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Revised Section B of Ambient Water Quality Criteria for Cadmium

AQUATIC TOXICOLOGY*

Introduction

In natural fresh waters cadmium sometimes occurs at coacentrations of
less than 0.0l ug/l, but in environments impacted by man, concentrations can
be several micrograms per liter or greater. The impact of cadémium on aquatic
organisms depends on a variety of possible chemical forms of cadmium
(Callahan, et al. 1979), which way have different toxicities and
bioconcentration facrors. in most well oxygenated fresn waters that are low
in total organic carbon, free divalent caamium will te the pred-miaant form.
Precipitation by carbonate or hydroxide and formation of soluble complexes by
chloride, sulfate, carbonate, and hydroxide should usually be of lictle
importance. In saltwater systems with typical salinity, the number of
important cadmium species 1is reduced to a few because cadmium chloride
complexes prcbably predominate. 1In both fresr and salt water particulate
matter and dissolved organic material may bind a substantial portion of the
cadmium.

Most insoluble forms of most metals probably are not toxic, but some
possibly can become toxic under natural conditions and precipitates of some
metals apparently are toxic (Mount, 1966; Chapman, et al. Manuscript; Bradley

and Sprague, Manuscript). Because of the variety of zhe forms of cadmium and

*An understacding of the Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquattic Life and Its Uses (Stephan, et
al. 1983) is necessary in order Lo understand the following text, tables, and

calculations.



lack of definitive information about their relative toxicities, no available
analytical measurement is known to be ldeal for expressing aquatic life
criteria for cadmium, but active cadmium (operationally defined by acidifying
the aqueous sample to pH = &4 with nitric acid and then measuring the
concentration of cadmium that passes through a 0.45 um membrane filter) is
probably the best available measurement. Previous aquatic life criteria for
cadmium (U.S. EPA, 1980) were specified in terms of total recoverable
cadmium (U.S. EPA, 1979), but this measurement may be too rigorous in some
situations. It 13 expected that measurement of active cadmium and total
recoverable cadmfum would have produced the same results in all tests used to
derive criteria and would produce the same results on most samples from
surface waters and effluents. Where the two measurements produce different
results on samples of surface waters or effluents, measurement of active
cadmium {as defined above) should be the more appropriate measurement..

Measurement of active cadmium is compatible with all of the data used to
derive cricerfia because test results were not used if it was likely that they
would have been different if they had been reported in terms of active
caamium. For axample, results reported in tarms of dissolved cadmium were
not used if the concentration of precipitated cadmium was possibly signifi-
cant. On samples of ambilent water this method is intended to measure all
forms of cadmium that are toxic to aquatic life or can be readily converted
to toxic forms under natural conditions. In additton, this method is
intended to exclude several forms, such as cadmium that is part of minerals,
clays, and sand or is strongly sorbed to particulate matter, that are not
toxic and are not likely to become toxic under natural conditions. Although
this method (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 ambient water. Measurement of active cadmium does not require
immediate analy:¢is in the field and does not require special effort or
equipment. This is also the least rigorous of the measurements (a) which are
compatible with the available toxicological data without using hypothetical
extrapolations and (b) for which it is usuaily acceptable to assume that ao
harm will result from measured or calculated concentrations in ambient water
that are below national criteria.

Active cadmium should also be a useful measurecent for monitoring
effluents, and dilution of effluent with receiving water before measuremer.t
should demonstrate whether the receiving water can decrease the conceantration
of active cadmium bmc.use of sorpcion. Measurement ol both active cadmium
and total recoverable cadmium in ambient water or effluent or both might be
useful. For example, there iy mcore cause for concern if total racoverable
cadmium i{s above the appropriate criterion, even thcugh active cadmium is
below the criterion, than there is 1if both ara below che aricarvinn. 1if a
national criterion is possibly unacceptable for a pacticular situation, a
site-specific criterion (U.S. EPA, 1982) can be derived.

Unless other wise noted, all concentrations reported herein are expected
to be essentially equivalent to active cadmium concentrations. All
concentrations are expressed as cadmium, not as the chemical tested. The
criteria presented herefin supersede previous aquatic life water quality
criteria for cadmium (G.S. EPA, 1976, 1980) because these new criteria were
derived using improved procedures and additional information. The literature

search for -his document was conducted in October, 1981l; some newer

informarion was also used.



Acute Toxicity to Aquatic Animals

A reduction {n toxicity associated with increased hardness 1is evident
for several fish and i{nvertebrate species. Carroll, et al. (1979) found that
caleium, but not magnesium, reduced the acute toxicity of cadmium. In most
natural waters, calcium and magnesium are both present, with calcium being
somewhat more abundant. Gilesy, et al. (1977) found that equilibrium
assoclations of cadmium with dissolved organics substantially reduced its
toxicity to daphnids, burt had little effect on toxicity to fish. No
consistent relationship of toxicity to organic particle size was
demonstrated.

Among invertebrates, cladocerans were the most sensitive species and
mayfllies and stoneflies were the most resistant. However, insects aand other
invertebrates are more sensitive during molting which usually does not occur
among most individuals in less than 96 hours. Salmonids uniformly appear to
be the fish species most vulnerable to cadmium (Tables 1 and 6).

The available acute values for both striped bass and brook trout covered
such a wide range that data for these species are not used in the calculation
of the Final Acute Value. Drumaond and Benoit (Manuscript) reported that
stress greatly affected the sensitivity of brook trout to cadmiunm.

Different species exhibit different sensitivities to cadmium, and many
other factors may affect the results of tests of the toxicity of cadmium to
aquatic specles. Criteria can quantitatively take into account such a
factor, however, only 1f enough data are available to show that the factor
similarly affects the results of tests with a variety of species. Hardness
is often thought of as having a major effect on the toxicity of cadmium,

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



interrelated fons, such as hydroxide, carbonate, calctum, and magnesium.
Hardness 1s used here as a surrogate for the ions which affect the results of
toxicity tests ow cadmium. An analysis of covariance (Dixon and Brown, 1979;
Neter and Wasserman, 1974) was performed using the natural logarithm of the
acute value as the dependent variable, species as the treatment or grouping
variable, and natural logarithm of hardness as the covariate or independent
variable. This analysls of covarlance model was fit to the data in Table 1
for those species for which data are available over an adequate range of

hardness, i.e., Philodina acuticornis, Daphnia magna, goldfish, fathead

minnow, green sunfish and bluegill (see end of Table 1). Tests of the slopes
for the individual specles indicated that they were statistically different

at ?=0.03. The slope for Philodinz acuticeornis was slightly negative, the

two hardnesses tested were both below 85 mg/l, and the result at the higher
hardness fell between the results at the lower hardness. The othér five were
all between 0.90 and 1.56 and a teat of these five slopes indicated that they
were not statistically different at °%0.89; thia large value ¢ P shows a
very small probability that the null hypothesis should have been rejected.
The pooled slope of 1.16 was statistically significant Iroem zero ac P=0.0001.
The pooled slope is close to the value of 1.0 that is expected on the basis
that cadmium, calcium, magnesium and carbonate are all divalent; if hydroxide
had a substantial effect, the slope would be greater than 1.0.

The pooled slope of 1.16 was then ugsed with the data in Table 1 to
calculate Species Mean Acute Values at a hardness of 50 mg/l (Table 1).
Family Mean Acute Valuyes were then calculated (Table 3) as geometric means of
the avallable Species Mean Acute Values. The two salmonids were within a

factor of 2 and the two cyprinidd Wétre witWia'a factor of 6. The most



sensitive ramily, Salmonidae, was 1,980 times more sensitive than the most
resistant family, Bithyniidae. The freshwater Final Acute Value of 6.662
1g/1 was calculated for a hardness of 50 mg/l from the Family Mean Acute
Values using the procedure described in the Guidelines. Because the Species
Mean Acute Value for rainbow trout is 3.945 ug/l at a hardness of 50 mg/l,
the Final Acute Value is lowered to protect this important species (Table 3).
Thus, the Criterion Maximum Concentration = e(l.-16[ln(hardness)]-3.841),

The acute values for saltwater invertebrates range from 15.5 ug/l for a
mysid to 46,600 for the adult fiddler crab. The acute values for adult

saltwater polychaetes range from 7,500 ug/l for Capitella capitata to 12,500

ug/1l for Neanthes arenaceodentata (Reish et al., 1976), but the larvae of C.

capitata are thirty-five times more sensitive than the adults. Saltwater
molluscs have acute values from 850 ug/l for the soft-shell clam (Eisler,
1971) to 35,000 ug/l for the mud snail (Eisler and Hennekey, 1977).

Frank and Robertson (1979) reported that the acute toxicity to juvenile
blue crabs was ra2lated to salinity. The 96-hour acute toxicities were 320,
4,700, and 11,600 ug/l at salinities of 1, 15, and 35 g/kg, respectively.
O'Hare (1973) investigated the effect of temperature and salinity on the
toxicity of cadmium to the fiddler crab and did not find a significant effect
of salinity. Acute toxicities at 20°C were 32,300, 46,600, and 37,000 at 10,
20, and 30 g/kg salinity. Increasing the temperature from 20 to 30°C
increased toxlclity at all salinities tested.

The saltwater fish species were generally more resistant to cadmium with
acute values ranging from 577 ug/l for the larvae of Atlantic silversides to
114,000 ug/l for juvenile mummichog. In a study of the interaction of
dissolved oxygen and salinity on rF& deute-toxicity of cadmium to the

munmichog, Voyer (1975) found similar toxicities at salinities of 10 and 20



g/kg but a doubling of the seansitivity at 30 g/kg. Resistance of mummichogs
to acute cadmlum poisoning was not influenced by reductions in dissolved
oxygen levels tc 4 mg/l.

Of the 26 families, the most sensitive, Mysidae, was 910 times more
gensirive than the most resistant family, Cyprinodontidae. Acute values are
available for more than one species in four families, and the range of values
in a family is always less than a factor of 3.3. The saltwater Final Acute

Value calculated from the Family Mean Acute Values in Table 3 is 75.44 ug/l.

Chronic Toxicity to Aquatic Animals

Chronic toxicity tests have been conducted on cadmium with numerous
freshwater animal species (Table 2). The range of available chronic toxicity
values (0.15 to 50 ug/l) is less than the range of available acute toxicity

values. Daphnia magna is the most sensitive speciles tested, and Bertram and

Hart (1979) found chronic toxicity to Daphnia pulex at less than 1 ug/1

(Table 6). A 200-hr LC10 value of 0.7 ug/l for rainbow trout was obtained by
Chapman (1978) and probably would be close to .he result of an early
life-stage test because of the extent to which various life sctages were
investigated (Table 6). Other salmonids and many invertebrates are also
quite sensitive, with effects having been observed at 5 ug/l or less (Table
6). These organisms include decomposers (Giesy, 1978), crayfish (Thorp, et
al. 1979), copepods and annelids (Giesy, et al. 1979), midges (Anderson, et
al. 1980) and mayflies (Spehar, et al. 1978).

All of the acute-chronic ratios for freshwater species are between 65
and 434, except for the value of 0.9021 obtained with chinook salmon (Table
2). The lowest ratio is surprising because all the other ratios are auch

higher and “were obtained with a’ variety. of species-over ‘a wide -range of



hardnesses and sensitivities. The lowest ratio is even wmore surprising
because it is less than 1.0, indicating that acclimation must have occurred
during the early life-stage test. Because the Final Acute Value is based on
a species in the same family as the species with which the lowest
acute~-chronic ratioc was obtained, it seems inappropriate to use the higher
ratios to agbtain the Final Chronic Value. To protect rainbow trout in those
situations {n which the concentration of cadmium is not constant enough to
result in acclimation, the Final Chronic Value cannot be higher than the
Criterion Maximum Concentration. Thus the Freshwater Final Chronic Value =
e{l.16{1n(hardness)}-3.84)

Two chronic toxicity studies have been coanducted with the saltwater

{nvertebrate, Mysidopsis bahia (Table 2). Nimmo et al. (1977a) conducted a

23-day life-cycle -test at 20-28 C and 15-23 g/kg salinity. Decreased
survival occurred at 10.6 ggll, whereas a 48-hr delay in brood formatiom,
24-hour delay in brood release, and a 572 decrease in the number of young per
female resulted at 6.4 ug/l. No adverse effects were detected at 4.8 ug/l.
The chronic toxicity limits, therefore, are 4.8 and 6.4 ug/l with a chroaic
value of 5.5 ug/l. The 96~hour LC50 was 15.5 ug/l resulting in an
acute-chronic ratio of 2.8.

Another life-cyecle study was conducted with cadmium and Mysidopsis bahia

under different environmental conditions, including constant temperature (21
C) and salinity (30 g/kg). Complete mortality occurred after 28 days
exposure at 25 ug/l. At 11.5 ug/l a series of morphological abberations
occurred at the onset of sexual maturity. External genitalia in males were
abberant, females failed to develop brood poucheg and both sexes developed a
carapace malformation that prohibited molting after the release of the
faitial~brood. Although inftial reproduction at this concentration was

successful, successive broods could not be borne because molting resulted in
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death. No malformations or effects on initial or successive reproductive
processes were noted in the controls or at 3.5 ug/l. The chronic limits for
this study are 5.5 and 11.5 with a chronic value of 8.0 ug/1. The LC50 at 21
C and 30 g/kg salinity was 110 ug/l which results in an acute-chronic ratio
of 14 from this study.

These two studies showed exczllent agreement between the chronic values
but considerabvle divergence between the acute values and acute-chronic
ratios. Several studies have demonstrated an increase in acute toxicity of
cadmium with decreasing salinity and increasing temperature (Table &). The
observed differences in acute toxicity to the mysids might be explained oa
this basis. Nimmo, et al. (L977a) conducted their acute test at 25 to 28 C
ané 10-17 g’/kz sal’nity wherass the ocher test was parformed at 21 C and 30
g/kg salinity.

Because the acute—chronjc ratios with freshwater animals covezed such a
wide range, it would be inappropriate to use the geoametric mesn of all
available acute-chronic ratics to calculate the saliwatar Fir:l Chrontle
Value. The saltwater species for which an acute-chronic rstio is available
has a Species Mean Acute Value very close to the saltwater Final Acutla Value
and so it seems reasonable then to use this acute-chroaic ratio. When the
Pinal Acute Value of 75.44 ue/1 i3 divided by rhe zcute-zhronie ratic of

6.218, a saltwater Final Chroaic Value of 12.13 ug/l 1is obtained.

Toxicity to Aquatic Plants

Growth reduction was the major toxic effect observed with freshwater
aquatic piauts (Table 4), and geveral values are in the range of

concentracions causing chronic effects in animals. The influence that plant
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growth media nay nave had on the toxicity studies is unknown, but is probably
minor at least in the case of Conway (1978) who used a medium patterned after
natural Lake Michigan water. Because the lowest toxicity values for fish and
{nvertebrates species are lower than the values for plants, water quality
criteria which protect freshwater aquatic animals should also protect aquatic
plants.

Toxicity values are available for three species of saltwater diatoms and
two species of macroalgae (Table 4). Concentrations causing fifty percent
reductions in the growth rates of diatoms range from 60 ug/l for Ditylum

brightwelli to 175 ug/l for Skeletonema costatum. The dbrown macroalga (kelp)

was the least seansitive to cadmium with an EC50 of 860 ug/l. The most

sensitive plcnt tested was the red alga, Champia parvula, with significart

reductions in the growth of both the 'tetrasporophyte plant and femal:. plant
occurring below i4 ug/l. This species of plant is of comparable semsitivity

to the chronic values for the most sensitive animal species tested.

Biocaccumulation

Bioconcentration factors (BCF) for cadmium in fresh water (Table 5)
ranged from 3 for brook trout muscle (Benoit, et al. 1976) to 12,400 in the
whole body of mosquitofish (Giesy, et al. 1977). Usually, fish accumulate
only small amounts of cadmium in muscle as compared to most other tissues and
organs (Benoit, et al. 1976; Sangalang and Freeman, 1979). Also, cadmium
residues in fish reach steady-state only after exposure periods greatly
exceeding 28 days (Benoit, et al. 1976; Sangalang and Preeman, 1979; Giesy,
et al. 1977). Daphnia magna, and presumably other invertebrates of about
this size or smaller, often reach steady-state within a few days (Poldoski,

1979). Cadmium accumulated by fish from water 1is eliminated slowly (Benoit,



et al. 195G, L nla, et ety bat KRuada, et 3l (110) Toumd Lhat
cadmtum accunulated from food (s ellminated much more rapidly.

Mallard ducks are the only native wildlife specles whose chroaic
sensirivity to cadmium has been studied. These birds can be expected to
ingest many of the different freshwater plants and animals listed in Table 4.
White and Finley (1978,a,b) found significant damage occurring at a cadmium
concentration of 200 mg/kg in food for 90 days. ivision of 200 mg/kg by the
geometric mean BCF of 766 gives a Final Residue Value of 260 ug/l. Thls is a
concentration which would cause damage to mallard ducks, but no additional
data are avalilable.

Among saltwater speclies, BCFs have been decermined for cadmiuz with one
species of alga, thirteen specfes of invertebrates and one species cf <Zish
(Table 5). Values cange from 22 to 3,160 for whole body and from 5 to 2,040
for muscle. Kerfoot and Jacobs (1976) reported a BCF of 670 for the alga,

Prasinocladus tricornutum. Theede et al. (1979) found that the colonial

hydroid, Laomedea loveni, biloconcentrated cadmium 153 times within a 10-day

exposure periad. The highest BCF was reported for tne jolychzete

Ophryotrocha diadema (Klockner, 1979). After sixty-four days expcsure using

the renewal technique, a BCF of 3,160 was attained. Tissue residues,
however, had not reached steady-state.

BCFs for 5 species of blvalve molluscs range from 83 for the quahog clam
(Kerfoot and Jacobs, 1976) to 2,600 for the eastern oyster (Zarocoglan and
Cheer, 1976). 1In addition, the range of reporced BCFs is rather large for
some individual species. BCFs for the oyster include 149 and 677 (Table 6)

as well as ~.,220 and 2,600 (Table 5). Similarly, two reported studies on the

//



bay scallop report BCFs of 168 {Eisler, et al. 1972), ana 2,040 (Pesch and
Stewart, 1980) and three studies on the blue mussel reporc 3CFs of 113, 306,
and 710 (Tables 5 and 6). George and Coombs (1977) studied the importance of
metal speclation on cadmium accumulation in the soft-tissues of Mytilus
edulis. Cadmium complexed as Cd-EDTA, Cd-alginate, Cd-humate, and Cd-pectate
(Table 6) was biloconcentrated at twice the rate of inorgaric cadmium (Table
5). Because bivalve molluscs usually do not reach sceady-state, couparisons
between species may be difficult and the length of exposure may be the major
determinant in the size of the BCF.

BCFs for six specles of crustaceans range from 22 to 307 for whole body
and from 5 to 25 for muscle (Table 6). Nimmo et ai. (1977) reported whole

body BCFs of 203 and 307 for two specles of grass shrimp, Palaemontes pugio

and Palaemoneres vulgaris. Vernberg et al. (1977) rvepocted a factor of 140

for P. pugio at 25 C, whereas Pesch and Stewart (1980) reported a factor of
only 42 for the same speéies exposed at 10 C indicating that temperature may
be an important variable. The commercially important crustaceans, the pink
shrimp and lobster, were not effective bioaccumulators of cadmium with
factors of 57 for whole body and 25 for muscle, raspeccively. A single BCF
of 48 1is reported for saltwater fishes (Eisler, et al. 1972), which probably
indicates that fish also do not bioconcentrate cadmiua effectively.

Although a high degree of variability exists between the BCFs reported
for saltwater organisms, shelifish can accumulate cadmium in tissues to
concentrations potentially harmful to man. The emetic threshold of cadmium
i1s 13-15 mg/kg for man (Anon., 1950). Zaroogian and Cheer (1976) reported
finding cadmium in oyster tissue at ll mg/kg after 280 days exposure to 5
ug/l. Kerfoot and Jacobs (1976) also demonstrated cadmium conceatrations of

16 mg/kg in oyster. tissue after a 40-day expoiure to 30 ug/l.



Other Data

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

1978, 1980) and rainbow trout (Roberts, et al. 1979). The cumulative
mortality resulting from exposure to cadmium for more than 96 hours is
clearly evident from the studies of Reish, et al. (1976) on polychaetes;
Eisler and Hennekey (1977) oa bivalve molluscs, crabs, and starfish; Pesch
and Stewart (1980) on scallops, shrimp, crabs; and on a mysid (Gencile, et
al. 1982; Nimmo, et al. 1977a). Nimmo et al. (1977a) 1n studies wizh che

mysid, Mysidopsis bahia, reported a 96-hr LC50 of 15.5 ug/i (Tabie 1) and a

17-day LC50 of 11 ug/l (Table 6) at 25-28 C and 15-23 g/kg salinity. In
another series of studies on this mysid (Gentile, et al. 1982), tne 96-h
LC50 was 105 ug/l (Table 1) and the 28-day LC5C was 16 ug/> (Taole 6) at 20 C
and 30 g/kg salinity. Comparison of these data leads to the hypothesis that
short-term acute toxicity may be strongly influenced by envircnmental
varlables whereas long-term effects, even mortality, are rot. Thic pattern
was also reflected in the similarity of reproductive effects on this species
(Table 2) tesczed under dissimilar environmen:tal conditicns.

Two studies of chronic exposure are 1llustracive of tne effects of
cadmium on growth and fecundity. Pesch and Stewart (1980) in a study of

cadmium toxicity to the bay scallop, Argopecten irradians, reported a 96-hr

LCSO of 1,480 ug/l and a 42-day LCSO of 530 ug/l. They also reported that 60
and 120 ug/1 reduced growth 42 and 69 percent, respectively, which results in
an ECS0 of about 78 ug/l.

Considerable information exists concerning the effect of salinity and
temperatur= on the acute toxicity of cadmium. Unfortunately the conditions
and durations of exposure are so different that adjustment of acute toxicity

data for salinity is not possible. Rosenberg and Costlow (1976) studied the
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aynetglat Lo ettecta of cadulum and sal7alty combloed with conatant sl
cycling temperatures on the larvai developmert of two estuarine crab species.
They reported reduction in survival and significant delay in development of
the blue crab with decreasing salinity. Three times as much cadmium was
required to produce an LC50 at 30 than at 10 g/kg salinity. Studies with the
mud crab resulted in a similar cadmiumsalinity response. In addition, the
authors.report that cycling temperatures may have a stinulating effect om
survival of larvae compared to ccnstant temperatures.

Theede, et al. (1979) investigated the effect of temperature and
salinity on the acute toxicity of cadmium to the colonial hydroid, Laomedea
loveni. At 17.5 C cadmium cencentrations inducing irreversible retraction of
half of the polyps ranged from 12.4 ug/l at 25 g/kg sslinity to 3.0 ug/l at
10 g/kg salinity (Table 6). At 25 g/kg salinity the toxicity of cadmium
decreased as temperature increased.

The effect of environmental factors on the acute toxicity of cadmium is
also evident for the early life stages of saltwater vertebrates. Alderdice
et al. (1979a,b,c,) reported that salinity influenced the effects of cadmium
on the volume, capsule strength, and osmotic response of embryos of the
Pacific herring. Voyer, et al. (1979) reported a significant linear
relationship between salinity and cadmium toxicity to Atlantic silverside
embryos. Previous studies on the emhryos of the winter flounder indicated a
quadratic salinity-cadmium relationship (Voyer, et al. 1977).

Several studies have reported on the chronic sublethal effects of
cadmium on saltwater fishes (Table 6). Significant reduction in gill tissue
respiratory rates and the alteration of liver enzyme activity have been
reported for the cunner afer a 30-day exposure to 50 ug/1 (MacInnes, et al.

1977). Dawson, et al. (1977) also reported a signficant decrease in
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gill-tissue respiration for striped bass ac 0.5 ug/l above aabdient after a
30-day, but not a 90-day, exposure. A similar study on the winter flounder
(Calabrese, et al. 1975) demonstrated a significant alteration in gill tissue
respiration rates measured in vitro after a 60-day exposure to 5 ug/l. The
significance of these sublethal effects on growth and reproduction have yet

to be evaluated.

Unused Data

Many data, such as those in Kobayashi (1971), D'Agostino and Fianey
(1974), Wasternhagen, et al. (1975, 1978), Westernhagen and Dethleisen
(1975), Ojaveer, et al. (1980), Negilski (1976), and Rainbow, et zl. (1980),
were not usea becausa the species used are not resident in Norih America.
Data in publications such as Ball (1967), Landner and Jjernelov (1989),
Ministry of Technology (1967, 1971), Tarzwell and Henderson (1960), Burnison,
et al. (1975), Shcherban (1977), Fennikok, et al. {1978}, Canton and Slooff
(1979), Verma, et al. (1980) and Maas (1978) were not used because either the
materials, @ chods, or results were ingufficieantly described. Hignh coatrol
mortalities ccurred in all except one test reported by Sauter, et al.
(1976).

The acceptability of the dilution water used in some studies, e.g.,
Cearley and Coleman (1973, 1974) and Brkovic-Popovic and Popovic (1977a,Dd),
was open to question because of {ts origin or content. Data from some algal
studles (e.g., Muller and Payer, 1979, 1980; and Lue-Kim, et al. 1980) were
not used because the medium contained EDTA. Some papers were omitted because
of questic-.-2:2 treatment of test organisms, inappropriate test conditions or
methodology or the data reported better in another source. Some of these

{ncluded Eisler and Gardner, 1973; Moraitou-Apostolopoulou,_et@al L3I%:
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Mowdy, 1981; Hutcheson, 1975; Sunda, et al. 1978; Greig, 1979; and Bryan,
1971,

Data on bloconcentration by aquatic organisms were not used if the test
was too short (Beatrie and Pascoe, 1978; Yager and Harry, 1964; Garoday and
Churchill, 1979; and Reichert, et al. 1979) or if the concentrations in water
were not adequately measured {Freeman, 1978, 1980). The bioconcentration
tests of Eisler (1974), Jenanings and Rainbow (1979b), 2'Hara (1973b), Phelps
(1979), Sick and Baptist (1979) were not used because results were based on
isotopic cadmium without adequate evaluation of non-isotopic cadmium. Data
in Ray, et al. (1981), Greig and Wenzloff (1978), Boyden (1977), Noel~-Lambot
(1980), Kneip and Hazen (1979), Anderson, et al. (1978), Frazier (1979), and
Hazen and Kneip (1980) were not used because the field exposure
concentrations of cadmium were {nsufficiently characterized.

Mode of action studies (DeFilippis, 1981) and in vitro studles (Tucker
and Matte, 1980) were not used. The data of Stern and Stern (1980) were not
used because cadmium was only one of several metals in a mixture. Reviews by
Chapman, et al. (1968), Thompson, et al. (1972}, and Phillips and Russo

(1978) only contain data that had been published elsewhere.

Summary

Freshwater acute values for cadmium are available for 30 species and
range from 2.9 ug/l for rainbow trout to 9,900 for mosquitofish. The
antagonistic effect of hardness on acute toxicity has been demonstrated with
six species. Chronic tests have been conducted on cadmium with eleven
freshwater fish specles and one invertebrate species with chronic values

ranging from 0.15 ug/l for Daphnia magna to 50 1g/l for the bluegill.



/7

Acute-chronic ratlos are avallable for five species; four of the ratios are
between 120 and 440, but the ratio for the sensitive chinook salmon is
0.9021, tindicating substantial acclimation.

Freshwater aquatic plants are affected by cadmium at concentrations
ranging from 2 to 7,400 ug/l. These values are in the same range as the
acute toxicity values for fish and invertebrate species, and are considerably
above the chronic values. Bioconcentration factors for cadmium reach 3,000
for some [nvertebrates, and may be as high as 12,000 for some fish species.

The saltwater acute values for cadmium and five species of fishes ranged
from 577 ug/l for larval Atlantic silversides to 114,000 ug/l for juvenile
nummichog. Acute values for twenty—-six species of invertebrates ranged from
15.5 ug/l for a mysid to 46,600 ug/l for the fiddler crab. -The acute
toxicity of cadmium seems 'to increase as saiinity decreases and as
temperature inceases, although the magnitudes of the effects seem to be

species specific. Two life-cycle tests on Mysidopsia bahia uncer different

test conditions resulted in similar chronic values of 5.5 and 8.0 ug/l, but
the acute-chronic ratios were 2.8 and 14, respectively. The acute values
appear to reflect the effects of salinity and temperature, whereas che
chronic values apparently do not. Plant studies with microalgae found growth
inhibicion at 160 ug/l.

T{ssue residues were reported for one species of algae, ten species of
invertebrates and one species of fish. Bioconcentration factors for Elsh and
crustaceans were generally les, than 400 whereas those for bivalve molluscs
were above 1,000 in long exposures, with no indication that steady-state was
reached. Ciamium mortality is cumulative for exposure periods beyond four
days. Cuaroalc cadmium exposure resulted in significant effects on the growth

of bay scallops at 78 ug/l and on reproduction of a copepod at 44 ug/l.
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Natfonal Criteria

Because the acute aad chroufc toxivities of cadniuw Co sensitive
important freshwater specles are about the same, to grotect freshwater
aquatic life and its uses, the concentration (in ug/l) of active cadmium
(operationally defined as the cadmium that passes through a 0.45 pm membrane
filter after the sample is acidified to pH = 4 with nitric acid) should not
exceed the numerical value given oy e(l.16{1n(hardness)]-3.841)  por
example, at hardnesses of 50, 100, and 20) @mg/l as CiC04 the maximum
concentrations of active cadmium are 2.0, 4.5, and 10 ug/l. Data on the
acute toxicity of cadmium o brook trour nd striped bass cover a wide range,
but if these species are as sensitive as 3cme of the values indicate they
might be, they will not be protected by tuis critecicn.

To protect saltwater aqua:cic life z23d Zts uses, In each 30 consecutive
days: (a) the average concentration of active cadeium should not exceed ]2
pg/l; (b) the maximum concentration should not 2xceed 38 ug/l; and (c) the

concentration may be between 12 and 38 ug/l for up to 96 hours.



Speclex

Rotifer,
Philodina acuticornis

Rotifer,
Phllodina acutlcornls

Rotifer,
Pnhllodina acutlcoruls

Wore,
Nals SPe

Snall (adult),
Amnicola sp.

Snall (adult),
Physa gyrina
Snalt (lmmature},
Physa gyrina

Cladoceran,
Cerlodaphaia retlculata

Cladoceran,
Oaphnia magna

Ciadoceran,
Daphnla magna

Cladoceran,
Oaphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Table 1,

Hardness
{mg/| as

Hothod® Chomlical _%)‘_

FRESHWATER SPECIES

R, U Cadmlum cnloride 25

R, U Cadmium sul tate 25

R, U Cadmium sul tate 81

s, U - 50

s, U - 5Q

S, M - 200

S, ™M - 200

sl‘ U - 45

s, U Cadmlum chloride 45

Fi, M Cadulun chicrlde 130

S, M Cadinlun chlorlde 5

S, M Cadiium chliuride 104

S, M Cadmlum chliuride 105

S, M Cadilum chluride 197

LC50

or ECS0

(MH"

500
200
300
1,700
8,400
1,370
410
24 e
65§II.II
5.00
9.9
33
34

63

Acute toxicity of cadmlum to squatic animals

Spécies Mean
Acute Value

{ug/i)nes

Rotference

440.7

1,700

8,400

150, 1

Bulkema, et al, 1974
Bulkema, et &, 1974
Bulkema, et al, 1974
Rehwoldt, ef al, 19/:
Rehwoldt, ot al, 1¢/.
Wier & Walter, 197t
¥ier 4 walter, 1976
Mount & Norberg,

Manuscr!pt

Blesinger &
Christensen, 1972
Attar & Maly, 1982
Chapman, Manuscript
Chapman, Manuscript

Chapman, Manuscript

Chapuan, Manuscript

b/



Table 1, (Contlinued)

Specles

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnla pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

Cladoceran,
S imocephalus serrulatus

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus vetulus

Scud,
Gammarus Sp.

Method* Chealcal
S, M Cadmiun chlorlde
s, U Cadmlum nitrate
S, V
S, U Cadmium nitrate
s, VU
S, U Cadmiun chloride
S, M Cadmium chlorlide
S, M Cadmium chlorlde
S, M Cadmlum chlorlide
S, M Cadmlium chloride
S, M Cadmium chlorlide
S, M Cadmlum chloride
S, U -
5,V -

Hardness

(mg/1 as
Cal0y)
209

45

45

57

10.0

1.1

50

LCS0
or EC50

g/

Speclies Mean
Acute Value

49
30,18
6)
1204848

93,45
2)

FALLAL

47
35.0
7,0
3.5 .
12,0
16,5
8.6

24 Rann

70

Mill

8.540

40,37

62,29

70,00

Reference

Chapman, Manuscript
Canton & Adema, 1978
Mount 3 Norbery,
Manuscrpt

Canton & Adema, 1979
Mount & Norbery,
Manuscr | pt

Bertram & Hart, 1979
Glesy, et al, 1977
Giesy, et al, 1977
Glesy, et al. 1977
Glesy, ot al, 1977
Glesy, et al, 1977
Glesy, ot al, 1977
Mount & Norberg,

Manuscript

Rehwoldt, et al, 1973



Table 1. (Continued)

Speclo.
Maytty,
Ephemet ulic grandls
grandis

Mayfiy,
Ephemerella grandis
grandls

Damseltliy,
(Unidentlt 1ed)

Stonafly,
Pteronarceita badla

Caddistiy,
{Unidentitled)

Midge,
Chironomus Sp.

Bryozoan,
Pectinatelia magnitica

B8ryozoan,
Lophopodel la carteri

Bryozoan,
Plumate!ia emarglnata

American eel,
.Angullla rostrata

Coho salmon (parr},
+ Oncorhynchus klsutch

Coho salmon (adult),
Oncorhynchus klsutch

Chinook salmon (alevin},
Oncor hynchus tshawytscha

Chinook salmon (swim—up),
Oncorhynchus tshawytscha

Hethod"

Chealcal

FI, M

FT,

F1,

Fr,

A,

Codnlun chlorlde

Cadmium sul fate

Cadmiur chlorlide

Codmiuan chioride

Cuedmium chloride

Cadmlium chloride

Codmlum chiorido

Hardness
{mg/) &s
CGCOJ)

44

190--220
190220

180-~220

23
25
23

23

Clubb, et al, 1975

wWarnick & Bell, 1969

Rehwoldt, et al. 1973

Clubb, et al, 1975

Rehwoldt, et al, 19/¢

Rehwolidt, et al. 197:

Parduo & Wood, 1980

Pardue & Wood, 1980

Parduo & Wood, 1980

Rehwoldt, et al, 197,

LC50 Speclies Mean
or EC50 Acute Yalus
Sg/nee (ug/ 1) o Reference
28,000 -
2,000 2,319
8,100 8,100
18,000 -
3,400 3,400
1,200 1,200
700 136.2
150 29.19
1,09 212,1
820 734,2
2.1 - Chapman, 1975

17, 5unandt 6.646

»26HH8RE

1.8

Chapman, 1975

Chapman, 1975, 1978

Chapman, 1975, 197b

I



Salvelinus tontinalls

Yable 1. (Continued)

Hardness LC50 Specles Maan

(mg/1 as or EC50 Acute Value
Species Metiiod®  Chemical _CaCly) L/ (ng/1)eet Reference
Chinocok salmon (parr), FT, M Cadmiun chlorlide 23 3.5 - Chapman, 1975, 1978
Oncorhynchus tshawytscha
Chincok salmon {smolt), A, M Cadmlum chlorlde 23 >2,9%n8RR - Chapman, 1975, 1978
Oncorhynchus tshawytscha
‘Chinook salmon (juvenile), FT, M Cadmlum chlorlide 25 1,41 4,936 Chapman, 1982
Oncorhynchus tshawytscha
Ralnbow trout (alevin), FT, M Cadmlum chloride 23 >274nnns - Chapman, 1915, 1978
Salmo galrdner|
Ralnbow trout (swim-up), FT, M Cadmlumn chlorlde 23 1.3 - Chapman, 1975, 1978
Salmo galrdner|
Ralnbow trout (parr), FT, M Cadmlum chiorlde 23 1.0 - Chapman, 1978
Saimo galrdnerl
Ralnbow trout (smolt), FT, M Cadmium chloride 23 4.1 Chapman, 1975
Salmo galrdneri >2, 9%nnan Chapman, 1978
Ralnbow trout (2-mos), FT, M Cadmium nltrate - 6.6 - Hale, 1977
Salmo gllrdnwl
Ralabow trout, FT, M Cadmium sulfate 3 1.75 - Davlies, 1976
Salmo _galrdnerl
Ralinbow frout, S, U - 6 - Kumada, ot al, 1973
Salmo galrdner|
Ralnbow tfrout, s, U - 7 - Kumada, et al, 1973
Salmo _galrdnerl
Ralnbow frout, s, U Cadmiun chloride - 6.0 3,945 Kumada, et al. 1980
Salmo _gaernarl
Brook frout, FT, ™ Cadmlum chloride 47.4 5,080 - Holcombe & Phipps,

Manuscr i pt

A



Table 1. {Contlinued)

Hardness LLC50 Specles Mean

{(m/| as or EC50 Acute ¥slue
Specles Mothod®  Chsalcal Cal0y) Lug/nyaes g/ Retcrance
Brook treut, S, M Cadmiun sul fate 42 <1.5 G Carroll, et al. 1975
Salvel inus !onflnalti
Goldflsh, S5, U Cadm!um chiorlde 20 2,340 - Pickering &
Carasslus auratus Hendorson, 1966
Goidtish, S, M Cadmium chloride 20 2,130 - McCarty, eof al. 1978
Carasslus auratus
Goldfish, S, M Cadmlum chloride 140 46,800 8,397 McCarty, et al, 1978
Carasslus auratus
Common carp, S, M - 55 2450 214.9 Rehwoldt, et al, 1972
Cyprlnus carplo
Fathead mianow, 5, v Cadmlum chioride 20 1,050 - Plckering &
P imephales promelas Henderson, 1966
Fathead minnow, S, U Caumium chloride 20 630 - Pickering &
Pimephales promeias Henderson, 1966
fathead minnow, S, U Cadnilum chloride 360 72,600 - Pickering &
Pimephales promelas Henderson, 1966
Fathead minnow, 5, U Cadmium chloride 360 73,500 - Pickering &
Pimephales promeilas Hendoerson, 1966
Fathead minnow, FT, M Cadmium sulfate 201 11,200 - Pickering & Gast,
Pimephales promelas 1972
fathead minnow, FT, M Catmium sutfate 201 12,000 - Plchoring & Gast,
P imaphaies promelas 1972
Fathead minnow, FT, M Cadmiwa sul fate 204 6,400 - Plicker ing & Gast,
P Imephales promelas 1972
Fathead minnow, Fi, M Cadmium suifate 201 2,000 - Pickering & Gast,
PlImophales promelas 1972
Fathead minnow, FT, M Cadmlum sultate 201 4,500 2,082 Pickering & Gast,

Pimephaies promolas

1972



Table 1, (Contlnued)

Species

Fathead minnow (try),
Pimephales promelas

Fathead minnow (fry),
Plimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry},
Pimaphales promelas

Fathead minnow (try),
Plimephales promelas

Fathead minnow (fry),
Plmophales promelas

Northern squawflish,

Ptychochellus oregonensis

Mathod®

Cheulcal

Northern squawfish,

Ptychochel lus oregonensls

Banded killIfish,
Fundulus diaphanus

Flagtish,
Jordanella florldae

Mosquitofish,
Gambusla atfinls

Mosqul tofish,
Gambusla affinis

Mosqul totish,
Gambusia atfinis

Mosqultotish,
Gambusla attinis

S, M

S, M

Cadniun chloride

Cadmium chloride

Cadmium chloride

Cadmlum chloride

Cadmiun chioride

Cadmium chloride

Cadmium chlorlde

Cadmlum chloride

Cadmium chloride

Cadmlium chloride

Cadmium chlorlde

Cadmium chloride

Cadmlum chiorlde

Hardness
{mg/} as
CaCO,)
40
48
39
45
47
44

20-30

20-30

44

10.0
10.0
10.0

LC50 Speclies Hean
aor EC50 Acute Value
lgg{l)" (”g{l)"'

21, 54nnne -

11,7nnaunss

‘9')Iilllll

42, 4% nunen

5‘.2IIIQIII

”_ounlunn

2,500

1,300

1,500

2,600

900

Reference

2,454

98,49

2,900

Spehar, 1982

Spehar, 1982

Spehar, 1982

Spehar, 1982

Spehar, 1982

Spehar, 1982

Andros & Garton, 1980

Andros & Garton, 1980

Rehwoldt, et al, 1972

Spehar, 1976a

Glesy, ot al, 1977

Giesy, ot al. 1977

Glesy, et al, 1977

Glesy, et al, 1977



Teble 1. (Continued)

Spechl‘g._s
Mosqulioflish,
Gambusla _._:fflnls

‘Guppy,
Poeclila reticulata

‘Threesplne stickleback,
Gasterosteus aculeatus

Threespline stickieback,
Gasterosteus aculeatus

white perch,
Morone amer |cana

Striped bass,
Morone saxatllils

Striped bass (larvae),
Morone saxatlils

Striped bass (fingerling),

Morone saxatills

Green sunfish,
Lepomis cyanellus

Green suntlsh,
Lepomls cyanellus

‘Green suntlish,
Lepomls cyanel lus

Pumpklinseed,
Lepomls il bbosus

Bluegllil,
., Lapomls macrochlrus

- Bluegllil,
Lepomis macrochlrus

Method®

FT, M

Chaalcal

Cadmiun chloride

Cadinlum chloride

Cadmlum chloride

Cadinlum chlorlde

Cadmium chlorlde

Cadmlum chlorlde

Cadmlum chloride

Cadmium chlorlide

Cadwmlun chioride

Cadmium chloride

Cadmium chlorlde

Hardness

(eg/) &S

11.1

20

115

103-111

55

55

360

335

55

20

207

LC50
or EC50
Lug/hee
2,200
1,270
6,500

23,000

8,400

2,840
66,000
20, 500

1,500

1,940

21,100

Specles Kean
Acute Value

(ug/iyoes

9,715

3,676

4,852

7,521

4,987

1,343

Rotercnce

Glesy, ot al, 1977
Pickering &
Henderson, 1966
Pascos 4 Cram, 1977
Pascoe & Mattey, 1977
Rehwoldt, ot al, 1972
Rehwoldt, et al, 1972
Hughes, 1973

Hughes, 1973
Plickering &

Henderson, 1966

Pichering &
Henderson, 1966

Jude, 1973
Rehwoldt, et al, 1972
Plckering &

Henderson, 1966

Eaton, 1980



Table |, (Contlnued)

Species

Polychaete worm {aduit),
Neanthes arenaceodentata

Polychaete worm (juvenlle),
Neanthes arenaceodentata

Polychaate worm,
Nerals virens

Polychaete worm,
Nerels virens

Polychaete worm (adult),
Capltella capltata

Polychaete worm (larva),
Caplitella capltata

Oyster drliil,
Urosalplnx cinerea

Mud snall,
Nassar lus obsoletus

Mud snall,
Nassarfus obscletus

Blue mussel,

u!tllus edulls

Blue mussel,

Mytllus adul ls

Blue mussel,
Mytllus edulls

Blue mussel,

Mytilus adulls

Bay scallop (juvenile),
Argopecten Irradlans

Cheaical

u

or ECS0

g/

LCSO Specles Meoan

Acute VYalue

MD'I

Reference

SALTWATER SPECIES

Cadm{um chliorlide

Cadmium chlorlide

Cadmium chloride

Cadmium chlorlde

Cadmium chloride

Cadmium chlorlide

Cadmium chlorlde

Cadmium chloride

Cadmium chlorlide

Cadmiun chioride

Cadmium chlorlde

Cadnlum chlorlde

Cadmlum chloride

Cadmium chlorlide

12,000 -
12,500 12,200
9,300 -
11,000 10,100
7,500%Ek 0¥ -
200 200
6,600 6,600

35,000 -
10,500 19,170
25,000 -
1,620 -

3,600 -

4,300 3,934
1,480 1,480

Relish, et al, 1976
Relsh, et al., 197c
Elsler & Hennekey,
1977

Elslor, 1971
Relsh, et al, 1976
Relsh, ot al, 1976
Eisler, 1971
Eisler & Hennokey,
197

Eisler, 19T
Elsler, 1971
Ansanul fah, 1976
Ahsanul lah, 1976

Ahsanullah, 1976

Nelson, et al, 1976

N,



Tabie V¥, (Continued)

Specles

tuutern oyster (larva),

Crassostrea virginlca

Soft-shell clam,
Mya arenarla

Soft-shel| clam,
Mya arenarla

Soft-shell cilam,

Copepod,

Pseudodiaptomus coronailus

Method"

Chemical

Copepod,
Eurytemora attinis

Copepod,
Acartia clausl

Copepod,
Acartia tonsa

Copepod,
Acartla fonsa

Copepod,
Acartla ftonsa

Copepod,
Acartla tonsa

Copepod,
Nitocra spinlpes

S, U

Cadmlum chioride
Cadmium chloride
Cadmium chloride
Cadmium chloride
Cadinlum chloride
Cadmium chlorlde
Cadmium chloride
Cadulum chloride
Cadimium chloride
Cadinlum chlorlde
Caum | um chlurido

Cadmium chlw lde

LC50
or EC50

_tug/h)ee
3,800
2,500

2,200

850

122
220
337

1,800

Calabrese, et al,

Elsler & Hennekey,

Sosnowskl & Gentile,

Sosnowshi & Gentile,

Sosnouwskl & Gontile,

Sosnowskl & Gentile,

Speclos Maan
Acute Yolue
g/l yers Referoace
5,800
1973
1977
- Elsler, 1971
1,672 Elsler, 1977
1,708 Gentile, 1982
1,080 Gentlle, 1982
144 Gentile, 1982
1978
1978
1976
168.9
1978
1,800 Bangtsson, 1978

(T



Table 1, (Continued)

Species

Mysid,
Myslidopsis bahlia

Mysid,
Mysidopslis bahla

Mysid,
Mysldopsis bigelowl

Amphipod (young),
Mar Inogammarus obtusatus

Amphlpod {adult),
Mar inogammarus obtusatus

Amphipod (adult),
Ampel Isca abdlta

Pink shrimp,
Penaeus duorarum

Grass shrimp,
Palaemonetes vulgarls

Grass shrimp,
Palaemonetes vulgarls

Sand shrimp,
Cratgo_n septemsp|posa

American lobster (larva),
Homarus amer |canus

Hermit crab,
Pagurus longlcarpus

Hermlt crab,
Pagurus longlcarpus

Blue crab (Juveniies),
Calllnectes sapldus

Methcd®

Chemlcal

FT, M

Cadmium chloride

Cadmium chloride

Cadmlum chloride

Cadmnliun chloride

Cadmium chiorlde

Cadmlum chloride

Cadmium chlorlde

Cadmium chloride

Cadinium chloride

Cadmlum chloride

Cadmium chloride

Cadmium chloride

Cadmium chlorlde

Cadmium chloride

Nimmo, et al, 1977a

Gentile, ot al, 1982

Gontile, ot al, 1982

Wright & Frien, 1981

Wrljht and Frien, 1981

Nimmo, et al, 1977b

Nlamo, et al, 1977b

Johnson & Gentlle,

Elslor & Hennekey,

LC50 Species Mean
‘or EC50 Acute Value
(ug/1)%e (ug/i)nee Reference
15.5 -
10 41,29
135 135
3,500 -
13,0002%%4~ 3 500
2,890 2,890 Scott, 1982
3,500 3,500
420 - Elsler, 1971
760 760
320 320 Eisler, 197
78 78
1979
320 - Eisler, 197N
1,300 645
1977
11,600 -

Frank & Robertson,
1979



Table 1., (Continued)

Specles

Blue crab (Juvenliles),
>alllnectes sapldus

Biue crab (juveniles),
Callinectus sapidus

Green crab,
Carclinus maonas

Fiddler crab,

Uca pugllafor
Flddler crab,
Uca pugl lator

Flddler crap,
Uca pugllator
Fliddler crab,
Uca pugl lator

Flddler crab,
Uca pug|lator
Fiddler crab,
Uca pugllator

Startish,
Asterias forbesll|

Startish,
Asterlas torbesli|

Sheepshead minnow,
Cyprinodon varlegatus

Mummichog (aduit),
fundulus heterociitus

Muminichog (adult),
Fundulus heteroci|tus

Method*

Chaalcal

S, VU

Cadmlum chloride

Cadinium chlor lde

Cadmium chilor lde

Cadmnium chloride

Cadmium chioride

Cadmium chloride

Cadinlum chloride

Cadmium chloride

Cadinium chloride

Cadwlium chlorlide

Caumlium chlor ida

Caumlum chioride

Cadmium chlorlido

Cadmnium chloride

LCS0
or EC50

/007

4,700

320

4,100

46,600

37,000

32,300

23,300

10,400

6,800

7,100

820

50,000

49,000

22,000

Species Mean
Acute Valuo

Reterence

Frank & Robertson,
1979

Frank & Robertson,
1979

Eisler, 1971
0'Hara, 1973
O'tiara, 1973
O'Hara, 1973
O'Hara, 1973
O'Hara, 1973
O'Hara, 1973
Eisler & Hennekey,
1977

Elsler, 1971
Elsler. 1971

Eisler, 1971

tlsler & Hennekuy,
1977



Table 1, (Contlausd)

Specles

Mummichog {jJuvenlle),
Fundulus heterocl!itus

Mummichog (juvenlie),
Fundulus heteroclltus

Mummichag (juvenlile),
Fundulus heteroclitus

Mummichog (juvenile),
Fundulus heteroc!|tus

Mummichog (juvenllel,
Fundulus heteroclitus

Hummichog (juvenlle),
Fundulus heteroclitus

Mummichog (Juvenile),
Fundulus heteroc!litus

Mummichog (juvenlle),
Fundulus heteroclitus

Striped kitiifish (adult),
Fundulus majalls

Atlantic sliverside (adult),
Menidla menldla

Atlantic sliversldeo
(juvenile),
Menlidlia menlidia

Atlantic sliverside
{Juvenlle),
Menlidia menidia

Atlantic slliverslde (larva),
Monidia menidia

Atlantic sliverside (larva},
Menldia menidla

Cheulcal

S, U

5, U

Cadmlum chloride

Cadmlium chloride

Cadmlum chioride

Cadmium chloride

Cadmium chlor ide

Cadmium chloride

Cadmlun chioride

Cadmlum chioride

Cadmium chloride

Cadmium chlorlide

Cadmlium chloride

Cadinlum chioride

Cadmium chloride

Cadmium chlorlde

LC50
or ECS0

Lg/1)ee
114,000
92,000

78,000

73,000

29,000
21,000
2,032%8nes

28,5320 8480

13,652 nean

1,054

577

Reference

50, 600

21,000

79,8

Yoyer, 1975

Voyer, 1975

Yoyaer, 1975

Yoyer, 1975

Yoyer, 1975

VYoyer, 1975

Yoyer, 1975

Voyer, 1975

Elsier, 1971

Cardin, 1982

Cardlin, 1982

Cardln, 1982

Cardin, 1982

Cardin, 1982

N



Table 1. (Contlnued)

LC50 Speclies Mean

or EC50 Acute Value
Specles Method® Chamlcal (/1) (ug/1)oes Reforence
Jpecies ALkl
Winter tloundur (larva), S, U Cadmlum chlor lde 14,297 - Cardin, 1982
P’ seudopleuronectes
‘~iericanus
Winter fioungor (larva), s, v Cadmlum chioride 602 2,934 Cardin, 1982
Pseudopleuronectes
amefr 1canus
. S = static, R = reneual, FT = flow-through, M = measured, U = unmeasured.
e Results are expressed as cadmlum, not as the chemical. Some values are averages from the number of

tasts In parentlieses,
san Freshwater Specles Mean Acute Values are calculated for a hardness of 50 mg/i using the pooled stope,

#5#%  Not usad In calculations because tha food apparently roduced toxiclty to Daphnla magna and probably
also to the othor specles, -

uR#%®  Not used In calculations,

#addad Ng Specles Mean Acute Value calculated for this species because of wide runge of zcute values,

sRdauRiNGt ysed In calculatlons becausa tor thls speclies try seem to be much more sensitive tfo cadnlum
than older tish,

Results of covariancu analysis of freshiater acute toxicity vs, hardness:

(The data for ralnbow troul were nol included in tho analysls because the range of hardness was too smail.,)

Phllodina acutlcornis: siops = 0,045, r = ~0.07, n=3

Daphnla magna: slope = 1,06, =055, n=26
Goldtlsh: slopu = 1,56, r = 1,00, n = 3
fFathead minnow: slope = 1.25, r = 0,83, n= 9
Green sunflsh: slopo= 0,90, r= 0,93, n=3
Blueglll: slops = 1,02, r = 1,00, n= 2
Pooled slopc = 1,16, P = <0,0001, degrees of freedom = 17

{Data for Phllodina acuticornls not used In calculation of pooled slope; see text,) AJ




Spe les

Cladoceran,
Daphn| s magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia magna

Coho salmon (Lake Superlor),
Oncorhynchus klsutch

Coho saimon (West Coast),
.Oncorhynchus klsutch

'Chinook saimon,
Oncorhynchus tshawytscha

Brown frout,
Saimo trutta

Brook frout,
Salvelinus fontinalis

Brook frout,
Salvelinus fontinalls

Broos trout,
Salvellnus fontlnails

Lake frout,
Salvel inus namaycush

Northern plke,
Esox fucius

Teble 2,

Test®

Lc

Lc

LC

ELS

ELS

ELS

ELS

ELS

L

ELS

ELS

ELS

Chronic toxlicity of cadaium to aquatic animals

Chemical

Cadmium

Cadm | um

Cadm | um

Cadm lum

Cadmlium

Cadmium

Cadmlum

Cadm | um

Cadm lum

Cadm [um

Cadmium

Cadm ium

Cadmium

chloride

chloride

chloride

chlorlde

chloride

chioride

chiorlde

chlor lde

chloride

chioride

chlorlde

chlorlde

chloride

Mardness

{mg/) as Linlts Chronic Yalue

CaCo0y) Lug/iee {ug/i/1)%e

FRESHWATER SPECHES

45 0.17-0.7 0,3450
53 0,08-0,29 0.1523
103 0.16-0,28 0.2117
209 0,21-0,9 0,43N
44 1.3-3.4 2,102
44 4.1-12,5 7.159
25 1.3~1,38 1.563
44 3.8-11,7 6.668
43 1.1-5.8 2,045
44 1.7-3.4 2,404
37 1-3 1,732
44 4,4-12,3 1.351
44 4,2-12,9 7.361

Retference

Blesinger &
Christensen, 1972
Chapman, Manuscript
Chapman, Manuscript
Chapman, Manuscript
Eaton, et ai,. 1978
Eaton, et 8, 19/8
Chapman, 1975
Eaton, et al, 1978
Eaton, et al, 1974
Bonolt, ot al, 157¢
Sauter, et al, 197¢

Eaton, et al, 197%

Eaton, ot al, 197§



Table 2, (Continued)

SEt_:les

Fathead mlnnc,
Plimaphales prunelas

White sucker,
Catostomus commerson}

Flagtish,
Jordanel la flarldae

Blueglil,
Lepomls macrochirus

Smalimouth bass,
Micropterus dolomieul

Mysid,
Mysldopsls bahla

Mysid,
Mysidopsis bahia

ELS

LC

LC

ELS

LC

Hardness

(mg/l as

Chamical _CaCoy)
Cadn}um suifale 0
Cadmium chloride 44
Cadmi{um chioride 44
Cadmtum sultate 207
Cadmlum chiorlde 44

SALTWATER SPECIES

Cadmiun chiorlde -

Cadaiium chlorlde -

tialts Chronic Yalue

g/ g/

571-57 45,92
4,2-12,0 7.099
4.1-8.1 5,763

31-80 49.80
4.3~12,17 7.390

4.8-6.4 5,543
5,5-11.5 7.953

Roferenc_:_

Plckering & Gast,
1972

Eaton, et al, 1978
Spohar, 1916a

Eston, 1974

Eaton, et al, 1978

Nimmo et al, 1977a

Gentile, ef al.
1982

% ELS = early llfe stage,

LC = tite cycle or partlal ilfe cycle.

fflasuits ai e expressed as cadmlum, not as 1he clarlcal,



Table 2, (Continued)

Sz:glos

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Chlnook salmon,
Oncorhynchus
— Yshawyfscha

Fathead minnow,
Pimephales promelas

Flagfish,
Jordanella floridae

Blueglil,
Lepomis macrochirus

Mysid,
Mysidopsis bahla

Mysid,
Mysidopsis bahia

Acute-Chronic Ratlo

Hardness
(mg/1 as
_CaC0y_
45
53
103

209

25

44

207

Acute
VYaluo
( i)
65

9.9
33

49

1.4}

5, 970

Chronic
Yalue
( 1)
0.3450
0,1523
0.2117

0.43MN

1.563

45.92

5.763

49.80

5,543

7.943

Ratio

1913
65.00

155.9

12.1

0,9021

130,0

433.8

425,71
2,796

13,83

hE



Table 3, Summary of data in Tabies 1| and 2 on acute and chronlc toxicity of cadmium to aquatic anlmails

Famly Mean Specles Moan Specics Moan
Acute Valus Acute Value Acute~-Chronic
Runk® Faally _lug/nee Species (ug/1)9® Rstlo

FRESHWATER SPECIES

r4 Blthynlldae 8,400 Snali, §,400 -
Amnicola sp,

2 - 8,100 Damsel tly, 8,100 -
(Unidenti{ied)

19 Perclchthyldao 7,521 white perch, 7,51 -
Morona amer | cana

18 Poacll!ldae 5,994 Mosqul tot Ish, 9,715 -
Gambus(a affinis

Guppy., 3,676 -
Poecl!la reticulata

17 Gasterosteldas 4,852 Threespine stickiaback, 4,852 -
Gasterosteus aculeatus

16 - 3,400 Caddisfiy, 3,400 -
(Unldentlfled)

15 Cantrarchidaa 1,174 Gresn sunflsh, 4,937 -
Lepom| s_n_:_!anal lus

Pumpkinsead, 1,343 -
Lepom! s gibbosus

Blueglll, 4,715 423,17
Lepam!s macrochlrus

14 Ephemareall ldae 2,31y Mayfly, 2,319 -
Ephemerella grandls

13 Cyprinidae 1,113 Goldlish, 8,397 -
Carassius auratus

Common carp, 214.9 -
Clprlnus carpla

LS



Table 3. (Contlinued)
Rank® Fomlly

12 Naldldae

" Chironomldae

10 Angul || idae

9 Cyprinodontidae
8 Philodinldae

7 Plunatell idas

6 Phys idae

5 Lophopod idae

4 Gammar idae

3 Pectinalaicidas
2 Daphnidae

Famly Hean Specles Mean Specles Hsan
Acute Value Acute Value Acute~Chronlc
(ug/1)% Specles {ug/1res Ratlo
Fathesd minnow, 2,082 130.0
Pimephales promelas
Northern squawflish, 2,454 -
Ptychochellus oregonensis
1,700 Worm, 1,700 -
Nais sp.
1,200 Midgs, 1,200 -

Chironomus Ssp.

134.2 American eel, 134.2 -
Angullla rostrata

534,.4 Bandec kil1lfish, 98,49 -
Fundulus dlaphangi
Flaytish, 2,900 433,8
Jordanella tloridae

440.7 Rotlter, 440,7 -
Philodina acutlcorals

212,1 Brryozoan, 212,10 -
Pilumatella omarglnafa

150.1 Snall, 150,1 -
Physa gyrina

136.2 Bryozoan, 136.2 -
Pectinatel la magnlfica

70.00 Scud, 70.00 -
Gammarus sp.

29,19 Bryozoan, 29,19 -
Lophopodel la carterl

27.80 Cladoceran, 8.540 121.4
Daphnia magna
Cladoceran, 40,37 -

Daphnla pulex

yas



Table 3. (Contlnued)

Rank* Foally

\ Salmonldao
26 Cyprinodontidae
25 Ocypud ldao -
24 Nassurl ldae
23 Noreldan
22 Mur iclidan
21 Myt i1 idio

Fanly Moan
Acute Value
(&ll)“ Spacles
Cladoceran,
Slmocephalus serrulatus
5,058 Coho salmon,

Oncorhynchus klisutch

Chinocok salmon,
Oncorhynchus tshawytscha

Ralnbow trouf,
Salmo galrdnerl

SALTWATER SPECIES

37,59

21,190

19,170

11,100

6,500

3,954

Sheepshwal minnow,
Cyprinodon variegatus

Mumnlctog,
Fundulus hetoroclitus

Striped kiililflsh,
Fundulus majalis
Flddler crab,

Ucy pugliator

Mud snall,
Nassarlus obsoletus

Polychaote worm,
MNasnthos arenaceodentata

Sani woi i,
Harals viroens

Oysiey drild,

Urosalplnx clnerva

Blus mussal,
Mytilus odulis

Specles Mean
Acute Valuo

(ﬂ:’”.'

les Mean
Acute~Chronic
Ratlo

62,29

6,646

4,956

3.945

21,000

21,130

19,170

12,200

16,100

0.7787

3



Table 3. (Continued)
Rank*® Faml by
20 Ostreldae

19 Gamnar ldae

18 Penaeldae

17 Portunidae

16 Pleuronectldae
15 Ampel 1sclidae

4 Asterildae

13 Canlthocamptidae
12 Pseudodiaptomidae
] My ldae
10 Pectinlidae

9 Temor idae

8 Atherinidee

Specles Mean
Acute-Chronlc
Ratio

Famly Maan Specles Mean
Acute Value Acute Value
(ig/1(*e Specles (g/ e
3,800 Eastarn oyster, 3,800
Crassostrea virginica

3,500 Amphlipod, 3,500
Mar inogammarus obtusatus

3,500 Pink shrimp, 3,500
Penaeus duorarum

3,261 Blue crab, 2,5%
Callinectes sapldus
Green crab, 4,100
Carclinus maenus

2,934 Winter flounder, 2,934
Pseudop leuronectes
amer fcanus

2,890 Amph|pod, 2,890
Ampel isca abdlta

2,413 Startish, 2,413
Asterlas forbesl

1,800 Copepod, 1,800
Nitocra spinipes

1,708 Copepod, 1,708
Pseudodlaptomus cornatus

1,672 Soft-shall clam, 1,672
Mya aren_a_r:l_a

1,480 Bay scatlop, 1,480
Argopec*ten |rradlans

1,080 Copepod, 1,080
Eurytemora affinls

719.8 Atlantic sllverside 779.8

Menidla monidia

8%



Table 3. (Continued)

Faaly Mean Specles Mean Spoclas san
Acute Valus Acute Yoluo Acute~Chronlc

Rank® Famlly (ug/1)** Specles LI7-:7A Linid Ratilo

7 Palaemon ldase 760 Grass shrimp, 760 -
Palaemonetes vuigaris

6 Pagurldee 645 Hdrmlt crab 645 -
Pagurus _I(_mglcarpus

5 Crangonldas 320 Sand shrimp, 320 -
Crangon septamspinosa

4 Capltellides 200 Polychaete worm, 200 -
Capltella capliata

3 Acarti idae 15 Capapod, 144 -
Acartla clausi
Copapod, 168,9 -
Acortla tonsa

2 Homar | dae 78 Amor Ican fobster, 78 -
Houmnarus eaaricanus

1 Mys ldae 74,66 Mysid, 41,29 6.218
Mysidopsis banla
Mysla, 135 -

Mysldopsis bigolow)

o man m— At Cemamta. et et 2

* Ranked fram most reslstant tu wost svasitive basud oy Famlly Noan Acute Yaluo,

S%Freshwater Family Moan Acutc Valuws end spacles Moan Acute Values &re for a hardness of 50 mg/|,
Final Acute Yalua = 6.66¢ ;g/1 (calccfated iur 8 hurdnoss of 50 mg/| from Famity ioan Acute Values)
Final Acute Valuo = 3,945 ;0’1 {(to protcct ralabe, frovi at ¢ hardness of 50 mu/i)

Criterlon Maxlimum Conceati atlon = (¥.945 pg/1) / 2 = 1,412 yo/l (for a hardnes= of S0 ;g/1)

6¢



Table 3.

{Contlnued)

Final Chronic Value = 1,972 ug/! (tor a hardness of 50 yg/1) (see text)

Pooled Slope = 1,16 (see Table 1)
In (Criterlon Maximum Intercept) = In(1,972} - [slope x In(50)])
= 0,697 - (1,16 x 3,912) = -3,841)
a{1+16 linthardness)} -3.841)

Criterlon Maximum Concentratlon =
“.'6 lln(hardness)l -3,841) (sea text)

final Chronic Value = e
Salt water

Final Acute Valuo = 75,44 ug/i
Criterion Moximun Concentratlion = (75.44 ug/l) /2 = 32,72 g/

Final Acute~-Chronic Ratlo = 6,218 (sea text)
Final Chronlc Value = (75,44 ug/1) / 6,218 = 12,13

/

Il
/

oy



Sggcles

Diatom,
Asterionslia formose

Diatom,

Scenadesmus quadracauda

Alga,
Euglena gracilis

Alga,

Euglena gracllis anabaena

Alga,
Ankistrodesmus braunli

Blue alga,
Microcystls aeruglinosa

Green alga,

Scenedesmus quadr icauda

Green alga,
Chiore!la pyrenocidosa

Green alga,
Chiorella vulgarls

Green algs,
Chlorella vulgarls

Green alga,

Selanastrum capricornutum

Algas (mixed spp.)

Table 4., Toxlicity of cadmlum to aquatic plants

Chenlcal

Cadmlun chlor ide

Cadmiun chloride

Cadml v nitrate

Cadmiun nltrate

Cadmlun nifrato

Cadmlui nitrate

Cadmlium chlo~lduy
Cadamlwa chlorida

Cadmium chior ldu

Hardness
(ng/1 &s
Cal0y)

FRESHWATER SPECIES

Etfect

Factor of 10
growth rate
decrease

Reduction In
cell count

Morpholo-
glcal abnor-
mal ities

Cell divi-
slon Inhibi-
tlon

Grouth
Inhibirion

inclplent
Inhibition

Inciplent
inhibltion

Reductlion In
growth

Reductlion In
grouth

%03¥ reduction
in growth

fleductlon In
grouwth

Signlticant
reductian In
population

Result

g/

Reference

5,000

20,000

12,4

70

310

250

Conway, 1978

Klass, ot al, 1974

Nakano, et al, 1980

Nakano, 1980

Laube, ot al, 1980

Bringanann, 1975;
Bringmann & Kuhn,
1976, 1978a,b
Biringnana & Kuhn,
1977a, 1978a,b, 1979,
1980L

Hart & Scolfe, 1977
Hutchiinson & Stokes,
1975

Rosho & Rachlin, 1977

Bartlert, ot al, 1974

Glesy, et al, 1979



Teble 4., {(Contlinued)

Specles
Fern,
Salvina natans

Eurasian watermlilifolli,
Myriophytlum spicatum

Duckwoad,
Lemna vaidiviana

Kelp,
Lamlnana saccharina

Dlatom,
Ditylum brightwellll

Dlatom,
Thalassloslra pseudonana

Dlatom,
Skeletonema costatum

Red alga,
Champla parvula

Red alga,
Champla parvula

Red alga,
Champla parvula

Red alga,
Champla parvula

Chanlcal

Cadmlun nitrate

Cadmiun nltrate

Cadmliwn chioride
Cadmlun chloride
Cadmlum chlorlde
Cadmluu chivrlde
Cadmium chioride

Cadmiun chloride

Cadmiun chlorlde

Cadmiun chloride

Hardness
g/l as
C&)

SALTWATER SPECIES

Raferencs

Result
Etfect _(Ell)'
Reduction In 10
number of
fronds
50% root 7,400
we lght
Inhibltion
Reductlon In 10
nunber of
fronds
8-aay EC50 860
(growth rate)
S-day EC50 60
(growth)
96-hr EC50 160
(growtl: ~ate)
Jh-ta tChO 175
{growtn rate)
Poduce: tetra— <24 .9

sporophyte growth

Reduced tetra=- >189
sporang la
production

Reduced temale <11.4
growth

Stopped sexual <11.4
raproduction

Hutchinson & Czyrska,
1972

Stanley, 1974

Hutchlinson & Cyrska,
1972

Markham, ot al. 1980
Canterford &

Canter ford, 1980
Gantile & Johnson, 198.
Guyntlle & Johnson, 1982
Steele & Thursby,

1965

Steele & Thursby,

1983

Steele & Thursby,

1983

Steele & Thursby,
1983

* Results are exprassed as cadmium, not as the chumlcai,

Th



Specles

Aufwuchs (attached
microscopic plants and
animals

Aufwuchs (attached
microscoplc plants and
animals

Duckweed ,
Lemna valdivliana

Fern,
Salvinla natans

Snatl,
Physa Integra

Cladoceran,
Daphnla magna

Craytish,
Orconectes propinquus

Maytily,
Ephemeroptera sp,

Mayf iy,
Ephemeroptera sp.

Drayontly,
Pantala hymenea

Oragontly,
Pantala hymenea

Damseltly,
l}c@pura SPe

Dragonfly,
Ischnura sp.

Table 5. Bloaccumulation of cadmius by aquatic orgsnisas

Tissue

whole plant
whole plant
wWhole body
v¥hole body
Whole body
whole bod:y
Whole body
whole b,
Hhole body
whole body

Whole body

Chemical

FRESHWATER SPECIES

Cadmium chloride

Cadmium chioride

Cadmium nltrate

Cadmium nitrate

Cadmium chioride

Cadmium sul fate

Cadiilum chloride

Cadmlum chloride

Caai:ium chloride

Cati.ium chloride

Csumlum chilorlde

Cadmium chlorlideo

Glesy, et al, 1979

Glesy, ot al., 1979

Hutchinson & Czyrska,

Hutchinson & Czyrska,

Giilesple, et al.

Glesy, et al, 1979

Glesy, et al, 1979

Glesy, et al, 1979

Glesy, et al. 1979

Glesy, et al, 1979

Duration B8loconcentration
{days) Factor® Reference
365 720
365 580
21 603
1972
21 960
1972
28 1,750 Spehar, 1981
2-4 320 Poldoskl, 1979
8 184
1977
365 1,630
365 3,520
365 736
365 680
365 1,300
365 924

Glesy, ot al. 1979



Table 5. (Continued)

Specles

Stonefly,
Pteronarcys dorsata

Boeotle,
Dytiscidae

Beetla,
Dytiscldae

Caddistly,
Hydropsyche bettent

Caddisfiy,
Hydropszche Sp.
B8iting midge,
Ceratopoganidae

Bitlng midge,
Cerataopoganidas

Midge,
Chironomidae

Midge,
Chironomidae

Rainbow frout,
Salmo _galrdnerl

Rainbow trout,
Salmo galrdner|

Brook trout,
Salvellnus fontinalls

Brook frout,
Salvellnus fontinalls

Brook trout,
Saivellnus fontlinalls

Tissue

Whole body
Whole body
Whole body
Whote body
whole body
Whole body
Whole body
¥hole body
Whole body
Whole body
Whole body
Muscle

Muscle

Muscle

Cheaical

Cadmium chloride

Cadmium chloride

Cadmlum chloride

Cadmlum chiorlde

Cadmium chlorlde

Cadinlum chlorde

Cadmium chlor ide

Cadnlum chloride

Cadmtum chlor lide

Cadmium chioride

Cadmlum chlor lde

Cadmlun chlorlde

Cadmium chior lde

Glesy, et al, 1979

Glesy, ot al. 1979

Glesy, et al, 1979
Glesy, et al, 1979
Glesy, et at, 1979
Glesy, ot al, 1979
Kumada, et al,. 1973
Kumada et al, 1980
Benolt, et al, 1976

Benolt, et al, 1976

Duratlon Bloconcentration
{days) Factor® Reference
373 28 Spehar, 198!
365 164
365 260
28 4,190 Spehar, 1981
6,017 2108 Dressing, 1980
365 936
365 662
365 2,200
365 1,830
140 540
70 35
490 3
) 151
93 10

Sangalang & Freeman,
1979



Table 5. (Continued)

Specles

Mosqultoflish,
Gambusia aftinls

Mosqul tofish,
Gambuslia affinis

Alga,
Prasinocladus tricornutum

Hydrold polyp,
Laomedea loveni

Polychaete worm,
Ophryotrocha dladema

Biue mussel,
Mytllus edulls

Blue mussel,
Mytilus edulls

Bay scal lop,
Argopecten lrradlans

Eastern oyster,
Crassostrea virginlca

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Quahog clam,

Merconar|a mercenar ia

Soft-shell clam,
Mya arenarla

Tissve

Whole body
(estimated
steady state)

whole body
(estimated
steedy stata)

whole organlsin
whole body
Sott parts
Sott paris
Muscle

Soft parts
Soft paris
Sott parts
Soft paris

Soft paris

Chemlcal

Cadmlum chlorlde

Cadmium chlorlide

SALTWATER SPECIES

Cadmiun lodide
Cadmliun chlorlde
Cadialum chiorlide
Cadmium chloride
Cadmium chloride
Cadalum chlorido
Cadmium chloride
Cadnium chioride
Cadmlum nltrato
Cadmium nitfrate

Cadwlum nitrate

Glesy, et al, 1979

Glesy, et at, 1979

Ker foot & Jacobs,

Theede, et al. 1979

George & Coombs,

Pesch & Stewart,

Zarooglan 8 Cheer,

Schuster & Pringle,

Kertfoot & Jacobs,

Duration Bloconcentration
(days) Factor® Reterence
180 2,213
180 1,891
5 670
1976
10 153
64 3,160 Klockner, 1979
28 113
1977
35 306 Pnilllps, 1976
42 2,040
1980
280 2,600
1976
280 1,850 Zarowylan, 1979
98 1,220
1969
40 a
1976
70 160

Pringle, et al.
1968

S



Tadle 5. (Contlnued)

Specles

Pink shrimp,
Penaeus durofarm

Grass shrimp,
Paleomonates puglo

Grass shrimp,
Palaemonetes pujlo

Grass shrimp,
Palaemonaetes vulgaris

Green crab,
Carclnus maenas

Green crab,
Carclnus maenas

Duration Bloconcentration
Tissuo Chemical (days) Factor® Reterence
whole body Cadmium chloride 30 57 Nimmo, et al. 197/b
whole body Cadmlum chioride 42 22 Pesch & Stewart,
1980

whole body Cadmlum chiorlde 28 203 Nimmo, et al, 1977b
Whote body Cadmlum chlorlde 28 307 Nlmmo, ot al. 1977b
Muscle Cadmlium chloridé 68 5 wWright, 1977
Muscle Cadmium chiorlde 40 ? Jennings & Ralnbow,

1979a

* Results are Ltased on cadmium, not the chemical,

Specles

Mallard,
Anas platyrhynchus

Maximus Pormissible Tissus Concentration

Eftect Coacontration
Kidney tubule degencvration; 200 mg/kg In food
significant testis weight for 90 days

reduction; evidence of
inhibited spermatozoa
production

Emetic threshold 13-15 mg/kg

Roterance

White & Finley, 1978a,b;
White, ot al, 1978

Anon,, 1950

Ik



lable 5. (Continued)

Geometric mean ot all whole body and whole plant BCF values (welghted by species)
Final Residue Value = 200 mg/kg = 757 = 0,26 mg/kg = 260 g/|

Geometric mean BCF for long-term exposure of oyster = 3,089

Final Resldue Value = 14 mg/kg r 3,080 = 0,0045 mg/kg = 4.5 g/}

157

L7



Sgggla

Mixed aatural tungl
and be-rer lal colonle
on leat lltter

Green alga,
Scenedesmus quadrlcauda

Bacterla,
Escherichia coll

Bacteria,
P seudomonas putida

Protozoan,
Entosiphon sulcatum

Protozoan,
Microregma hefarostoma

Protozoan,
Chiiomonas paramec fum

Protozoan,
Uronema parduez!

Mixed macrolnvertebrates

An ’
Pr B SPe

Tubl‘f lcid worm,

Tgklfex tublfex
sxf | (axbryo),

Q dola SP,

Table 6.

“neslcal

Cadwlwur chioriae

Cadmlum chloride

Cadamium chloride
Cadmiuws chloride
Cadmlum nltrate
Cadmium chioride
Cadnium nltrate
Cadnlum nitrate

Cadalun chloride

Cadwlum chloride

Cadmlun chlor ide

Hardness
(ng/! &8
Lau)]}

FRESHWATER SPLUIES

10,7

96

12

28

48

20

52

52

48

96

Duration

wks

hrs

hrs

nhrs

hrs

hrs

hrs

wks

wks

hrs

Othor dute on effects of cadmium on aquatic orgenisms

Rezuit
Effect _ﬂ&_n_)'
Inhibltion of ]
|oat
decomposiion
Inclplent ldﬁo
Inhibition
{rivor water)
Inclplent 150
Inhiblition
Inclplent 80
Inhibltion
inclpient 11
lahlblton
Inciplent 100
Inhibition
Inclplient 160
Inhiblition
Inclplent 2%
Inhibition
Reduction In S
mean total

numbers and In
numbers of taxa

Population 5
raduction

LC50 320,000
LC50 3,800

fieference

Giasy, 1978

Bringmann L Kuhn, 1959a,b

Bringmaan & Kuha, 195%a
Bringmann & Kubn, 1976,
1977a, 1979, 19800

Bringmann, 1978, dringnann
& Kuhn, 1979, 19800
8ringmnann & Kuhn, 19590
Bringmann, et al, 1980

Bringmann & Kuhn, 1980a

Glesy, et al, 1979

Glesy, of al. '3y

Qureshi, ot ai, 1980

Rehwoldt, et al, 1973

3h



Table 6. (Contlinued)

Specles

Snall,
Physa integra

Cladoceran,
Daphnla_galeafa mendotae

Cladoceran,
Daphnla_g§leata mendotan

Ctadoceran,
Daphnla magna

'Cladoceran,
Daphnia magna

Cladoceran (3-5 days),
Daphnia magna

- Cladoceran (adult),
Daphnla magna

Cladoceran,
Daphnla pulex

Copepod,
'Eucyclops Mls

Copepod,
Acanthocyclops viridis

Crayflsh,
Cambarus latimanus

Mayfly,
Ctoeon dipterum

Chanlcal

Cadmlun chlorlde

Cadmnlum chloride

Cadn:lum chloride

Cadmium chloride

Cadnmlum nitrete

Cadmiun chlor ido

Cadnlwa chlor hia

Cadulun chioride

Hardness
(ng/| as
Cal0y) Ouratlon
44-58 28 days
- 22 wks
- 15 days
- 48 nhrs
- 24 hrs
- 72 rrs
- 712 hrs
51 130 days
1A 52 wks
- 72 hrs
11,1 5 mo
72 hrs

Eftect

e mma————

LC50

Reduced blomass

Reduced rate
of Increase

ECS0 (river
water)

LC50

LC50 (10 C)
(15 C)
250)
(30 C)

LC50 (10 C)
G5 0C)
(25 C)
(30 C)

Reduced
reproduction

Population
reduction

LC50

Signltlcant
mortal ity

LCS0 (10 C)
(15 C)
(20 C)
(30 C)

Result

(ug{l)'

Retference

10.4

4,0

5.0

600

224

224

12
0.1

479

187
10.2
2.4

0.5

(€.

70,600
26,600
6,97
930

Spehar, et al, 1978
Marshalil, 1978a

Marshall, 1978b

8ringmann & Kuhn, 195%a,b
Br ingmann & Xuhn, 1977b

Braglnskiy & Shcherban,
1978

Braginskly & Shcherban,
1978

Bor tram & Hart, 1979
Glesy, et al, 1979
Braglnskiy & Shcharban,
19/8

Thorp, et al. 1979

Braglnskly & Shchorban,
1978

514



Tabla 6, (Contlinued)

Specles

Maytly,
Ephemarel la sp,

Mayfly,
Hexagenla rlglda

Midge,
Tanytarsus disslallls

Coho saimon {juvenlila),
Oncorhynchus klsutch

Coho salmon (adult),
Oncorhynchus kisutch

Chinook saimon (alevin)},
Oncorhynchus tshawytscha

Chinook saimon (swim-up),
Oncorhynchus fshawytscha

Cninook saimon (parr},
Oncorhynchus tshawytscha

Cninook salmon {smolt),
Oncorhynchus tshawytscha

Ralnbow frout,
Saimo galrdneri

Ralnbow frout,
Salmo galrdneri

Ralnbow trout,
Salmo gairdnerl

Ralnbow trout,
Saimo galrdner|

Hardness
(mg/| &5
Chemlcal Call+) Duration
Cadmiun chlorlido 44-48 28 days
Cadmlum nltrate 79.1 96 hrs
Cadmlum chlorlide 47 10 days
Cadmlum chloride 22 217 hrs
Cadmium chloride 2 215 brs
Cadmium chlorlde 23 200 hrs
Cadmium chioride 25 200 hrs
Cadmium chlorlae 25 200 hrs
Cadmium chiloride 23 220 hrs
Cadmium stearate - 96 hrs
Cadmium acetate - 96 hrs
Cadmium chlorido 112 80 min
112 18 mos

Etfect
LCS0

LC50

LC50

LC50

LC50

LC10

LC10

1o

Lcio

LC50

LC50

Significant

avoeldance

Reduced
survival

Result

(uil)'

Rotereace

<3,0
:},000

3.8

2,0

3.7

18-26

1.2

1.3

6.0
6.2
52

0.2

Spehar, et al, 1978
Laonhard, el al, 1980
Anderson, et al, 1980
Chapman & Stevens,

1978

Chapman & Stevens,
1978

Chapman, 1978
Chapman, 1978
Chapman, 1978
Chapman, 1978
Kumada, et al, 1980
Kumada, et al. 1980
Black & Birge,

1980

Birge, et al, 1981

05



Table 6. (Coatinued)

Spa:lg_s:

Rainbow trout
(embryo, larva),
Salmo gairdner|

Ralnbow trout,
Saimo _&alrdnorl

Rainbow trout (adult),
Saimo galrdner |

Ralnbow trout (alevin),
Saimo galrdner|

Rainbow trout (swim-up),
Salmo galrdner |

Rainbow trout (parr),
Salmo galrdnerl

Ralinbow trout (smoift),
Salmo galrdnerl

Ralnbow trout,
Salimo galrdner i

Ralnbow trout,
Salmo _gralrdnerl

Rainbow trout,
Salmo galrdner!

" Ralnbow trout,
Salmo _galrdnerl

Ralinbow trout,
Salmo _gg_!rdnerl

Brook trout,
Salvellnus fontinalls

Chemlcal

Cadmiun chlorlide

Cadulum chloride
Cadmium chlorlde
Cadainium chloride
Cadmiun chlorlide
Cadmium chloride
Cadmium sultfato
Cadmlum stearalo
Cadailum acetat.

Cadmtum chilor ide

Cadniun sulfulou

Cadiiun chlor ide

Hardness
(ag/) as
CaC0y) Ouratlon
104 28 days
- 240 s
54 408 hrs
23 186 hru
23 200 hrs
23 200 hrs
23 200 hrs
226 96 hrs
- 10 wks
- 10 wks
125 10 days
210 234 days
10 21 days

Result
Ettect L/

Reference

ECS0 (death and 140
deformlty)

LC50 7
5
LC50 5.2
LC10 >%
LCt0 1.0
tcto 0.7
LC10 0.8
LC20 20
BCF=27 -
8CF=40
BCF=63 -
LC50 (18 C) 10--30
(12 C) 30
(6 C) 10-30
Increased gill V4
ditfusion
Testlcular 10
damago

Blrge, 1978

Kumada, et al, 1973
Chapman & Stevens,
1978

Chapman, 1978
Chapman, 1978
Chapman, 1978
Chapman, 1978
Davies, 1976
Kumada, et al, 1980

Kumada, et al., 1980

Roch & Maly, 1979

Hughes, et al. 1979

Sangalang & O'Halloran,
1972, 1973
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Table 6. (Coatlnued)

Hardness

(ug/1 as Result
Specles Chealcal CoCOy) Duration Effect Lg/D)®  Retereace
Goidtlsh (embryo, tarva), Cadmiun chlorlde 195 7 days ECS0 (doath and 170 Birge, 1978
Carasslus auratus (detormity)
Goldflish, - - 50 days Reduced p!asma 44.5 McCarty & Houston,
Carasius auratus sod | um 1976
Fathead minnow, Cadmium chloride 63 96 hrs LCS50 80.8 Spehar, 1982
Pimephales promslas
Fathead minnow, Cadmlumn chloride 55 96 hrs LC50 40.9 Spehar, 1982
Pimephales promelas
Fathead mlanow, Cadmium chloride 59 96 hrs LCS0 64.8 Spehar, 1982
Pimephales promelas
Fathead mlinnow, Cadmlium chloride 66 96 hrs LC50 135 Spehar, 1982
Pimephales promelas
Fathead minnow, Cadmlium chloride 65 96 hrs LC50 120 Spehar, 1982
Pimephales promelas
Fathead mlnnow, Cadmium chlorlde 14 96 hrs LC50 8.3 Spehar, 1962
Pimephales promelas
Fathead mlnnow, Cadwium chloride 9 96 hrs LC50 86.6 Spehar, 1982
Pimephalaes promelas
Fathead mlanow, Cadmium chioride 62 96 hrs LCS0 114 Spehar, 1982
Plmephales promelas
Fathead mlnnow, Cadnlum chloride 63 96 hrs LCS0 80.8 Spehar, 1982
Pimephales promelas
Brown bul lhead, Csdmium chloride - 2 hrs Af focted 61,300 Bilckens, 1978,
Ictalurus nebulosus gllls and Garofano, 1979

kldney

Channel cattish, Cadulum chioride - - Increased 0.5 westerman & Blirge,
Ictalurus punctatus albinism 1978
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Table 6, (Contlnued)

Specles
Channel catflsh,
lctatlurus punctatus

Mosqul toflish,
Gambusla aftinls

Mosquitotish,
Gambusla atfinls

Bluegilli,
Lepomls macrochirus

Largemouth bass,
Micropterus salmoides

Largemouth bass
{embryo, tarva)
Micropterus saimoldes

Largemouth bass,
Mlcropterus salmoldos

Narrow=-mouthed toad
{embryo, larva),
Gastrophyryne
carovinens(s

Marbted salamander
(embryo, larva),
Ambystoma opacum

Colonlal hydroid,
Campanularia flexuosa

Chasical

Cadmiun chloride

Cadmlum chlorlde

Cadml un chloride

Cadmiun chloride
Cadmlu. chlor lde

Cadmiun chlorlde

Cadmlum chlor ide

Cadmlua chlor ldo

Hardness
(mg/| a&s
- B wks
29 8 wks
"2 80 min
112 80 min
93 8 days
- 24 hrs
195 1 days
99 8 days
SALTHWA T{._!}_§_F‘ECI ES

Result
Etfoct

il

Reference

HCF=4,0-6.7 -

BCF=6,100 at -
0.02 ;9/1 &

1.13 ppm added

to foad

BCF=1,430 at -
10 pg/i 81,13
ppm added to food

Signiticant >41,1

avotdance

Signlticant 8.83

avoldance

£C50 (death 1,640
and deformity)

Atfectod oper- 150
cular activity

ECSQ (doath 40
and detormlity)

EC50 (deuth 150
and detormity)

tnzyno 40-75

Inhibition

Blrge, ot » . 5 .

Willlams ¢ PR 373

wWikifams ¢ 35. -}

Black & E.- P

Black & b

»

7o,

Birge, o1 « , .37¢

Morgan, Y 5

Birge, 19/2

Birge, e «

Moare & L uw

£



Table 6. {Continued)

Specles

Colonlal hydrolg,
Campanularla flexuosa

Colonlal hyaroid,
Laomedea lovenl

Colonlal hydrolid,
Laomedea fovenl

Colonlal hydroid,
Laomedea (ovenl

Colonlal hydrold,
Laomadea lovenl

Colonlal hydrold,
Laomaedea lovenl!

Polychaete worm,

Neanthes arenaceodentata

Polychaete wornm,
Capltella capltata

Polychaate worm,
Capltelia capitata

Blue musse!,
Mytllus edulls

Biue mussel,
Mytllus edulis

Blue mussel,
Mytitus edulls

Blue mussel,
Mytllus edulis

Rardness
(eg/l as
Chanlcal CalO<x) Duratlion
- - 11 days
Cadmlum chioride - 7 days
Cadmium chlarlde - 7 days
Cadmium chioride - 7 days
Cadmium chlorlide - 7 days
Cadmium chloride - 7 days
Cadmlum chloride - 28 days
Cadmium clhiorlde - 28 days
Cadmlum chioride - 28 days
Cadmium EDTA - 28 days
Cadmlium alginate - 28 days
Cadmiun humate - 28 days
Cadmlum poctate - 28 days

Effect

Growth rate
EC50 (10 g/kg
salinlty)

EC50 (15 g/kg
sal Inlty)

EC50 (20 g/kyg
sal lnity)

ECS0 (25 g/kg
sal inlty)

&50 (7.5 C)
(g o
(15 C)
(17.5 Q)

LC50

LC50

LC50

BCF=252

BCF=252

BCF=252

BCF=252

Reosult

tug/n)e

Reference

110-280

5.6
1
12.4
52

9
5.6

3,000
630

700

Stebbing, 1976

Theode, ot al, 1979
Thoede, ot al. 1979
Theeds, et al, 197Y
Thoede, et al, 1979

Theede, et al, 1979

Relsh, et al., 1976
Reish, ot al, 1978
Relsh, et al, 1976
George & Coambs, 197/
George & Coambs, 197/
Georye & Coambs, 1977

George & Coambs, 1977

b S



Table 6, (Conflnued)

Specles

Blue mussel,
Myt llus edulls

Ba, scallop,
Argopecten lrradians

Bay scallop,
Argopocfen irradians

Eastern oyster,
Crassostrea virginica

€astern oyster,
Crassostrea virglnica

Sott-sheli clam,
Mya arenaria

Sott-shell clanm,
Mza arenarlia

Mysld,
Mysidopsis bahia

Mysid,
Mysidopsis bahla

Mysid,
Mysldopsls bahia

Mysid,
Mysldopsis bigalowl

Mysld,
Mysldopsls blgaiowi

Isopod,
ldotea baltica

tsopod,
ldotea baltica

Chanlggl

Cadm) un

Cadm | um

Cadmlum

Cadm ! uni

Cadmlun

Cadmlun

Cadmi e

Cadm | in

Cadm {r..

Cadm i

Cadmi un

Cadml Lln

Cadm utu

chloride

chlu 1de

chloride

lodide

chloride

chlor ide

chioride

chlorlda

chiorida

chioride

chlo, 1do

sulfatu

sulfate

Hardness
(mg/| as
Cal0y)

21

42

21

40

21

16

28

Duration

days

days

days

days

days

days

days

days

days

days

days

days

days

days

Reference

Result
Ettect 1Egéll' -
acF=710 -
EC50 (growth 78
reductlon)
BCF=168 -
BCF=617 -
6CF=149 -
LC50 150
LC50 100

LC50 (15-23 g/kg 1
sal lalty)

LCS0 (30 g/kg 28
salinfity)

t.C50 60
LCS0 70
LCx0 18
LC50 (3 g/kg 10,000
sallnlty)

LC50 (21 g/ky 10,000

sallnlty)

Janssen & Scholz, 1979

Pesch & Stawart, 1980

Elsler, ot al, 1972

Kertoot & Jacobs, 1976

Eisler, el ai. 1972

Eisler, 1977

Elsler & Hoanokey,

1977

Nlmwo, et al, 197/a

Gentile, ot al. 1982

Gontlie, et al. 1982

Gontlile, of al, 1982

Gentlle, et ol, 1984

Jones, 1975

Jones, 1975

SS



Table 6. (Continued)

Specles

Isopod,
Idotea baltica

Plink shrimp,
Penaeus duorarum

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglio

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes vulgeris

Amerlcan lobster,
Homarus amer lcanus

Amer ican lobster,
Homarus amer |canus

Hermit crab,
Pagurus longlcarpus

Cheulcal

Cadmiun sulfate

Cadmlum chloride
Cadmium chiorlde
Cadmium chlorlde
Cadmlum chioride
Cadmiun chioride
Cadmlium chioride
Cadmium chioride
Cadmlum chloride
Cadmlum chiorlde
Cadmium chloride
Cadmlum chloride
Cadmlum chlorlde

Cadmium chloride

Hardness
(mg/1 &s
Cal0y)

1.5

30

42

21

21

21

21

29

2)

Duration

days

days

days

days

days

days

days

days

days

days

days

days

days

days

Ettect

LCS0 (14 g/kg
sal inlty)

LC50
Lc50

LC25 (5 g/kg
sal lalty)

LC10 (10 g/kg
salinlty)

LCS (20 g/kg
sal Inity)

LC75 (10 g/kg
sal inity)

LCS50 (15 g/kg
salinity)

LC25 (30 g/kg
sal lnlty)

BCF=140
LC50

BCF=25
Increase In

ATPase activity

25% mortal ity

Result
lug/D® Reference
10,000 Jones, 1975
720 Nimmo, et al, 1977b
300 Pasch & Stewart, 1980
50 Vernbery, et al. 1977
50 Vernberg, et ai, 1977
50 Vernberg, et al, 1977
300 Middaugn & floyd, 1978
300 Middaugh & Floyd, 1978
300 Middaugh & Floyd, 1978
- VYernberg, et al. 1977
120 Nimmo, et at, 1977b
- Elsler, et al, 1972
6 Tucker, 1979

270

Elsler & Honnekoy,
1977

%S



Table 6, (Continued)

Epecles

Harnit crab,
Pagurus longlcarpus

Roch crab,
Cancer |rroratus

Blue crad,
Calllinectaes sapldus

Blue crab,
Callinectes sapldus

Mud crab (larva),
Eurypanopeus dopressus

Mud crab (larval,
Eur ypanopuus depressus

Mud crab,
Rhithropanopeus harrlisil

Mud crab,
Rhithropanopeus harrisli

Mud crab,
Rhithropanopeus harrisli

Fiddier crab,
Uca pugllator

Flddler crab,
Uca pugllator

Starflish,
Asterlas forbesl

Herring (larva),
Elupoa harengus

Pacttlic herrling {(emblryo),
Clupea harengus pallasi

Chcualcal

Cadniun chlorlide
Cadmlium chlorido
Cadmlun nitrate
Cadmium nitrate
Cadmtum chlorlde
Cadmiun chlorlde
Cadmun nltrotu

Cadmiuu nlirate

Cadmlua nltiate

Cadmiu: chloride
Cadmiu. chlor ide
Cadmlizs chloride

Cadmiwae chicride

44

HL

<24

days

days

days

days

days

days

days

days

days

Result
Eftect (Hﬂf').
LC56 10
Enzyme activity 1,000
LC50 (10 g/kg 50
sal inity)
LCS50 (30 g/kg 150
sal Inity)
LC50 10
Cetay In 10
metamorphysls
LC80 (10 g/ke 50
salinity)
LC75 (20 g/kg 50
salinliy)
LC40 (50 g/kg 50
sal inity)
LC50 2,970
Eflect o 1.0
respiration
25% mirtalaty 210
1007 cmbryonlc 5,000
survivil
I" reivctlon ‘0.000

In volhuws

Reference

Pesch & Stewart, 1980

Gould, et al, 1976

Rosenberg & Costiom,
1976

Rosenberg & Costlow,
1976

Mirkes, et al, 1975

Mirkes, ' al, 197:

Rosenberg & Lostios,
1976

Rosenberg 4 Costios,
1976

Rosenbarg . “ostlow,
1976

O'Hara, 197.z

VYernberg, &* al, 1%°¢

Eisler & remer vy,
1977

vesterahsys , ot ¢ .,

Alderdlice, == al,
197%a



Table 6. (Continued)

Hardness

(mg/1 as
Specles Chealecal _(_‘.ﬂz__ Dureation
Paclfic herring (embryo), Cadmiun chloride - 96 hrs
Clupea harengus pallasl|
Pacltic herring (embryo), Cadmiun chloride - . 48 hrs
Clupea harengus pallas!_
Mummichog (adult), Cadmiun chlorlde - 48 brs
Fundulus heteroclitus
Mumichog {(adult), Cadmiun chloride - 48 hrs
Fundulus heteroclitus
Mumm ichog, Cadmium chlorlde - 2\ days
Fundulus heteroc)ltus
Mummichog (larva), Cadmium chioride - 48 brs
Fundulus heteroclltus
Mummichog (larva), Cadmium chloride - 48 hrs
Fundulus heteroctitus
Atlantic sliverslde Cadmium chloride - 48 nrs
(adult),
Menidia menidia
Atiantic sliverside Cadmium chlorlde ~ 48 hrs
(adult),
Menidia menidla
Aftlantic sliverside, Cadmlium chiorlde - 19 days
Menidia menidia
Atlantlc sliverside, Cadmlum chloride - 19 days
Menidia menidla
Atiantic sliverside, Cadmium chlorlde - 19 days

Menldla monidla

Reference

Result
Ettoct tug/ e
Decrease In 1,000

capsule strength

Reduced osmo- 1,000
ial ity of

perlvlitel lne

fluld

LCS0 (20 g/kg 60,000
sal inlty)

LC50 (30 g/kg 43,000
sal Inlty)

BCF=48 -

LC50 (20 g/kg 32,000
salinity)

LC50 (30 g/kg 7,800
sal inlty)

LC50 (20 g/kg 13,000
sallnity)

LCSO (30 g/kg 12,000
sal inlty)

LC50 (12 g/kg <160
sal inlty)

LC50 (20 g/kg 540
sallnity)
LCS0 (30 g/kg >970
sal inity)

Alderdlce, et al,
19790

Alderd ico, ot al,
1979c

Middaugh & Dedn, 1977

Middaugh & Dean, 1977

Eisler, et al, 197¢

Middaugh & Dean, 1977

Middaugh & Dean, 1977

Middaugh & Dean, 1977

Middaugh & Dean, 1977

Voyer, et al. 1979

Yoyer, et al, 1979

Yoyer, ot al, 1979

85



Table 6, (Coatinued)

Specles

Atfantic sliverslide
(larva),
Menidia menldla

Atlantlc sliverside
(larva),
Menldlia menldia

Striped bass (juvenile),
Morone saxatlils

Stripad bass (juvenlle),
Morone saxatills

Spot (larva),
Lelostomus xanthurus

Cunner (adult),
Tautogolabrus adspersus

Cunner (adult),
Taufggolabrus adspersus

Cunner (adult),
Tautogolabrus adspersus

Winter flounder,
Pseodop leuronoctes
amer [canus

Wintor flounder,
Pseodopleuronectes
amer canus

E!gnlcal

Cadmi un

Cadmium

Cadm i um

Cadmiun

Cadmium

Cadm | um

Cadmiun

Cadml um

Cadmlun

Cadmium

¥ Results arv expressod a: cadmlum,

chlorlde

chlorlido

chor lde

chlor lde

chlor lde

chloride

chloride

chioridoe

¢hiorido

chloride

Mardness

(mg/| as

Ce0y)  Duratien
- 48 hrs
- 48 hrs
- 90 days
- 30 days
- 9 days
- 60 days
- 30 days
- 96 hrs
- 8 days
- 60 days

not as the chemical,

Rosult
Effact Lug/1)® Reference
LC50 (20 g/kg 2,200 Middaugh & Dean, 1977
sal inity)
LCS0 (30 g/kg 1,600 Middaugh & Dean, 1977
salinity)
Significant de- 5 Dawson, et al, 1977
crease In enzyme
activity

Significant do- 0.5-3.0 Dawson, et al. 1917
credase [n oxygen

consumption

Incipient LC50 200 - Middaugh, et ai, 1975

37.5% nmortality 100 Macinnes, et al, 1977

Dapresscd glili 50 Maclnnes, et al. 1977
tissue oxygen
consumption

3,000

Docreased en~ Gould & Karotus, 1974

zyme activity

50% vlable 300
hatch

Yoyer, et al. 1377

incraasod giltl 5 Calabrese, ot a.. 197!
T155UG

respliration
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