978 

Largemouth bass, 
Mlcropterus salmoldes 

24 hrs At fected oper-
cular rhythm 

1,050 Morgan, 1979 

Leopard frog (adult), 
Rana plplens 

Lead nlTrate 30 days Death 100 Kaplan, et al. 1967 

Narrow-mouthed toad 
(embryo, larva) 
Gastrophryne carollnenls 

Lead chloride 195 7 days EC50 (death and 
deformity) 

40 Birge, 1978 

I • 
Marb I ed sa I amender 
(embryo, larva), 
Ambystoma opacum 

Le.sd ch! -lr I cle 99 8 days EC50 (death and 
deformity) 

1,460 Birge, et al. 1978 



Table 6. 

s2ecles 

(Continued) 

Chemlt.al 

Hardness 
(mg/Las 
CaC03,!_ Duration Effect 

Result 
<119/U* Reference 

SALTWATER SPECIES 

Alqa, 
Lamlnarla dlgltata 

30-31 days 50-60% reduc-
tlon In growth 

1,000 Bryan, 1976 

Diatom,-
Phaeodact:tlum trlcornutum 

Lead chloride 24 hrs Completely 
Inhibited 
photosynthesis 

10,000 Woolery & Lewin, 1976 

Diatom, 
Phaeodact:tl um trlcornutum 

Lead chlorlde 48-72 hrs Reduced photo-
synthesl s and 
respiration by 
25-50% 

100 Woolery & Lewin, 1976 

Diatom, 
P haeodact:t I um trlcornutum 

72 hrs No growth 
Inhibition 

1,000 Hannan 
1972 

& Patoulllet, 

DI atom, 
Phaeodact:tlum trlcornutum 

Diatom, 
Skeletonema costatum 

Lead 

Lead 

chi or Ide 

n I trate 

1 hr 

12 days 

BCF = 1,050 

EC50 (growth 
rate) 

5. 1 

Schulz-Bal des & Lewin, 
1976 

/' 

Rivkin, 1979 

w 
-..J Diatom, 

Skeletonema costatum 
Lead n I tr ate 12 days EC50 (growth 

rate) 
3.7 Rivkin, 1979 

Phytoplankton, 
Plat:tmonas subcordlformls 

Lead chloride 72 hrs Retarded popu-
latlon growth 
by delay Ing eel I 
division 

2,500 Hessler, 1974 

Phytoplankton, 
Plat:tmonas subcordlformls 

Lead chi or Ide I hr BCF = 933 Schulz•Baldes & Lewin, 
1976 

Phytoplankton, 
Plat:tmonas subcordlformls 

Lead chi or Ide 72 hrs Death and 
Inhibition of 
growth 

60,000 Hessler, 1974 

Phytoplankton, 
Plat:tmonas subcordlformls 

Lead chloride 2 days 48% of eel Is 
In culture died 

2,500 Hessler, 1974 

Phytoplankton, 
Plat:tmonas subcordiformls 

Lead chi or Ide 6 days 98% of eel Is 
In culture died 

60,000 Hessler, 1975 



Table 6. (Continued) 

Species Chemlcal 

Hardness 
(mg/Las 
CaCO,)L Duration Effect 

Result 
(119/LJ* Reference 

Alga, 
Dunallella tertiolecta 

Tetramethyl lead 96 hrs EC50 1,650 Marchett I, 1978 

Alga, 
Dunaliella tertlolecta 

Tetraethy I I ead 96 hrs EC50 150 Marchett I, \978 

Alqa, 
Chlorella stlgmatophora 

Lead acetate 21 days 50% growth 
Inhibition 

700 Christensen, 
1979 

et al. 

Natural phytoplankton 
populations 

Lead chloride 5 days Reduced 
chlorophyl I a 

207 Hollibaugh, 
1980 

et al. 

Natural phytoplankton 
populations 

Lead chloride 4 days Reduced 
biomass 

21 Hol llbauqh, 
1980 

et al. 

Macroalqa, 
Fucus serratus 

Lead acetate 45S growth 
Inhibition 

810 Stromgren, 1980 

CII late protozoa, 
Crlstlgera sp. 

Lead nitrate 12 hrs Reduced growth 
rate by 8.5% 

150 Gray & Venti I la, 1973 

l,..) 
0:, 

Cl I late protozoa, 
Crlstlgera sp. 

Leac1 nitrate 12 hrs Reduced 
rate by 

growth 
ll.7S 

300 Gray & Vent I I la, 1973 

Polychaete worm, 
Ophryotrocha dladema 

Lead acetate 96 hrs LC50 14, 100 Relsh, et al. 1976 

Polychaete wor~, 
Ophryotrocha a!adema 

Lead acetate 21 days Suppressed 
reproduction 

1,000 Rel sh & Carr, 1978 

Polychaete worm, 
Ophryotrocha dladema 

Lead chloride ,rn hrs LC50 100,000 Parker, 1984 

Polychaete worm, 
Ctenodrllus serratus 

Lead acetate 21 days Suppressed 
reproduction 

1,000 Relsh & Carr·, 1978 

Polychaete worm, 
Capltella capltata 

Lead acetate 96 hrs LC50 1,200 Relsh, et al. 1976 



Table 6. (Continued) 

Species Chem I cal 

Hardness 
(mg/L as 
CaCO),l_ Duration Effect 

Result 
< 119/u• Reference 

Red abalone, 
Hallotls rufescens 

Lead chi or ide 6 mos Accumulated 21 
~q/g wet wt 
whl le being ted 
a brown al qa 
<Egregla laevl­
gatal which was 
pretreated w I th 
1 mg/L 

Stewart & 
Schulz-Bal des, 1976 

Blue mussel, 
Mytl lus edul Is 

Lead chi or Ide 40 days LC50 30,000 Talbot, et al. 1976 

A I ue mussel, 
Mytl lus edul Is 

Lead n I tra te 150 days LT50 500 Schulz-Baldes, 1972 

Eastern oyster, 
Crassostrea vlrglnlca 

Fleld study yr BCF = 326 Kopfler & Mayer, 1973 

Oyster, 
Unspec If I ed 

Lead acetate 14 days BCF = 1044 Stone, et al • 1981 

~ 
Soft-shel I clam, 
Mya arenar I a 

Lead n I tr ate 168 hrs LC50 8,800 EI s I er, 19 77 

American lobster, 
Homarus amerlcanus 

Lead nitrate 30 days Reduced enzyme 
activity 

50 Gould & Greig, 1983 

Mud crab, 
Rhlthropanopeus harrlsll 

Lead chloride Delayed larval 
development 

50 Ben ljts-Claus & 
Benljts, 1975 

Flddler crab, 
Uca pug 11 ator 

Lead nitrate 2 wks BCF = 20 Weis, 1976 

Sea urchin, 
Arbacla punctulata 

Lead n I tr ate Few qastrula 
developed 

14 Waterman, 1937 

Mumm lchog (embryo), 
Fundulus heteroclltus 

Lead nitrate Depressed 
formation 

ax Is 100 Weis & Weis, 1977 

Mummlchoq (embryo), 
Fundulus heteroclltus 

Lead nitrate Retarded 
hatching 

10,000 We Is & We Is, 1982 



Table 6. (Continued) 

Species 

Shiner perch, 
Cymatogaster aggregata 

Chemical 

Lead nitrate 

Hardness 
(mg/Las 
CaC03L- Duration Effect 

27'/. Inhibition 
of brain 
chol lnesterase 

Result 
(119/U* 

7.8 

Reference 

Abou-Oonla & Menzel, 
1967 

• Results are e,cpressed as lead, not as the chemical. 

•• In river water. 



REFERENCES 

Abou-Donia, M.B. and D.B. ~enzel. 1967. Fish brain cholinescerase: 1cs in­

hibicion by carbamaces and aucomacic assay. Comp. Biochem. Physiol. 21: 99. 

Adams, E.S. 1975. Effecc of lead and hydrocarbons from snowmobile exhausc 

on brook trout (Salvelinus foncinalis). Trans. Am. Fish. Soc. 104: 363. 

Ancellin, J., ec al. 1973. Aspeccs of biologiques ec-physico-chimiques de la 

concaminacion radioaccive d'especes ec de sediments marins. In: Radioactive 

Concaminacion of che Marine Environmenc. Internacional Acomic Energy Agency, 

Vienna, Auscria. p. 225. 

Anderson, B.G. 1948. The apparent thresholds of cox1c1cy co Daphnia magna for 

chlorides of various mecals when added co Lake Erie wacer. Trans. Am. Fish. 

Soc. 78: 96. 

Anderson, ~.L., ec al. 1980. Survival and growth of Tanycarsus dissimilis 

(Chironomidii) exposed co copper, cadmuim, zinc, and lead. Arch. Environ. 

Concam. Toxicol. 9: 329. 

Anderson, R.V. 1977. Concencracion of cadmium, copper, lead and zinc 1n six 

species of freshwater clams. Bull. Environ. Concam. Toxicol. 18: 492. 

Anderson, R.V. 1978. The effeccs of lead on oxygen uptake in che crayfish, 

Orconecces virilis (Hagen). Bull. Environ. Concam. Toxicol. 20: 394. 

41 



Apostol, S. 1973. A bioassay of toxicity using protozoa 1n the srudy of 

aquaric environment pollution and its prevencion. Environ. Res. 6: 365. 

Atchison, G.J., ec al. 1977. Trace metal contamination of bluegill 

(Lepomis macrochirus) from cwo Indiana lakes. Trans. Am. Fish. Soc. 

106: 637. 

Auherc, M., ec al. 1974. Ucilisacion du'une chaine crophyodynarnique de cype 

pelagique pour l'ecude des cransfercs des pollutions metallique. Rev. Inc. 

Oceanogr. Med. 28: 27. 

Badsha, K.S. and C.R. Goldspink. 1982. Preliminary observacions on che heav. 

metal concenr of four species of fres~wacer fish in NW England. Jour. Fish 

Riol. 21: 251. 

Baker, M.D., ec al. 1983. Toxicity of pH, heavy metals and bisulfire co a 

freshwarer green alga. Chemosphere 12: 35. 

Behan, M.J., ec al. 1979. Lead accumulation 1n aquac1c planes from metallic 

sources including shot. Jour. Wildl. Manage. 43: 240. 

Beldin~, D.L. 1927. Toxicity experimencs with fish 1n reference co trade wasce 

pollution. Trans. Am. Fish. Soc. 57: 100. 

Benijts-Claus, C. and F. Benijts. 1975. The effecc of low lead and zinc 

concentrations on the larval development of the mud crab, Rhithropanopeus 

42 



harrisii. In: J.H. Keeman and J.J. Scrik (eds.), Sublechal Effeccs of Toxic 

Chemicals on Aquacic Animals. Elsevier, Amscerdam. p. 43. 

\ . 

Berry, W.J. 1981. Memorandum co John H. Gencile. U.S. EPA, Narragansecc, 

Rhode Is 1 and. 

Bie~erc, E.K. and V. Valkovic. 1980. Acuce coxicicy and accumulacion of heavy 

mecals in aquacic animals. Period. Biol. 82: 25. 

Biesinger, K.E. and G.M. Christensen. 1972. Effect of various metals on 

survival, growch, reproduction, and mecabolism of Daphnia magna. Jour. Fish. 

Res. Board Can. 29: 1691. 

Birge, W.J. 1978. Aquacic coxicology of crace elemencs of coal and fly ash. 

In: J.H. Thoroe and J.W. Gibbons (eds.), Energy and Environmental Stress in 

Aquatic Systems. CONF-771114. National Technical Informacion Service, 

Springfield, Virginia. p. 219. 

Birge, W.J., ec al. 1978. Embryo-larval bioassays on inorganic coal elements 

and in sicu biomonicoring of coal-wasce effluents . .!.!!_: D.E. Samuel, ec al. 

(eds.), Surface Mining and Fish/Wildlife Needs in che Eastern United Scares. 

PB 298353. Nacional Technical Information Service, Springfield, Virginia. 

p. 97. 

Birge, W.J., et al. 1980. Aquatic cox1c1cy cescs on inorganic elemencs 

occurring 1n oil shale. In: C. Gale (ed.), Oil Shale Symposium: Sampling, 

43 



Analysis and Quil'lity Assurance. EPA-600/9-80-022. National Technical 

Information Service, Springfield, Virginia. p. 519. 

Birge, W.J., et al. 1981. The ,reproductive toxicology of aquatic -contaminants. 

In: J, Saxena and F. Fisher (eds,), Hazard Assessment of Chemicals: Current 

Developments. Vol. I. Academic Press, New York. p. 59. 

Boggess, W.R. and B.G. Wixson (eds.). 1977. Lead in the environment. PB 

278278. National Technical Information Service, Springfield, Virginia. 

Borgmann, U., et, •. 1978. Rates of mortality, growth, and biomass produc­

tion of Lymnaea pL ustri~ during chronic exposure to lead. Jour. Fish. Res. 

Board Can. 35: 1109. 

Borgmann, U. 1980. Interactive effects of metals in mixtures on biomass 

production kinetics of freshwater copepods. Can~ Jour. Fish. Aquat. Sci. 37: 

1295. 

Boutet, C. and C. Chaisemartin. 1973. Specific to~jc properties of metallic 

salts in Austropotamobius pall ipes _p_allipes and Orcor.ectes limos us. C.R. Soc. 

Biol. 167: 1933. 

Brezina, E.R. and M.Z. Arnold. 1977. Levels of heavy metals in fishes from 

selected Penna. waters. Publication No. 50. Bureau of Water Quality 

Managem~nt, Pe~osylvania Department of Environmental Resources, Harrisburg, 

Pennsylvania. 

44 



Brezina, E.R., et al. 1974. Schuylkill river basin water quality. Publication 

No. 34. Bureau of Water Quality Management, Pennsylvania Department of 

Environmental Resources, Harrisburg, Pennsylvania. 

Bringmann, G. 1975. Determination of the biologically harmful effect of water 

pollutants by means of the retardation of cell proliferation of the blue algae 

~icrocystis. Gesundheits-Ing. 96: 238. 

Bringmann, G. 1978. Determination of the biological toxicity of waterbound 

substances cowards ryrocozoa. I. bacteriovorous flagellates (model organism: 

Encosiphon sulcatum Stein). Z. Wasser Abwasser Forsch. 11: 210. 

Bringmann, G. anct R. Kuhn. 1959a. The toxic effects of waste water on aquatic 

bacteria, algae, and small crustaceans. Gesundheits-Ing. 80: 115. 

Bringmann, G. and R. Kuhn. 1959b. Water to~icology studies with protozoans as 

test organisms. Gesundheits-Ing. 80: 239. 

Bringmann, G. and R. Kuhn. 1976. Comparative results of the damaging effects 

of water pollutants against bacteria (Pseudomonas putida) and blue algae 

(~icrocystis aeruginosa). Gas-Wasserfach, Wasser-Abwasser 117: 410. 

Bringmann, G. and R. Kuhn. 1977a. Limiting values for the damaging action of 

water pollutants co bacteria (Pseudomonas pucida) and green algae (Scenedesmus 

quadricauda) in the cell multiplication inhibition cesc. z. Wasser Abwasser 

Forsch. 10: 87. 

45 



Brin~mann, G. and R. Kuhn. 1977b. Results of the damaging effect of water 

pollutants on Daphnia magna. Z. Wasser Abwasser Forsch. 10: 161. 

Bringmann, G. and R. Kuhn. 1978a. Limiting values for the noxious effects of 

wacer pollutanc material co blue algae (Microcystis aeruginosa) and green algae 

(Scenedesmus quadricauda) in cell propagation inhibition cests. Vom Wasser 5"0: 

45. 

Brin~mann, G. and R. Kuhn. 1978b. Tescing of substances for cheir coxicicy 

threshold: model ,:,r~anisms '1icrocvscis (Diplocystis) aeruginosa and Scenedesmus 

quadricauda. ~ice. Inc. Ver. Theor. An~ew. Limnol. 21: 275. 

Bringmann, G. and R. Kuhn. 1979. Com?arison of co~1c limiting concencracions 

of warer conrs1TT1inarions coward bacreria, algae, and protozoa 1n the cell-grove.hi 

inhibicon cesc. Hausrech. ~auphys. Umwelcrech. 100: 249. 

Sringmann, G. and R. Kuhn. 1980a. 'Jecer~inacion of che har:nful biolo~ical 

effecr of warer pollutants on orocozoa. II. bacceriovorous ciliares. Z. Wasser 

Abwasser Forsch. 13: 26. 

Bringmann, G. and R. Kuhn. 1980b. Comparison of che coxicicy threshold of 

wacer pollucancs to bacteria, algae, and protozoa in che cell mulciplicacion 

inhibition rest. Wacer Res. 14: 231. 

46 

https://cell-grove.hi


Bringmann, G. and R. Kuhn. 1981. Comparison of the efft:?cts of harmful 

substances on flagellates as well as ciliates and on halozoic bacct:?riophagous 

and saprozoic protozoa. Gas-Wasserfach, Wasser-Abwasser 122: 308. 

Brin~mann, G., ec al. 1980. Decerminacion of biological damage from wacer 

pollucancs co protozoa. III. saprozoic flagellates. Z. Wasser Abwasser Forsch. 

13: 170. 

Brown, B. and M. Ahsanullah. 1971. Effect of heavy metals on morcalicy and 

growch. Mar. Polluc. Bull. 2: 182. 

Brown, G.W. 1976. Effects of polluting substances on enzymes of aquatic 

organisms. Jour. Fish. Res. Board Can. 33: 2018. 

Brown, J.R. and L.Y. Chow. 1977. Heavy metal concentration in Oncario fish. 

Bull. Environ. Concam. Toxicol. 17: 190. 

Brown, V.M. 1968. Calculation of the acute cox1cicy of mixtures of poisons co 

rainbow trout. Wacer Res. 2: 723. 

Bryan, G.W. 1976. Heavy mecal contamination in che sea. In: R. Johnson 

(ed.), Marine Pollution. Academic Press, New York. p. 185. 

Buikema, A.L., Jr., ec al. 1974a. Rotifers as monitors of heavy mecal 

pollucion in wacer. Bulletin 71. Virginia Water Resources Research Cencer, 

Blacksburg, Virginia. 

47 



Buikema, A.L., Jr., et al. 1974b. Evaluation of Philodina acuticornis 

(Rotifera) as a bioassay organism for heavy metals. Wacer Resources Bull. 10: 

648. 

B•Jikerna, A.L., Jr., et al. 1977. Rotifer sensitivity co combinations of 

inorganic wacer pollucancs. Bulletin 92. Virginia Water Resources Research 

Cencer, Blacksburg, Vir~inia. 

Cairns, J., ec al. 1976. Invercebrace response co thermal shock following 

exposure co acutely sub-lethal concentracions of chemicals. Arch. Hydrobiol. 

77: 164. 

Calabrese, A. and D.A. Nelson. 1974. Inhibition of embryonic developmenc of 

che hard clam, Mercenaria mercenaria, by heavy metals. Bull. Environ. Conca~. 

Toxicol. 11: 92. 

Calabrese, A., ec al. 1973. The coxicicy of heavy mecals co embryos of che 

American oyster Crassostrea virginica. Mar. Biol. 18: 162. 

Call, D.J., ec al. 1981. Aquacic pollucanc hazard assessments and develop,nenc 

of a hazard prediction cechnolo~y by quancicacive scruccure-accivicy 

relationships. First Quarterly Report co EPA. Cencer for Lake Superior 

Environmental Studies. University of Wisconsin-Superior, Superior, Wisconsin. 

48 



Call, D.J., et al. 1983. Toxicity and metabolism studies with EPA priority 

pollutants and related chemicals in freshwater organisms. PB83-263665. 

National Technical Information ~ervice, Springfield, Virginia. 

Callahan, M.A., ec al. 1979. Water-related environmental face of 129 prioricy 

pollutants. Vol. I. EPA-440/4-79-029a. National Technical Information 

Service, Springfield, Virginia. 

Cancerford, G.S. and D.R. Canterford. 1980. Toxicity of heavy metals co the 

marine diacom Dicvlum brighcwellii (West) Grunow: correlation between toxicity 

and mecal spec1at1on. Jour. Mar. Biol. Assoc. U.K. 60: 227. 

Cancerford, G.S., et al. 1978. Accumulation of heavy metals by the marine 

diatom Dicylum brighcwellii (Wesc) Grunow. Aust. Jour. Mar. Freshwater Res. 

29: 613. 

Cardin, J.A. 1981. .'1emorandum co John H. Gentile. U.S. gpA, Narragansett, 

Rhode Island. 

Carpenter, K.E. 1925. On the biolo~ical factors involved in the destruction of 

river-fisheries by pollution due co lead-mining. Ann. Appl. Biol. 12: 1. 

Carpenter, K.E. 1Q26. The lead mine as an active agent in river pollution. 

Ann. Appl. Biol. 13: 395. 

49 



Carpenter, K.E. 1927. The lethal action of soluble metallic sales of fishes. 

Br. Jour. Exp. Biol. 4: 378. 

Carpenter, K.E. 1930. Further researches on che action of metallic sales on 

fishes. Jour. Exp. Zool. 56: 407. 

Career, J.W. and I.L. Cameron. 1973. Toxicity bioassay of heavy metals in 

water usin~ Tecrahymena pyriformis. Wacer Res. 7: 951. 

Chap:nan, G.A., ec al. :-tanuscripc. Effects of water hardness on che toxicity of 

metals co Daphnia magna. U.S. EPA, Corvallis, Oregon. 

Chapman, '.-1.H., ec al. 1968. Concentration factors of chemical elements in 

e~ible aquatic organisms. UCRL-50564. National Technical Information Service. 

Springfield, Virginia. 

Christensen, E.R., ec al. 1979. Effects of man~anese, copper and lead on 

Selenastrum capricornutum and Chlorella scigmatophora. Water Res. 13: 79. 

Christensen, G.M. 1975. Biochemical effects of mechyl~ercuric chloride, 

cadmium chloride and lead nicrace on embryos and alevins of che brook trout. 

Toxicol. Appl. Pharmacol. 32: 191. 

Christensen, G., ec al. 1977. The effect of mechyl~ercuric chloride, cadmium 

chloride, and lead nitrate on six biochemical factors of che brook trouc 

(Salvelinus fontinalis). Toxicol. Appl. Pharmacol. 42: 523. 

50 



Clarke, A.M. and J.H. Clarke. 1974. A static monitor for lead in natural and 

waste waters. Environ. Letters 7: 251. 

Crandall, C.A. and C.J. Goodni~hc. 1962. Effects of sublechal concencracions 

of several coxicancs on growth of the common guppy Lebistes reciculacus. 

Limnol. Oceanogr. 7: 233. 

Curtis, M.W. and C.H. Ward. 1981. Aquatic coxicicy of forty industrial 

chemicals: testing in suporc of hazardous substance spill prevention regulation. 

Jour. Hydrol. 51: 359. 

Davies, P.H. and W.E. Everharc. 1973. Effeccs of chemical var1ac1ons 1n 

aquatic environments: lead coxicicy co rainbow crouc and cescing application 

factor concept. EPA-R3-73-011C. National Technical Information Service, 

Springfield, Virginia. 

Davies, P.H., et al. 1976. Acute and chronic toxicity of lead co rainbow crouc 

(Salmo gairdneri) in hard and soft wacer. Water Res. 10: 199. 

Davis, G.A. 1978. Pollution studies with marine plankton. Pare II. heavy 

metals. Adv. Mar. Biol. 15: 381. 

Dawson, A.B. 1935. The hernopoiecic response in the catfish, Ameivrus 

nebulosus, co chronic lead poisonin~. Biol. Bull. 68: 335. 

51 



Demayo, A., et al. 1980. Guidelines for surface water qualicy: inorganic 

chemical substances - lead. Inland Waters Direccorace, Wacer Qualicy Branchr 

Occawa, Canada. 

Demayo, A., ec al. 1982. Toxic effeccs of lead and lead compounds on human 

health, aquatic life, wildlife, planes and lifescock. CRC Cric. Rev. Envirore .. 

Concrol 12: 257. 

Devi Prasad, P.V. and P.S. Devi Prasad. 1982. Effect of cadmium, lead and 

nickel on three freshwater green algae. Water Air Soil Polluc. 17: 263. 

Dilling, W.J. and C.W. Healy. 1927. Influence of lead on che metallic ions,. 

Cu, Zn, thorium, beryllium and thallium on che ger~inacion of frogs' spawn arrdl 

the growth of tadpoles. 1.nn. Appl. Biol. 13: 177. 

Dilling, W.J., ec al. 1926. Experimencs on che effects of lead on che growcrr 

of plaice (Pleuronecces olacessa). Ann. Appl. Biol. 13: 168. 

Dixon, W.J. and M.B. Brown, eds. 1979. BMDP Biomedical Computer Programs, 

P-series. University of California, Berkeley, California. p. 521. 

Dorfman, D. 1977. Tolerance of Fundulus heceroclicus co different metals 1n 

salcwacers. Bull. New Jersey Acad. Sci. 22: 21. 

52 



Dorfman, D. and W.R. Whitworth. 1969. Effects of fluccuacions of lead, 

cemperacure, and dissolved oxygen on che growth of brook crouc. Jour. Fish. 

Res. Board Can. 26: 2493. 

Eide, I. and S. Myklestad. 1980. Long-cenn uptake and release of heavy metals 

by Ascophyllum nodosum (L.) Le Jol (Phaeophyceae) in sicu. Environ. Pollut. 

(Series A) 23: 19. 

Eisler, R. 1977. Acute coxicities of selected heavy metals co che sofc-shell 

clam, Mya arenaria. Bull. Environ. Contam. Toxicol. 17: 137. 

Eisler, R. 1981. Trace Mee al Concencracions 1n Marine Organisms. Pergamon 

Press, New York. 

Eisler, R., et al. 1979. Fourth annocaced bibliography on biological effects 

of metals in aquacic environments. EPA-600/3-79-084. National Technical 

Information Service, Sprin~field, Virginia. 

Ellgaard, E.G. and T.W. Rudner. 1982. Lead acecace: coxicicy wichouc effects 

on the locomotor accivicy of che bluegill sunfish. Jour. Fish Biol. 21: 411. 

~llis, M.M. 1937. Decection and measurement of scream pollution. (Bulletin 

No. 22, U.S. Bureau of Fisheries) Bull. Bureau Fish. 48: 365. 

53 



Ellis, M.M. 1940 .. Pollution of the Coeur d'Alene River and adjacent waters by 

mine wastes. Special Scientific Report No. 1. U.S. Fish and Wildlife Service. 

p. 61. 

English, J.N., et al. 1963. Pollutional effects of outboard motor exhaust -

laboratory studies. Jour. Water Pollut. Control Fed. 35: 923. 

Enk, M.D. and B.J. Mathis. 1977. Distribution of cadmium and lead 1n a scream 

ecosystem. Hydrobiologia 52: 153. 

Evans, R.D. and D.C. Lasenby. 1983. Relationship between body-lead 

concentration of Mvsis relicta and sediment-lead concentration in Kootenary: 

B.C. Can. Jour. Fish. Aquat. Sci. 40: 78. 

Ferard, J.F., et al. 1982. Value of dynamic tests in acute ecotoxicity 

assessment 1n algae . .!.!!_: W.C. McKay (ed.), Proceedings of the Ninth Annual 

Aquatic Toxicity Workshop. Can. Tech. Rept. Fish. Aquat. Sci. No. 1163. 

University of Alberta, Edmonton, Alberta. p. 38. 

Ferguson, J. and B. Bubela. 1974. The concentration of Cu(II), Pb(II), and 

Zn(II) from aqueous solution by particulate algal matter. Chem. Geol. 13: 163 

Fisher, N.S. and G.J. Jones. 1981. Heavy metals and marine phycoplankcon: 

correlation of toxicity and sulfhydryl-binding. Jour. Phycol. 17: 108. 

54 



Foscer, P.L. 1982a. Species associacion and metal concents of al~ae from 

rivers polluted by heavy mecals. Freshwater Biol. 12: 17. 
\ 

Foster, P.L. 1982b. Metal resistances of chlorophyca from rivers polluted by 

heavy metals. Freshwater Biol. 12: 41. 

Freeman, B.J. 1978. Accumulacion of cadmium, chromium, and lead by bluegill 

sunfish (Leoomis macrochirus Rafinesque) under temperature and oxy~en stress. 

SR0-757-6. National Technical Information Service, Springfield, Virginia. 

Freeman, B.J. 1980. Accumulation of cadmium, chromium, and lead by bluegill 

sunfish (Leoomis macrochirus Rafinesque) under cemperature and oxygen stress. 

Thesis. University of Georgia, Achens, Georgia. 

Fujiya, M. 1961. Use of electrophoretic serum separation in fish studies. 

Jour. Water Pollut. Control Fed. 33: 250. 

Gale, N.L., et al. 1973a. Transport of trace pollutants in lead mining 

wastewaters. In: D.D. Hemphill (ed.), Trace Substances in Environmental 

Healch-VI. University of Missouri, Columbia, Missouri. p. 95. 

Gale, N.L., ec al. 1973b. Aquatic organisms and heavy merals in Missouri's new 

lead belr. Water Resources Bull. 9: 673. 

55 



Gale, N.L., ec al. 1982. Lead concencracions 1n edible fish filets collecced 

from Missouri's old lead belt. In: D.D. Hemphill (ed.), Trace Substances in 

Environrnencal Healch-XVI. Universicy of Missouri, Columbia, Missouri. p. 12. 

Garavini, C. and P. ~arcelli. 1979. Effecc of lead acecate on erychropoiensis 

and ulcrascructural changes of erychroblascs 1n che cacfish. Monitore Zool. 

Icaly 13: 83. 

Gentile, J.H., et al. 1982. The use of life-cables for evaluacing che chronic 

toxicity of pollutants co ~ysidopsis bahia. Hydrobiologia 93: 179. 

Gentile, S.X. 1982. Memorandum co John H. Gencile. U.S. EPA, Narragansec~ 1 
Rhode Island. 

Goettl, J.P., et al. 1972. Laboratory water pollucion scudies. Colorado 

Fisheries Research Review. 

Gordon, M., et al. 1980. Mvcilus californianus as a bioindicator of trace 

metal pollution: variability and scaciscical considerations. Mar. Polluc. 6utl. 

11: 193. 

Gould, E. and R.A. Greig. 1983. Shorc-cerm low salinity response in 

lead-exposed lobsters, Homarus arnericanus (Milne Edwards). Jour. Exp. Mar. 

Biol. Ecol. 69: 283. 

56 



Grande, M. and S. Andersen. 1983. Lethal effects of hexavalent chromium, lead 

and nickel on young stages of Aclancic salmon (Salmo salar L.) in soft water. 

Vatten 39: 405. 

Gray, J.S. and R.J. Ventilla. 1973. Growth races of sediment-living marine 

protozoan as a toxicity indicator for heavy metals. Ambia 2: 118. 

Haider, G. 1964. Studies on the heavy metal poisoning of fishes. I: lead 

poisoning of rainbow crouc. Z. Angew. Zool. 51: 347. 

Hale, J.G. 1977. Toxicity of metal mining wastes. Bull. Environ. Contam. 

Toxicol. 17: 66. 

Hannan, P.J. and C. Patouillec. 1972. Effect of mercury on algal.growth races. 

Biotechnol. Bioen~. 14: 93. 

Hedtke, S.F. anrl F.A. Puglisi. 1980. Effects of waste oil on the survival and 

reproduction of the American flagfish. Can. Jour. Fish. Aquac. Sci. 37: 757. 

!-leisey, R.M. and A.H. Damman. 1982. Copper and lead uptake by aquatic 

macrophyces in eastern Connecticut, U.S.A. Aquac. Boe. 14: 213. 

Hessler, A. 1974. Effects of lead on algae. I. effects of Pb on viability and 

motility of Placvmonas subcordiformis (Chlorophyca:volvocales). Water Air Soil 

Pollut. 3: 371. 

57 



Hessler, A. 1975. Effeccs of lead on algae. Mucagenesis experimencs on 

Placymonas subcordiformis (Chlorophyca:valvocales). Mucac. Res. 31: 43. 

Hodson, P.V. 1976. Delea-amino levulinic acid dehydracase accivicy of fis& 

blood as an indiccor of a harmful exposure co lead. Jour. Fish. Res. Boardi G:aio-

33: 268. 

ijodson, P.V., ec al. 1977. Evaluation of erychrocyce delta-amino levulinic 

acid dehydracase accivicy as a short-cerm indicator in fish of a harmful 

exposure co lead. Jour. Fish. Res. Board Can. 34: 501. 

Hodson, P.V., ec al. 1978a. Chronic coxicicy of wacer-borne and dietary I.ead'. 

co rainbow crouc (Salmo gairdneri) in Lake Ontario wacer. Wac er Res. 12: a:&, 

Hodson, P.V., ec al. 1978b. pH-induced chan~es in blood lead of lead-ex~ased 

rainbow trout. Jour. Fish. Res. Board Can. 35: 437. 

Hodson, P.V., ec al. 1979a. Effects of increasing dietary ascorbic acid on 

chronic lead toxicicy in rainbow crouc. Am. Jour. Clin. Nucricion 32: R28. 

Hodson, P.V., et al. 1979b. Effect of fish age on predicted and observed 

chronic toxicity of lead co rainbow trout in Lake Ontario water. Inc. Assoc. 

Greac Lakes Res. 1: 84. 

58 



Hodson, P.V.~ ec al. 1980. Effects of dietary ascorbic acid on chronic lead 

toxicity co young rainbow crouc (Salmo gairdneri). Can. Jour. Fish. Aquac. Sci. 

37: 170. 

Hodson, P.V., et al. 1982. Effect of growth and size of fish on race of 

intoxication of waterborne lead. Can. Jour. Fish. Aquac. Sci. 39: 1243. 

ijodson, P.V., ec al. 1983a. Suicabilicy of a biochemical method for assessing 

the exposure of feral fish co lead. ~: W.E. Bishop, et al. (eds.), Aquatic 

Toxicolo~y and Hazard Assessment. ASTM STP 802. American Society for Testing 

and Materials, Philadelphia, Pennsylvania. p. 389. 

~odson, P.V., et al. 1983b. ~ffect of fluccuatin~ lead exposures 1n lead 

accumulation by rainbow trout. Environ. Toxicol. Chem. 2: 225. 

Holcombe, G.W., et al. 1976. Long cerm effects of lead exposure on three 

generations of brook trouc (Salvelinus fontinalis). Jour. Fish. Res. Board Can. 

33: 1731. 

Hollibaugh, J.T., et al. 1980. A comoar1son of che acute toxicities of ten 

heavy metals co phytoplankton from Saanich Inlet, B. C. Canada. Escuarine 

Coastal Mar. Sci. 10: 93. 

Holm, J. 1980. Lead, Cd, As and Zn contents in fish from uncontaminated and 

contaminated inland waters. Sonderdruck aus Fleishwirtschafc 5: 1076. 

59 



Jackim, E. 1973. Influence of lead and ocher metals on fish 

delca-aminolevulinace dehydrase accivity. Jour. Fish. Res. Board Can. 30: 560. 

Jackim, E., ec al. 1970. Effects of mecal poisoning on five liver enzymes in 

che killifish (Fundulus heceroclicus). Jour. Fish. Res. Soard Can. 27: 383. 

Jana, S. and M.A. Choudhuri. 1982. Senescence in submerged aquatic 

angiosperms: effects of heavy metals. New Phycol. 90: 477. 

Jana, S. and M.A. Chaudhuri. 1984. Synergistic effeccs of heavy metal 

pollucancs on senescence of submerged aquatic planes. Wacer Air Soil Polluc. 

21: 351. 

Jennecc, J.C., ec al. 1981. Some effects of century old abandoned lead <:Lining 

operations on strea~s in ~issouri, U.S.A. Minerals and the Environment ]: 17. 

Johnson, ~.S. and J.W. Eaton. 1980. Environmental concaminacion through 

residual crace metal dispersal from a derelict lead-zinc mine. Jour. EnviroQ~ 

Qu a 1. 9 : 1 7 5 • 

Johnson, W.W. and M.T. Finley. 1980. Handbook of acuce coxicicy of chemicals 

co fish and aquacic invercebraces. Resource Publication 137. U.S. Fish and 

Wildlife Service, Washington, D.C. 

Jones, J.R.E. 1935. The coxic action of heavy metal sales on che three-spi­

stickleback. Jour. Exp. Biol. 12: 165. 

60 



Jones, J.R. 1938. The relative coxicicy of sales of Pb, Zn, and Cu co the 

stickleback and the effects of calcium on the toxicity of lead and zinc sales. 

Jour. Exp. Biol. 15: 394. \ 

Jones, J.R.E. 1939. The relation between the eleccrolycic solution pressures 

of che metals and their toxicity co the stickleback (Gascerosceus aculeatus L.). 

Jour. Exp. Biol. 16: 425. 

Jones, J.R.E. 1947a. The oxygen consumption of Gascerosceus aculeacus L. 1n 

toxic solutions. Jour. Exp. Biol. 23: 298. 

Jones, J.R. 1947b. A further scudy of che reactions of fish co cox1c 

solutions. Jour. Exp. Biol. 24: 22. 

Kaplan, H.M., ec al. 1967. Toxic icy of lead n1crate solutions for frogs (Rana 

pioiens). Lab. Animal Care 17: 240. 

Kapur, K. and N.A. Yadav. 1982. The effect of certain heavy ~etal sales on the 

development of eggs of common carp. Acea Hydrochim. Hydrobiol. 10: 517. 

Kariya, T., et al. 1969. Studies of che pose-mortem idencificacion of the 

pollutant in fish killed by water pollucion-X: acute poisoning with lead. Bull. 

Jap. Soc. Sci. Fish. 35: 1167. 

Kharhar, D.P., et al. 1976. Uranium and thorium decay series nuclides 1n 

plankton from che Caribbean. Limnol. Oceanogr. 21: 294. 

61 



Knowlton, M.K., et al. 1983. Uptake of lead from aquatic sediment by submerged 

macrophyces and crayfish. Arch. Environ. Concam. Toxicol. 12: 535. 

Kopfler, F.C. and J. Mayer. 1973. Concencracion of five trace mecals in che 

waters and oysters (Crassoscrea virginica) of Mobile Bay, Alabama. Proc. Nae!. 

Shellfish Assoc. 63: 27. 

Laube, V.M., ec al. 1980. Scracegies of response co copper, cadmium and lead 

by a blue green and a green alga. Can. Jour. Microbial. 26: 1300. 

Leland, H.V. and J.M. McNurney. 1974. Lead transport in a river ecosystem. 

In: Proceedings of che Internacional Conference on Transport of Persiscenc 

Chemicals in Aquatic Ecosystems. Pare III. National Research Council of 

Canada, Ottawa. p. 17. 

Lloyd, R. 1961. Effects of dissolved oxygen concencrations on che coxicicy of 

several poisons to rainbow trout (Salmo gairdneri). Jour. Exp. Biol. 38: 447. 

Lu, P., ec al. 1975. Model ecosysce,ns' scudies of lead and cadmill'l1 of urban 

sewage sludge containing these elements. Jour. Environ. Qual. 4: 505. 

Lucus, H.F. and D.N. Ed~ingcon. 1970. Concencracion of crace elements 1n Greac 

Lakes fishes. Jour. Fish. Res. Board Can. 27: 677. 

62 



Lussier, S.M., et al. Manuscript. Acute and chronic effects of heavy mecals 

and cyanide on Mysidopsis bahia (Crustacea: Mysidacea). U.S. EPA, Narragansett, 

Rhode Island. 

~alanchuk, J.L. and G.K. Gruendlin~. 1973. Toxicity of lead nitrate co algae. 

Water Air Soil Polluc. 2: 181. 

~analis, R. and G. Cooper. 1973. Presynapcic and poscsynapcic effects of lead 

ac che frog neuromuscular junction. Nature 243: 354. 

Manalis, R.S., er al. 1984. Effects of lead on neuromuscular transmission 1n 

che fro~. Brain Res. 294: 95. 

~archecci, R. 1978. Acuce coxicicy of alkyl lead co some marine or~an1sms. 

~ar. Polluc. Bull. 9: 206. 

~arion, M. and F. Denizeau. 1983. Rainbow crouc and human cells in culture for 

che evaluacion of che toxicicy of aquatic pollucancs: a study wich lead. Aquac. 

Toxicol. 3: 47. 

Marcin, M.G. and J.M. Mudre. 1982. Patterns of bioaccumulacion of heavy metals 

in scream fishes. Virginia Jour. Sci. 33: 116. 

~arc in, M., ec al. 1981. Toxicities of ten mecals co Crassoscrea gigas and 

Mycilus edulis embryos and Cancer magiscer larvae. Mar. Polluc. Bull. 12: 305. 

63 



Martin, M., ec al. 1984. Relacionships becween physiological scress and crace 

toxic substances in the bay mussel, Mycilus edulis, from San Francisco Bay, 

California. Mar. Environ. Res. 11: 91. 

~achis, B.J. and T.F. Cummings. 1973. Selected metals in sedimencs, wacer, and 

bioca in the Illinois River. Jour. Wacer Pollut. Control Fed. 45: 1573. 

~athis, B.J. and N.R. Kevern. 1975. Distribution of mercury, cadmium, lead and 

thallium in a eutrophic lake. Hydrobiologia 46: 207. 

~ay, T.W. and G.L. McKinney. 1981. Cadmiu~, lead, mercury, arsenic and 

selenium concentrac1ons 1n freshwacer fish, 1976-77 - National Pesticide 

Monitorin~ Pro~ram. Pescic. ~onic. Jour. 15: 14. 

Mehrle, P.M., et al. 1982. Relationship becween body contaminants and bone 

development in Easc-Coasc striped bass. Trans. Am. Fish. Soc. 111: 231. 

Merlini, M. and G. Pozzi. 1977a. Lead and freshwater fishes: Pare 1 - lead 

accumul ac ion and water pH. Environ. Pol lut. 12: 16 7. 

Merlini, M. and G. Pozzi. 1977b. Lead and freshwater fishes: Pare II - ionic 

lead accumulation .. Environ. Pol lut. 13: 119. 

Metayer, C., et al. 1982. Accumulacion of some trace metals (cadmium, lead. 

copper and zinc) in sole (Solea solea) and flounder (Platichchys flesus): 

64 



changes as a function of age and organocrop1sm. Rev. Inc. Oceanogr. Med. 66-67: 

33. 

Monahan, T.J. 1976. Lead inhibition of chlorophycean microalgae. Jour. 

Phycol. 12: 358. 

~oncgomery, J.R., ec al. 1978. Biological availability of pollucancs co marine 

or~anisms. EPA-600/3-78-035. Nacional Technical Information Service, 

Springfield, Virginia. 

~or~an, W.S.C. 1979. Fish locomocor behavior paccerns as a monicoring cool. 

Jour. Wacer Polluc. Control Fed. 51: 580. 

~ount, D.I. and T.J. Norber~. 1984. A seven-day life-cycle cladoceran coxicity 

test. Environ. Toxicol. Chem. 3: 425. 

Narbonne, J.F., ec al. 1973. Toxicity of lead nicrace co carp - data on 

modifications of nuceloprocein and glucide metabolism. Compc. Rend. _Soc. Biol. 

167: 572. 

Nash, W.W., ec al. 1981. The upcake and cellular discribucion of lead 1n 

developing sea urchin embryos. Comp. Biochem. Physiol. 69C: 205. 

65 



Nehring, R.B. 1976. Aquatic insects as biological monitors of heavy ~ecat 

pollution. Bull. Environ. Concam. Toxicol. 15: 147. 

Nehring, R.B., et al. 1979. Reliability of aquatic insects versus wacer 

samples as measures of aquatic lead pollution. Bull. Environ. Concam. Toxi:.c:coct~ 

22: 103. 

Necer, J. and W. lfasserman. 1974. Applied Linear Statistical Models. In.mm,, 

Inc., Homewood, Illinois. 

Newman, M.C. and A.W. ~clntosh. 1983a. Slow accumulation of lead from 

contaminated food sources by the freshwater gastropods, Phvsa inte3ra and 

Camoeloma decisum. Arch. Environ. Contam. Toxicol. 12: 685. 

New.nan, '1.C. and A.W. '1clntosh. 1983b. Lead elimination and size effects: on: 

accurnulacion by cwo freshwater ~ascropods. Arch. Environ. Concam. Toxicol~ 1:2::: 

25. 

North, W.F., et al. 1972. Marine al~ae and their relacions co pollution 

problems. ~: M. Ruivo (ed.), Marine Pollution and Sea Life. Fishing Trad'iirr.g; 

News Led., London. p. 330. 

Nyman, H.G. 1981. Sublethal effects of lead on size selective predation by.· 

fish-application in the ecosystem level. Verh. Inc. Ver. Limnol. 21: 1126. 

66 



O'Neill, J.G. 1981. Effeccs of incrapericoneal lead and cadmium on che humoral 

immune response of Salmo crutca. Bull. Environ. Concam. Toxicol. 27: 42. 

\ 

Overnell, J. 1975. The effect of some heavy metal ions on phocosynchesis in 

freshwater algae. Pescic. Biochem. Physiol. 5: 19. 

Ozoh, P.T. 1979. Scudies on incraperitoneal coxicicy of lead co Cichlasoma 

nisrofasciacum development. Bull. Environ. Concam. Toxicol. 21: 676. 

Pace, F., ec al. 1977. Effects of sublechal doses of copper sulphate and lead 

nitrate on growch and pigment composition of Dunaliella salina Teod. Bull. 

Environ. Concam. Toxicol. 17: 679. 

Pagenkopf, G.K. and D.R. Newman. 1974. Lead concencracions in native trout. 

Bull. Environ. Concam. Toxicol. 12: 70. 

Pakkala, I.S., ec al. 1972. Residues in fish, wildlife and estuaries. Pescic 

Monie. Jour. 5: 348. 

Parker, J.G. 1984. The effects of selected chemicals and wacer quality on che 

marine polychaece, Ophryocrocha diadema. Wacer Res. 18: 865. 

Passino, D.R. and C.A. Cocanc. 1979. Allancoinase in lake crouc: tn vicro 

effects of PCB, DDT and metals. Co~p. Biochem. Physiol. 62C: 71. 

67 



Pawlaczyk-Szpilowa, M. and J. Slowik. 1981. The biocumulation of copper and 

lead by Scenedesmus obliquus. Acta Microbial. Pol. 30: 79. 

Pennington, C.H., et al. 1982. Contaminant levels in fishes from Brown's Lake. 

Mississippi. Jour. Mississippi Acad. Sci. 27: 139. 

t'hillips, G.R. and R.W. Gregory. 1980. Accumulacion of selected elements (As. 

Cu, Hg, Pb, Se and Zn) by northern pike (Esox lucius) reared in surface coal 

mine decant water. Proc. Montana Acad. Sci. 39: 44. 

Phillips, G.R. and R.C. Russo. 1978. Metal bioaccumulation in fishes an 

aquatic invertebrates: a literature review. EPA-600/3-78-103. National 

Technical Information Service, Springfield, Virginia. 

Pickering, Q.H. and C. Henderson. 1966. The acute toxicity of some heavy 

metals to different species of warmwater fishes. ~ir Water Pollut. Int. Jour. 

10: 453. 

Popham, J .D. and J .ril. lJ' Auria. 1981. Statistical m,Jdels for c:st imat ing 

seawater met01l concentrations from metal concentt'a-:ic-ns in t11ussels (Mytilus 

edulis). Bull. Environ. Contam. Toxicol. 27: 660. 

Price, R.E, and L.A. Knight. 1978. Mercury, cadmium, lead, and arsenLc in 

sediments, plankton and clams from Lake Washington and Sardis Reservoir, 

Mississippi. Pestic. Monit. Jour. 4: 182. 

68 



Pringle, B.H., et al. 1968. Trace metal accumulation by estuarine mollusks. 

Am. Soc. Civil. Eng., Jour. Sanit. En~. Div. 94: 455. 

Qureshi, S.A., ec al. 1980. Acuce coxicicy of four heavy metals co benchic 

fish food organisms from River Khan, Vjjain. Inc. Jour. Environ. Studies 15: 

59. 

Rachlin, J.W., ec al. 1982. The growth response of che green alga (Chlorella 

saccharonhila) co selected concentrations of heavy metals Cd, Cu, Pb and Zn. 

In: D.D. He:nphill (ed.), Trace Substances in Environmental Health-XVI. 

University of Missouri, Columbia, Missouri. p. 145. 

Rachlin, J. 1.v., et al. 1983. The growth response of che diatom Navicula incerca 

co selected concencrac1ons of the metals cadmium, copper, lead and zinc. Bull. 

To r re v Bo c . C 1 u b 1 l O : 2 l 7 . 

Ranrlall, G.W., et al. 1981. The si~nificance of heavy :necals in urban runoff 

encerin~ the Occoquan Reservoir. Bulletin 132. Virginia Water Resources 

Research Center, Blacksburg, VirP,inia. 

Rao, D.S. and A.B. Saxena. 1980. Acute cox1c1ty of Hg, Zn, Pb, Cd and Xn co 

Chironomus sp. Inc. Jour. Environ. Studies 16: 227. 

Rao, V.N.R. and S.K. Subramanian. 1982. ~ecal coxicicy cescs on growch of some 

diatoms. Acea Boe. Indica 10: 274. 

69 



Rachore, H.S. and H. Swarup. 1978. A short note on the pollution ecolo~y of 

Chironomus tencans larvae in a river. Natl. Acad. Sci. Letters l: 235. 

Rachore, H.S., et al. 1979. Toxicity of cadmium chloride and lead nitrate co 

Chironomus centans larvae. Environ. Pollut. 18: 173. 

Ray, S. 1978. Bioaccumulacion of lead 1n Atlantic salmon. Bull. Environ. 

Concam. Toxicol. 19: 631. 

Ray, S., et al. 1981. Accumulacion of copper, zinc, cadmium and lead from two 

contaminated sediments by three marine invercebraces--a laboratory study. Bull 

Environ. Contam. Toxicol. 26: 315. 

Reish, D.J. and R.S. Carr. 1978. The effect of heavy metals on the survival, 

reproduction, development and life cycles for two species of polychaetous 

annelids. Mar. Pollut. Bull. 9: 24. (Table 3 available from author.) 

Reish, D.J., ec al. 1976. The effect of heavy metals on laboratory popula­

tions of cwo polychaetes with comparisons co the water quality conditions and 

standards in Southern California marine waters. Water Res. 10: 299. 

Rice, H., et al. 1973. The effects of some trace metals on marine 

phytoplankton. CRC Cric. Rev. Microbiol. 3: 27. 

Rivkin, R.B. 1979. Effects of lead on ~rowch of the marine diatom Skele­

tonema costatum. Mar. Biol. SO: 239. 

70 



Rolfe, G.L., et al. 1977. Environmental contamination by lead and other heavy 

metals. Vol. 2: ecosystem analysis. Institute for Environmental Studies, 

University of Illinois at Urbana, Champaign, Illinois. 

Rushton, W. 1922. Biological notes. Salmon and Trout Magazine 28: 42. 

Ruthven, J.A. and J. Cairns, Jr. 1973. Response of fresh-water protozoan 

artificial co111t11unities to metals. Jour. Protozool. 20: 127. 

Ryck, F.M. and J.R. Whitley. 1974. Pollution abatement in the lead mining 

district of Missouri. Missouri ~epartment of Conservation, Columbia, Missouri. 

Sauter, S., et al. 1976. Effects of exposure to heavy metals on selected 

freshwater fish. Toxicity of copper, cadmium, chromium and lead co eggs and fry 

of seven fish species. EPA 600/3-76-105. National Technical Information 

Service, Springfield, Virginia. 

Say, P.J. and B.A. Whitton. 1983 Accumulation of heavy metals by aqua~i~ 

mosses. 1: Fc~tinalis ~ntipyretica Hedw. Hydrobiologia 100: 245. 

Schulz-Baldes, M. 1972. Toxicity of accumulation of lead in the common mussel 

-Mytilus edul_is 10 laboratory experiment". Mar.· Biol. ·16: 226. 

Schulz-Baloes, M. 1974. LP.ad uptake from sea water and food, and lead loss in 

the cormnon mussel Mytilus edulis. Mar. Bi.ol. 25: 177. 

71 



Schulz-Baldes, M. and R.A. Lewin. 1976. Lead upcake 1n cwo marine 

phytoplankton organisms. Biol. Bull. 150: 118. 

Schulze, H. and J. Brand. 1978. Lead coxicicy and phosphate deficiency 1n 

chlamydomonas. Plane Physiol. 62: 727. 

Scocc, K.J., et al. Manuscript. Toxicological methods using the benchic 

amphipod Ampelisca abdica Mills. U.S. EPA, Narragansett, Rhode Island. 

Shaw, W.H. and B. Grushkin. 1957. The toxicity of mecal 1ons co aquacic 

organ1s~s. Arch. Biochem. Biophys. 67: 447. 

Shaw, W.H.R. and B.R. Lowrance. 1956. Bioassay for che escimacion of metal 

ions. Anal. Chem. 28: 1164. 

Shuscer, C.N. and B.H. Pringle. 1969. Trace mecal accumulation by che A~erican 

Eastern oyster, Crassoscrea vir~inica. Proc. Natl. Shellfish Assoc. 59: 91. 

Sicko-Goad, L. 1982. A morphomecric analysis of algal response co low dose 

shore term heavy metal exposure. Procoplasma 110: 75. 

Sicko-Goad, L. and D. Lazinsky. 1981. Accumulation and cellular effects of 

heavy mecals in benchic and plankconic algae. Micron Microscopia Acea 22: 289. 

Sicko-Goad, L. and D. Lazinsky. 1982. Polyphosphace body formation and 

degradation 1n Plecconema boryanum. Micron Microscopia Acea 13: 459. 

72 



Sicko-Goad, L. and E.F. Stoermer. 1979. A morphometric study of lead and 

copper ~ffects on Diatoma tenue. Jour. Phycol. 15: 316. 

Sidwell, V.D., et al. 1978. Composition of ·the edible portion of raw (fresh or 

frozen) crustaceans, finfish and mollusks. III. microelements. Mar. Fish. Res., 

40: 1. 

Simpson, R.O. 1979. Uptake and loss of zinc and lead by mussels (Mytilus 

edulis) and relationships with body weight and reproductive cycle. Mar. Pollut. 

Bull. 10: 74. 

.. ~ 
-. 

Sippel, A.J.A., et al. 1983. Histopath~logical and physiological responses of 

rainbow trout to sublethal levels of lead. Water Res. 17: 1115. 

Smith, D.J., et al. 1981. Distribution and significance of copper, lead, zinc, 

and cadmium in the Corio Bay ecosystem. Aust. Jour. M~r. Freshwater Res. 32: 

151. 

Sparks, R.l. et al. 1983. Identification of the water quality factors which 

prevent firgernail clams from recolonizing the Illinois River. Resegrch Report 

No. 179. Water Resources Center, University of Illinois, Urbana, Illinois. 

Spehar, R.L., et al. 1978. Toxicity and bioaccumulation of cadmium and lead ~n 

aquatic invertebrates. Environ. Pqllut. 15: 195. 

73 



Stanley, R.A. 1974. Toxicity of heavy mecals and sales co Eurasian 

wacermilfoil (Myriophyllum soicatum L.). Arch. Environ. Contam. Toxicol. 2: 

331. 

Steele, R.L. and G.B. Thursby. 1983. A toxicity test using life stages of 

Chamoia parvula (Rhodophyta). In: W.E. Bishop, et al. (eds.), Aquatic 

Toxicolo~y and Hazard Assessment. ASnt STP 802. American Society for Testing 

and Materials, Philadelphia, Pennsylvania. p. 73. 

Stephan, C.E., et al. 1985. Guidelines for deriving numerical national wacer 

qualicy criteria for che proceccion of aquatic organisms and cheir uses. 

National Technical Information Service, Sprin~field, Virginia. 

Stewart, J. and M. Schulz-Baldes. 1976. Long-cerm lead accumulacion in abala·ne: 

(Hal iocus sp.) fed on lead-created brown algae (Egregia laevigaca). ~ar. Bio.I.. 

36: 19. 

Scone, C,L., et al. 1981. Bioavailability of lead 1n oyscers fed co young 

Japanese quail. Environ. Res. 26: 409. 

Stratford, H.K., et al. 1984. Effects of heavy metals on wacer hyacinths. 

Aquat. Toxicol. 5: 117. 

Stromgren, T. 1980. The effect of lead, cadmium, and mercury on che increase• 

in len~ch of five intertidal fucales. Jour. Exp. Mar. Biol. Ecol. 43: 107. 

74 



Scuresson, U. 1978. Cadmium enrichment 1n shells of Mycilus edulis. Ambio 7: 

122. 

Talbot, V., et al. 1976. Lead in Pore Phillip Ny mussels. Mar. Polluc. Bull. 

7: 234. 

Tarzwell, C.M. and C. Henderson. 1960. Toxicity af less common metals co 

fishes. Ind. Wastes 5: 12. 

ThoJT1as, 1-l.H., ec al. 1980. Effects of heavy metals on the morphology of some 

marine phytoplankton. Phycologia 19: 202. 

Thompson, S.E., et al. 1972. Concencracion factors of chemical elements in 

edi1'le aquatic organisms. UCRL-50564. Rev. 1. Nai:ional Technical Information 

Service, Springfield, Virginia. 

Tong, S.S.C., et al. 1974. Trace metals in Lake Cayuga lake trout (Salvelinus 

namavcush) in relation to age. Jour. Fish. Res. Board Can. 31: 238. 

Trollope, D.R. and B. Evans. 1976. Concentrations of copper, iron, lead, 

nickel and zinc in freshwater algae blooms. Environ. Polluc. 11: 109. 

Tsui, P.T.P. and P.J. McCarc. 1981. Chlorinated hydrocarbon residues and heavy 

metals in several fish species from the Cold Lake area in Alberta, Canada. Int. 

Jour. Environ. Anal. Chem. 10: 277. 

75 



Tucker, R.K. and A. Matte. 1980. In vitro effects of cadmium and lead in 

ATPase in the ~ill of the rock crab, Cancer irr:o-Tatus. Bull. Environ. Contam. 

Toxicol. 24: 847. 

Turnbull, H., et al. 1954. Toxicity of various refinery materials co 

freshwacer fish. Inrl. Eng. Chem. 46: 324. 

U.S. EPA. 1976. Quality criteria for wacer. EPA-440/9-76-023. National 

Technical Information Service, Springfield, Virginia. 

U.S. EPA. 1980. Ambient wacer quality criteria for lead. EPA-440/4-80-057. 

National Technical Information Service, Springfield, Virginia. 

U.S. EPA. 1983a. ~echods for chemical analysis of water and wastes. 

EPA-600/4-79-020 (Revised March 1983). National Technical Information s~rvice, 

Springfield, Vir~inia. 

U.S. EPA. 1983b. Wacer quality scandards regulation. Federal Regiscer 48: 

51400. November 8. 

U.S. EPA. 1983c. Water quality standards handbook. Office of Wacer 

Regulations and Standards, Washington, D.C. 

U.S. EPA. 1985. Technical supoorc document for wacer qualicy-based coxics 

control. Office of Water, Washington, D.C. 

76 



Uthe, J.F. and E.G. Bligh. 1971. Preliminary survey of heavy metal contamina­

tion of Canadian freshwater fish. Jour. Fish. Res. Board Can. 28: 786. 

Valiela, I., ec al. 1974. Response of sale marsh bivalves co enrichment with 

metal-containing sewage slud~e and recencion of lead, zinc and cadmium by marsh 

sediment. Environ. Pollut. 7: 149. 

Van der Werff, M. and M.J. Pruyt. 1982. Long-term effects of heavy metals on 

aquatic plants. Chemosphere 11: 727. 

Varanasi, U. and D.J. Gmur. 1978. Influence of water-borne and dietary calcium 

on upcake and recencion of lead by coho salmon. Toxicol. Appl. Pharmacol. 46: 

65. 

Varansai, U., et al. 1975. Structural alterations in fish epidermal mucus 

produced by water-borne lead and mercury. Nature 258: 431. 

Vighi, M. 1981. Lead uptake and release in an experimental trophic chain. 

Ecocoxicol. Environ. Safety 5: 177. 

Vijaymadhavan, K.T. and T. Iwai. 1975. Histochemical observations on the 

permeation of heavy metals into caste buds of goldfish. Bull. Jap. Soc. Sci. 

Fish. 41: 631. 

77 



Vinikour, W.S., ec al. 1980. Bioconcencracion patterns of zinc, copper, 

cadmium and lead in selected fish species from che Fox River, Illinois. Bull. 

Environ. Concam. Toxicol. 24: 727. 

Wachs, B. 1982. Concencracion of heavy metals 1n fishes from the river Danube. 

Z. Wasser Abwasser Forsch. 15: 43. 

Wallen, I.E., et al. 1957. Toxicity co Gambusia affinis of certain pure 

chemicals in turbid wacers. Sew. Ind. Wastes 29: 695. 

Walsh, D.F., ec al. 1977. Residues in fish, wildlife and estuaries. Pescic. 

Monie. Jour. 11: 5. 

Wang, H. 1959. Analyses of a coxic factor, lethal co paramecium present 1n 

non-glass-distilled wacer. Proc. Soc. Exp. Biol. Med. 101: 682. 

Warnick, S.L and H.L. Bell. 1969. The acute coxicicy of some heavy metals co 

different species of aquatic insects. Jour. Wacer Polluc. Control Fed. 41: 280. 

Wacennan, A.J. 1937. Effeccs of sales of heavy metals on develo~nent of the 

sea urchin, Arbacia euncculata. Biol. Bull. 73: 401. 

Watling, J.LR. 1981. Effects of mecals on the developmenc of oyscer ernbryos. 

Souch African Jour. Sci. 77: 134. 

78 



Wacling, H.R. 1983. Accumulacion of seven mecals by Crassoscrea gigas, 

Crassoscrea margaricacea, Perna perna, and Choromycilus meridionalis. Bull. 

Environ. Concam. Toxicol. 30: 317. 

~eber, W.J., Jr., and W. Scumm. 1963. Mechanism of hydrogen 10n buffering 1n 

nacural wacers. Jour. Am. Wacer Works Assoc. 55: 1553. 

Wehr, J.D. and B.A. Whiccon. 1983a. Accumulacion of heavy mecals by aquac1c 

mosses. 2: Rhvnchosce~ium riparioides. Hydrobiologia 100: 261. 

Wehr, J.D. an<l B.A. Whiccon. 1983b. Accumulation of heavy metals by aquacic 

mosses. 3: seasonal changes. Hydrobiologia 100: 285. 

Weir, P.A. and C.H. Hine. 1970. Effects of various metals on behavior of 

condicioned goldfish. Arch. Environ. Health. 20: 45. 

Weis, J.S. 1976. Effeccs of mercury, cadmium, and lead sales on regeneracion 

and ecdysis in che fiddler crab, Uca pugilator. Fish. Bull. 74: 464. 

Weis, J.S. and P. Weis. 1977. Effect of heavy metals on development of the 

killifish, Fundulus heteroclitus. Jour. Fish Siol. 11: 49. 

Weis, P. and J.S. Weis. 1982. Toxicity of methyl mercury, mercuric chloride, 

and lead in killifish (Fundulus heteroclitus) from Southampton, New York. 

Environ. Res. 28: 364. 

79 



Welsh, R.P. and P. Denny. 1980. The uptake of lead and copper by submerged 

aquatic macrophyces in two English lakes. Jour. Ecol. 68: 443. 

Westfall, B.A. 1945. Coagulation film anoxia in fishes. Ecolo~y 26: 283. 

Whicley, L.S. 1968. The resistance of tubificid worms co three common 

pollucancs. Hydrobiologia 32: 193. 

Whiccon, B.A., et al, 1982. Accumulation of zinc, cadmium, and lead by che 

aquacic liverwort Scapania. Environ. Polluc. (Series B) 3: 299. 

Wiener, J.G. and J.P. Giesy. 1979. Concentration of Cd, Cu, Mn, Pb and zn 1 

fishes of a highly organic softwacer pond. Jour. Fish. Res. Board Can. 36: 

270. 

Wixson, B.G. and E. Bolter. 1972. Evaluacions of scream pollucion and trace 

substances in the new lead belc of Missouri. In: D.D. Hemphill (ed.), Trace 

Substances in Environmental Health-V. University of Missouri, Columbia, 

Missouri. p. 143. 

Wong, P.T.S., et al. 1981. Accumulation and depuration of cecramechyllead by 

rainbow trout. Wacer Res. 15: 621. 

Won~, P.T.S., et al. 1982. Physiological and biochemical responses of several 

freshwater algae co a mixture of metals. Chemosphere 11: 367. 

80 



Woolery, M.L. and R.A. Lewin. 1976. The effects of lead on algae. IV. effects 

of lead on respiration and photosynthesis of Phaeodactylum tricornutum 

(Bacillariophyceae). Water Air Soil Pollut. 6: 25. 

Wren, C.D., et al. 1983. Examination of bioaccumulacion and biornagnification 

of metals in a precambrian shield lake. Water Air Soil Pollut. 19: 277. 

Zaroogian, G.E., et al. 1979. Crassoscrea virginica as an indicator of lead 

pollution. Mar. Biol. 52: 189. 

81 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88

