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FOREWORD 

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

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

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

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

In natural fresh waters cadmium sometimes occurs at concentrations of 

less than 0.01 µp/L, but in environments impacted by man, concentrations can 

be several micrograms per liter or greater. The impact of cadmium on aquatic 

organisms depends on a variety of possible chemical forms of cadmium 

(Callahan, et al. 1979), which might have different toxicities and 

bioconcentration factors. In most well oxygenaced fresh waters that are low 

in total organic carbon, free divalent cadmium will be the predominant form. 

Precipitation by carbonace or hydroxide and formation of soluble complexes by 

chloride, sulfate, carbonace, and hydroxide should usually be of little 

importance. in salt waters with salinities from about 10 to 35 g/kg, cadmium 

chloride complexes predominate. In both fresh and salt waters particulate 

matter and dissolved organic material may bind a substantial portion of the 

cadmium. 

Because of the variety of forms of cadmium (Callahan, et al. 1979) and 

lack of definitive information about their relative toxicities, no available 

analytical measurement is known co be ideal for expressing aquatic life 

criteria for cadmium. Previous aquatic life criteria for cadmium (U.S. EPA, 

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

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

soluble cadmium (operationally defined as the cadmium that passes through a 

0.45 µm membrane filter after the sample is acidified co pH = 1.5 to 2.0 with 

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



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

following reasons: 

1. This measurement is compatible with all available data concerning 

toxicity of cadmium co, and bioaccumulation of cadmium by, aquatic 

organisms. No test results were rejected just because it was likely that 

they would have been substancially different if they had been reported in 

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

dissolved cadmium would not have been used if the concentration of 

precipitated cadmium was substantial. 

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

measure all forms of cadmium chat art toxic to aquatic life or can be 

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

this measurement should not measure several forms, such as cadmium that 

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

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

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

will measure soluble, complexed forms of cadmium, such as the EDTA 

complex of cadmium, that probably have low toxicities to aquatic life, 

concentrations of these forms probably are negligible in most ambient 

water. 

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

used co express criteria is likely to be used co measure cadmium in 

aqueous effluents. Measurement of acid-soluble cadmium should be 

applicable co effluents because it will measure precipitates, such as 

carbonate and hydroxide precipitates of cadmium, that might exist in an 

effluent and dissolve when effluent is diluted with receiving water. If 

desired, dilution of effluent with receiving water before measurement of 

2 



acid-soluble cadmium might be used co determine whether the receiving 

water can decrease the concentration of acid-soluble cadmium because of 

sorption. 

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

minimizing the number of samples and procedutes chat are necessary. 

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

6. 

7. 

8. 

9. 

10. 

Il. 

collection, as does the dissolved meaeuremenc. 

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

acidification co pH * 1.5 co 2.0, similar co chat required for the tocal 

recoverable measurement. 

Durations of 10 minutes co 24 hours between acidification and filtration 

probably will not affect the result subscanciallp. 

The carbonate system has a much higher buffer capacity from QK = 1.5 co 

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

Differences in pK within the range of 1,5 co 2.0 probably will not affect 

the result substantially. 

The acid-soluble measurement does not require a digestion srep, as does 

the coca1 recoverable measurement. 

After acidification and filtration of the sample co isolace the acid- 

soluble cadmium, the analysis can be performed using either acomic 

absorption spectroscopy or ICP-emission spectroscopy (U.S. EPA, 198381, 

as with the toca? recoverable measurement. 

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

soluble measurement has boeh toxicological and practical advantages. On the 

ocher hand, because no measurement is known co be ideal for expressing 

aquatic life criteria for cadmium or for measuring cadmium in ambient water 

or aqueous effluents, measurement of both acid-soluble cadmium and coca1 
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recoverable cadmium in ambient vacet or effluent or both might be useful. 

For example, there might be cause for concern if total recoverable cadmium is 

much above an applicable Limit, even though acid-soluble cadmium is below the 

Limit. 

Unless otherwise noted, all concentrations reported herein are expected 

to be essentially equivalent to acid-soluble cadmium concentrations. ALL 

concentrations are expressed as cadmium, not as the chemical tested. ‘L”he 

criteria presented herein supersede previous aquatic life water quality 

criteria for cadmium (U.S. EPA, 1976, L980) because these new criteria were 

derived using improved procedures and additional information. Whenever 

adequateLy jusci fied, a national criterion may be replaced by a site-specific 

criterion (U.S. EPA, 1983b1, which may include not only site-specific 

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

of averaging periods and site-specific frequencies of allowed exceedences 

(U.S. EPA, 19851. The lacesc literature search Eor.informacion for this 

document was conducted in ?iay, 1984; some newer information was also used. 

Acute Toxicicy to Aquatic Animals 

CarroLl, et al. (1979) found that calcium, but not magnesium, reduced 

the acute coxicicy of cadmium. Giesy, ec al. (1977) found chat dissolved 

orqanics substantially reduced the coxicicy of cadmium to daphnids, but had 

little effect on its toxicity to fish. No consiscenc relationship bc,ween 

coxicicy and organic particle size was observed. 

The available acute values for both striped bass and brook crouc covered 

such a wide range chat data for these species were not used in the calcula- 

tion of the Final Acute Value. Druurnond and Benoic (Manuscript) reported 

chat stress greatly affected the sensitivity of brook trout to cadmium. 
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Differenc species exhibir different sensitivities CO cadmium, and many 

ocher factors might affect the results of tests of the coxicicy of cadmium co 

aquac ic organisms. Criteria can quancicatively cake into account: such a 

factor, however, only if enough data are available c8 show that the factor 

similarly affects the results of tests with a variety of species. Hardness 

ig often choughc of as having a major effect on the coxicicy of cadmium, 

although the observed effect may be due to one or more of a number of usually 

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

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

toxicity cescs on cadmium. An analysis of covariance (Dixon and Brown, 1979; 

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

acute value as the dependear: variable, species as the treacmenc or grouping 

variable, and natural logarithm of hardness as the covariace or independent 

variable. This analysis of covariance model was fit co the data in Table 1 

for the five species for which acute values are available over a range of 

hardness such that the highest hardness is at Least three times the Lowest 

and the highest is also 100 mg/L higher than the Lowest. For the fathead 

minnow the data from Birge, ec al. (19831, Pickering and Gast (19721, 

Pickering and Henderson (1966), and Spehar and Carlson (1984a,b) were used, 

but those from Spehar (1982) using a more sensitive life stage were not. The 

slopes for the four fishes ranged from 0.868 co 1.564 and the pooled slope 

for these four species was 1.125 (see end of Table 1). An F-test showed 

chat, under the assumption of equalicy of slopes, the probability of 

obtaining four sLopes as dissimilar as these is PmO.44. This was incerpreced 

as indicating that it is reasonable to assume that the slopes for these four 

species are the same. 



ALL of the data available for Daphnia maqna gave a slope of -0.145, but 

the data from Chapman, ec al- (tinuscripc) gave a slope of 1.182. The pooLed 

sLooe for the four fishes and all the data for P,. magna was 0.975, whereas 

using only data from Chapman, ec al. (Manuscript) the pooled slope was 1.128. 

‘I’he cesc for equalicy of the five slopes produced P=O.O4 when all the data 

for 0. magna uere used, but P-O.54 when only the dara from Chapman, et al. 

(Manuscript) were used. Both pooled slopes are close co the value of 1.0 

chat is expected on the basis chat cadmium, calcium, magnesium, and carbonace 

aLL have a charge of two. However, because of the much higher value of P for 

equality of slopes, it seems reasonable co use only the data from Chapman, ec 

al. (Manuscript) for 2. magna and the pooled slope of 1.128. 

The pooled slope of 1.128 was then used with the data in Table 1 co 

calculate Species Mean Acute Values ac a hardness of 50 mq/L (Table 1). OnLy 

the data from Chapman, ec al. (Manuscript) were used for Daphnia magna and 

only the data from Spehar (1982) were used for the fathead minnow, to prdcect 

this sensitive Life stage. Genus Mean kuce Values were then calculated 

(Table 3) as qeomecric means of the available Species Mean Acute Values. Of 

the 44 genera for which values are available, the mosr sensitive genus, 

Salmo, is 3,400 times more sensitive than the most resistant, Carassius. 

both the most sensitive and the most resiscanc genera are fishes. Acute 

values are available for more than one species in seven genera, and the range 

of Species Mean Acute Values within each genus is less than a factor of 5.2. 

The freshwater Final Acute Value was calculated co be 8.917 dg/L at a 

hardness of 50 mg/L from the Genus Mean Acute Values in Table 3 using the 

procedure described in the Guidelines. The Species Hean Acute Values for 

four salmonids are Lower, but the acute value for brown trout is from a 

scacic rest, whereas flow-rhrough cescs have been conducted with the other 
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three species l The Final Acute Value at a hardness of 50 mq/L was lowered to 

3.589 ug/L to protect the imporcanc rainbow trout (Table 3). Thus, the 

freshwater Criterion Maximum Concentration (in Yg/L) * 

,(l.L28[Ln(hardness)J-3.828) . 

The acute values for salcwacer invercebrace species ranqe from 41.29 

2g/L for a mysid to 135,000 ug/L for an oliqochaece worm (Tables 1 and 3). 

The acuce values for adult salcwacer polychaetes range from 7,500 dg/L for 

Capitella capicaca co 12,000 pg/L for Neanches arenaceodentata (Reish ec al., 

19761, but the Larvae of 5. capicata are thirty-seven times more sensitive 

than the adulrs. Salrwacer molluscs have Species Mean Acure Values from 

227.9 g~g/L for the Pacific oyster co 19,170 ug/L for the mud snail. 

Frank and Robertson (1979) reported char the acute toxicity co juvenile 

blue crabs was related to salinity. The 96-hr LCSOs were 320, 4,700, and 

11,600 !lg/L ac salinities of 1, 15, and 35 g/kg, respectively. The LCSO at 

the very Low salinity is in Table 6 and was not used in deriving criteria. 

O’Rara (1973a) investigated the effect of cemperacure and salinity on the 

toxicity of cadmium to the fiddler crab. The LC5Os ac 20 C were 32,300, 

46,600, and 37,000 pg/L ac salinities of 10, 20, and 30 g/kg, respectively. 

Increasing the temperature from 20 to 30 C lowered the LC50 al: all salinities 

tested. Studies with Mysidopsis bahia by Gentile, et al. (1982) and Nimmo, 

et al. (1977a) also support a relationship between salinity and the acute 

coxicicy of cadmium. 

Saltwater fish species were generally more resistant co cadmium than 

freshwater fish species with acute values ranging from 779.8 vg/L for the 

Atlantic silverside to 50,570 93/L for the mummichog. In a study of the 

interaction of dissolved oxygen and salinity on the acute toxicity of cadmium 



to the mummichog, Voyer (1975) found char: the 96-hr LC50 ac a salinity of 30 

g/kg was about one-half what it was at 10 and 20 g/kg. Sensitivity of the 

mummichog co acute cadmium poisoning was not influenced by reduction in 

dissolved oxygen concencracion co 4 mg/L. 

Of the 33 salcwacer genera for which acute values are available, the 

most sensitive, Mysidopsis, is 2,000 times more sensirive than the most 

resiscanc, Monopylephorus (Table 3). Acuce values are available for more 

than one species in each of four genera, and the range of Species Mean Acute 

Values within each genus is less than a factor of 3.3. The salcwacer Final 

Acure Value calculated from the Genus Mean Acuce Values in Table 3 is 85.09 

US/L. This Final Acute Value is slightly above the Species ?iean Acure Value 

of 78 yg/L for the American lobster, which is from a scacic coxicicy test in 

which the concencrat ions were measured. 

Chronic Toxiciry co Aquatic Animals 

Chronic coxicicy cescs have been conducted on cadmium with sixteen 

species, including four invertebrates and twelve fishes, in thirteen genera. 

Several related values are in Table 6. In a 2l-day cesc in which the cesc 

concencrat ions were not measured, Biesinger and Christensen (1972) found a 

16% reduction in reproduction ar 0.17 gg/L. Berttam and Hart (1979) and 

Ingersoll and Winner (1982) found chronic roxicicy co Daphnia pulex at less 

chaa 1 and 10 pg/L, respectively. The 200-hr LClO of 0.7 Ag/L obtained with 

rainbow trout (Table 6) by Chapman (1978) probably would be close co cha 

result of an early life-stage rest because of the excenr co which various 

life stages were investigated. Effects on other salmonids and many inverce- 

braces have been observed ac 5 ug/L or less (Table 6). These species include 
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decomposers (Giesy , 19781, crayfish (Thorp, et al. 19791, copepods and 

annelids (Giesy, et al. 19791, midges (Anderson, ec al. 1980), and mayflies 

(Spehar, et al. 1978). 

Chronic values are available over a wide range of hardness for two 

species (Table 2). Regression of the natural logarithm of the chronic value 

against the natural logarithm of hardness (similar to the regressions 

performed on the acute data) gave a slope of 0.77 for Daphnia magna and a 

slope of 0.81 for the fathead minnow. These two slopes are very similar, and 

ehe pooled slope for the two species is 0.7852, with 95% confidence Limits of 

0.4190 and 1.1514. 

On the ocher hand, the acute-chronic ratios ranged from 0.9021 for the 

chinook salmon co 433.8 for the flagfish, with other values scarcered 

throuqhouc this range (Tables 2 and 3). These ratios do not seem to follow a 

pacrern (Table 31, and so it does not seem reasonable co use a freshwater 

Final Acute-Chronic Ratio to calculate a Final Chronic Value. 

Although a Final Chronic Value cannol: be calculated using a Final 

Acute-Chronic Ratio, the close agreement between the two slopes and the large 

variety of species with which chronic tests have been conducted make possible 

the calculation of the Final Chronic Value in the same way the Final Acute 

Value was calculated. The slope of 0.7852 was used co adjust each chronic 

value ro a hardness of 50 mg/L. Generally, replicate adjusted chronic values 

for a species agreed well, as did values for species within a genus. The two 

values for Ac lancic salmon are very different , but: one agrees well with the 

value for the ocher cesced species in the same genus. Sixteen Species Mean 

Chronic Values were then calculated, and from these, the thirteen Genus Mean 

Chronic Values were calculated and ranked (Table 2). A Final Chronic Value 
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was calculated from the thirteen Genus Mean Acute Values using the procedure 

used to calculate a Final Acute Value- However, because the thirteen Genus 

Mean Chronic Values concain values for five of the six freshwater genera chat 

are acutely most sensitive co cadmium, ic seemed more appropriate co 

calculate the Final Chronic Value using N 31 44, rather than N = 13 (Table 2). 

Thus, the freshwater Final Chronic Value for cadmium is 0.6582 ;rg/L ac a 

hardness of 50 mq/L, and the Final Chronic Value (in ;~g/Ll = 

e(0.7852[Ln(hardness)]-3.490). Ac a hardness of 50 q/L the Genus Hean 

Chronic Values for both Hoina and Daphnia are below the Final Chronic Value. 

Two chronic coxicicy tests have been conducted with the salcwacer 

invercebrace, Mysidopsis bahia (Table 2). Nimmo ec al. (1977a) conducted a 

23-day life-cycle cesc ac 20 co 28 C and salinity of 15 co 23 g/kg. Survival 

was 10% ac 10.6 yg/L, 84% at the next lower test concencracion of 6.4 qg/L, 

and 95X in the controls. No unacceptable effects were observed ac 6.4 ;Jg/L 

or any Lower concencracion. The chronic coxicicy Limits, therefore, are 6.4 

and 10.6 gg/L, with a chronic value of 8.237 US/L. The 96-hr LC50 was 15.5 

tiq/L, resulcinq in an acute-chronic ratio of 1.882. 

Anocher life-cycle cesc was conducted on cadmium vich Mysidopsis bahia 

under different environmeneaL conditions, including a conscanc temperacute of 

21 C and salinity of 30 g/kg (Gentile, er: al. 1982; Lussier, ec al. 

Manuscript). All organisms died in 28 days at 23 clg/L. AC 10 dg/L a series 

of morphological abberacions occurred ac the onset of sexual maturity. 

External genitalia in males were abberanc, females failed co develop brood 

pouches, and both sexes developed a carapace malformation chat prohibited 

molting after the release of the initial brood. Although initial reproduc- 

tion ac this concencracion was successful, successive broods could not be 
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borne because molting resulted in death. No malformations or effects on 

initial or successive reproductive processes were noted in the concrois or ac 

5.1 @/L. Thus, the chronic limits for this study are 5.1 and 10 gg/L for a 

chronic value of 7.141 @g/L. The LC50 ar 21 C and salinity of 30 q/kg was 

110 gg/L which results in an acute-chronic ratio of 15.40 from this study. 

These two studies showed excellent agreement: between the chronic values 

but considerable divergence between the acure values and acute-chronic 

rat ioe . Several studies have demonscrated an increase in acuce coxicicy of 

cadmium with decreasing salinity and increasing cemperacure (Table 6). The 

observed differences in acute coxicicy co the mysids might be explained on 

this basis. Nimmo , ec al. (1977a) conducted their acuce test at 25 co 28 C 

and salinity of 10 co 17 g/kg, whereas the ocher cesc was performed ar 21 C 

and salini:y of 30 R/kg, 

Gentile, er al. (1982) also conducted a life-cycle cesc with anocher 

mysid, Xysidopsis bigelowi, and the results were identical co chose for H. 

bahia. Thus, the chronic value was 7.141 ccq/L and the acute-chronic ratio 

was 15.40. 

Because they covered such a wide range, ic would be inappropriate co use 

any of the available freshwater acute -chronic rarios in the calculation of 

the salcwacer Final Chronic Value. The two saicwacer species for which 

acute-chronic ratios are available (Tabie 3) have Species Xean Acute Values 

very clcde co the salrwacer Final Acute Value and so ic seems reasonable to 

use rhe geometric mean of these cvo ratios. When the Final -Acute Value of 

85.09 qg/L is divided by the mean acute-chronic ratio of 9.105, a salcwacer 

Final Chronic Value of 9.345 ;Ig/L is obtained. 
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Toxicity to Aquatic Plants 

Gtowch reduction was the major toxic effect observed with freahwacer 

aquatic plants (Table 41, and several values are in the range of concencra- 

cions causing chronic effects on animals. The influence that plant growth 

media might have had on the toxicicy tests is unknown, but is probably minor 

at least in the case of Conway (1978) who used a medium paccerned after 

natural Lake Michigan water. Because the lowest coxicicy values for fish and 

invertebrate species are lower than the lowest values for pLancs, water 

quality criteria which protect freshwacer animals should also procecc 

freshwater plants. 

Toxicity values are available for three species of saltwater diatoms and 

two species of macroalgae (Table 4). Concencrarions causing fifty percent 

reductions in the qrowch races of diatoms range from 60 pg/L for Dicylum 

brighcwelli co 175 ;I~/L for Skeleconema coscacum. The brown macroalga (kelp) 

was the least sensitive co cadmium with an EC50 of 860 ~g/Ty. The most 

sensitive plant tested was the red alga, Champia uarvula, wish significant 

reductions in the grouch of both the cecrasporophyce nlanc and female plant 

occurring ac 22.8 J~/L. This plant is more reaiacanc than the chronically 

most sensitive animal species tested. Therefore, water quality criteria for 

cadmium chat procece salcnacer animals should also procecc saltwater plants. 

Bioaccumulat ion 

Bioconcentracion factors (BCFs) for cadmium in fresh water (Table 5) 

range from 3 for brook crouc muscle (Benoit, ec al. 1976) co 12,400 for the 

whole body of q oaquicofish (Giesy, et al. 1977). Usually , fish accumul ace 

onLy small amounts of cadmium in muscle as compared co most ocher tissues and 

organs (Benoit , et al. 1976; Sangalang and Freeman, 1979). Also, cadmium 
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residues in fish reach steady-state only after exposure oeriods greatly 

exceeding 28 days (Benoit, et al. 1976; Ciesy, et al. 1977; Sangalang and 

Freeman, 1979). Daphnia magna, and presumably ocher invercebraces of about 

this size or smaller, often reach steady-state within a few days (Poldoski, 

1979) . Cadmium accumulated by fish from water is eliminated slowly (Benoic, 

et al. 1976; Rumada, et al. 19801, but Kumada, et al. (1980) found chat 

cadmium accumulated from food is eliminated much more rapidly. Poldoski 

(1979) reported that humic acid decreased the uptake of cadmium by Daphnia 

magna, but Winner (1984) did not find any effect. Ramamoorthy and Blumhagen 

(1984) reported that fulvic and humic acids increased upcake of cadmium by 

rainbow trout. 

The only BCF reported for a saltwater fish is a value of 48 from a 

21-day exposure of the mummichog (Table 6). However, among ten species of 

invercebraces, the BCFs range from 22 to 3,160 for whole body and from 5 co 

2,040 for muscle (Table 5). The highest BCF was reported for the polychaece, 

Ophryotrocha diadema (Klockner, 1979). Although a BCF of 3,160 was accained 

after sixty-four days exposure using the renewal technique, tissue residues 

had not reached steady-state. 

BCFs for five species of bivalve molluscs range from 113 for the blue 

mussel (George and Combs, 1977) co 2,150 for the eastern oyster (Zaroogian 

and Cheer, 1976). In addition, the range of reported BCFs is rather Large 

for some individual species. BCFs for the oyster include 149 and 677 (Table 

6) as well as 1,220 and 2,600 (Table 5). Similarly, two studies with the bay 

scallop resulted in BCFs of -168 (Eisler, et al. 1972) and 2,040 (Pesch and 

Stewart, 1980) and three studies with the blue mussel reported BCFs of 113, 
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306, and 710 (Tables 5 and 6) l George and Coombs (1977) studied the 

importance of metal speciation on cadmium accumulation in the soft tissues of 

Hyt ilus edulis. Cadmium complexed as Cd-EDTA, Cd-alginate, Cd-humate, and 

Cd-pectace (Table 6) was bioconcencrated at twice the race of inorganic 

cadmium (Table 5). Because bivalve molluscs usually do not reach 

steadystace, comparisons between species may be difficult and the length of 

exposure may be the major determinant in the size of the BCF. 

BCFs for six species of crustaceans range from 22 to 307 for whole body 

and from 5 co 25 for muscle (Table 6). Nimmo, et al. (1977b) reported 

whole-body BCFs of 203 and 307 for two species of grass shrimp, Palaemonetes 

pugio and g. vulgaris. Vernberg, et al. (1977) reported a factor of 140 for 

E. pugio at 25 C, whereas Pesch and Stewart (198(I) reported a BCF of 42 for 

the same species exposed at 10 C, indicating char temperature might be an 

imporcanc variable. The commercially important crustaceans, the pink shrimp 

and lobster, were not effective bioaccumulacors of cadmium with factors of 57 

for whole body and 25 for muscle, respectively. 

Hallard ducks are the only native wildlife species whose chronic 

sensitivity co cadmium has been studied. These birds can be expected co 

ingest many of the freshwater and saltwater plants and animals listed in 

Table 4. White and Finley (1978a,b) and I&ice, et al. (19781 found 

significant damage ac a cadmium concentration of 200 mg/kg in food for 90 

days. Di Giulio and Scanlon (1984) found significant effects on energy 

metabolism at 450 mg/kg, but not ac 150 mg/kg. Division of 200 q/kg by the 

geometric mean BCF of 648.6 gives a freshwater Final Residue Value of 308.4 

!JRIL. Similarly, division of 200 mg/kg by the saltwater geometric mean BCF 

of 225.7 results in a saltwater Final Residue Value of 886.1 ug/L. These are 
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concentrations which would cause damage to mallard ducks, but no additional 

data are available. 

Although a high degree of variability exists between the BCFs reported 

for saltwater species, shellfish chat are consumed by humans can accumulate 

high concentrations of cadmium. The emecic threshold of cadmium is 13 to 15 

mg/kg of weight of human consumers (Anon., 1950). The highest reported BCF 

for the edible portion of a consumed species is 2,150. Even using this 

highest BCF, a person who weighed 70 kg would have to eat about 50 kg of 

oysters chat had been exposed to the saltwater Final Chronic Value of 8.695 

yg/L in order co reach the emetic threshold. 

Other Data 

Cadmium-binding proteins were isolated from Amoeba proteus (Al-atia, 

1978, 1980) and rainbow trout (Roberts, ec al. 1979). The cumulative 

mortality resulting from exposure co cadmium for more than 96 hours is 

clearly evident from the studies with polychaeces (Reish, et al. 19761, 

bivalve molluscs, crabs, and starfish (Eisler and Hennekey, 19771, scallops, 

shrimp, and crabs (Pesch and Stewart, 19801, and a mysid (Gentile, et al. 

1982; Nimmo, et al. 1977a). Nimmo et al. (1977a) in studies with the mys id, 

Mysidopsis bahia, reported a 96-hr LC50 of 15.5 ;rg/L (Table 1) and a 17-day 

LC50 of 11 qg/L (Table 6) at 25 co 28 C and salinity of 15 co 23 g/kg. In 

another series of studies with this mysid (Gentile, et al. 19821, the 96-hr 

LC50 was 105 gg/L (Table 1) and the 28-day LC50 was 16 pg/L (Table 6) at 20 C 

and salinity of 30 g/kg. These data suggest that’ short-term acute toxicicy 

might be strongly influenced by environmental variables, whereas Long-term 

effects, even mortality, are not. This pattern was also reflected in the 
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similarity of reproductive effects on this species (Table 2) tested under 

dissimilar environmental conditions. 

Considerable information exists concerning the effect of salinity and 

temperature on the acute toxicity of cadmium. Unforcunacely, the conditions 

and durations of exposure are so different chat adjustment of acute toxicity 

data for salinity is not possible. Rosenberg and Costlow (1976) studied the 

syneqistic effects of cadmium and salinity combined with constant and 

cyclinq temperatures on the larval development of two estuarine crab species. 

They reported reduction in survival and significant delay in development of 

the blue crab with decreasing salinity. Cadmium was three times as toxic at 

a salinity of 10 g/kg than at 30 g/kg. Studies with the mud crab resulted in 

a similar cadmiupsalinicy response. In addition, the authors report chat 

cycling temperature may have a stimulating effect on survival of larvae 

compared to constant temperature. 

Theede, et al. (1979) investigated the effect of temperature and 

salinity on the acute toxicity of cadmium co the colonial hydroid, Laomedea 

loveni. At 17.5 C cadmium concentrations inducing irreversible retraction’of 

half of the polyps ranged from 12.4 erg/L at a salinity of 25 g/kg co 3.0 gg/L 

ac 10 g/kg (Table 6). At a salinity of 25 g/kg the toxicity of cadmium 

decreased as temperature increased. 

The effect of environmental factors on the acute toxicity of cadmium is 

also evident from tests with the early life stages of salcwacer vertebrates. 

Alderdice, et al. (1979a,b,c,) reported chat salinity influenced the effects 

of cadmium on the volume, capsule strength, and osmotic response of embryos 

of the Pacific herring. Studies with embryos of the winter flounder 

indicated a quadratic salinity-cadmium relationship (Voyer, et al. 19771, 
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whereas Voyer, et al g (1979) reported a linear relationship between salinity 

and cadmium toxicicy to Atlantic silverside embryos. 

Several studies have reported chronic sublethal effects of cadmium on 

salcvarer fishes (Table 6). Significant reduction in gill tissue respiratory 

race and alteration of liver enzyme accivicy was reported for the cunner 

after a 30-day exposure co 50 &L (MacInnes, ec al. 1977). Dawson, ec al. 

(1977) also reporced a siqnificanc decrease in gill-tissue respiration of 

striped bass at 0.5 ;Ig/L above ambient after a 30-day, but not a go-day, 

exposure. A similar study with the wincer flounder (Calabrese, ec al. 1975) 

demonstraced a significant alceracion in gill tissue respiration race 

measured in vitro after a 60-day exposure co 5 gg/L. 

Unused Data 

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

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

North America, e.g., Ahsanullah, ec al. (19811, Cascille and Lawrence (19811, 

D’&oscino and Finney (19741, Greenwod and Fielder (19831, Kobayashi (19711, 

McClurq (19841, Mecayer, et al. (19821, Negilski (19761, Ojaveer, ec al. 

(1980>, Rainbow, et al. (19801, Sascry and Sunica (19821, Theede, et al. 

(19791, Verriopoulos and Moraicou-Aposcolopoulou (1981, 19821, Wescernhagen 

and Dechlefsen (197.51, and Wescernhagen, et al. (1975, 1978). Brown and 

Ahsanullah (1971) conducted tests with a brine shrimp, which species is coo 

atypical co be used in deriving national criteria. 

Data were also not used if cadmium was a component of a mixture (Stem 

and Stern, 1980; Wong, ec al. 1982). Reviews by Chapman, ec aL. (1968), 

Eisler (19811, Eisler, ec al. (19791, Phillips and Russo (19781, and Thomp- 

son, ec al. (1972) only contain dara char have been published elsewhere. 
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Data were not used if the results were only presented graphically 

(Laegreild, et al. 1983; Laube, L980; Remacle, et al. 1982), if the organisms 

were not exposed co cadmium in water (Foster, 1982; Hatakeysma and Yasuno, 

L98la; O’Neill, 1981), or if there was no percinenc adverse effect (Carr and 

Neff, 1982; DeFilippis, et al. 1981; Dickson, et al. 1982; Fisher and Fabris, 

1982; Fisher and Jones, 1981; Tucker and Matte, 1980; WacLing, 1981; Weis, ec 

al. 1981). Data in pubLications such as Eall (1967), Burnison, et al. 

(1975), Canton and Slooff (1979), Department of the Environment (1973)) 

Fennikoh, et al. (1978), Landner and Jernelov (1969), Naas (1978), Xiniscry 

of Technology (1967), Sbcherban (1977), Tarzwell and Henderson (1960), and 

Verma, ec al. (1980) were not used because either the materials, methods, or 

results were insufficiently described. High control mortalities occurred in 

all except one test reported by Saurer, ec al. (1976). The 96-hr values 

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

possibLe reproductive interactions (Buikema, et al. 1977). Br ingmann and 

Kuhn (1982) and Dave, ec al. (1981) cultured daphnids in one water and cesced 

them in a different water. 

‘The accepcabilicy of the dilution water or medium used in some studies 

(e.g., Brkovic-Popovic and Popovic, 1977a,b; CearLey and Coleman, 1973, 197%; 

Nasu, ec al. 1983) was open co question because of its origin or content. 

Algal studies were not used if they were not conducted in an appropriate 

medium (Scary and Kraczer, 1982; Stary, ec al. 1983) or if the medium 

contained coo much of a complexing agent such as EDTA (Lue-Kim, et al. 1980; 

Mullet and Payer, 1979). Some papers were omitted because of questionable 

treatmenc of test organisms or inappropriate cesc conditions or methodology 

(e-3-, Babich and Scocsky, 1982; Brown, et al. 1984; Bryan, 1971; Chan, ec 

al. 1981; Dorfman, 1977; Eisler and Gardner, 1973; Greig, i979; Hung, 1982; 
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Hutcheson, 1975; Moraitou-Apostolopoulou, et al. 1979; Parker, 1984; Pecan 

and Powell, 1981; Ridlingron, ec al. 1981; Sunda, ec al. 1978; Wikfors and 

Ukeles, 1982). 

Data on bioconcencration by aquatic organisms were ROC used if the cesc 

was conducted in distilled water, was not long enough, was not flow-through, 

or if the concencracions in water were not adequately measured (e.g., Beaccie 

and Pascoe, 1978; Bjerregaard, 1982; Burrell and Weihs, 1983; Carmichael and 

Fowler, 1981; Carr and Neff, 1982; Davies, et al. 1981; Denton and 

Burdon-Jones, 1981; Fair and Sick, 1983; Frazier and George, 1983; Freeman, 

1978, 1980; Kerfooc and Jacobs, 1976; Kohler and Riisgard, 1982; McLeese and 

Ray, 1984; Muramoco, 1980; Nolan and Duke, 1983; Oakley, ec al. 1983; 

Paulsen, ec aL. 1982; Ray, ec al. 1981; Reicherc, ec al. 1979; Rubinscein, et 

al. 1983; Stary, et al. 1982; Watling, 1983a; White and Rainbow, 1982; 

Windom, ec al. 1982; Yager and Harry, 19641. The bioconcencracion cescs of 

Eisler (1974), Jennings and Rainbow (1979b1, O’Hara (1973b), Phelps (19791, 

and Sick and Bapcisc (19791, which used radioactive isotopes of cadmium, were 

not used because of the possibility of isotope discrimination. Reports on 

the concentrations of cadmium in wild aquatic organisms, such as Anderson, ec 

al. (19781, Bouquegneau and Marcoja (19821, Boyden !1977), Bryan, ec al. 

(19831, Frazier (19791, Gordon, et al. (19801, Greig and Wenzloff (19781, 

Hazen and Rneip (19801, Rneip and Hazen (19791, McLeese, ec al. (19811, 

Noel-Lamboc, et al. (19801, Penningcon, ec al. (19821, Ray, et al. (19811, 

Smith, ec al. (19811, and Uthe, ec al. (19821, were not used for the 

calculation of bioaccumulacion factors due co an insufficient number of 

measurements of the concencracion of cadmium in :he water. 
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Summary 

Freshwacet acute values for cadmium are available for species in 44 

genera and range from 1.0 ug/L for rainbow trout to 28,000 pg/L for a mayfLy. 

me ancagoniscic effect of hardness on acute toxicity has been demonscrated 

wish five species. Chronic cescs have been conducted on cadmium with CueLve 

freshwarer fish species and four invercebrace species with chronic values 

ranging from 0.15 pg/L for Daphnia magna to 156 yg/L for the Atlantic salmon. 

Acute-chronic ratios are available for eight species and range from 0.9021 

for the chinook salmon co 433.8 for the flagfish. 

Freshwater aquatic plants are affected by cadmium at concencracions 

ranging from 2 to 7,400 rJq/L. These values are in rhe same range as the 

acute tox,icicy values for fish and invertebrate species, and are considerably 

above the chronic values. Bioconcencration factors (BCFS) for cadmium in 

fresh water range from 164 co 4,190 for invercebraces and from 3 co 2,213 for 

fishes . 

Saltwater acute values for cadmium and five species of fishes tanse from 

577 rrg/L for Larval Atlantic silverside co 114,000 gg/L for juvenile 

mummichog. Acute values for thirty species of invercebraces range from 15.5 

:Jg/L for a mysid co 135,000 gg/L for an oligochaece worm. The acute coxicicy 

of cadmium generally increases as salinity decreases. The effect of 

temperature seems co be species-specific. Two life-cycle cescs with 

Mysidopsis bahia under different test conditions resulted in similar chronic 

values of 8.2 and 7.1 ug/L, but the acute-chronic ratios were 1.9 and 15, 

respectively. The acuce values appear co reflect effects of salinity and 

temperature, whereas the few avaiLabLe chronic values apparenely do not. A 

Life-cycle test with Mysidopsis biqelowi also resulted in a chronic value of 
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7 .l vg/L and an acute-chronic ratio of 15. Studies with microalgae and 

macroalgae revealed effects ac 22.8 CO 860 dg/L. 

BCFs determined with a variety of salcwacer invertebrates range from 5 

co 3,160. BCFs for bivalve molluscs were above 1,000 in Long exposures, with 

no indication char steady-scace had been reached. Cadmium mortalicy is 

cumulative for exposure periods beyond four days. Chronic cadmium exposure 

resulted in significant effects on the grouch of bay scallops ac 78 Jg/L and 

on reproduction of a copepod ac 44 yg/L. 

National Criteria 

The procedures described in the “Guidelines for Deriving Numerical 

Narional Water Quality Criteria for the Procecrion of Aquatic Organisms and 

Their Uses” indicate chat, except possibly where a Locally imporcanc species 

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

affected unacceptably if the four-day average concencracion (in gg/L) of 

cadmium does not exceed the numerical value given by 

e(0.7852[ln(hardness)]-3.490) more than once every three years on the 

average and if the one-hour average concencracion (in ;rg/L) does not exceed 

the numerical value given by e (l.l28[ln(hardness)l-3.829) more than Once 

every three years on the average. For example , ac hardnesses of 50, 100, and 

200 mg/L as CaC03 the four-day average concencracions of cadmium are 0.66, 

1.1, and 2.0 pg/L, respectively, and the one-hour average concencracions are 

1.8, 3.9, and 8.6 ug/L. If brook crouc, brown crouc, and scriped bass are as 

sensitive as some data indicate, they might not be procecced by this 

criterion. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Proceccion of Aquatic Organisms and 
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Their Uses” indicate chat, exceot possibly where a Locally important species 

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

affected unacceptably if the four-day averaqe concencracion of cadmium does 

not exceed 9.3 ug/L more than once every three years on the average and if 

the one-hour average concencracion does not exceed 43 &L more than once 

every three years on she average. The Little information chat is available 

concerning the sensitivity of the American Lobsrer co cadmim indicates chat 

this imporcanc species might not be protected by this criterion. In 

addition, data suggest char the acute coxicicy of cadmium is salinicy- 

dependent ; therefore the one-hour average concentration might be 

underproceccive ac Low salinities and overproceccive at high salinieies. 

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

more scientifically correct basis upon which co establish criteria for 

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

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

criteria chrouqh the regulatory programs of the Agency and the Scaces. The 

Agency is considering development and approval of methods for a measurement 

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

the criteria using the coca1 recoverable method. This has two impacts: (I) 

certain species of some metals cannot be analyzed directly because the coca1 

recoverable method does not distinguish between individual oxidation scaces, 

and (2) these criteria may be overly protecrive when based on the tocal 

recoverable method. 

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

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

system to recover from a pollution event in which exposure co cadmium exceeds 

the crieerion. Stressed systems, for example, one in which several out falls 
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occur in a limited area, would be expected co require more time for recovery. 

me resilience of ecosystems and their ability CO recover differ greatly, 

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

cion is provided. 

The use of criteria in designing waste creacmenc facilities requires the 

selection of an appropriate wasteload allocation model. Dynamic models are 

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

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

steady-scare model. The Agency recommends the interim use of 1QS or lQl0 for 

Criterion Maximum Concencracion (CXC) design flow and 745 or 7410 for the 

Criterion Continuous Concencracion (CCC) design flow in steady-scare models 

for unstressed and stressed systems respectively. These matters are 

discussed in more detail in the Technical Support Document for Water 

Quality-Based Toxics Control (U.S. EPA, 1985). 
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Table I. Acute loxlclty of ceblu to Aquatic Anlrelr 

Hardness 
(agIL as 

Cdx,) 

Spulas Mean 
Acute Vslua 

SPOCIOS 

Tub1 flcld worn, 
Branchlura souerbyl 

Tublflcld worm, 
Llmnodrllus hoffmelsterl 

Tubl f lcld worm, 
Qulstadrl lus nultlsetosus 

Tublflcld worm, 
Rhyacodr I lus montana 

Tub1 f lcld worm, 
Splrosperma feror 

Tubl f lcld worm, 
Splrosperma nlkolskyl 

Tublflcld worm, 
Stylodrlluo herlnglanus 

Tublflcld uorm, 
Tublfex .tublfex 

Tub! f lcld worm, 
Varlchaeta paclflca 

worm, 

Snail (embryo), 
Amnlcola sp. 

“Jnall (adult), 
Amnlcola sp. 

Snail, 
hypnorum Ap I exa 

Snail (adult), 
Physa qyrlna 

Wothod~ 

5, n 

s, M 

s, I4 

5, w 

s, M 

s, n 

5, I4 

s, n 

s, n 

5, u 

s, u 

s. u 

fi, M 

5, w 

Cherlcsl 

FRESHWATER SPECIES 

Cadmlum sulfate 

cadmium sulfate 

Cadmium sulfate 

Cadmlua sulfate 

Cadmium sulfate 

Cadntum sulfate 

cadml I*p sul fate 

Cadmium sulfate 

Cadmium sulfate 

Cadmfum chloride 

5.3 

5.5 

5.3 

5.3 

5.3 

5.3 

5.3 

5.3 

5.3 

50 

50 

50 

45.3 

200 

240 

170 

320 

630 

350 

450 

550 

320 

300 

1,700 

3,m 

8,400*“” 

93 

I.370 

3,018 

2,137 

4,024 

7,921 

4,401 

5,658 

6,915 

4,024 

4,778 

1,700 

3,800 

104.0 

Rmf eronca 

Chapman, et al. 
1982a 

Chapman, et al. 
1982a,b 

Chapman, et al. 
1982s 

Chapman, et al. 
1982s 

Chapman, et al. 
l982a 

Chapman, et al. 
1982a 

Chapman, et al . 
19826 

Chapman, et al. 
1982a,b 

Chapman, et al. 
1982s 

Rehwoldt, et al. 1973 

Rehuoldt, et al. 1973 

Rehuoldt, et al. 1973 

Holcombe, et al. 1984 

Wler 6 Walter, 1976 
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Table 1. Uhdlnued) 

Species 

Gal I ( Immature), 
Physa gyrlna 

Cl adocwan, 
Cerlodaphnfa retlculata 

Cladoceran, 
Cerlodaphnla retlculata 

Cladoceran, 
Daphn I a maqna 

Cladoceran, 
Daphn la magma 

Cladocetan, 
Daphnla magna 

Cladoceran, 
Daphnla magna 

Cladoceran, 
Daphnla wgna 

Cladoceran, 
Daphnla maqna 

Cladoceran, 
Daphnla maqna 

Cladoceran, 
Daphnl a magna 

Cl adoceran , 
Daphnf a magna 

Cladoceran, 
Daphnla lnagna 

Ciadoceran, 
Oaphnla magna 

C I adoceran, 
Oaphnla magna 

IbthcxP 
s, u 

s, u 

s, I4 

s, u 

s, u 

6, n 

5, H 

s, M 

Cherlcai 

45 

55-79 

45 

\30 

51 

104 

105 

197 

209 

100 

55-79 

66 

Cadmium chloride I29 83.02 

Cadmlun chlor Ide cl.6 

Cadmium chloride 

Cadalum chloride 

Csdmlum chloride 9.9 

Cadmium chl or Ide 33 

Cadmium chloride 34 

Cadmium chloride 63 

Cadmium chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmium nl trate 27.07s***” - 

Cadmlur nltrate 

Hardness 
(*g/L as 

CacoI) 

200 

ISSO 
wEc50 
(rg/L)‘fi 

410 

Species Mean 
Acute Value 

( rg/L) l *fi Raf m-once 

156.9 Wler 6 Walter, 1976 

Mount & Norberg, 1984 

Spehar d Carlson, 
1984a,b 

Anderson, 1948 

Bfeslnger 6 
Chrlstensen, 1972 

Attar & #&I y, 1982 

Chapman, et al . 
Wanu 5cr I pt 

Chapman, et al . 
Manuscr Ipt 

Chapman, et al. 
Manuscr I pt 

Chapman, et al. 
Manuscr Ipt 

Chapman, et al . 
Manuscr Ipt 

Canton d Sloof f, 
1982 

Spehar & Carlson, 
lPMa,b 

Canton d. Adema, 
1978 

Canton a Adema, 
1978 
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Table 1. Ub4btlnued) 

Species ban 
wEc50 Acute Value 
(rQ/L)** (rQh)*** 

35.13*-•* - 

Method* 
s, u 

R*fuenco 

Canton & Mena, 1978 

Mount I Norberg, 
1984 

Canton A Adems, 1978 

Mount A Norberg, 1984 

Bertrm 4 Hart, 1979 

Hatakeyama b Yasuno, 
198lb 

Glesy, et al. 1977 

Spehar 6 Car I son, 
1984a,b 

Spehar & Carlson, 
1984a,b 

Mount h Norberg, 1984 

fpehar 6 Carlson, 
1984a,b 

Bosnak b Morgan, 
1981 

Eoyak & Mof$jan, 

Spehar A Carlson, 
l984a,b 

Spehar L Carlson, 
1984a,b 

Chemlcsl 

Cadrl um nl trate 

SP9Cl.S 

Cladoceran, 
waqns Oaphn la 

Cladoceran, 
magna Oaphnla 

Cladoceran, 
Osphnla pulex 

Cladaceran, 
Daphnla pulex 

Cladaceran, 
Oaphnla pulex 

Cladoceran, 
Wol na macrocopa 

Cl adoceran, 
SImocephalus serrulatus 

Cladoceran, 
S lmocephalus serrulatus 

Cladoceran, 
Slmocephalus secrulatus 

Cladoceran, 
Slmocephalus vetulus 

Cladoceran, 
S lmocephalus vetulus 

I sopod, 
hsellus blcrenata 

Isopod, 
C I rceus a labsmae 

Amph I pod, 
Gammarus pseudollmnaeus 

Amphlpod, 
Gamnarus pseudollmnaeus 

45 

93.45 

60 

47 

71.25 

7.0 

123t 

24.5 

24 

89.3 

2.130tt 

15ott 

54.4 

68.3 

12.19 

55.72 

40.78 

45.93 

41.65 

400.5 

42.00 

55.90 

5, u 

s, u Cadmlun nf trate 

5, u 45 

s, u &Mum chloride 

Cadalum chloride 

57 

00-04 s, u 

s, w Cadnlun chloride II.) 

5, M C-adalun chloride 55-79 

Cadmium chloride 39-48 s, w 

5, u 

3, H 

45 

Cadmlun chloride 55-79 

Cadnlua chloride 

Cadmium chloride 

Cadmium chloride 

220 

152 

55-79 s, n 

5, M Cadmium chloride 39-48 

26 



Table I. tCont1 nued) 

Sp0cles 

Amphlpod, 
Gammarus sp. 

MphIpod, 
Hyalel la atteca 

Crayf Ish, 
Orconectes llmosus 

Wt Iv, 
Paraleptophlebla praepedlta 

MfflY, 
Ephemerella grandls 

Ephemerel I a grand I s 

Damselfly, 
(Unldentl fled) 

Stonetly, 
fteronarcel la badla 

Caddlstly, 
[Unldentltled) 

Hldge, 
Chl ronOmus sp. 

Uryozoan, 
Pectlnatrlla maqnlflca 

Bryozoan, 
Lophopode I I a carter I 

Bryozoan, 
Plumatel la emarglnata 

American eel, 
Anqullla rostrata 

Coho salmon (adult), 
Oncorhynchus kl sutch 

Matbd’ 

s, u 

Chaml ca I 

Hardness 
(mq/L as 
C8C0,) 

50 

LC50 
or Ec!m 
&g/L I- 

70 

Species Mean 
Acute Va I ua 

l&lQIL)**a 

70 .oo 

S, M Cadmium chloride S-79 285 204.9 

Cadslum chloride 

s, M Cadmium chloride 55-79 322.8 

Cadnlum cblorlde 

s, u Cadmium sul tate 44 2,310 Warnlck & Bel I, 1969 

s, u 50 6,100 AahwoId.t, et al. 1973 

Cadmium chloride 

s, u 50 3,400 Aehwoldt, et al. 1973 

50 1,200 Rehwoldt, et al. 1973 

s, u 190-220 142.5 Pardue 6 Wood, 1980 

s, u 190-220 30.54 Pardue d Wood, 1980 

s, u 190-220 221.9 Pardue & Wood, 1980 

S, M 55 

400 

449 

28,000 

2,000 

8,100 

18 ,000 

3,400 

I ,200 

700 

I50 

1,090 

820 736.4 Rehwoldt, et al. 1972 

Cadml un ch lorlde 23 l7.5*‘#* 

27 

Retwance 

Rehuoldt, et al. 1973 

Spehar 6 Carlson, 
1984a,b 

Routet & 
Chalsemartln, 1973 

Spehar & Carlson, 
1984a.b 

Clubb, et al. 1975 

Clubb, et a\. I975 

Chapman, 1975 



Tablo I. ~cantlnwd) 

Hwdnoss 
(*a/L as 

caahl 

23 

Spmcloo Worn 
Ac;tm,VC;~~ 

u9 SPOCl.5 

coho ralmon Iparrl, 
Oncorhynchus klsutch 

Coho salmon I I year), 
Oncorh ynchus kl sutch 

Chinook salmon talevln), 
Oncorhynchus tshawytrcha 

ChInook salmon (swim-up), 
Oncorhynchus tshauvtscha 

Chinook salmon (par-r), 
Oncorhynchus tShawytSCha 

Chlnook salmon Ismolt), 
Oncorhynchus tshawytscha 

Chl nook salmon (Juvenl fe) , 
Oncwhynchus tshawytscha 

Chlnook salmon IJuvenIle), 
Oncorhynchus tshawytscha 

Rainbow trout Islevlnl, 
Sa lmo qal rdnerl 

Ral nbor trout ( swim-up), 
Salmo qalrdnerl 

Rainbow trout (parrI, 
Salmo galrdnerl 

Ralnbow trout Ismolt), 
Sa Imo gal rdner I 

Ral nbow trout (2-arc&, 
Salmo ctalrdnerl 

Ral nbow trout, 
Salmo qalrdnerl 

Chmlcal 

Cadmlm chforlde 

Cadmla chloride 90 

Cadmium chloride 

Cadnlua chloride 

23 

23 

Cadmlw chloride 23 

Cadmium chloride 

CadnirPr chlwlde 

23 

25 

Cadmium sulfate 20-22 

Cadnlum chloflde 23 

Cadmium chloride 23 

Cadmlun chloride 23 

Cadmium chloride 23 

Cadml ua nl trate 

Cadmium sulfate 31 

Ruf Wont. 

CJlapman, 1975 

Lorr, et at. 1975 

Chapman, 1975, 
1978 

10.4 5.894 

I.8 ChaplRan, 1975, 
1978 

3.5 

>2.gttt 

Chapman, 1975, 
1978 

Chapman, 1975, 
1978 

Chapman, 1982 

Flnlayson 6 Vercue, 
1982 

Chapman, 1975, 1978 

Chapman, 1975, 1978 

Chapnan, 1978 

Chapman, 1975 
Chapman, 1978 

Hale, I977 

Oavl es, 1976 

4.254 

I .3 

1 .o 

,::;ttt 

6.6 

1.75 
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Table 1. ~Continuedl 

Specl es 

Ralnbow trout, 
Salmo qalrdnerl 

Ral nbow trout, 
Salmo qalrdnerl 

Ralnbow trout, 
Sa I mo gal rdner I 

Ral nbow trout, 
Salmo galrdneri 

Rainbow trout, 
Salmo qairdnerl 

Brown trout, 
Salmo trutta -- 

Brown trout, 
Salmo trutta -- 

f&o& trout, 
Salvellnus tontlnalis 

Brook trout, 
Salvellnus tontinells 

Goldtl sh, 
Carassl u5 auratus 

Goldflsh, 
Carassl us auratus 

Goldf I sh, 
Cnrassi us auratus 

Common carp, 
Cyprlnus carplo 

Fathead minnow, 
Plmephales promelas 

Method’ 

s, IJ 

s, IJ 

s, IJ 

S, M 

s, M 

s, M 

S, M 

fi, M 

S, M 

s, u 

Chemical 

Hardness Lc50 Species Mean 
Imq/c as orEC50 Acute Value 

cacoq) tug/L)@* tug/L).** 

6 

7 

Cadmium chloride 6.0 

Cadmium chloride 55-79 10,2t 

Cadmium chloride 39-48 2.3 3.589 

Cadmium chloride 55-79 15.1’ 

Cadmium chloride 39-48 1.4 1.638 

Cadmium chloride 47.4 5,000 

Cadmium sulfate 42 (I.5 tttt 

Cadmlun chloride 2,340 

Cadmium chloride 

20 

20 

340 

55 

20 

2, I30 

Cadmium chloride 46,800 0,325 McCarty, et al. 1978 

240 215.5 Rehwoldt, et al. 1972 

Cadmium chloride I ,050**** 

29 

Reference 

Kumada, et al. 1973 

Kumada, et al. 1973 

Kumada, et al. 1980 

Spehar 6 Carlson, 
1904a,b 

Spehar d Carlson, 
1984a,b 

Spehar d Carlson, 
\9B4n,b 

Spehar 6 Car I son, 
1984a,b 

Holcanbe, et al. 1983 

Carroll, et al. 
1979 

Plckerl nq d 
Henderson, 1966 

McCarty, et al. 1978 

Plckerlng 6 
Render son, 1966 



lablo 1. Kontl nusdl 

Specl es 

Fathead ml nnow, 
Plmephaies promelas 

Fathead minnow, 
Plnephsles promelas 

Fathead minnow, 
Pimephaies promeias 

Fathead ml nnow, 
Plmephales promalas 

Fathead ml nnow, 
Plmephales promelas 

Fathead ml nnow , 
Plmephales Eomelas 

Fathead ml nnow, 
Plmephales promelas 

Fathead minnow, 
Plmephales promelas 

Fathead ml nnow f try), 
Plmephales promelas 

Fathead ml nnow f fry), 
Plmephales promelas 

Fathead ml nnow f fry), 
Plmephales promelas 

Fathead ml nnow f try), 
Plmephales promelas 

Fathead minnow I try), 
Plmephales promelas 

Fathead nlnnor f try), 
Plmephales promelas 

Method* 

s, IJ 

Chemical 

Cadmlun chloride 

Hardness Lcw 
(119/L as orEC50 

cac&~ (ug/LP 

20 630”” l 

s, u Cadnlum chiorlde 360 72,600’afi’ 

s, u Cadnl ua chlorl de 73,5001-• 

Cadmlm sulfate 

FT, M Cadnlrn sulfate 

I I ,200-- 

I2 ,ooo***a 

FT, M 

FT. M 

FT, W 

Cadmlua sulfate 6,400**** 

Cadnlun sulfate 

Cadmlun sulfate 

2 ,ooa“~* 

4,500”1’ 

S, M Cadmium chloride 21.5 

Cadmium chloride I I .7 

Cadnlum chloride 19.3 Spehar, 1982 

Cadmium chloride 42.4 Spehar, 1982 

Cadmium chloride 54.2 Spehar, 1982 

Cadmium chloride 

360 

201 

201 

201 

201 

201 

40 

40 

39 

45 

47 

44 

30 

29.0 Spehar , 1982 

Speclos Mean 
Acuto Value 

t rq/L)‘fi’ Ret erence 

Plckerlng & 
Henderson, 1966 

Pickering & 
Henderson, I966 

Plckerlng 6 
Henderson, 1966 

Plckerlng 6 Gast, 
1972 

Plckerlng & Gast, 
1972 

Plckerlng d Gast, 
1972 

Plckerlng b Gast, 
1972 

Pickering A Gast, 
1972 

Spehar, 1982 

Spehar, 1962 



Table I. ukultlnued) 

Lc50 
orEc50 
(rg/L)*’ 

Species Mean 
Acute vs I ue 

trg/lJ-fi 

Hardness 
(mg/L us 

CSCDI) 

103 

14eihodm 

s, M 

Chml ca I 

Cadmfua chloride 

Sped es 

Fathead ml nnou (adu I t) , 
Plmephales promefas 

Fathead q lnnou (adult), 
Plmephales promelas 

Fathead mlnnou (adult), 
Pimephales promelas 

Fathead ml nnou (adult), 
Pimephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fat head ml nnou , 
Plmephales promelas 

Fathead ml nnou, 
Pimephales promelas 

Northern squawf I sh, 
Ptychochel lus oregonensl s 

Northern squawf I sh, 
Ptychochel lus oregonensl s 

Whl te sucker, 
Catostoinus conmersonl 

Channel catf i sh, 
lctalurus punctatus 

Banded kl I II fish, 
Fundulus dlaphanus 

Flagflsh, 
Jordanella florldae 

Mosqul tot I sh, 
Gambusia afflnis 

Ret erence 

81 rge, et al. 1983 3,060**“* 

Cadmlurn chloride 

Cadml um ch lorl de 

Cadmium chloride 

Cadmium chloride 

103 2,900*‘*@ Blrge, et al. 1983 

3,loo’*‘* 

7, 160aa** 

s, If I03 Blrge, et al. I983 

s, If 

s, M 

254-27 I Blrge, et al. 1983 

55-79 3,39w- Spehar & Carlson, 
1984a,b 

Spehar A Carlson, 
1984a,b 

Spehar L Carlson, 
1984a,b 

Andros S Garton, 1980 

Cadmium chloride 

Cadalum chloride 

Cadmlun chloride 

39-48 1,280”” 

55-79 

20- 30 

I,830*“*” 

I.092 

30.50 

Cadmium chloride 20- 30 1,104 2,400 Andros 6 Garton, 1980 

Cadmium chloride 

Cadmium chloride 

I8 1,110 3,514 Duncan h Klaverkamp, 
1983 

Spehar 6 Carlson, 
1984a,b 

Rehwotdt, et al, 1972 

55-79 7,940 s, M 5,708 

9a.79 55 II0 

Cadmlun chloride 44 

Il.1 

2,500 2,888 Spehar, l976a, b 

Cadmium chloride 900 Glesy, et al. 1977 
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Tablo I, (Contl nuedl 

Spedor 

Hosqul tof I sh, 
Gambusla afflnls 

GUPPY, 
Poecl I la retlculata 

ThreespIne stlckleback, 
Gasterosteus aculeatus 

Threesplne stlckleback, 
Gasterosteus aculeatus 

Whl te perch, 
Moron8 amer I csna 

Str lped bass, 
Morone saxatllls 

Strlped bass f larva), 
Morone saxatl I I s 

Strlped bass (fIngerlIngI, 
Morone saxatl I Is 

Green sunf I sh, 
Lepoml s_ cyanel lus 

Green sunf I sh, 
Lepoml s cyan01 lus 

Green sunf I sh, 
Lepanls cyan91 lus 

Punpklnseed, 
Lepcml s gl bbosus 

i3luoglll, 
Lepoml s macrochl rus 

Bluegl I I, 
Lepunl s macrochl rus 

Chorlcal 

Cadmium chloride 

Cadmium chloride 

Cadmlup chloride 

Cadmium chloride lO3-Ill 23,000 

Cadolum chloride 34.5 I 

Cadmlua chloride 

Cadmlun chloride 

Cadmium chloride 360 66,000 

Cadm llm chlor ,lde 335 20,500 

Cadmlun chloride 

Cadmlun chloride 

Hardness 
by/L as 
cscD*) 

II.1 

Lc5o 
OrECW 
(rg./LP 

2,200 

Species Menn 
“y;;,:;!: 

7,605 

Rmf rmllce 

Glesy, et al. 1977 

20 1,210 

II5 6,500 

Plckerlng d 
hienderson , 1966 

Pascoe & Cram, 1977 

Pascoe b Mattey, 1977 

55 8,400 

3,570 

4,977 

7,544 Rehuoldt, et al. 1972 

55 1,100 Rehuoldt, et al. 1972 

34.5 2 tttt 

Hughes, 1973 

Hughes, 1973 

20 2,840 PickerIF b 
Henderson, 1966 

Plckerlng 4 
Henderson, 1946 

Jude, 1973 

55 Rehroldt. et al. 1972 

20 Pickering A 
Henderson, 1966 

207 

1,500 

1,940 

21,100 

5,147 

1,347 

Eaton, 1980 
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Table I. (Continued) 

Specl es 

Bluegl II, 
Lepomls macrochlrus 

M&hod* 

S, M 

Cheml ca I 

Cadmlln chforlde 

Hardness LC50 
I&L as or EC50 
cm,) (rg/L)” 

I8 3,860 

Species Wean 
Acute vs I Urn 

(ug/L)**fi 

Bluegl II, 
Lepoml s macroch i rus 

S, M Cadmium chloride I8 2,800 

Bluegl II, 
Lepoml s macrochl rus 

S, M Cadmium chloride 48 2,260 

Bluegill, 
Lepoml s macrochi rus 

S, M Cadmium chloride 55-79 8,810 6,961 

folychaete rot-m (adult), 
Neanthes arenaceodentata 

s, u 

Polychaete worm (juvenile), S, U 
Neanthes arenaceodentata 

Sand norm, 
Nerel s v I rens -- 

Pol ychaete worm, 
Nerel s VI rens -- 

Polychaete worm (adult), 
Capltella capltats 

s, u 

s, u 

s, u 

Pol ychaete worm f larva), 
Capltella capltata 

s, u 

01 I gochaete worm, R, u 
Limnodri loldes verrucosus 

0 I I gochaete worm, R, u 
Monophylephorus cutlcalatus 

Oil gochaete worm, 
Tubl flcoldes qabrlel lae 

SALTWATER SPECIES 

Qdmlrra chloride 12,000 Relsh, et al. 1976 

Cadmium chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmlua chloride 

Cadmium chloride 

Cadmium sulfate 

Cadmium sulfate 

Cadmium sulfate 

Ref wenco 

Bishop 6 McIntosh, 
1981 

Blshop 6 McIntosh, 
1981 

Bishop & McIntosh, 
1981 

Spehar b Carlson, 
l984a,b 

12,500 12,250 

9,300 

\ I,000 \O,l\O 

7,500’**4 

200 200 

10,000 IO ,000 

135,000 135,000 

24,080 24,000 

Relsh, et al. 1976 

Elsler 6 Hennekey, 
1977 

Elsler, 1971 

Relsh, et al. 1976 

Relsh, et al. 1976 

Chapman, et al. l982a 

Chapman, et al. i982a 

Chapman, et al. 1982a 
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Table 1. (Contl nued) 

Species Method. 

Oyster drill, 
Urosalplnx clnerea 

s, u 

Mud snal I, 
Nassarlus obsoletus 

Mud snal I, 
Nassar I us obsol etus 

Blue mussel, 
Mytl lus edul Is 

s, u 

s, u 

s, u 

Blue mussel (unbryo), 
Mytl lus edul Is 

s, u 

Blue mussel, 
Mytl lus eduils 

Blue mussel, 
Mytl lus edui is 

Blue awsel, 
Mytl lus edulls 

Bay seal lop (Juvenl fe), 
Arqopecten lrradlans 

s, u 

Pack f I c oyster (embryo), 
Crassostrea qlgas 

Pacl f Ic oyster f larva), 
Crassostrea ql gas 

Eastern oyster f larva), 
Crassostrea vfrglnlca 

s, u 

s, u 

s, u 

Sot t-she1 I clam, 
w arenarla 

Soit-shel I clam, 
&a- arenaria 

s, u 

so u 

Cadmium chloride 6,600 

Cadal um chloride 35,000 

Cadtnlwa chloride 10,500 

Cadnlum chloride 25,000 

Cadmium chloride 1,200 

Cadmlua chloride I.620 

Cadmium chloride 3,600 

Cadmium chloride 4,300 

Cadmium chlorldo 1,480 

Cadmium chloride 61 I 

Cadmium chloride 85 

Cadmium chloride 3,800 

Cadmium chloride 2,500 

Cadmium chforlde 2,200 

Spoclos Mean 
Acuto vs I w 
!rg/LP’r@ 

6,600 

19,170 

3,934 

1,480 

227.9 

3,800 

Bet eronco 

Elsler, 1971 

Elsler (L Hennekey, 
1977 

El sler, 1971 

Elsler, 1971 

Martln, et al. 1981 

Ahsanu I lah, 1976 

Ahsanul lah, 1976 

Ahsanul lah, I976 

Nelson, et al. 1976 

Martln, et al. 1981 

Watllrq, 1982 

Caiabrese, et al. 
1973 

Elsler 6 Hennekey, 
1977 

El sfer, 1971 
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Table 1. Wmtlnued) 

species 

Soti-she1 I clam, 
w arenar I a 

copepod, 
Pseudcd I aptomus coronatus 

COPPod s 
Eurytemora afflnls 

Copepod (naupl Ius), 
Eurytemora afflnls 

Copepod, 
Acartla clausl 

Cwewd, 
Acart ia tonsa 

Copep~, 
Acartla tonsa 

Copepod, 
Acartl a tonsa -- 

Copepod, 
Acartl a tonsa 

COPPJ # 
Nltocra splnlpes 

Mysld, 
Hysldopsls hahla 

Hysld, 
Hysldopsls bahla 

Mysld, 
Mysldopsls bigelowi 

Amphlpod (adult), 
Ampelisca abdlta 

t4ettKul~ 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

FT, n 

Chealcal 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Csdmlum chloride 

Cadmium chLorIde 

Cadmium chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmluta chloride 

Cadmium chloride 

Cadmlua chloride 

CC50 
OrEcso 
(rg/L)fi@ 

850 

1,708 

1,080 

147.7 

144 

90 

I22 

220 

337 

1,800 

15.5 

II0 

II0 

2,900 

35 

Speclos Mean 
Acut. Value 

(rg/L)*” 

1,672 

1,708 

399.4 

144 

168.9 

1,600 

41.29 

110 

2,900 

Retuoncm 

Elsler, 1977 

Gent1 le, 1982 

Gent1 le, 1982 

Sullivan, et al. 1983 

Gent1 le, 1982 

Sosnowskl 4 Gent1 le, 
I970 

Sosnowskl L Gentile, 
1970 

Sosnouskl h Gent\ le. 
1970 

Sosnouskl 6 Gentlle, 
1978 

Bengtsson, 1978 

Nlmmo, et al. 19778 

Gentlle, et al. 1982; 
Lussler, et al, 
Manuscrl pt 

Gent1 lo, et al. 1982 

Scott, et al. 
Manuscr I pt 



Table 1. LCo&lnued) 

Species 

Amphlpod (young), 
MarInoqawmarus obtusatus 

Amphlpod (adult), 
War I nogammarus obtusatus 

Pink shrlap, 
Peneeus duorarun 

Grass shrlnp, 
Palaemonetes vulgar-lo 

Grass shrimp, 
Pala-etes vuigaris 

Sand shrlnp, 
Crangon septenspi nosa 

American lobster (larva), 
tlomarus amer lcanus 

Hernl t crab, 
long1 carpus Paqurus 

Herml t crab, 
lonqlcarpus Paqurus 

Rock crab (zoea) , 
Cancer irroratus 

Dungeness crab 4 zoea), 
Cancer magi ster 

Blue crab (Juvenl le), 
Calllnectes sapidus 

Rlue crab (Juvenile), 
Caillnectes sapidus 

Green crab, 
Carci nus maenas 

Me&hod’ 

s, M 

s, w 

fl, t4 

s, u 

fl* M 

s, u 

s, u 

s, u 

s, u 

n, M 

s, u 

s, u 

s, u 

s, u 

Cherl ca I 

Cadmium chloride 

LC50 Species Mean 
orEc50 Acutm va1w 
tug/L)‘* ( JIQ/L)"* 

3,500 

Cadmium chloride 13,OGO”‘“’ 3,500 

Cadmium chloride 3,500 3,500 

Reference 

Urlght 6 Fraln, 1981 

Wright 6 Fraln, 1981 

Nlrmo, et al. 1977b 

Cadmium chloride 420 

Cadmium chloride 760 760 

Elsler, 1971 

Nlmrao, et al. 1977b 

Cadmium chloride 320 320 

Cadmium chloride 78 70 

Cadmium chloride 320 

Elslor, 1971 

Johnson & Gent1 le, 
1979 

Eisler, 1971 

Cadalum chloride 1,300 645 Eisler A Hennekey, 
1977 

Cadmium chloride 250 250 Johns & MI I ler, 1962 

Cadnlum chloride 247 247 Martin, et al. 1981 

Cadmium chloride 

Cadmium chloride 

Cadmium chlorldc 

ll,6GU 

4,700 

4,100 

Frank S Robertson, 
1979 

7,384 

4,100 

Frank 6 Robertson, 
1979 

Eisler, 1971 
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Table 1. Kmtl nued) 

Species 

Fiddler crab, 
Uca pug1 later 

Fiddler crab, 
Uca pugi lator 

Fiddler crab, 
Uca pugl Iator 

Fiddler crab, 
Uca pugllatw 

Fiddler crab, 
Uca pug1 iator 

Fiddler crab, 
Uca pug1 lator 

Starfish, 
Aster1 as torbesi 

Stat-f I sh, 
Asterias forbesl -- 

Sheepshead ml nnou, 
Cyprinodon varlegatus 

~ummichog (adult), 
Fundulus heterociitus 

blummichog (adult), 
Fundulus heteroclltus 

Mlmmichog ~juvenile), 
Fundulus heteroclltus 

Hummichog (juveni leb, 
Fundulus heteroclltus 

Hummichcq (Juvenl le), 
Fundulus heteroclitus 

Method’ 

s, u 

s, u 

s, u 

s, u 

s, u 

5, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s. u 

Chenlcal 

Cadmium chlori de 

LUO 
or EC50 
(rg/L)** 

46,600 

Cadmium chlori da 37,000 

Cadmium chlorl de 32,300 

Cadml um chlwlde 

Cadmium chloride 

23,300 

10,400 

Cadmium chloride 6,800 21,240 

Cadmium chiorlde 

Cadmlum thlorlde 2,413 Elsler, 1971 

Cadmium chloride 5u ,000 Elsler, 1971 

Cadmium chloride 

Cadnl urn ch iori de 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

7,100 

020 

50,000 

49,000 

22,000 

114,000 

92,000 

7e,Uoo 

Spocles Maan 
Acute Value 

(llg/LP‘ Retorenco 

O*Hara, 

Ortiara, 

O’tlara, 

973a 

9738 

973a 

OrJiara, l973a 

O’Hara, 1973a 

Orliara, 19738 

Elsier A Hennekey, 
1977 

Elsler, I971 

Elsler 6 Hennekey, 
1977 

Voyer, 1975 

Voyer I 1975 

Voyer, 1975 
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Tsblo 1. Kontlnued) 

Sp0Ci.S 

Mummlchog (Juvenl le), 
Fundulus heteroclitus 

Mumnichog (Juvenl le), 
Fundulus heteroclltus 

Wummlchog (Juveni IeJ , 
Fundulus heteroclltus 

Wumnlchog L Juvenl lo), 
Fundulus heteroclitus 

Wwnmlchog (JuvenIleI, 
Funduius heterociitus 

Striped killltlsh ladult), 
Fundulus maJaIls 

Methods 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

Atlantic sl lverside (adult), S, U 
Menldia menidla 

Cadmi ull ch lor de 

Atlantic sl lverslde 
(Juvenl le), 

s, u Cadalum chlor de 

Menldia menldia 

Atiantlc sl lverslde 
I Juvenl le), 

s, u Cadmium chloride 

Menldia aenidla 

Atlantic sl lverside (larva), S, U 
Uenldla menldla 

Atlantic sl lverslde I larva), S, U 
Menldla nenidla 

Cadml um ch t or I de 

Cadmium chloride 

Wlnter f iounder ( larva), s, u Cadmium chloride 

Ch-lcai 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadnlum cblor 

Cadml w ch lor 

Cadalum chlor 

de 

de 

de 

LC50 
CM-EC50 
t rg/L)s” 

73,000 

63,QOO 

3l,OoC 

30,OUO 

29,000 

21,UoO 

2,03ZN”* 

28,532**“’ 

13,652’*” 

1,054 

577 

602ttttt 

Species Mean 
Acute Vslua 

( rg/L)s*e 

50,570 

21,000 

779.0 

Rof uenco 

voyer, 1975 

Voyer, 1975 

Voyer, 1975 

Yoyor, 19 75 

Voyer, 1975 

Etsler, 1971 

Cardln, 1982 

Card1 n, 1902 

Card1 n, 1982 

Cardi n, 1982 

Card1 n, 1982 

Card1 n, 1902 
Pseudopleuronectes 
amer I canus 
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Table 1. (Continued) 

LC50 Spocles Mean 
cu EC50 Acuto Va I ue 

sped es Meethod~ Chadcal (rcl/L)** 4 “g/L)*‘* ROf OCB(LCO 

Winter flounder ( larva), 
Pseudop I euronectes 
amer I canus 

s, IJ Cadmium chloride 14,297 14,297 Cardi n, \982 

* S = static, R = renewal, FT = fiorthrough, M - measured, U = unmeasured. 

*a Results are expressed as cadmium, not as the chmlcai. 

‘** Freshwater Species Mean Acute Values are calculated at a hardness ot 50 *g/L using the pooled slope. 

**** Not used in calculations because data are available for a more sensltlve Ilfe stage. 

r*rrrNot used In calculations (see text). 

t Not used In calculstlons because this higher value was obtalned In river water. 

tt Average of values calculated using two different methods. 

ttt WGreater than” values were not used In caiculatlons. 

tttt No Species Mean Acute Value calculated because acute values are too divergent for this species. 

t+tttNot used In calculations because this lower value was obtalned in artltlcial sea water. 
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Tablo 1. (Cold Inuedd) 

Results of Covarlanco Analyrl, of Frorhratar Ac;rto Toxlcltv versus Hardness 

Species 

Da hnla magna 
+kiZ+n, et al. 

Manuscript) 

Goldfish 

Fathead minnow 

Green sunf lsh 

Bluegl ii 

Four f I shes 

All of above uslng ail 
data for 0. maqna 

All of above using 
only data frcwn 
Chapman, et al. 
(Manuscript) for 

&. magna 

A 

10 

XOP 

-o.I-e, 

5 1.182 

3 1.564 

16 I .234 

3 0.905 

6 0.868 

28 1.125” 

38 0.975** 

33 1.12a*** 

95s Conf Idenco LIDIts 

-1.171, 0.881 

0.519, 1.846 

1.032, 2.095 

0.780, 1.698 

-3.352, 5.162 

0.516, 1.220 

0.853, 1.397 

0.672, I .270 

0.863, 1.37.3 

Degrees of Freedam 

0 

3 

I 

14 

1 

4 

‘)* 

3:’ 

27 

* PaO.44 for equality of slopes. 

l * P10.04 for uquai Ity of slopes. 

***P=O.54 for equality of slopes. 
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Tablo 2. Chronic Toxlclty of Cadmium to Aquatlc Anlmols 

Specl es 

Mali, 
irypnorum Ap I exa 

Snal I, 
Apiexa hypnorum 

Lc 

Lc 

Cladoceran, Lc 
Cerlodaphnla retlcuiata 

Cladoceran, 
Daphnia manna 

Lc 

Cladoceran, 
magna Daphn I a 

Ciadoceran, 
Daphnl a magna 

C I adoceran, 
Molna macrocopa 

Lc 

lx 

Lc 

Coho salmon (Lake SuperIorI, ELS 
Oncorhynchus klsutch 

Coho salmon (West Coast), 
Oncorhynchus klsutch 

ELS 

Chl nook salmon, 
Oncorhynchus tsharytscha 

ELS 

Atlantic salmon, 
Saimo saiar -- 

Brown trout, 
Sa Imo trutta -- 

ELS 

ELS 

chwlcal 

Cadmium chloride 

Cadmlun ChlOrlde 

Cadalrr chlorlds 

Caddun chlalde 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadnlun chloride 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

Cadmlua chloride 

Hardness 
(mg/L es Llrl ts chronic Valum 

cscol, I rg/L,” ( rq/LW 

FRESHWATER SPECIES 

45.3 

45.3 

55-19 

53 

103 

209 

80-84 

44 

44 

25 

19-28 

44 

4.41-7.63 5.80 I 

2.50-4.79 3.460 

3.4-7.2 4,94t3t 

0.00-0.29 0.1523 

0.16-0.28 0.21 I7 

0.21-0.91 0.437 1 

0.2-0.4 0.2828 

1.3-3.4 2.102 

4.1-12.5 7.159 

1.3-J .88 1.563 

90-270 (5 Cl 155.9 
2.5-8.2 (9.6 Cl 4.528 

3.8-11.7 6.668 

AdJustad 
c”fon;~,~~!uD 

YS 

6.269 

Retwewe 

tbolccnbe, et al. 
1984 

3.739 tioicanbe, et al. 
1984 

3,932t 

0.1455 

O.lZOo 

0.1422 

0.1918 

2.324 

Spehar 6 Carison, 
1984a,b 

Chapman, et al. 
Manuscr I pt 

Chapman, et al. 
Manuscr I pt 

Chapman, et al. 
Manuser I pt 

tbtakeyama & 
Yasuno, 1981 b 

Eaton, et al. 1978 

7.915 Eaton, et al. 1978 

2.694 Chapman, 1975 

20;*g 
. 

7.372 

Ranbough d, Garside, 
1982 

Eaton, et al. 1978 



Tabfo 2. Moatlnued) 

QMidOS 

Brook trout, 
Salvellnus fontinalis 

Brook trout, 
Salvel lnus fontlnal Is 

Brook trout, 
Salvelinus fontlnalls 

Lake trout, 
Saivellnus namaycush 

Northern pl ke, 
Esox lucius -- 

fathead minnow, 
Plmephales promalas 

Fathead minnow, 
Plmephafes promefas 

White sucker, 
Catostomus comersohl 

Flagf ish, 
Jordanel la f loridae -- 

Fiagf ish, 
Jordanelfa floridae 

Flagf ish, 
Jordanel la f Iorldae 

Bluegi I I, 
Lepomls macrochlrus 

Sma I Jmouth bass, 
Micropterus dolcmleui 

ELS 

Cheml ca I 

Cadmlm chloride 

Hardness 
hg/L as 

-J=a 

44 

Llalts 
(rq/L)ue 

I .I-3.8 

Ch;c&V~luo 
ra 

2.045 

AdJusted 
Ch;on);,:t~ue 

UG 

2.261 

Ref oreace 

Eaton, et al. 1978 

LC Cadmium chloride 44 I .7-J .4 2.404 2.658 Benoit, et al. 1976 

ELS Cadni um ch ioride 37 I-3 I .732 2. I94 Sauter, et al. 1976 

ELS Cadml urn ch lor 

ELS 

LC 

ELS Cadmium chloride 55-79 13.4-26.7 re.92t 15.04+ 

ELS 

LC 

LC 

LC 

LC 

ELS 

Cadalum chlor 

Cadmium sulfa 

de 

de 

Cadalum chloride 44 4.2-12.0 7.099 7.849 

Pickering 6 Gast, 
1972 

Spehar L Car iron, 
i984a, b 

Eaton, et al. 1978 

Cadmium chloride 44 4.1-8.1 5.763 6.371 Spehar, 1976a 

Cadrafun chloride 44-5 I 3.0-6.5 4.416 4.597 

Cadnlum chloride 44-5 1 3.4-7.3 5.187 

Cadml un sul fate 207 31-80 

4.902 

49 .a0 

7.390 

16.32 

Carlson, et al. 
1982 

Carlson, et al. 
1982 

Eaton, 1974 

Cadmlura chloride 44 4.3- 12.7 8.170 Eaton, et al. 1978 

44 

44 

201 

4.4- 12.3 

4.2-12.9 

37-57 

7.357 

7.361 

45.92 

6.134 

8.138 

15.40 

Eaton, et al. 1978 

Eaton, et al. 1978 

42 



Tablo 2. (contlnumd) 

sped OS Chmlcal 

Mysld, 
Hysldopsls bihla 

lc Cadmium chloride 

Hysld, 
Hvsldopsls bahla 

u: Cadml um chloride 

Mysld, 
Mysldopsls blgelowl 

Lc Cadmlwn chloride 

Hardness 
lag/L as 
C8coI) 

SALTWATER SPECIES 

6.4-10.6 8.237 

5. I-IO 7.141 

5.1-10 7.141 

AdJustad 
Ch;on;L”,kV:!” 

US Ref erenco 

Nlmmo et al. 1977a 

Gent1 le, et al. 1982; 
Lussler, et al. 
Wanuscrlpt 

Gent1 le, et al. 1982 

l ELS = early I I fe stage, LC = life cycle or partial life cycle. 

** Results are expressed as cadmlun, not as the chenlcal. 

***Adjusted to a hardness of 50 mg/L uslng a slope of 0.7652 (see text). 

t Test was conducted In river water. 

tt Not used In calculations (see text). 

Specl es 

Snal I, 
hypnorum Ap I exa 

Snail, 
hypnorum Ap I exa 

Clsdocersn, 
Mot na macrocopa 

Cladoceran, 
Cer I odaphn I a 

retlculata 

AcutgChronIc Ratlo 

Hardness Acutm 
bg/L 88 Vsluo 

cacoq (uQ/L) 

45.3 93 

Chronl c 
Value 
bQ/L) Ratlo 

5.801 16.03 

45.3 93 3.460 26.88 

80-84 71.25 0.2828 251.9 

55-19 129s 4.948* 26.07’ 
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Tablo 2. ~co4elnued) 

Specl es 

Cl adocoran , 
Daphnla Uagna 

Cladoceran, 
Daphnla magna 

Cladocuran, 
magna Daphnl a 

Chlnook salmon, 
Oncorhynchus 

tshawytscha 

Fathead ml nnow, 
Plmephales proaelas 

Fathead ml nnou, 
Plmephales prarelas 

Flagf lsh, 
Jordanel la f lorldae -- 

BluegIll, 
Lepoml s macrochl rus 

Mysld, 
Wysldopsls bahla 

Mysld, 
Mysldopsls bahia 

Mysld, 
uysldopsl s blgeloul 

AcuteChronIc Ratlo 

tiardnoss 
(mg/L as 

53 

Acldm 
Value 
( rQ/L ) 

9.9 

Chronic 
Value 

uQ/Lb t 

0.1523 

Ratlo 

65.00 

I03 33 0.21 I7 155.9 

209 49 0.4371 112.1 

25 1.41 1.563 0.902 I 

201 5,995” 45.92 130.6 

55-79 I ,030’ 18.92’ %.72@ 

44 2,500 5.763 433.8 

207 21,too 

15.5 

II0 

II0 

49.80 423.7 

0.237 

7.141 

7.141 

I .882 

15.40 

15.40 

* Acute and chronic tests were conducted In river water (Spehar and Carlson, 1984a,b). 

fi*Geanetrlc mean of flve values In Table I lrom Plckerlng and Gast (1972). 
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Table 2. (Contlnutxf) 

Ranked Freshwater Genus Mean Chronic Values 

4 

Ranks 

I3 

I2 

11 

IO 

9 

Genus Mean 
Chronic Value 

( rq/L) 6. 

16.32 

15.22 

8.170 

B.138 

7.771 

7 .I349 

5.336 

4.841 

4.303 

3.932 

Species 

BluegIll, 
Lepoml s macrochlrus 

Fathead ml nnon, 
Plmephales promelas 

Smal.lmouth bass, 
Ml cropterus doloml eul 

Northern pl ke, 
Esox luclus -- 

Atlantic safmon, 
Salmo salar -- 

Brown trout, 
Salvo trutta -- 

whl te sucker, 
Catostcmnus canmersonl 

Flagf Ish, 
Jordanella florldae 

Snal I, 
Aplexa hypnorum 

Brook trout, 
Salvelinus j-ontlnalls 

Lake trout, 
Salvelinus namaycush 

Cladoceran, 
Cerlodaphnla retlculata 

Speclos f&an species Wean 
Chronic Value AcuteChronic 

t t&g/C)** Rat10 

16.32 423.7 

15.22’** 112.4““” 

8.170 

8.138 

8.192 

7.372 

7.849 

5.336t 433.8 

4.84 I’** 20.76”“’ 

2.362t 

8.134 

3.932 26.07 
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Tablo 2. Wontlnuedd) 

Rank* 

3 

6enus Mean 
Chronic Value 

(uQ/L)‘+ 

3.399 

2 

I 

0.1918 

0. I354 

SPUCl.8 

Coho salmon, 
Oncofhynchus kl sutch 

Chl nook salmon, 
Oncorhynchus tshauytscha 

2.694 

Cladocoran, 
HOI na macrocopa 

0.1918 

Cladoceran, 
magna Oaphnl a 

0.1354 

Spmclr Hean 
AcutrChronl c 

Rat10 

0.902 I 

251 .Q 

104.3 

l Ranked fran most reslstant to most sensltlve based on Genus Mean Chronic Value. 

l * Genus Mean Chronic Vdl ues and Specl es t&WI Chronic Val UeS are at a hardness of 50 
l&L. 

**‘Geometric mean of tuo values. 

t Geometric mean of three values. 

At a hardness of 50 mg/L: 

Freshuater Flnal Chronic Value * O.O4O!i rg/L (using N = 13) 

Freshwater Flnal Chronic Value = 0.6582 ug/L (using N - 44; sea text) 

Slopfl - 0.7852 (see text) 

In (FInal Chronic Intercept) = ln(0.6582) - fslope x In(5O)f 

= -0.4182 - (0.7852 x 3.912) - -3.490 

freshwater Flnal Chronic Ynlue = e (0.78521 In{ nardness) I-3.460) 
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Tabla 1. Rankul Genus Moan Acuto Values ulth Spocler Moan AcuteChronIc Ratios 

Rank* 

44 8,325 

43 8,100 

42 7,921 

41 

40 

39 

38 

37 

7,685 

? ,544 

6,915 

5,708 

4,990 

36 4,Wl 

35 

34 

33 

4,778 

l,u24 

4,024 

GUNIS Mean 
Acuto Va I Ub 

( pg/t 1 *a SPbClbS 

Spbcla Moan 
AcutrChroe Ic 

Rat lo 

FRESHWATER SPEC I -‘- 

Goldf Ish, 
Carasslus auratus 

Damself ly, 
(Unldentlf led) 

Tublf lcld worm, 
Rhyacodrllus montana 

Mosqultot Ish, 
Gambusla aff lnls 

White perch, 
Morone amer lcans 

Tub1 f lcld worm, 
Stylodrllus hertnqlanus 

Channel catt Ish, 
lctalurus punctatus 

Tubi f lcld worm, 
Splrosperma ferox 

Tub1 f Ic Id worm, 
Splrospermo nlkolskvl 

Threespine stlckleback, 
Gasterosteus acu I eatus 

Tub! f Ic Id worm, 
Varlchaeta paciflca 

Tubl f lcld worm, 
Tubltex tubltex 

Tubl f Icld worm, 
Qulstradllus multlsetosus 

8,325 

8,100 

7,921 

7,685 

7,544 

6,915 

5,708 

4,401 

5,658 

4,977 

4,778 

4,024 

4,024 

47 



Table J. Kontlnued~ 

RankB 

32 

31 

Genus Mean 
Acute Vsluo 

( pg/LP’ 

3,800 

3,641 

30 3,570 

t3luegill, 
aacrochl rus Leporai s 

GUPPY, 
Poecllla retlculata 

3,570 

29 3,514 Wit te sucker, 
Catostomus coabnersanl 

3,514 

20 3,400 Caddlsf ly, 
(Unldentl f led) 

3,400 

27 3,010 Tub1 tlcld wora, 
Branch1 ura sowerbyl 

3,018 

26 2,088 Flagtlsh, 
Jordanel la t loridae 

2,888 

25 2,400 Northern squavf Ish, 2,400 
Ptychochel lus oreqonensl s 

24 2,3\0 *YtlY, 
Ephemerel la grand1 s 

2,310 

23 2,137 Tubl fl cld norm, 2, I37 
Llmnodrllus hottmelsterl 

22 1,700 Worm, 1,700 

Specl es 

Snail, 
Amnlcola sp. 

Green sunflsh, 
Lepomi s cyan91 lus 

Pwnpklnseed, 
Lepomi s gl bbosus 

spbclos Maan 
hcuto Value 

(vQ/L)fi* 

3,800 

5,147 

1,347 

6,961 

Species Mmn 
AcutcChronl c 

Ratlo 

423.7 

433.0 
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Table 3. (ContInuedI 

Genus Mean 
Acute Va lu* 

Rank* (uQ/L)fi* 

21 1,200 

20 736.4 

19 400.5 

18 322.8 

221.9 I7 

I6 215.5 

15 

I4 

I3 

I2 

II 

IO 

9 

204.9 

156.9 

142.5 

I04 .o 

98.79 

83.02 

62.55 

Specl es 

Ml dge, 
Chlronomus sp. 

Amerl can eel, 
Anqullla rostrata 

I sopod, 
Asellus blcrenata 

Mayf ly. 
Paraleptophlebla 
praeped I ta 

Bryozoan, 
Plumatella emarglndta 

Common carp, 
Cyprlnus carplo 

knphl pod, 
Hyalel la azteca 

Snal I, 
gyrl na Physa 

Bryozoan, 
Poctlnatel la magnl tlca 

Snail, 
Aplexa hypnorum 

Banded kl Illflsh, 
Fundulus dlaphanus 

Cladoceran, 

Spbcles Wm 
Acute vs I ue 

(MS/L)- 

1,200 

Spades ban 
Acute-Chram I c 

Ratlo 

736.4 

400.5 

322.8 

221.9 

215.5 

204.9 

156.9 

142.5 

104.0 

96.19 

03.02 

20.76m** 

26.07 
Cerlodaphnla retlculata 

Amphlpod, 
Ganmarus pseudollmnaeus 

55.90 

Amphlpod, 
Gammarus sp. 

70 .oo 
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Tablo 3. Wontlnued~ 

Rank4 

601~1s Mean 
Acute Value 

4 rg/L)“ 

8 43.74 

33 

42.80 

40.78 

30.54 

30.50 

26.06 

5.007 

2.425 

I35,DDO 

Spbcias Mean 

sped as 
hcp’.,va~p 

rg 

Cladocwan, 
Slmocephalus serrulatuc 

C I adoceran , 
Slmocephalus vetulus 

Isopod, 
Llrceus alabamae 

Cladoceran, 
Mel na mcracopa 

Bryozoan, 
Lophopodel la carter I 

fathead ml nnow , 
PImphales promelas 

Cl adocoran, 
Daphnl a magna 

Cladoceran, 
Daphnla pulex 

&ho salmon, 
Oncorhynchus kl sutch 

Chlnook salmon, 
Oncorhynchus tshawytscha 

Ralnbow trout, 
Salmo galrdnerl 

Brown trout, 
Salmo trutta -- 

SALTWATER SPECIES 

Ollgochaete worm, 
Monopylephorur 
cutlcalatus 

45.93 

41.65 

42.80 

40.78 

30.54 

30.50 

12.19 

55.72 

5.894 

4.254 

3.589 

I .638 

135,000 

Spoclos Hum 
Acute-Chronic 

Ratlo 

251.9 

I l2.4**’ 

104.3*fi”* 

0.9021 
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Table 3. (continued) 

Genus Mean 
Acute Value 

Rank* (tlg/L)‘* 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

50,000 

32,590 

24,000 

21,240 

19,170 

14,297 

12,250 

10,110 

IO ,000 

7,384 

6,600 

4,100 

3,934 

es Specl 

Sheepshead ml nnou, 
Cyprlnodon vat-leg&us 

WuruaIchog, 
Fundulus heteroclltus 

Strlped kl I II f Ish, 
Fundulus malalls 

01 lgochaete worm, 
Tublflcoldes gabrlellae 

Fiddler crab, 
Uca pug1 later 

Wud mall, 
Nassarlus obsoletus 

WI nter flounder, 
Pseudopleuronectes 
amar I canus 

Species Mean 
Acute Value 

( rg/L) l * 

50,000 

50,570 

2 1,000 

24,000 

Polychaete worm, 
Neanthes arenaceodentata 

Sand norm, 
Nerei s vlrens -I__ 

01 L gochaete worm, 
Llmnodri loides verrucosus 

Blue crab, 
Calllnectes sapldus 

Oyster drill, 
Urosalplnx clnerea 

Green crab, 
Cart I nus naenas 

Blue mussel, 
Hytl lus edulis 

21,240 

19,170 

14,297 

12,250 

10,110 

10,000 

7,384 

6,600 

4,100 

3,934 

Speclos f&m 
Acu teChma I c 

flat10 
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Table 3. (cmtlrud 

6enusllean 
Acut. Value 

tug/L)- 

19 3,500 

I8 3,500 

I7 2,900 

16 2,413 

I5 1,000 

14 1,708 

I3 1,672 

I2 1,400 

II 930.6 

IO 

9 

0 

7 

779.0 

760 

645 

399.4 

Speclw Mean 
Acuto Value 

Spec.les (rB/L)- 

hphlpod, 3,500 
Marlnogamarus obtusatus 

Plnk shrlnp. 
Perraeus duorarum 

3,500 

MPhlPd, 
Ampellsca abdlta 

2,900 

Start Ish, 
Aster-Ids torbesl 

2,413 

Copepod, I ,800 
Nltocra splnlpes 

Copepod, 1,706 
Pseudodl aptanus coronatuo 

Soft-shell clam, 
= arenarla 

1,672 

Bay sea I lop, 
Argopecten lrrsdlans 

1,480 

Pacl f Ic oyster, 
Crassostrea glgas 

Eastern oyster, 
Crassostrea vlrqlnlce 

227.9 

3,800 

Atlantic sIlversIde, 
Menidla menldla 

779.8 

Grass shrimp, 
Palaemonetes vulgarls 

760 

t+ermi t crab, 
Pagurus lonqlcbrpur 

645 

W-pod, 
Eurytmora afflnls 

399.4 

Spoclos war 
AcutrCRrodc 

Ratlo 
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Table 3. &ontlnued) 

Genus Mean 
Acute Va Iw 

Rank* (rQ/Ll” 

6 320 

5 248.5 

4 200 

3 156 

70 

67.39 

Species 

Sand shrimp, 
septemsplnosa Crangon 

Rock crab, 
Cancer lrroratus 

Oungeness crab, 
Cancer maqlster -- 

Polychaete worn, 
Capltel la cap1 tata 

CoPePod, 
Acartla clausl 

Copepod, 
Acart I a tonsa 

American lobster, 
Homaru~ americanus 

Mysld, 
Mysidopsls bahia 

Mpld, 
Mysldopsls bigelowl 

Species Mean 
Acute Va I uo 

(vg/L)B‘ 

320 

250 

247 

200 

I44 

168.9 

78 

41.29 

110 

Spocles Mean 
AcuteChronIc 

Ratio 

5.3e4*** 

15.40 



Table 3. Eontlnud) 

l Ranked fra most reslstant to most sensitive based on Genus Mean Acute Value. 

l * Freshwater Genus Mean Acute Values and Species Mean Acute Values are at a hardness of 50 mg/L. 

I** Geonetrlc mean of two values In Table 2. 

l ***Geaetrlc mean of three values In Table 2 from Chapman, et al. (ManuscrIptI. 

Fresh water 

Flnal Acute Value = 8.917 &L Icafculated at a hardness of 50 mg/L from Genus Mean Acute Values) 

Ffnal Acute Value = 3.%9 rg/L f lovered to protect ralnbou trout at a hardness of 50 mg/L; see text) 

Crlteclon Uaxlaum Concentration = 0.589 us/i) / 2 - I .7945 t~g/L (at a hardness of 50 mg/L 1 

Pooled Slope = 1.128 (see Table I) 

In (Crlterlon Waxlmun Intercept) = lnfl.7945) - lslope x In( 

= 0.5847 - (I.128 x 3.912) n -3.828 

Crl terlon MaxImum Concentration = 8 (I .I261 lnihardness) l-3.828) 

Sa It uater 

FI nal Acute Value = 85.09 fig/L 

Crlterlon Maxlmum Concentration = (85.09 rg/L) / 2 . 42.54 *g/L 

Flnal Acute-Chronic Ratlo = 9.105 (see text) 

Flnel Chronic Value = (85.09 rq/L) / 9.105 - 9.345 ug/L 
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Table 4. Toxlclty of CadmluR to Aquatlc Plants 

Spoclss 

Diatom, 
Aster lonol la formosa 

D latom, 
Scenedesmus quadracauda 

Dlatom, 
Flltrschla costerlum 

D latom, 
Navlcuia lncerta 

Green alga, 
Scenedesmus obl lquus 

Alga, 
Euqlena qracllls 

Alga, 
Euqlena gracllls anabaena 

Green alga, 
Anklstrodesmus falcatus 

Blue alga, 
M lcrocyst Is aeruqlnosa 

Green alga, 
Scenedesmus quadrlcauda 

Green alga, 
Chlorella saccharophila- 

Alga, 
Ch lorococcum spp. 

Chemical 

Hardness 
(q/L as 
Caco~) 

IRESHWATER SPECIES 

Cadmlum chloride Reduct Ion In 
ccl I count 

Cadmium chlorldo 96-hr EC50 

Cadm lum ch I or Ide 96-hr EC50 

Cadmium chloride 39% reduct Ion 
In growth 

Cadmlum chloride Morph0 101 
g lcal abnor- 
mal ltles 

Cadm I um n I trate 

Cadmlun chloride 

Cadmiun nitrate 

Cadmium nftrate 

Cadmium chlor Ide 

Cadmlum chloride 

Effect 

Factor of ID 
grorth rate 
decrease 

Cell dlvl- 
slon Inhlbl- 
tton 

58% reduct Ion 
In growth 

lnclpient 
lnhlbltlon 

lnclplent 
lnhlbltlon 

96-hr EC50 

42s reduct Ion 
In growth 

Result 
I rs/LIm 

2 

6.1 

480 

310 

2,500 

5,000 

20,000 

2,500 

70 

310 

105 

2,500 

Rmf wence 

Conway, 1978 

Klass, et al. 1974 

Rachl In, et al, 1982 

Rachlln, et al. 1982 

Devl Prasad h 
Dev I Prasad, 1952 

Nakano, et al. 1980 

Nakano, 1960 

Devl Presacl A 
Devl Prasad, 1982 

Brlngmann, 1975; 
Bringmann b Kuhn, 
1976, 1978a,b 

Brlngmann A Kuhn, 
19778, 1978a,b, 1979, 
198Ob 

Rachl In, et al. 1904 

Owl Prssad 6 
Devl Prasad, 1902 
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Tablo 4. Kontlnuod) 

SPOCI .* 

Green alga, 
Chlorells pyrenoldooa 

Green alga, 
Chlorella uulgarlr 

Green alga, 
Chlorella vulgarls 

Green alga, 
Chlorel la vufgarls 

Green alga, 
Selenastrum caprlcornutw 

Green alga, 
Selenastrum capricornutum 

Alga, 
Anabaena t los-aquae 

Algae fmlxed spp.) 

Fern, 
Selvl ns natans 

Eurasl an wateral I fol I, 
Myrlophyflum splcatum 

Duckweed, 
Lemna valdlvlana 

Cadmlm chlorldo 

Cadmlrm chloride 50 

Cadnlyr chloride 

Cadfal im n I irate 

Cadmlun chloride 96-hr EC50 

Cadnlum chloride 11.1 

Cadml tn nitrate 

Cadmlcmr nl trate 

Ef tact 

Reduction In 
south 

RIIUlt 
(“g/L)* 

250 

Reduction In 
grarth 

50 

50s reduct I on 60 
In gro#th 

96-hr EC50 3,100 
fsrcuth Inhlbl- 
tion) 

Reduction In 
growth 

Reduction In 
grovttl 

Slgnlflcant 
reductlcm In 
population 

Reductloe In 
number of 
fronds 

32-day EC50 
(root weight) 

Reduction In 
number of 
fronds 

50 

255 

120 

5 

IO 

7,400 

IO 

Retwenco 

Hart A Scslfo, 1977 

HutchInson 6 Stokes, 
1975 

Rosko & Rschl I n, 1977 

Canton A Slooff, 1982 

Bartlett, et al. I974 

Slooff, et al. 1983 

Rachlln, et al. 1904 

Glesy, et al. 1979 

Hutchinson b Czyrska, 
1972 

Stanley, 1974 

Hutch1 nson A Cyrska, 
1972 
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Table 4. fContl nued) 

Species 

Kelp, 
Lami nana sacchar I na 

Dlatm, 
Aster I one I I a Japonl ca 

olatan, 
Oitylum brlghtwellll 

Diatom, 
Thalassiosira pseudonana 

Olatom, 
Skeleionema costatum 

Red alga, 
Champia parvula 

Red aI*, 
Champia parvuls 

Red alga, 
Champia parvula 

Red alga, 
Champ1 a parvu la 

Cherl ca I 

Cadmlua chloride 

Cadmium chiorlde 

Cadnlum chloride 

Cadai us ch lorlde 

Cadalun chloride 

Cadmium chloride 

Cadniun chloride 

Cadnlua chloride 

Cadmium chloride 

Hardness 
@J/L as 

=2L 

SALTMATER SPECIES 

Effect 

E-day EC50 
(growth rate) 

860 

72-hr EC50 
(growth rate) 

224 .B FI sher 6 Jonas, 1981 

5-day EC50 
(growth) 

60 

96-hr EC50 
(growth rate) 

160 

Yb-hr EC50 
(growth rate) 

175 

Reduced tetrb 24.9 
sporophyte growth 

Reduced tetra- >109 
sporangl a 
productlon 

Reduced f ema le 
growth 

22.8 

Stopped sexual 22.8 
reproduction 

Ref erenca 

Markham, et al. I980 

Canterford 1 
Canterford, 1980 

Gentlle 1 Johnson, 1982 

Gentile It Johnson, 1982 

Steele & Thursby, 
1983 

;;-t;le b Thursby , 

;;;;I8 A Thursby, 

Steele S Thursby, 
1963 

* Results are @qWesSed as cadnlum, not as the chraaical. 
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Table 5. Bloaccwlatlon of Cadalum by Aquatlc Urgsnlsms 

SPOCI OS Tl ssue 

Aufruchs (attsched 
ml croscopl c plants and 
anlmafs 

hufwuchs (attached 
q lcroscoplc plants and 
animals 

Duckweed, 
Lemna valdivlana 

Fern, 
Salvlnla nstans 

Snail, 
I nteqra Physa 

Asiatic clam, 
Corbicula f lumlnea 

Aslatlc clam, 
Corblcula f lumlnea 

Cladoceran, 
Daphnl a magna 

C I adoceran, 
Daphnla magna 

Craytlsh, 
Drconectes proplnquus 

MaYf IY, 
Ephemeroptera sp. 

Wf ly, 
Ephemeroptera sp. 

Uraq6nf fy, 
Panta I a hymenea 

Dragont ly, 
Pantala hymenea 

Ouratlon 
Cheml ca I (days) 

FRESHWATER SPECIES 

0loconcentratloa 
factors Reterencs 

Cadmlm chlorl de 365 720 Gleby, et al. 1979 

Cadmium chlorl de 365 580 Glesy, et al. 1979 

Whole plant Cadmluo nltrate 21 603 Hutch I nson h Czyrska, 
1972 

whole plant Cadml um nl trats 21 560 

whole body Cadclur chloride 20 I.750 

Hutch I nson d Czyrska, 
1972 

Spehar, et al. 1978 

whole body Cadml um su I tate 28 3,770 Graney, et al. 1983 

Whole body Cadmium sulfate 28 1,752 Graney, et al. 1983 

Wale body Cadml um sul fate 2-4 320 Poldoski, 1979 

Whole body Cadmium sulfate 7 484** WI nner, 1984 

Whole body 8 I84 

Whole body Cadmium chlorl de 365 I.630 

GI I lesple, et al. 
1977 

Glesy, et al. 1979 

Whole body Cadmium chlorl de 365 3,520 Glesy, et al. 1979 

Whole body Cadmium chloride 736 Glesy, et al. 1979 

Whole body Cadmium chloride 

365 

365 680 Glesy, et al. 1979 
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Table 5. (Continued) 

Duratlon 
(days) 

365 

365 

Eloconcentratlon 
Factors 

1,300 

928 

TI ssue 

Whole body 

Whole body 

Mole body 

Whole body 

whole body 

Whole body 

Whole body 

Whole body 

Whole body 

Whole body 

bhole body 

Whole body 

wlole body 

Chsmlcal 

Cadmium chloride 

Cadmium chloride 

Reference 

Glesy, et al. 1979 

Glesy, et al. 1979 

sped es 

Damsel t ly, 
I schnura sp. 

Damself ly, 
I schnura sp. 

Stonet ly, 
Pteronarcys dorsata 

Beetle, 
Dytlscldae 

Beetle, 
Dytlscldae 

Caddisf ly, 
Hydropsyche batten1 

Caddi st ly, 
Hydropsyche sp. 

Dltlng midge, 
Ceratopogonldae 

Biting midge, 
Ceratopogonldae 

Hi dv, 
Chlronornldae 

Midge, 
Chlronomldae 

Ral nbow trout, 
Salmo galrdnerl 

Ra I nbou trout, 
Salmo galrdnerl 

Brook trout, 
Salvellnus fontlnalls 

Drook trout, 
Salvellnus fontlnalls 

Spehar, et al. 1978 Cadmium chloride 

Cadmium chloride 

28 373 

365 I64 GI esy, et al. 1979 

Cadmium chloride 365 260 Glesy, et al. 1979 

Spehar, et al. 1978 Cadmium chloride 

Cadmium chloride 

Cadmium ch lorde 

28 4,190 

220.2** Dresslng, et al. 
1982 

936 Glesy, et al. 1979 

2-8 

365 

Glesy, et al. 1979 Cadmium chloride 

Cadmlur chloride 

Cadml urn ch I or I de 

365 

365 

2,200 

1,830 

Glesy, et al. 1979 

Glesy, et al. 1979 

140 540 Kumada, et al. 1973 

Kumada et al. 1980 Cadmlun chloride 70 

Cadmium chloride 490 

Cadmium chloride 04 

33 

3 

151 

Benolt, et al. 1976 Muscle 

Muscle Benolt, et al. 1976 
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Tablm 5. (Contl numd) 

sped OS 

Brook trout, 
Salvellnus fontlnalls 

Mosqultotlsh, 
Gambusla afflnls 

Hosqul tofl sh, 
Gambusla afflnls 

GUPPY, 
Poecl I la retlculata 

African clawed frog, 
lsevl s Xenopus 

Polychaete worm, 
Ophryotrocha dl adema 

Blue mussel, 
Hytl lus edulls 

Blue mussel, 
nytr lus edulls 

Bay scat lop, 
Argopecten I rrad lans 

Eastern oyster, 
Crassostrea vlrglnlca 

Eastern oyster, 
Crassostrea vlrqlnlca 

Eastern oyster, 
Crassostrea vlrglnlca 

Sott-she1 I clam, 
&a- arenarla 

ssum TI 

kscle 

Durat Ion Blocnncentratlon 
Chamlcal (days) Factor’ Ret uellco 

Cadnlrra chloride 93 22 Sangalang 6 Freenan, 
1979 

Mole body 
(estimated 
steady state) 

Cadml urn ch I or I de 180 2,213 Glesy, et al. 1979 

hole body 
(estimated 
steady state) 

Cadmium chloride I80 1,891 Glesy, et al. 1979 

whole body 32 

Mole body 

whole body 

Soft parts 

Soft parts 

Muscle 

Soft parts 

Soft parts 

Soft parts 

Sott parts 

100 

SALTWATER SPECIES 

Cadnlum chloride 64 

Cadmium chloride 20 

Cadmium chloride 35 

Cadmlm chloride 42 

Cadmium chloride 280 

Cadmium chloride 280 

Cadmium nl trate 98 

Cadml urn nl trate 70 

280 

I30 

3,160 

II3 

306 

2,040 

2,150 

1,830 

1,220 

160 

Canton 6 Slooft, 
I982 

Canton & Sloott, 
1982 

K fockner , 1979 

George 4 Cwrnbs, 
1977 

Phl I Ilps, 1976 

Pesch d Stewart, 
1980 

Zarccgian 6 Cheer, 
1976 

Zarooglan, 1979 

;;;;ster ii Prlngle, 

Prlngle, et al. 
1960 
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Table 5. Kcmtl nued) 

sp*las 

Pink shrlap, 
Penaeus duorarum 

Tlssue Chai ca I 

Whole body Cadmium chloride 

Grass shr Imp, 
Pa I eanonetes puglo 

Grass shf Imp, 
Palaemonetes guglo 

Grass shrimp, 
Palaemonetes vulgafls 

whole body 

Ihole body 

whole body 

Cadml urn ch lorlde 42 

Cadml um ch lorlde 

Cadmium chloride 

Green crab, 
Chrcl nus mama5 

Wuscle Cudmlum chloride 

Green crab, 
Card nus maenas 

MUSCle Cadmlw chlorldu 

Ouratloa 
fdavs) 

30 

20 

28 

68 

40 

Blocomcentratlon 
Factor’ 

57 

22 

203 

307 

5 

7 

Ref erenco 

Nlmmo, et al. 1977b 

Pesch 4 Stewart, 
1980 

Nlmo, et al. 1977b 

N\nmo, et al. 1977b 

Irlrlght, 1977 

Jennings S Ralnbou, 
W79a 

u Results are based on cadml urn, not the chemical. 

l ‘Bloconcentratlon factor was convert4 frcrr dry weight to wet uefght t.~sls, 

Maxlrw Perrlsrlble Tissue Concentration 

consumer 

Mat lard, 
Anas platvrhvnchos 

Effect 

Kidney tubule degeneration; 
slgnlflcant testls weight 
reduction: ev I dence of 

Concentrqt Ion fief wlmco 

200 ag/kg In fond white a Flnley, i9788,b; 
for 90 days Whlte, et al. 1978 

I nh I bl ted- spermatozoa 
product I on 

Man Emetic threshold 13 t0 15 PhQ/kQ Anon., 1950 
(based on weight 
of human consumer) 
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Table 5. (Cantlnuodl 

Fresh water 

Geoamtrlc mean of all whole body and rhole plant EiCFs (weIghted by species) = 648.6 

Final Residue Value = (200 tag/kg) / 648.6 = 0.3004 q/kg = 308.4 rg/L 

Salt water 

Geometric aman of all BCFs (weIghted by specles) = 225.7 

Flnal Resldus Value = (200 aq/kg) / 225.7 = 0.8B6l tag/kg = 886 .I ug/L 
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‘i‘able 6. Other Data WI Effects of Cadalum on Aquatlc Organisms 

Specl es 

Hlxed natural fungf 
and bacterial colonies 
on leaf II tter 

Plankton 

Green alga, Cadmlua chloride 
Scenedesmus quadrl cauda 

Bacteria, 
Escherlchla toll 

Cadal ua chloride 

Bacteria, Cadmlun chloride 
Salmonella typhlmurlum 

Bacteria, 
Pseudomonas gut\ da 

Cadmium cnlorlde 

Bacteria, 
(6 specl es) 

Cadnlun chloride 

Protozoan, 
Entosl phon sulcatlm 

Cadmium nltrate 

Protozoan, 
MICrOrewa heterostcina 

Cadmium chloride 

Protozoan, 
Ch I lomonas paramecl urn 

Cadml um nf trate 

Protozoan, 
Uronana parduezl 

Cadml um nl trate 

Hydra, 
ol I gactl s Hydra 

Hydra, 
Hydra llttoralls 

Cadml w nl trate 

Cadmium chloride 

Hardness 
hg/L as 

Cheal ca I cscol Duration 

FRESHWATER SPEC I ES 

Cadmium chloride 10.7 28 wks 

Result 
Ef feet trg/LJ* Reference 

lnhlbl tlon of 5 
lest 
decaapos 1 ton 

GI esy, 1978 

2 uks Reduced crusta- l-3 Marshall, et al. 1981, 
cean, zoop I a nkton , 1983 
and rotlfefs 

96 hrs lnclplent 
lnhlbl tlon 
(river water1 

I00 Brlngmann 6 Kuhn, 1959a,b 

lnclplent 
Jnhlbl tlon 

I50 BrIngmann & Kuhn, 19598 

0 hrs 

16 hrs 

EC50 \ growth 
lnhlbl tlonJ 

IO ,400 Canton d Slooff, 1982 

lnclplent 
Inhlbltlon 

80 

I8 hrs Reduced 
growth 

BrIngmann 4 Kuhn, 1976, 
1977a, 1979, \980b 

Seyfrled d, tiorgan, 1983 

72 hrs lnclplent 
lnhlblton 

5 ,Qao- 
100,000 

II BrIngmann, 1978; Brlngmann 
& Kuhn, 1979, 1980b, 1981 

28 hrs Incipient 
lnhlbltlon 

100 Brlngmann d Kuhn, 1959b 

48 hrs lnclplent 
lnhlbl tlon 

160 BrIngmann, et al. 1980, 
1981 

20 hrs lnclplent 
lnhlbl tlon 

26 

583 

BrIngmann b Kuhn, \980a, 
1981 

40 hrs lC50 Slooff, 1983; Slooff, 
et al. 1963 

70 12 days Reduced grouth 20 Santlag*FaudI no, 1983 
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Toblo 6. O2.ontlnudd) 

Specl*s 

Planar Ian, 
Ouqesla luqubrls 

Ml xed macro Invertebrates Cadmlunr chloride 

Tublf lcld worm, 
Tublfex tublfex 

Worm, 
Pr lstlna sp. 

Snail, 
Lymnaea staqnalls 

Snail, 
Physa lntcqra 

Cl adoceran, 
Oaphnla galeata mendotao 

Cladoceran, 
Oaphnla galesta mendotae 

Cl adoceran, 
magna Oaphn I a 

Cladoceran, 
Oaphn I a maqna 

Cladoceran, 
Oaphn f a maqna 

C I adoceren, 
Daphn I a maqna 

Cl adoceran (3-5 days), 
Oaphn 14 maqna 

Cladoceran (adult), 
Oaphn Ia magna 

Chomlcal - .- 

t~umluin nltrate 

Cadmium c!llor Ide 

Cadm 

Cadm 

Cadm 

Cadm 

Cadm 

um cnlw Ide 

urn nltrate 

urn chloride 

ua chl or Ide 

urn chl3r Ide 

Cadm I urn cb I or Ide 

Cadmlum chloride 

Cadmium chlor Ide 

Cadmium sulfate 

Cadmlur sulfate 

Cadmium sulfate 

Hardness 
(n&L as 
Coal,) 

11.1 

224 

11.1 

44-58 

45 

163 

Dur et ion 

48 hrs 

52 wks 

48 hrs 

52 wkg 

40 hrs 

28 days 

22 wk$ 

15 days 

40 hrs 

21 days 

72 hrs 

24 hrs 

72 hrs 

71 wk9 

ROSU I t 
Effect (vn/lJ~- 

LC50 >20,000 

Reduced taxa 9 

LC50 320,000 

Populatlon 5 
reduct Ion 

LC50 583 

LC50 10.4 

Reduced biomass 4.0 

Reduced rate 
of Increase 

5.0 Marshal I, 197t?b 

EC50 (river 
water) 

100 Brlngmann 1 Kuhn, 1959a,b 

Reproduct Ive 
lmpa I rment 

0. I7 f3leslnger 4 Chr Istensen, 
1972 

LC50 14-17 Oebelak, I975 

LC50 f%O Brlngmann b Kuhn, 1977b 

LC50 (10 C) 224 
(I5 Cl 224 
(25 Cl 12 
(30 C) 0.1 

Braglnskly d Shchsrban, 
1978 

lx50 (10 Cl 479 
(I5 Cl 187 
(25 Cl 10.2 
(30 Cl 2.4 

Braglnskly b Shcherban, 
1978 

Refwenm 

Slooff, 1983 

Glesy, et al. 1979 

Qursshl, et al. 1980 

Glesy, et al. 1979 

Sfooff, 1983; Slooff, 
et al. 1983 

Spehar, et al. 1978 

Marshal I, 1978a 
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Tabla 6. (Contlnuod) 

Chamlcal 

Cadmlun nltrate 

Hardness 
bqA. I8 

@EL- 

200 

Result 
(lIPA) Rof w-co 

160 Bel tavern 6 Gorbl, 1981 

Eftoct 

EC50 

Our& Ion 

24 hrs 

96 hrs 

20 days 

140 days 

48 hrs 

21 days 

72 hri 

20 days 

72 hrs 

52 wks 

5 mo 

72 hrs 

SPOC.lOS 

Cladoceran, 
magna Daphn la 

Cladoceran, 
Oaphn I a magna 

Cladoceran, 
Daphn 1 a magna 

Cladoceran, 
Daphfl la pufex 

Cladoceran, 
Paphnla pulex 

Cladoceran, 
Oaphn la pu lex 

Cladoceran, 
Daphnia pulex 

Cladoceran, 
Moina macrocopa 

Cwepd, 
Acanthocyclops vlrldis 

Cormpod, 
Eucyclops agllls 

Crayfish, 
Cambarus latlmanus 

Wf IY, 
C I oeon d I ptetum 

Cadmium chlorldo 130 EC50 5 Attar 6 Maly, 1982 

LCM Canton b Slooft, 1982 Cadmfum chtorlde 200 670 

Cadmium ch lor lde 57 Reduced 
reproduct Ion 

LC50 i ted) 

1 Bertra b Hart, 1979 

Cadmium chloride I10 104-127 lngersol I 6 Winner, 1982 

Ingersoll & Winner, 1982 Cadmium chlor Ide 110 M4TC 5-10 

Cadmium sulfate 100 LC50 (fed) 80-92 Winner. 1964 

Cadmium chloride 80-84 Reduced 
surv lval 

LC50 

0.2 Hatakeyama & Yasuno, 
1981b 

Braglnskly fb Shcherban, 
1976 

Glesy, et al u 1979 

Cadnlum sul tate 0.5 

Cadmlun chloride 11.1 Populatlon 
reduct Ion 

5 

Slgniflcant 
mortal Ity 

5 

LC50 (10 C) 70,600 
(15 Cl 28,600 
(25 Cl 6,990 
(30 Cl 930 

LC50 56.000 

Thorp, et af. 1979 Cadm lum ch I or Ide 11.1 

Cadmium sulfate Braglnskly h Shcherban, 
1970 

Cadmium nitrate 48 hrs 

28 days 

Slooff, et al. 1983 Hayf ly, 
Cjoeon dlpterum 

MW ly, 
Ephemerella sp. 

Cadmium chloride 44-40 LC50 c3 .o Spehar, et al. 1978 
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Tablo 6. Ukmtlnued) 

SPOCI es 

Wf IY, 
Hexagenla rlglda 

kbsqul to, 
Aedes aeqvptl 

uosquf to, 
Culex piplens 

Wldge, 
Tanytarsus dlsslatlls 

Coho salmon t Juvonl lo), 
Oncorhynchur kisutch 

Coho salmon (adult), 
Oncorhynchus klsutch 

Chlnook salmon (alwIn), 
Oncorhynchus tshawytscha 

Chinook salmon (swim-up), 
Oncorhynchus tshauytscha 

Chinook salmon Iparr), 
Oncorhynchus tshawytscha 

Chlnook salmon fsmott), 
Oncorhvnchus tshauytscha 

Ral nbou Wart, 
Salmo gaIrdnerI 

Ral nbou trcut, 
Salmo gslrdnerl 

Ral nbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

chrl ca I 

Cadmlu nltrate 

C&ml un nl trate 

Cadmium nl trate 

Caddua chtorlde 

bdalu chlorfde 

Cadmium chloride 

Cadmi urn this oride 23 

Cadmlum chl orlde 23 

Cadalum chj orlde 23 

Cadmium chlocJde 

Cadml um stearate 

Cadalum acetate 

Cadnlum chloride 

Hardness 
@j/L as 

s!!!aL 

79.1 

47 

22 

22 

23 

II2 

112 

Ouroth 

96 hrs 

40 hrs 

48 hrs 

IO days 

217 hrs 

215 hrs 

200 M-5 

200 hrs 

200 h-5 

200 hrs 

96 hrs 

96 hrs 

80 mill 

18 mos 

Ettut 

LC!M 

Rmf erence 

Leonhard, et al. 1980 

LC50 4.m Sloot f, et al. 1983 

LC50 765 Slooff, et al. 1983 

LCSO 3.6 Anderson, et al. 1980 

LC50 2.0 

LC50 3.7 

LCIO 18-26 

Chapman A Stevens, 
1978 

Chapman 6 Stevens, 
1970 

Chapman, 1978 

LCIO I.2 Chapman, 1978 

LCIO I.3 Chapman, t978 

i.CiO 1.5 Chapman, 1978 

LC50 6.0 Kumada, et al. 1980 

LC50 6.2 Kumada, et al. 1980 

Slgnl f lcant 
avol dance 

52 Black 6 Urge, 
1980 

Reduced 
surv I va I 

0.2 Birge, et al. 1981 
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Table 6. UhaWnued) 

SpC#CleS Ch-I ca I 

Rainbow trout 
(embryo, larva), 
Salmo gal rdnerl 

Cadnlun chloride 

RaInbow trout, 
Salmo galrdnerl 

Ralnbou trout [adult), 
Salmo galrdnerl 

Cadalum chloride 

Ralnbow trout (alevln), 
Salfno qalrdnerl 

Cadnlum chloride 

Ral nbow trout (swim-up), 
Salmo qalrdnerl 

Cadalum chloride 

Rainbow trout (Parr), 
Salmo galrdnerl 

Cadalum chloride 

Ralnbou trout (smelt), 
galrdnerl Salmo 

Ral nbow trout, 
Salmo galrdneri -- 

Ralnbou trout, 
Salmo qalrdnerl 

Cadalum chloride 

Cadmium sul tate 

Cadnl urn stearate 

Ral nbou trout, 
Salmo galrdnerl -- 

Rainbow trout, 
Salmo galrdnerl 

Cadmium acetate 

Cadnlum chloride 

Ralnbou trout, 
Salmo qalrdnerl 

Ralnbau trout, 
Salmo galrdnerl 

Ral nbou trout, 
Salmo galrdnerl 

Cadmium sulfate 

Cadmium chloride 

Cadmium chloride 

Hardness 
(mg/L as 
Caco,) 

104 

54 

23 

23 

23 

23 

326 

125 

240 

320 

98.6 

Duration 

28 days 

240 hrs 

408 hrs 

186 hrs 

200 hrs 

200 hrs 

200 hrs 

96 hr$ 

IO wks 

IO wks 

IO days 

234 days 

4 lnos 

47 days 

Effect 
Result 
(rq/LI’ 

EC50 (death and 
deform1 ty) 

lE50 

LC50 

LCIO 

LCIO 

LCIO 

LCIO 

LC20 

DCF-27 
BCF-40 

ECF=63 

LC50 (I8 C) 
(I2 C) 

(6 Cl 

Increased glll 
dl f fusion 

Physlologlcal 
effects 

Reduced growth 
and survival 

140 

; 

5.2 

x5 

1 .o 

0.7 

0.8 

20 

IO-30 
30 

ID-30 

2 

IO 

100 

Retarence 

Blrge, 1978; Blrge, 
et al. 1980 

Kumada, et al. 1973 

Chapman 6 Stevens, 
1978 

Chapman, 1978 

Chapman, 1978 

Chapman, 1978 

Chapman, 1978 

Davl es, 1976 

Kumads, et al. 1980 

Kumada, et al. 1980 

Roth 6 Haly, 1979 

Hughes, et al. 1979 

Arlllo, et al. 1982, 
1984 

Moodworth 6 Pascoe, 
1982 
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Tablo 6. Uhntlnuod) 

Species 

Rainbow trout 
lmbryo, I arva), 
Salmo qalrdnerl 

Ra lnbou trout ( larva), 
Snlmo qalrdnerl 

Ra lnbor trout ( larva), 
Salmo galrdnerl 

Ra lnbou trout, 
Salmo qalrdnerl 

RaInbow trout, 
Saltno qalrdnerl 

Ra I nbow trout, 
Salmo qalrdnerl 

Ralnbcw trout, 
Salmo qalrdnerl 

At1 ant Ic salmon, 
Salmo salar -- 

Brook trout, 
Salve1 lnus fontlnal Is 

Goldfish (embryo, larva), 
Carasslus auratus 

Goldf Ish, 
Carasslus auratus -- 

Common carp I embryo), 
Cyprlnus carplo 

Fathead minnow, 
Plmephales promelas 

Chmmlcal 

Cadmium sulfate 

Cadmium chlor Ide 89-107 

Cadmium chlor I&3 89-107 

Cadmium nl 

Cedmlum ch 

Cadmium ch 

rate 

orlde 

or Ide 

Cadmlum chloride 82 PhysIologIcal 
effects 

3.6-6.4 Hajewskl b Glles, 1984 

Cadmlum chloride 13 Reduced grout h 

Cadmium chlor Ida 10 Testicular 
damage 

Cadmlum chloride 195 

Durotlon 

62 days 

7 days 

7 davs 

48 hrz 

I1 days 

8 days 

178 days 

70 days 

21 days 

7 days 

50 days 

EC50 (death and 
(doformlty) 

Reduced plasma 
sod I urn 

2 

10 

I70 

44.5 

Cadmium sulfate 360 EC50 Ihatch) 2,094 

Cadmlcm chlorJde 63 96 hrs LC50 80.8 

Hardness 
hg/L as 
Cam,) 

loci 

82 

82 

Ettect 

Reduced 
survlval 

LC50 700 

LC50 after 24 1,590 Blrge, et al. 1983 
days accl (mated 
to 5.9 ‘IQ/L 

LC50 55 Slooff, et a/. 1983 

LC50 (10 ‘2) 16.0 MaJewskl & Giles, 1984 

Lc.30 (I5 C) 16.6 MaJewskI & Glles, I984 

Peterson, 1983 

Sangatang 1 O’Hal loran, 
1972, 1973 

Ellrge, 1978 

McCarty 6 Houston, 
1976 

Kapur & Yadav, 1982 

R*fuwnc~ 

Dave, et al. 1981 

Blrge, et al. 1983 

Spehar, 1962 
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Tablo 6, (Contl nued) 

specl8s 

Fathead mlnnou, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnor, 
Plrephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnow , 
Plmephales prcnaelas 

Fathead ml nnow, 
Pimephales pranelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnow, 
Plmephales promelas 

Fathead ml nnow, 
Plmephales prcmelas 

Fathead ml nnor, 
Plmephales promelas 

Fathead ml nnow, 
Plmephales promelas 

Fathead ml nnow 1 larva), 
Plmephales promelas 

Fathead ml nnow f larva), 
Pimephales promelas 

Cherl ca I 

Cadal um ch lor 1 de 

Cadmlur chloride 

Cadnluar chloride 

Cadmium chloride 

Cadrl urn chlorldo 

Cadalul chloride 

Cadnlum chloride 

Cadmium chloride 

tidml um nl tnte 

Cadmium chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmium chloride 

Hardness 
l-g/L as 

- 

55 

59 

66 

65 

74 

79 

62 

63 

103 

254-27 I 

89-107 

a9- I07 

Durst I on 

96 hrs 

96 hrs 

96 hrs 

96 hrs 

96 hrs 

96 hrs 

96 hrs 

96 hrs 

48 hrs 

6.8 hrs 

3.1 hrs 

7 days 

7 days 

Effect 

LIZ30 

LC50 

LCSP 

lx50 

LC50 

IX50 

LC50 

LC50 

LC50 

LT50 

LT50 

LC50 

Result 
(rQ/L)* 

40.9 

64.8 

I35 

120 

86.3 

86.6 

114 

80.8 

2,200 

6,000 

16,000 

200 

LC50 after 4 540 
days accllnated 
to 5.6 rg/L 

Ref wwwx 

Spehar, 1982 

Spehar, I982 

Spehar, 1982 

Spehar, 1982 

Spehar, 1982 

Spehac, 1982 

Spehar, I982 

Spehar, 1982 

Sloof, et al. 1983 

Blrge, et al. 1983 

Blrge, et al. 1983 

Blrge, et al. 1983 

Blrge, et al. 1983 

69 



Tablo 6. Kodlnudl 

Chemlcel 

Cadmlr&a chlwlde 

Duratl on 

4 days 

Result 
rq/L)@ 4 Spocles 

Fathead al nnoy, 
Plnephales prunelas 

Fathead mlnnou, 
Plmephales promelas 

Brown bul Ihead, 
lctalurus nebulosus 

Channel catf I sh, 
lctalurus punctatur 

Channel cat f I sh, 
Ictalurus punctatus 

Mosqul tof Ish, 
Ganbusla afflnls 

Rot arem. 

Stromberg, et al. 1983 

Slooff, et al. 1983 

Bl lckens, 1976; 
Garofano, 1979 

HIstologIcal 12,GclG 
et fects 

Cadmllr nl trate 209 46 hrs lC50 MI2 

Cadolua chloride 2 hrs Af tected 
glllo and 
Ill dney 

61 ,300 

Increased 
slblnlsm 

0.5 Cadmlm chloride Westernan & BI rge, 
1978 

Cadmlur chloride BCF-4 .O-6.7 Blrge, et al. 1979 

WI I Ilams & GI esy, 1978 Cadmlua chlorldo 8 uks EbCF=6,100 at - 
0.02 rg/L (L 
1.13 ppm added 
to food 

BCF-1,430 at - 
10 kg/L a I.13 
ppll added to food 

LC50 41,900 

Wllllsns 4 Glesy, 1978 Mosqui tot I sh, 
Gambusla sftlnls 

Cadml um ch lor Ide 29 

GUPPY, 
Poecl Ila retlculata 

Cadnl um nl tra te 209 

Bluegl I I, 
Lepoml s macrochl rus 

Cadmlun chloride II2 

BluegIll, 
macrochl rus Lepoml s 

Larqrsnouth bass, 
Ml cropterus sa Into1 dos 

Cadrlwa chloride 

Cadal ua chlorldo 

340-360 

II2 

8 wks 

48 hrs 

80 mln 

3 days 

80 nln 

Slooff, et al. 1983 

Black 6 Blrge, 1960 

Blshop b McIntosh, 1981 

Black 4 Blrge, 1960 

Slgn If lcant 
avol dance 

Ml.1 

Increased 
cough rate 

50 

Slgnlf lcant 
avol dance 

0.83 
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Tablo 6. Wontlnued) 

Slmclos 

Largemouth bass 
(embryo, larva), 
Ml cropterus sa lmol des 

Largemouth bass, 
Ml cropterus sa lmol des 

Narrow-mouthed toad 
(embryo, larva), 

Afrlcan clawed frog, 
Xenopus laevls 

African clawed frog, 
Xenopus laevls 

African clawed frog, 
Xenopus I aevl s 

Marbled salamander 
(embryo, larva), 
Ambystana opacum 

Natural phytopl ankton 
population 

Hydrold, 
Campanularla f lexuosa 

Hydrol d, 
Campanularla f lexuosa 

Chanlcal 

CadmluR chloride 

Cadmlunr chlorldo 

Cadml w nl trate 

Cadmium chloride 

Cadmlura chloride 

Hardness 
@J/L as 

=w.- 

99 

I95 

209 

170 

170 

99 

Duratlon 

8 days 

24 hrs 

7 days 

48 hrs 

48 hrs 

100 days 

8 days 

SALTWATER SPECIES 

4 days Reduced 
blcnnass 

Enzyme 
lnhlbl tlon 

II days Growth rate 

Effect 

EC50 (death 
and detorrl ty) 

Affected oper- 
cular actlvlty 

EC50 (death 
And detorml tyl 

LMO 

LC50 

InhIbIted 
development 

EC50 (death 
and deform1 ty) 

Rosu It 
(rg/L)‘ 

1,640 

Rof erenco 

Blrge, et al. 1978 

150 Morgan, 1979 

40 Urge, 1978 

11,700 

3,200 

Sloof f & Baerselman, 1980; 
Slooff, et al. 1983 

Canton 6 Sloott, 1982 

650 Canton A Slooff, 1982 

150 

112 

40-75 

110-280 

Blrge, et al. 1978 

Holllbaugh, et al. 1980 

Moore d Stebbl ng , 1976 

Stebbl ng , 1976 
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Table 6. Wontinued~ 

lhrdnoss 
fmg/L as 

cscg Durat loa 

28 days 

28 days 

28 days 

28 days 

28 days 

20 days 

28 days 

21 days 

42 days 

21 days 

Result 
l&L). 1 

3,000 

species 

Polychaete rora, 
Neanthes arensceodentata 

Pol ychaete WI, 
Capl tel la cspltata 

Pol ychaete worm, 
Capltel la capitata 

Blue mussel, 
Wytl lus edulls 

Blue mussel, 
Hytl lus edulls 

Blue nussel, 
Wytl lus edulls 

Blue mussel, 
ltyti ius edul I s 

Blue mussel, 
Mytilur edulls 

Bay seal lop, 
Argopecten irradlans 

Bay scallop, 
Arqopecten lrradlans 

Eastern oyster, 
Crassostrea vlrqlnlca 

Eastern oyster, 
Crassostrea vlrqinlca 

Eastern oyster, 
Crassostrea vl rql nl ca 

Chalcal 

Cadmium chloride 

Cadmium chloride 

Effect 

LC50 

Roterenco 

Reish, et al. 1976 

LC50 630 Relsh, et al. 1978 

700 Aeish, et al. 1976 Cadnlur chloride 

Cadmium EDTA 

Cadmium alglnate 

LC50 

BCF-252 George 1 Coambs, j9 7 7 

BCF-252 George & Coambs, 1977 

Cadalum humate BCF-252 George 6 Coambs, I9 77 

Cadml urn pectato 

Cadmium chloride 

Cadmium chloride 

BCF-252 George & Coambs, 1977 

BCF-7 IO Janssen d Schoiz, I979 

EC50 fqrouth 
reduct I on) 

BCF-I68 

76 Pesch & Stewart, 1960 

Cad4 urn ch lorlde Elsier, et al. 1972 

Cadmium Iodide 

Cadmium chloride 

Cadmium drlorlde 

40 days 

21 days 

2 days 

BCF-677 Kerfoot L Jacobs, 1976 

BCF-149 Eisler, et at. 1972 

Reduction In 
embryonic 
development 

50% reduct I on 
In settlement 

15 Zaroogian h MorrIson, 
1981 

Cadml un ch lori de 6 days 20-25 Watllnq, 19113b Pacl flc oyster, 
Crassostrea glgas 
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Table 6. Mantl nued) 

SpUdibS 

Pacl f lc oyster, 
Crassostrea Jlqas 

Pacl f lc oyster; 
Crassostrea gl gas 

Soft-she1 I clam, 
& arenarla 

Soft-shell elm, 
&ja- arenarla 

Copepod (naupl Ius), 
Eurytemora at f Inl s 

Copepod (naupl I us), 
Eurytemora afflnls 

Ww~, 
Tlsbe holothurlae 

Mysld, 
Wysldopsls bahla 

Mysld, 
Mysldopsls bahla 

Hysld, 
Mysldopsls bahla 

Mysld, 
Mysldopsls blgelowl 

Mysld, 
Mysldopsls blqelowl 

I sopod, 
I dotea ba I tl ca 

Chmlcal 

CadmlwD chloride 

Cadmlun chloride 

Cadnlum chloride 

Cadnlum ch 

Cadmium ch 

Cadmium ch 

orlde 

orlde 

orlde 

Cadalum chloride 

Cadmium chloride 

Cadml urn chloride 

Cadnlum chloride 

Cadmium chloride 

Cadml um sul fate 

Hardness 
hg/L 85 
CSCO,) Duration 

14 days 

23 days 

1 days 

7 days 

I day 

2 days 

48 hrs 

I7 days 

I6 days 

8 days 

8 days 

28 days 

5 days 

Ef fecct 

Growth 
reduct Ion 

lx50 

LC50 

LC50 

Reduction In 
srlmml ng speed 

Reduction In 

R8SU It 
(rq/L)’ 

IO 

Ref et-wIce 

Watllng, 1983b 

50 Watllng, l983b 

150 Elsler, 1977 

700 :i;;er 6 Hennekey, 

I30 Sullivan, et al. I983 

II6 Sullivan, et al. 1983 
development rate 

LC50 910 

LC50 (15-23 q/kg II 
sallnlty) - 

LC50 (30 g/kg 
sallnlty) 

LC50 

28 

60 

70 

I8 

10,000 

LC50 

LC50 

LC50 (3 g/kg 
sallnlty) 

Moral tou-Apostolopou IOU 
L Verrlopoulos, 1982 

Nlmmo, et al. 1977a 

Gent 

Gent 

Gent 

le, et al. l9M2 

de, et al. I982 

he, et al. 1982 

Gentlle, et al. 1982 

Jones, 1975 
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Table 6. (Con*1 nued) 

SpeC1.S 

IsoPod, 
ldotea baltlca 

I sopod, 
ldotea baltlca 

Plnk shrlap, 
Penaeus duorarm 

Grass shrimp, 
Pa I aemonetes pugI 0 

Grass shr lap, 
Palaemonetes puglo 

Grass shrimp, 
Palaemonetes puglo 

Grass shr lap, 
Pa I aemonetes JugI 0 

Grass shrlnp, 
Pa laemonetes puqlo 

Grass shrlmp, 
Pa I aemonetes pug lo 

Grass shrimp, 
Pa I aemonetes pug I 0 

Grass shrlmp, 
Palaemonetes puglo 

Grass shrlmp, 
Palaemonetes vulgarls 

American lobster, 
Hoinarus amerlcanus 

chvlcal 

Catilm sulfate 

Cadml UI sul fate 

Cadmlm chloride 

Qdmlum chloride 

Cadmium chloride 

Cadmium chloride 

Cadmium chloride 

CadolLlla chloride 

Cadmlup chloride 

Cadmium chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmium chloride 

Hardness 
(19/L as 

coc[)I Duratlon 

3 days 

I.5 days 

30 days 

42 days 

21 days 

21 days 

21 days 

6 days 

6 days 

6 days 

21 days 

29 days 

21 days 

Effect 

LC50 (21 g/kg 
sallnlty) 

LC50 (14 g/kg 
sal Inlty) 

LC50 

LC25 (5 g/kg 
sal Inl ty) 

LClO (10 g/kg 
sallnlty) 

LC5 (20 g/kg 
sol Inlty) 

LC75 (10 g/kg 
salInItyI 

lC50 i 15 g/kg 
sal Inl ty) 

LC25 (30 g/kg 
sallnlty) 

BCf-I40 

Rnult 
tug/L)* 

IO ,000 

10,DDo 

720 

300 

50 

50 

50 

300 

300 

300 

Ret uenca 

Jo(Ies, 1975 

Jones, 1975 

Nlmmo, et al. 1977b 

LC50 Pesch 6 Stewart, 1980 

Vernberg, et al. 1977 

Vernberg, et al. 1977 

Veroberg, et al. 1977 

Mlddsugh 6 Floyd, 1978 

CIIddaugh A Floyd, 1978 

Mlddaugh 6 Floyd, 1978 

Vernberg, et al. 1977 

LC50 120 Nlmmo, et al. 1977b 

BcF=25 Elsler, et al. 1972 
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Table 6. lcontlnued) 

Specl es 

American lobster, 
Homarus amerlcanus 

Herml t crab, 
Pagurus Ionglcbrpus 

Iierml t crab, 
lonqlcarpus Pagurus 

Rock crab, 
Cancer lrroratus -- 

Rock crab (larva), 
Cancer I rroratus 

Blue crab, 
Calllnectes sapldus 

Blue crab, 
Calllnectos sapldus 

Blue crab (Juvenl le), 
Ce I I I nectes sap1 dus 

Mud crab i larva), 
Eurypanopeus depressus 

Mud crab ( larva), 
Eurypanopeus depressus 

Mud crab, 
Rhi thropanopeus harrl sl I 

Mud crab, 
Rhlthropanopeus harrlsli 

Mud crab, 
Rhi thropanopeus harrl sl I 

Fiddler crab, 
Uca pug1 later 

Chenl ca l 

Cadmlun chloride 

Cadmium chloride 

Cadmlun chloride 

Cadmium chloride 

Cadmium chloride 

Cadml um nl trate 

Cadrulum nl trate 

Cadmlura chloride 

Cadmium chloride 

Cadmium chloride 

Cadmum nl trate 

Cadml urn nl trate 

Cadml urn nl trate 

Hardness 
(mg/L as 
ChCDql Duration 

30 days 

7 days 

60 days 

96 hrs 

28 days 

7 days 

7 days 

4 days 

8 days 

44 days 

II days 

II days 

II days 

10 days 

Effect 

Increase In 
ATPase act i VI ty 

25s llortallty 

Resu It 
(rQ/Lle 

6 

Ret erence 

Tucker, 1979 

270 

LC56 70 

Elsler 6 Hennekey, 
I971 

Pesch 6 Stewart, 1980 

Enzyme actl vi ty 1,000 Gould, et al. 1976 

Delayed 
deve I opment 

50 Johns 6 Ml I ler, 1982 

LC50 (IO g/kg 
ssllnlty) 

50 Rosenberg 6 Costlou, 
1976 

LC50 (30 g/kg 
sallnlty) 

150 Rosenberg 6 Costlcw, 
1976 

LC50 ( I g/kg 
sallnlty) 

320 

LC50 

Frank 6 Robertson. 
1979 

Mlrkes, et al. 1978 

Delay In 
aetamorphysl s 

Hlrkes, et al. I978 

LC80 (IO g/kg 
sdllnityl 

Rosenberg 6 Costlow, 
1976 

LC75 (20 g/kg 
sallnity) 

Rosenberg 6 Costlow, 
1976 

LC40 (30 g/kg 
sallnlty) 

Rosenberg 6 Costlou, 
1976 

LC50 

IO 

IO 

50 

50 

50 

2,900 O’Hara, l97Sa 

75 



Tablo 6. Icontlnuufl 

sPocles 

Fiddler crab, 
Uca pugl lstff 

Start Inh, 
Asterlas forbesl 

HerrlnQ ( larva), 
harengus C I upea 

Paclflc herring (mbryo), 
Clupes harengus pailasl 

Paclflc herrlng (abryo), 
Cfupea harengus pal iasl 

Pacl tic herring (embryo), 
Clupea harenous pallasl 

Mummichog (adult), 
Fundulus heterocLltus 

tturamlchog (adult), 
Fundulus heterocl I tus 

MumpI chog, 
Fundulus heterocl I tus 

Hununlchog (larva), 
Fundulus heteroclitus 

Wummlchog (larva), 
Fundulus heteroclitus 

Atlantic sl lverslde 
(adult), 
Wenldla menldla 

Atlantic si lverside 
(adult), 
t&nldla menldla 

Chemical 

Cadalrn chloride 

Cadnlur chloride 1 days 

CadmlUI chloride 

Cadmiun chiorlde 

Cadnlun chloride 

Cadrlkum chloride 

Cadalul chlor 

Cadnl uI chlor 

Cadmium chlor 

Cadml UII ch I or 

Cadmi um ch I or 

Cadmium chlor 

de 

de 

de 

de 

de 

de 

Cadml urn chloride 

Hardness 
hu/L ai 

Q!@!L Ouratloa 

<24 hrs 

96 hrs 

40 two 

40 hrs 

48 hrs 

21 days 

48 hrs 

46 hrs 

48 hrs 

48 hrs 

Effod 

Effect on 
respl ratlon 

251 aorta I I ty 

lOO% egbryonlc 
survlval 

I71 reduction 
In volume 

Oecrease In 
capsule strength 

Reduced osmcr 
lallty of 
perlvl tel lne 
fluid 

Lc50 (20 g/kg 
sallnltyl 

LC50 (30 g/kg 
sallnlty) 

i3CF=48 

LC50 (20 g/kg 
sallnlty) 

LC50 (JO g/kg 
salinity) 

Lc50 (20 g/kg 
sallnlty) 

l-C50 (JO g/kg 
sallnltyl 

Result 
4 US/L)= 

1 .o 

270 

J,C@O 

10,000 

I ,000 

Alderdice, et al. 
19798 

Alderdlce, et al. 
l979b 

Alderdlce, et al. 
19 79c 

60,000 Middaugh & Dean, 1977 

43,000 Middaugh b Dean, 1977 

Elsler, et al. 1972 

32,000 

7,800 

13,000 

12,000 

Wlddaugh 6 Dean, 1977 

Mlddaugh 1 Oean, 1977 

Mlddaugh I Dean, 1977 

MLddaugh A Dean, 1977 

Ref roncr 

Yernberg, et al. 1974 

Elslor S Hennekey, 
1977 

Uesternhagea, at al. 
1979 
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Table 6. 1ContInued) 

Species 

Atlantic sliverside, 
Wenldla nenldla 

Atlantic sllverslda, 
Menldla menldla 

Atlantic sl Iverslde, 
Wenldla menldla 

Atlantic sliverride 
f larva), 
Henldla menldla 

Atlantic sl lverslde 
f larva), 
HanId\ menldla 

Strlped bass (Juvenile), 
Morone saxatl I Is 

StrIped bass Ijuvenile), 
Morone saxatl I Is 

Spot f larva), 
Lelostomus xanthurus 

Gunner (adult), 
Tautogolabrus adspersus 

Cunner (adult), 
Tautoqolabrus adspersus 

Cunner (adult), 
Tautogolabrus adspersus 

WI nter f lounder, 
Pseodop Leuronectes 
amer I canus 

Chemical 

Cadmllm chloride 

Cadmium chloride 

Cadmlua chloride 

Cadnlun chloride 

Cadmium chloride 

Cadal um char I de 

Cadmlua chloride 

Cadmlm chloride 

Cadmium chloride 

Cadmium chloride 

Cadmlua chloride 

Cadmium Chlwlda 

Hardness 
hg/L as 
Caco~ 1 Duration 

19 days 

19 days 

I9 days 

48 hrs 

48 hrs 

90 days 

30 days 

9 days 

60 days 

30 days 

96 hrs 

8 days 

Ef tect 

mo (12 g/kg 
sallnlty) 

Lao (20 g/kg 
salinity) 

LC50 (30 g/kg 
sallnlty) 

LC5O (20 g/kg 
Sal I nl ty1 

LC50 (30 g/kg 
salinity) 

Sign1 f lcant de- 
crease In enzyme 
activity 

Significant de 
crease In oxygen 
consumption 

Incipient LC50 

37.51 mortal I ty 

Depressed gl I I 
t I ssue oxygen 
consunpt loll 

Decreased en- 
zyme act I vi ty 

50s viable 
hatch 

<\60 

540 

Ret erenco 

Vayer, et sl . 1979 

Voyer, et al. 1979 

z-970 Voyer, et al. 1979 

2,200 Mlddaugh A Dean, 1977 

1,600 Mlddaugh 6 Dean, 1977 

5 Dauson, et al. 1977 

0.5-5.0 Dawson, et al. 1977 

200 Mlddaugh, et al. 1975 

100 Maclnnes, et al. 1977 

50 Maclnnes, et nf . 1977 

3,000 Gould 6 Karolus, 1974 

300 Voyar, et al. 1977 
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Table 4. (ContImed) 

Species 

WI nter t lounder, 
Pseodopleuronectes 
amer lcanus 

Winter tlounder, 
Pseudopleuronectes 
amerlcanus 

Hardness 
(q/L as 

Chemical cac4 

Cadmlm chloride 

Cadmium chloride 

Ouratlon 

60 days 

17 days 

Ettect 

Increased gl I I 
tissue 
resplratlon 

Reduction of 
viable hatch 

Result 
leg/Lb* Retefonce 

5 Calabrese, et al. 1975 

586 Voyer, et al. 1982 

l Results are expressed as cadmium, not as the chemical. 
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