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FOREWORD

Section 304(a)(1l) of the Clean Water Act of 1977 (P.L. 95-217) requires
the Adminisctracor of the Environmental Procection Agency co publish criceria
for water quality accurately refleccing che lacest scientific knowledge on
the kind and extent of all idencifiable effects on healch and welfare which
may be expected from che presence of pollucants in any body of wacer,
including ground water. This document is a revision of proposed criteria
based upon a consideration of commencs received from ocher Federal agencies,
Stace agencies, special interesc groups, and individual scientiscs. The
cricteria conctained in this document replace any previously published EPA
aquatic life criteria.

The term "water qualicy criceria" is used in two secctions of che Clean
Water Act, section 304(a)(l) and section 303(c¢c)(2). The term has a differenc
program impact in each section. In section 304, the term represencs a
non-regulatory, scienctific assessment of ecological effects. The criceria
presented in this publicacion are such scientific assessmencs. Such wacer
quality criceria associaced with specific sctream uses when adopted as Scace
wacter qualicy standards under section 303 become enforceable maximum
acceptable levels of a pollurant in ambient wacters. The water qualicy
criteria adopted in the Stace wacer qualicy scandards could have the same
numerical limics as the criceria developed under section 304. However, in
many situacions Scates may wanc to adjust water qualicy criteria developed
under section 304 to reflect local environmencal condicions and human
exposure paccerns before incorporacion inco water qualicy scandards. It is
not uncil cheir adoption as part of che Stace wacer quality scandards chac
the criteria become regulactory.

Guidelines co assist cthe Staces in the modificacion of cricteria
presented in chis documenc, in the development of wacer qualicy scandards,
and in other water-related programs of this Agency, have been developed by
EPA. ' '

Edwin L. Johnson
Director
Office of Wacer Regulactions and Scandards
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Incroduction*

Significant quanticies of chromium(III) or chromium(VI) or both exist in
various bodies of water, and either can be convercted to cthe ocher under
appropriate natural conditions (Callahan, et al. 1979; Jan and Young, 1978;
Smillie, ec al. 1981). Because the chemical and toxicological properties of
the cwo oxidarion states appear to be quite different and che toxicicies of
the two staces have not been shown co be additive, chromium(III) and
chromium(VI) will be treaced as separate macerials herein.

Because of che variety of forms of chromium(III) and chromium(VI) and
lack of definicive information about their relacive toxicities, no available
analyctical measurement is known to be ideal for expressing aquatic life
criteria for chromium. Previous aquaqic life ecriceria for chromium (U.S.
EPA, 1980) were expressed in terms of tocal recoverable chromium(III) and
toctal recoverable chromium(VI), but che individual oxidation staces cannoc be
distinguished by this method. Acid-soluble chromium(III) (operationally
defined as the chromium(III) cthat passes through a 0.45 um membrane filcer
afcer the sample is acidified to pH = 1.5 to 2.0 wicth nicric acid) and
acid-soluble chromium(VI) are probably cthe best measurements ac the present
for che following reasons:

1. These measurements are compatible with all available data concerning
toxicity of chromium cto, and bioaccumulation of chromium by, aquacic

organisms. No tesc results were rejected just because it was likely thac

*An understanding of che "Guidelines for Deriving Numerical Nacional Wacer
Quality Criteria for the Procection of Aquactic Organisms and Their Uses"
(Stephan, et al. 1985), hereafter referred to as cthe Guidelines, is necessary
in order to underscand the following text, tables, and calculacions.



they woula have been subscancially diffefen: if they had been reported in
terms of acid-soluble chromium.  For example,tresulcs reported in cerms
of dissolved chromium(III) would not have been used if che conceacracion
of precipitated chromium was subscamtial.

On samples of ambient water, measurement of acid-soluble chromium(III)

~and chromium(VI) should measure all forms of chromium chat are toxic co

aquatic life or canm be readily converted to toxic forms under nacural
condicions. 1In addition, these measuremencs should not measure several
forms, such as chromium that is occluded in minerals, clays, and sand or
is scrongly sorbed to particulace macter, that are not toxic and are noc
likely to become toxic under natural conditions. Alchough cthis measure-
ment (and many others) will measure soluble, complexed forms of chromium,
such as the EDTA complex of chromium(III), chat probably have low
toxicities to aquatic life, concentracions of chese forms probably are
negligible in most ambient wacer.

Although wacer quality criteria apply to ambient wacer, che measurements
used to express criteria are likely to be used to measure chromium in
aqueous effluencs. Measurements of acid-soluble chromium(III) and
chromium(VI) should be applicable to effluencs because cthey will measure
precipitaces, such as carbonate and hydroxide precipicaces of
chromium(III), chac mighc exist in an effluent and dissolve when the
effluent is diluted with receiving water. If desired, dilution of
effluent with receiving water before measuremenc of acid-soluble chromium
mighc be used to determine whether the receiving wacer can decrease the
concentration ofvacid-soluble chromium because of sorption. However, che

relacionship becween what is in an effluent and what will occur in the



10.

receiving wacer should take inco account the possibilicy of conversion of
one oxidation state of chromium to cthe other.

The acid-soluble measurement should be useful for most metals, chus
minimizing the number of samples and procedures that are necessary.

The acid-soluble measurement does not require filtracion ac the cime‘of
collection, as does the dissolved measurement.

For the measurement of cotal acid-soluble chromium the only treactmenc
required ac che cime of collection is preservation by acidification co pH
= 1.5 to 2.0, similar to chat required for the measurement of tocal
recoverable chromium. Duracions of 10 minuces to 24 hours becween
acidificarion and filctration probably will noc affect the measurement of
total acid-soluble chromium subscancially. However, acidificacion might
not prevent conversion of chromium(III) cto chromium(VI) or vice versa.
Therefore, measurement of acid-soluble chromium(III) or acid-soluble
chromium(VI) or boch will probably require separation or measuremenc at
the cime of collection of the sample or special preservation to preveat
conversion of one oxidation state of chromium cto the other.

The carbonate system has a much higher buffer capacicy from pH = 1.5 to
2.0 than ic does from pH = 4 to 9 (Weber and Stumm, 1963).

Differences in pH within cthe range of 1.5 to 2.0 probably will noc affect
the result substancially.

The acid-soluble measurement does not require a digescion step, as does
the cotal recoverable measuremenc,

After acidificaction and filctracion of the sample to isolace the acid-
soluble chromium, the analysis can be performed using either acomic

absorption spectroscopy or ICP-emission specctroscopy for cocal



acid-soluble chromium or a chelacion-extraction or coprecipitacion
procedure for chromium(VI) (U.S. EPA, 1983a).
11. It is not possible to separacely measure total recoverable chromium(III)
and total recoverable chromium(VI).
Thus; expressing aquatic life criteria for chromium in cerms of che acid-
soluble measurement has both toxicological and pracctical advantages. On the
other hand, because no measurement is known to be ideal for expressing
aquactic life criteria for chromium or for measuring chromium in ambienc water
or aqueous effiuents, measurement of both total acid-soluble chromium and
total recoverable chromium in ambient water or effluent or both mighc be
useful. For example, there might be cause for coucern i1f toctal recoverable
chromium is much above an applicable limic, even chough total acid-soluble
chromium is below che limic.

Unless otherwise noted, all concentrations reported herein are expected
to be essentially equivalent ro acid-soluble chromium. All councentrations
are expressed as chromium, not as the chemical cesced. The criteria
presented herein supersede previous aquacic life water qualicy criteria for
chromium (U.S. EPA, 1976, 1980) because these new criteria were derived using
improved procedures and addictional informacion. Whenever adequacely
justified, a national criterion may be replaced by a sice—specific cricerion
(U.S. EPA, 1983b), which may include noc only sice-specific cricerion
concentrations (U.S. EPA, 1983¢), but also sice-specific duracions of
averaging periods and site-specific frequencies of allowed exceedences (U.S.
EPA, 1985). The latest literacure search for informacion for chis documenﬁ

was conducted in May, 1984; some newer informacion was also used.



Acute Toxicity to Aquatic Animals

Chromium(VI)

Muller (1980, 1982) scudied che influence of hardmess, alkalinicy, and

calcium-magnesium ratio on the 24-hr LC50s for Daphnia magna, and found thac

potassium dichromate was more toxic at lower hardmess and alkalinicy. 1In
addition, dichromace was less toxic ar a 4:1 calciummagnesium ratio chan
when the hardness was due only to calcium or magnesium. Call, ec al. (1981)

determined the acute toxicity of four chromium(VI) salts to Daphnia magna in

stacic tescs (Tables 1 and 6). They conducced toxicity tescs om each salc in
hard (185 to 213 mg/L) wacter ;: pH = 7.5 to 7.6 and ac pH = 8.2 cto 8.4, and
in Lake Superior wacter (hardness = 50 mg/L and pH = 7.5). 1In these three
tescs the animals were not fed and a 48-hr EC50 was determined. In addicionm,
both 48-hr and 96-hr EC50s were determined in Lake Superior water in tests in
which the animals were fed. Concentratioans of chromium were measured in all
tescs and there were only minor differences in the toxicicies of the four
salts. Test concentracions of both the dichromaces and chromaces had buc a
small influence on the pH of cthe ctest solurions. In hard water all four
salcs were less toxic ac the higher pH. All four were 5 to 9 cimes more
toxic in soft Lake Superior water than in che hard wacer ac a pH of 7.5 co
7.6. The presence of food had lictle effect on the resulcs ac 48 hours, and
in the tests wicth food, the 48~ and 96-hr EC50s were about cthe same.
Scephenson and Watcs (1984) scu&ied the effecc of diet and temperacure on the

coxicity of chromium(VI) to Daphnia magna.

Wallen, et al. (1957) sctudied the toxicity of chromium(VI) to mosquito-
fish in turbid water using potassium and sodium salts of boch dichromace and

chromate (Table 6) but che effect of turbidity onm coxicity was not studied.



The dichromate salcs were slightly more toxic than the chromate salcs. Trama
and Benoit (1960) comparéd the ctoxicicies of dichromace and chromate to the
bluegill in soft water. The 96-hr LC50s were 110,000 ug/L for dichromate and
170,000 ug/L for chromate. They concluded thact cthe acidic dichromace was
more toxic than the basic chromafe because the greacesc part of che
chromium(VI) was-in the form of the hydrochromate ion at the lower pH of the
dichromace solutions, whereas at the higher pH of cthe chromate solucions most
of the chromium(VI) was in che form of the chromate ion.

The toxicity of chromium(VI) co the bluegill in soft and hard wacer was
determined ac 18 C and 30 C (Academy of Natural Sciences, 1960). Ac 18 C che
96-hr LCS50s were 113,000 ug/L in.sofc water and 135,000 ug/L in hard wacer.
Similar resulcs were obtained at 30 C with che 96-hr LCS0s being 113,000 ug/L
in softlwa:er and 130,400 ug/L in hard water. Pickering and Henderson (1966)
tested the toxicity of pocassium dichromace to che fachead minnow aund
bluegill in sdft and hard water. The 96-hr LC50s for che fachead minnow in
soft and hard wacer were 17,600 and 27,300 ug/L, respectively. The
corresponding values for the bluegill were 118,000 ug/L and 133,000 ug/L.

Hogendoorn—Roozemond, et al. (1978) reported on the acute toxicicy of
sodium chromacte co the rainbow trouc at two pH levels. Methods for the stu&y
were not given so the values are not lisced in Table 1 or Table 6. They
reported that young rainbow trout were much more sensitive to sodium chromace
at pH = 6.9 than at pH = 7.9 and concluded that chromic acid was che mosc
probable chromium compound or ion responsible for chromium(VI) c&xici:y. van
der Pucte, ec al. (1982) found that chromium(VI) is more coxic ac pH = 6.5
chan ac pH = 7.8 (Table 6).

Adelman and Smith (1976) found chac che chreshold lechal concencracioq

for chromium(VI) does not occur wichin 96 hours (Tables ! and 6). For 16
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cests the average ratio of ll-day to 96-hr LC50s was 0.37 for the fachead
minnow and 0.27 for che goldfish. White (Manuscripc) conducted scacic cests
wich measured concentrations to decermine the 96-hr LC50s for eleven fish
species and three invertebrate species (Table 1). These acute values ranged
from 36,300 ug/L for the yellow perch to 1,870,000 ug/L for a stonefly. This
value for the stoneflf is the highest acute value for any aquatic animal.

The toxicity of chromium(VI) apparencly increases as pH is lowered or as
harduness is lowered or boch. Alcthough chere are excepcions, sofcer surface
wacers usually have a lower pH than harder surface waters. However, che
available daca are insufficient to develop cgiceria on the basis of water
qualicy characteristics. The Species Mean Acute Values of the five mosc
sensitive animals were determined in sofct wacer.

Genus Mean Acute Values were calculaced (Table 3) as che geometric means
of the available Species Mean Acuce Values (Table 1). Of che 27 genera for
which daca are availéble, the mosc sensitive, Daphnia, is 64,600 cimes more

sensictive than the most resistant, Neophasganophora. Acute values are

available for more cthan one species in each of five genera, and the range of
Species Mean Acute Values wichin each genus is less than a faccor of 2. Boch
the eighc most sensitive and the chree most resistant genera are
invercebrates. A freshwater Final Acucte Value of 31.49 Ag/L was calculated
from the Genus Mean Acute Values using the procedure described in che
Guidelines; this value is slighcly above that for che genus Daphnia.

Dor fman (1977), Fales (1978), Frank and Robercson (1979), and Olson and
Harrell (1973) reported that the coxicity of chromium(VI) to a fish, shrimp,
crab, and clam increased as salinity decreased (Tables 1. and 6). The change

was usually less than a factor of two, excepc when salinity was abour 1 g/kg.



Daca from tests at such very low salinities are in Table 6 and were not used
in deriving criteria. Fales (1978) also found chgt toxicity was greacer ac
25 C than ac 10 C.

Of che 21 saltwater genera for which acute values are available, cthe
most sensitive, Nereis, is about 52 cimes more sensicive than che mosc
resiscanc, Nassarius (Table 3). This range is surprisingly small compared to
the very large range of sensitivities of freshwater animals to chromium(VI).
Both the twelve most sensitive and cwo ﬁosc resistant genera are inverce-
brates. Acucte values are available for two species in each of two genera,
and the range of Species Mean Acuce Values wichin each genus is less chan a
factor of 2.2. The saltwacer Final Acute Value of 2,158 ug/L for

chromium{(V1) was calculated from che Genus Mean Acuce Values in Table 3.

Chromium(III)
Chapman, ec al. (Manuscript) measured the acute coxicicy of

chromium(III) cto Daphnia magna at cthree hardnesses and the 48-hr acucte values

ranged from 16,800 ug/L in sofc wacer to 58,700 ug/L in hard wacer.
Pickering and Henderson (1966) obtained 96-hr LC50s of 5,070 and 67,400 ug/L
wich the fathead minnow in sofc and hard water, respectively. The
corresponding values for che bluegill were 7,460 and 71,900 ug/L.

Different species exhibic differencr sensitivicies co chromium(III), aand
many other factors might affectc che resulcs of tests of che coxicicy. of
chromium(III) to aquatic organisms. Criceria can quancitacively take into
account such a faccor, however, only if enough dacta are available to show chac
the factor similarly affects cthe resulcts of tescs wich a variety of species.

Hardness is often thoughc of as having a major effect on the toxicicy of



chromium(III), alchough the observed effect is probably due to one or more of
a number. of usually interrelated ions, such as hyd;oxide, carbonate, calcium,
and magnesium. Hardness is used here as a surrogace for the ions which
affect che results of toxicity tescs on chromium(III). An analysis of
covariance (Dixon and Brown, 1979; Neﬁer and Wasserman, 1974) was performed
using the nacural logarichm of the acuce value as the dependent variable,
species as the treatment or grouping variable, and che natural logarithm of
hardness as the covariacte or independent variable. This analysis of
covariance model was fit to cthe daca in Table 1 for the three species for
which acute values are available over a range of hardness such thac the
highest hardness is at least three times the lowest and the highest is ac
least 100 mg/L higher chan the lowesc. The slopes for all chree species are
becween 0.78 and 0.89 (see end of Table 1) and are close to the slope of
0.667 which is expected on che basis that calcium, magnesium, and carbonace
have a charge of two, whereas chromium(III) has a charge of chree. An F-cesc
showed that, under cthe assumption of equality of slopes, che probabilicy of
obcaining three slopes as dissimilar as these is P=0.82. This was
incerpreted as indicating that it is reasonable to assume cthat the slopes for
these chree species are the same.

The pooled slope of 0.8190 was cthen used with the data in Table ! to
calculate Species Mean Acute Values at a hardness of 50 mg/L. Genus Mean
Acute Values (Table 3) were then calculaced as geometric means of che
~available Spécieg Mean Acute Values. Acuce values are available for more
than one species in each of two genera and the range of Species Mean Acuce
Values within each genus is less than a factor of 1.3. The mosc sensitive

genus, Ephemerella, is about 32 times more sensitive than che most resistaant

Ly



genus, Hydropsyche; incerestingly, both of these are insects. The freshwater
Final Acute Value of 1,968 ug/L was calculaced ac a hardness of 50 mg/L from
the Genus Mean Acute Values in Table 3 using the procedure described in che
Guidelines. Thus, the freshwater Criterion Maximum Concentration (in ug/L) =
e(0.8190[1n(hardness)]+3.688).

The acute toxicity of chromium(III) in salt water has been derermined
with only two species (Table 1). The acute value for the eastern oyscer is

10,300 ug/L, whereas that for the mummichog is 31,500 ug/L.

Chronic Toxicity to Aquatic Animals

Chromium(VI)

Benoit (1976) studied che chronic effects of chromium(VI) on brook trout
and rainbow trout. For both species the most sensitive effect was morcalicy,
the chronic limics were 200 and 350 pug/L, and cthe resulting chronic value was
264.6 ug/L. Alchough growth during cthe firsc eight months was retarded ac
all test concentractions, this effect was cemporary and was not used to
establish the chronic limits. In an early life-stage ctest with rainbow
tcrouc, Saﬁ:er, et al. (1976) found chromic limits of 51 and 105 ug/L,
resulcing in a chromic value of 73.18 ug/L. These limics were based on a
reduccion in growth 60 days after hatch and chis chronic value was abouc
oné-fourth the chronic value of 264.6 ug/L from che chronic tesc reported by
Benoit (1976). The species mean acute-chronic ratios for brook trout and
rainbow trout, calculaced from ché data of Benoitr (1976) are 223.0 and 260.8,
respectively (Table 3). Saurer, et al. (1976) provided no acute da:avin
their scudy wich which to éalculate an acute-chronic ratio.

The limics of 1,000 and 3,950 ug/L in a 1ifé-cycle test with che fachead

minnow (Pickering, 1980) were based on survival. As with the crout, an early
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.reCardacion of growth was only temporary. The chronic value of 1,987 .g/L is
much higher than cthac for the trout buc che acuce%chronic racio of 18.55 is
much lower. |

Six chronic values are available for five species of daphnids and chey
range from less chan 2.5 to 40 ug/L (Table 2). The resulcs of Trabalka and
Gehrs (1977) support those of Mounc (1982), The five species mean acuce-
chronic ratios range from 1.13 to >6.957 (Table 3). The species mean
acute-chronic ractio for chromium(VI) seems to be lower for sensitive species
so the four known acute-chronic ratios for daphnids were used to calculace
che freshwater Final Acute-Chronic Ratio of 2.917 (Table 3). Division of che
Final Acute Value by the Final Acute-Chronic Ratio resulcs in a freshwater
Final Chronic Value of 10.80 ug/L, which is in cthe range of the chronic
values for the cladocerans.

Resulcs of life-cyéle tescs with cthe salcwacer polychaece, Neantches

arenaceodentata, and the mysid, Mysidopsis bahia, are reported in Table 2,

Other life-cycle daca on the polychaetes, Capitella capitata and Ophryotrocha

diadema, were placed in Table 6 because exposure concentrations were not

adequately measured. Chronic values for N. arenaceodencata ranged from less

than 13 to 36.74 ug/L depending upon che generacion tesced, whereas chac for
the mysid was 132 pg/L. Reduction in the number of young per brood was che
most sensitive effect for boch species (Table 3). The acute~chronic ratios
were 121.8 for the polychaece and 15.38 for the mysid, and these cwoAspecies
were among the most acucely sensitive to chromium(VI). If che geomecric mean
of these two ratios is used as the saltwater Final Acuce-Chronic Racié,
division of che saltwacer Final Acute Value for chromium(VI) by che Final

Acute—Chronic Racio results in a saltwater Final Chronic Value of 49.86 dg/L.

11



However, reproduction of Neanthes arenacecdentaca was affecced ac

concentrations ranging from <13 co 54 ug/L.

Chromium(III)
Chapman, et al. (Manuscript) scudied che chronic ctoxicicy of

chromium(III) to Daphnia magna at three hardnesses (Table 2). The daphnids

were about three times as sensitive at a hardness of 52 mg/L as at a hardness
of 100 mg/L. At a hardness of 200 mg/L, however, chromium(III) was'more
toxic chan at 52 mg/L. They speculaﬁed that ingested precipitated chrcomium
contributed to toxicity in the hard water exposure. The chromnic values of
Chapman, et al. (Manuscript) were regressed against hardness but che slope
was not significanc. Biesinger and Christensen (1972) scudied the chronic

toxicicty of chromium(III) to Daphnia magna in sofct water but did not measure

the chromium concentracions (Table 6). Their chronic value of 330 ug/L was
about five times greater than the value obtained by Chapman, et al.
(Manuscripc) in soft wacer.

The chronic toxicity of chromium(III) co fish has been studied in a
life~cycle cest wich che fachea& minnow in hard wacer and in an early
life-stage test with rainbow trout in soft wacer. Pickering (Manuscripc)
found that the upper chromic limic for the fachead minnow was based on
survival of both first and second generacion fish. Scevens and Chapman
(1984) found thac chis limit for ctrout was based on survival. Trouc. in sofc
water were much more sensitive chroanically than the fathead minnow in hard
water, and the acute-chronic racio for trout was about two times greacer chan
that for the minnow.

Boch cthe freshwater chronic values and acute-chronic ratios for
chromium(III) range from about 27 to about 1,300. A chronic value of 68.63

12



ug/L is available for the rainbow trouc. Because chis is an important and
relacively sensictive species, it seems reasonable to base the Final Chromic
Value on cthis datum. Alchough hardness did not have a consistent relacion-

ship co the chronic toxicicy of chromium(III) co Daphnia magna, a filcer

feeder, it does noc seem unreasonable to assume that hardness relaces co
chronic toxicity cto rainbow crout about the same way it related, on che

average, to acute toxicity cto Daphnia magna, the facthead minnow, and che

bluegill. Thus, 0.8190 is used as the chronic slope (Table 3) and che
freshwacer Final Chronic Value (in pg/L) = e(0.3190[1n(hatdness)]+1.561).
A life=cycle test has been conducted on chromium(III) with the saltwacer

polychaete worm, Neanches arenaceodentaca. A concencration of 50,400 ug/L,

which is above the acute values obcained with the eastern oyster and the

mummichog, did not subscancially affecc the cest species.

Toxicicy to Aquacic Plants

Chromium(VI)
Tescs have been conducted with a wide variety of freshwacer plants
(Table 4) and the effect concentrations of chromium(VI) range from 2 ug/L for

the blue alga, Microcystis aeruginosa, to 7,800 ug/L for che diacom,

Niczschia linearis. Toxicity of chromium(VI) to the diatom, Navicula

seminulum, was cested at chree temperacures and two hardnesses (Academy of
Natural Sciences, 1960). The geomecrric mean of che concentracions causing a
50 percent reduction in growth was 245 ug/L at che lower water hardaness and
335 ug/L at the higher hardness. The diatom was more sensicive to
chromium(VI) ac 22 C than ac 30 C.

Toxicity studies were performed with the saltwacer macroalga, Macro-

cyscis pyrifera, to investigace cthe effect of chromium(VI) on phocosynchesis

13



(Table 4). The 96-hr EC50 reported by Clendenning and Norcth (1959) was 5,000
pg/L, whereas 20 percent inhibition was noced after five days ac 1,000 .g/L
by Bernhard and Zactera (1975). These plants are almost as semsitive co

chromium(VI) as the most sensitive animal species.

Chromium(III)
Toxicity cests on chromium(III) have only been conducted wicth two
freshwater planct species (Table 4). Richter (1982) scudied the coxicity of

chromium(III) to Selenastrum capricornucum and calculaced the resulcs from

initial measured concentractions. Chromium(III) was less toxic chan
chromium(VI) cto this green alga. The algistatic concentracion was >1000
ug/L, and che concentration chat caused a 50% reducrion in growch was 397
ug/L. No toxicity tests have been c;nducted on chromium(III) wich a salt-

water planc.

Bioaccumulation

Chromium(VI)

The three bioconcentracion factors (BCFs) decermined with che rainbow
trouc are less than chree (Table 5). Apparencly, algae accumulace chromium
to a much greater extenc, because‘Pa:rick, et al. (1975) found a BCF of 8,500
for an algal community (Table 6). The BCFs decermined with a saltwacer

polychaece, mussel, and oyster range from 125 to 200 (Table 5).

Chromium(III)
No data are available concerning the bioaccumulacion of chromium(III) by

freshwater organisms. Bioconcentration ctescs on chromium(III) in salt wacer
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wich cthe blue mussel, soft~shell clam, and oyster resulted in BCFs from 86 to

153 (Table 5). These BCFs are similar to those for chromium(VI).

Other Data
_..Chromium(VI)

Zarafoneris and Hampton (1974) reported inhibicion of phocosynthesis of
a nacural population of river algae exposed to 20 ug/L (Table 6). Olson and
Foster (1956) reported a ten percent reduction in growch of chinook salmon
and rainbow trouct at 16 and 21 ug/L, respectively. As noted earlier, Benoit
(1976) and Pickering (1980) also reported effects on growch of fishes exposed
to low concentracions, but in chese life-cycle tescts the effect was temporary
and was not used to esctablish chronic limics. A 7-day EC50 of 30 ug/L was

reported for the narrow-mouched toad (Birge,.1978).

Exposures of the saltwater polychaecte, Neanthes arenaceodentata, to

chromium(VI) for 56 and 59 days resulced in LC50s of 200 ug/L (Table 6)
compared to the 96-hr LC50 of 3,100 ug/L (Table 1). Sublethal effeccs
reported for this species show inhibition of tube building ac 79 ug/L.
Holland, ec al. (1960) reported toxicity to salmon act a concencracion of
31,800 ug/L, which is similar to the Species Mean Acuce Value for che
speckled sanddab but twice as high as chac reporced for the Aclancic

silverside (Table 1).

Chromium(III)
Embryos of a freshwater snail are racther insensitive cto chromium(III)
(Table 6). Oshida, et al. (1976, 1981) were able to kill a saltwacer

polychaete worm with chromium(III) by adding 50,400 ug/L, probably because
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the pH dropped to 4.5. When cthe pH was raised to about 7.9 by adding sodium
h&droxide, the worms noc only survived for at leasc 160 days, bucr also

reproduced (Table 6).

Unused Data

Some dacta on the effects of chromium on aquatic organisms were not used
because the sctudies were conduccted wich species thac are not residenc in
' North America (e.g., Ahsanullah, 1982; Baudouin and Scoppa, 1974; Cairns and
Loos, 1967; Lee and Xu, 1984; Moshe, et al. 1972; Okubo and Okubu, 1962;
Pagano, et al. 1983; Ramusino; ec al. 1981; Ravera, 1977; Srivascava, et al.
1979) or because the test species was not obtained in North America and was
noc idencified well enough to decermine if it is residenc in North America
(e.g., van Weerect, et al. 1984). Daca were noc used if chromium was a
component of aa effluenc (Klassen, et al. 1949), drilling mud (Bookhout, ec
al. 1982; Carr, ec al. 1982; Conklin, et al. 1983), or a mixture (Wong, et
al. 1982b). Reviews by Chapman, et al. (1968), Eisler (1981), Eisler, et al.
(1979), European Inland Fisheries Advisory Commission (1983), National
Research Council of Canada (1976), Phillips and Russo (1978), and Thompson,
ec al. (1972) only contain data chac have been published elsewhere. |

Some data, such as those in Babich, et al. (1982), Bovee (1976),
Brkovic~Popovic and Popovic (1977a,b), Draggan (1977), Grande and Andersen
(1983), Schaefer and Pipes (1973), and Sudo and Aiba (1973), were not used
becéuse the tests were conducted inbdiscilled, deionized, chlorinaced, or
“;ab"vwater. Algal tests were not used if chey were not conducted in an
appropriate medium (Scary and Kraczer, 1982). Smith and Heach (1979) oamly
presented resulcs graphicallf. Data reporcted by Frey, et al. (1983),
Gencile, et al. (1982), Ten Holder, et al. (1978), and Verriopoulos (1980)
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were not used because either the mechods or results were not adequacely
presented. Bringmann and Kuhn (1982) culcured Daphnia magna in one water and
conducted tests in amother. High control mortalicies occurred im all excepc
two tests reported by Sauter, ecr al. (1976). The 96-hr values reporced by
Buikema, et al. (1974a,b) were subject to error because of possible
reproductive inceractions (Buikema, ec al. 1977). Berglind and Dave (1984)
culcured and tested cheir organisms in different wacers. Dowden and Bennectt
(1965), Freeman and Fowler (1953), and Wong, et al. (1982a) did noc report
the hydracion of the chemical used.

Elwood, et al. (1980), Giesy and Wiener (1977), Gordon (1980), Lucus and
Edgington (1970), Marcin (1984), Machis and Cummings (1973), Pearce, et al.
(1971), and Tong, et al. (1974) did not report sufficient measuremencs of
chromium concentracioas in wacer cto allow use of resulcs of cheir field
studies. The significance of physiological effects due to in vitro exposures
could not be determined co allow use of studies by Chriscensen and Tucker
(1976), Hoffert and Fromm (1964), and van der Pucce and Part (1982).

Resulcs of bioconcentration ctests were not used if che tescs were
conducted in distilled water, were not long enough, or were not flow-through,
or if the concentration of chromium in the test solution was anot adequately
measured (e.g., Flos, ec al. 1983; Freeman, 1978, 1980; Smock, 1983; Scﬁry,
et al. 1982; Walcing, 1981b). Shuster.and Pringle (1969) and Sklar (1980)
did not report whecher their bioconcentration tests were conducted on

chromium(III) or chromium(VI).
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Summar
Chromium(VI)

Acute toxicity values for chromium(VI) are aQailableAfor'freshwacer
animal species in 27 genera and range from 23.07 ug/L for a cladoceran co
1,870,000 pug/L for a é:onefly. These species include a wide variety of
animals that perform a wide spectrum of ecological functions. All five
tesced species of daphnids are especially sensitive. The few data chat are
available indicate thac cﬁe acute toxicity of chromium(VI) decreases as
hardness and‘pH increase.

The chronic value for both rainbow trout and brook trout is 264.6 ug/L,
which is much lower than che chronic value of 1,987 ug/L for che fathead
minnow. The acute-chronic ratios for these cthree fishes range from 18.55 to
260.8. 1In all three chronic tests a temporary reduction in growth occurred
éc low concenctrations. Six chronic cests wich five species of daphnids gave
chronic values cthac range from <2.5 to 40 ug/L and che acute-chrcnic racios
range from 1.130 to >9.680. Except for the facthead minnow, all che chronic
tests were conduccted in sofr wacer. Green algae are quite sensicive co
chromium(VI). The bioconcentration faccor obctained wich rainbow trouc is
less than cthree. Growch of chinook salmon was reduced ac a measured
concentracion of 16 ug/L.

The acute toxicity of chromium(VI) cto 23 salctwacer vertebrate and
invertebrate species ranged from 2,000 ug/L for a polychaece wbrm and.a mysid
to 105,000 ug/L for che mud snail. The chronic values for a polych;ece
ranged from <13 to 36.74 ug/L, whereas chat for a mysid was 132 ug/L. The
acucte-chronic ractios ranged from 15.38 to >238.5. Toxicity to macroalgae was
reported act 1,000 and 5,000 ug/L. Bioconcentration factors for chromium(VI)

range from 125 :ou236 for bivalve molluscs and polychaeces.
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Chromium(III)

Acute values for chromium(III) are available_for 20 freshwater animal
species in 18 genera ranging from 2,221 ug/L for a mayfly to 71,060 .g/L for
a caddisfly. Hardness has a significant influence oan toxicity, wich
chromium(III) being more ctoxic in soft wacer.

A life-cycle test wich Daphnia magna in soft water gave a chronic value

of 66 ug/L. In a comparable test in hard wacer the lowest test concencration

of 44 pg/L inhibited reproduction of Daphnia magna, buc chis effect may have

been due to ingested precipitaced chromium. In a life-cycle test wich che
fachead minnow in-hard water the chronic value was 1,025 ug/L. Toxicicy data
are available for only two freshwater plant species. A concentracion of
9,900 ug/L inhibiced growth of roots of Eurasian watermilfoil. A freshwater
green alga was affected by a concentracion of 397 ug/L in soft wacer. No
bioconcencracion factor has been measured for chrowmium(III) with freshwacer
organisms. .
Only two acuce values are available for chromium(III) -in salct wacer -
10,300 ug/L for che eastern oyster and 3i,500 J4g/L for the mummichog. In a
chronic test effects were not observed on a polychaece worm ac 50,400 ug/L ac
pH = 7.9, but acucre lethality occurred when pH = 4.5. Bioconceatracion
factors for saltwater organisms and chromium(III) range from 86 to 153, which

are similar to the bioconcentration facctors for chromium(VI) and saltwacer

species.

Nactional Criteria

Chromium(VI)
The procedures described in cthe "Guidelines for Deriving Numerical

Nacional Water Qualicy Criteria for the Protection of Aquatic Organisms and
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Their Uses" indicate chat, except possibly where a locally importanc species
is very sensitive, freshwacter aquatic organisms and their uses should not be
affected unacceptably if the four-day average concentration of chromium(VI)
does not exceed 11 ug/L more chan once every three years on the average and

if the one~hour average concentration does not exceed 16 ug/L more than ounce

T

every three years on cﬁé average.

The procedures described in cthe "Guidelines for Deriving Numerical
Nacional Wacer Qualicy Cricteria for the Protection of Aquacic Organisms and
Their Uses" indicate chact, except possibly where a locally importaac species
is very sensitive, saltwater aquatic organisms and cheir uses should not be
affected unacceptably if the four—-day average concentration of chromium(VI)
does not exceed 50 ug/L more than once every three years on the average and
if cthe one-hour average concencracion does noc exceed 1,100 ug/L more cthan
once every three years on the average. Data suggest that the acute coxicicy
of chromium(VI) is salinity-dependenc; chérefore the one-hour average concen-

tracion mighct be underprocteccive ac low salinicies.

Chromium(LIL)

The procedures described in the "Guidelines for Deriving Numerical
Nacional Wacer Qualicy Criteria fér the Protection of Aquacic Organisms and
Their Uses" indicace that, excepc possibly where a locally importanc species
is very sensitive, freshwater aquacic organisms and their uses should not be
affected unaccepcably if the four-day average concenctracion (in ug/Lj of
chfomigm(III) does not exceed the numerical value given by
(0.8190(1n(hardness) ]+1.561) ;ora chan once every cthree years on the
average and if che one-hour average concentracion (in 1g/L) does not exceed
the numerical value given by ¢(0.8190{1n(hazrdness) ]+3.688) ;e chan
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once every cthree years on the average. For_examéle, at hardnesses of 50,
100, and 200 mg/L as CaCO3 the four-day average concentrations of
chromium(III) are 120, 210, and 370 ug/L, respecctively, and‘che one-hour
average concentrations are 980, 1,700, and 3,100 ug/L.

No saltwacer cricerion can be derived for chromium(III), buc 10,300 ug/L
is che EC50 for eastern oyster embryos, whereas 50,400 ug/L did noc affect a
polychaete worm in a life~-cycle test.

EPA believes that a measurement such as "acid-soluble'" would provide a
more sciencifically correct basis upon which to establish criteria for
mecals. The criceria were developed cn this basis. However, at this time,
no EPA approved mechods for such a measuremenc are available to implement che
criceria through the regulacory programs of the Agency and che Scaces. The
Agency is considering developmenc and approval of mechods for a measurement
such as "acid-soluble". Until available, however, EPA recommends apblying
the criteria using the cocal recoverable mechod. This has ctwo impacts: (1)
certain species of some metals cannot be analyzed directly because che tocral
recoverable method does noct discinguish becween individual oxidation staces,
and (2) chese criteria may be overly procective when based on the tocral
recoverable mechod.

The recommended exceedence frequency of three years is the Agency's bestc
scientific judgment of the average amount of time it will cake an unscressed
system to recover from a pollurion event in which exposure to chromiqm
exceeds the cricerion. Stressed systems, for example, one in which several
outfalls occur in a limiced area, would be expected to require more time for
recovery. The resilience of ecosyscems and their ability to recover differ -
greacly, however, and site-specific criteria may be established if adequate

justification is provided.
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The uée of criteria in designing waste ctreatment facilicies requires che
selection of an appropriace wasteload allocation model. Dynamic models are
preferred for che application of these criteria. Limiced data or ocher
factors may make cheir use impractical, in which case one should rely on a
steady-scate model. The Agency recommends the interim use of 1Q5 or 1Q10 for
Cricerion Maximum Concencration (CMC) design flow and 7Q5 or 7Ql0 for che
Criterion Continuous Concencration (CCC) design flow in sceady-stace models
for unsctressed and stressed systems respectively. These macters are
discussed in more detail in the Technical Support Document for Water

Qualicy-Based Toxics Concrol (U.S. EPA, 1985).
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Specles

Snall, .
Physa heterostropha

Snall,
Physa heterostropha

Snall,
Physa heterostropha

Snall,
Physa heterostropha

Snail,
Physa heterostropha

Cladoceran,

Cerlodaphnlia reticulata

Cladoceran,

Cer lodaphnia reticulata

Cladoceran,

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Table 1.

Method*

Acute Toxiclty of Chromium to Aquatic Animails

Chemical

Potassium
dichromate

Potassium
chromate

Potassium
chromate

Potassium
chromate

Potassium
chromate

Sod lum
dichromate

Sod {um
chromate

Sod fum
dichromate

Potass ium
dichromate

Sod fum
dichromate

Potasslum
dichromate

Potasslum
dlichromate

Patrick, et al, 1968

Academy of Natural
Patrick, et al, 1968

Academy of Natural

Academy of Natural

Academy of Natural

Mount & Norberg, 1984

Dowden & Benpetft,

Dowden & Bennett,

Call, et al. 1981

Hardness LC50 Specles Mean
(mg/L as or EC50 Acute Value
CaC0y) (ug/L) % (ug/L)nue Reference
FRESHWATER SPECIES
Chromium(Vi)
43 16,800 -
45 17,300 -
Sclences, 1960;
45 17,300 -
Sclences, 1960
mn 40,600 -
Sclences, 1960
1n 31,600 23,010
Scliences, 1960
45 45,2 - Mount, 1982
45 45 45,10
- <103 - Anderson, 1946
- <123 - Anderson, 1946
- 141 -
1965
- 3,490 -
1965
213 212t -
196 85.71" -

Call, et al, 1981



Table 1, (Continued)

Hardness LC50 Specles Mean
(mg/L. as or EC50 Acute VYalue

Specles Method* Chemical CaCOy) (ug/L)R® (ug/L)Rn® Reference
Cladoceran, S, M Potassium 50 |9.9'” - Call, et al. 1981
Daphnia magna dichromate
Cladoceran, S, M Potass tum 45 900 - Cairns, et al, 1978
Daphnia magna dichromate
Cladoceran, S, M Sod {um - 50 - Trabalka & Gehrs,
Daphnia magna chromate 1977
Cladoceran, S, M Potasslum 100 175 - white, 1979
Daphnla magna dichromate
Cladoceran, S, M Potassium 92 157 - white, 1979
Daphnia magna dichromate
Cladoceran, S, M Sod fum 185 it - Call, et al, 1981
Daphnia magna dichromate
Cladoceran, S, M Sod fum 196 73,611 - Call, et al. 1981
Daphnia magna dichromate

N Cladoceran, S, M Sod lum 50 21,31t - Call, et al, 1981
Daphnla maqna dichromate ’
Cladoceran, S, M Potass fum 212 1371 - Call, et al, 1981
Naphnia magna chromate
Cladoceran, S, M Potass | um 188 66,111 - Call, et al, 1981
Daphnia magna chromate
Cladoceran, S, M Potassium 50 15,311t - Call, et al, 1981
Daphnla magna chromate ‘
Cladoceran, S, M Sod lum 185 1647 - Call, et al, 1981
Daphnla magna chromate
Cladoceran, S, M Sod lum 213 75.8n - Catl, et al, 1981
Daphnla magna chromate
Cladoceran, S, M Sod fum 50 20,611t - Call, et al, 1981
Daphnia magna chromate
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Table 1, (Continued)

Specles

Cladocéran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnlia pulex

Cladoceran,
Baphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Simocephalus serrulatus

Cladoceran,
Simocephalus vetulus

Cladoceran,
Simocephalus vetulus

Amphipod,
Gammarus pseudol imnaeus

Amphipod,
Gammarus pseudol Imnaeus

Amphipod,
Gammarus pseudol Imnaeus

Mathod®

S, U

S, U

S, u

FT, M

T, M

FT, M

Chemical

Potassium
dichromate

Potasslum
dichromate

Potasslum
dichromate

Sod jum
dichromate

Potassium
dichromate

Sod ium
dichromate

Sod fum
dichromate

Sod lum
dichromate

Potassium
chromate

Potassium
dichromate

Potass jum
dichromate

Hardness
(mg/L as

CaC0y)

240
240
240
45
45
45
45
45
45
45
45
50
48

48

LC50 Specles Mean
or EC50 Acute Value
Lug/L)us (ug/L)Ru% Reference
81 - Stephenson & Watts,
1984
110 - Stephenson & Wafts,
1984
35 - Stephenson & Watts,
1984
24,2 - Mount, 1982
22 23,07 Mount & Norberg, 1984
760 - Calrns, ot al, 1978
48 - Mount & Norberg, 1984
36.3 36.3 Mount, 1982
40.9 40.9 Mount, 1982
50 - Mount & Norberg, 1984
32.3 32.3 Mount, 1982
101 - Cali, et al, 1981
N.1 - Call, et al, 1983
67.1 67.1 Call, et al, 1983



97

Table 1, (Contlnued)

Specles

Amphipod,
Hyaleltla azteca

Craytish,
Orconectes rusticus

Damsel fly,
Enal lagma aspersum

Stonefly,
Neophasganophora capltata

Midge,
Chlironomus tentans

Midge,
Tanytarsus dissimilis

Bryozoan,
Pectinatella magnlfica

Bryozoan,
Lophopodel la carterl

Bryozoan,
Plumatella emarginata

Ralnbow frout,
Salmo galrdner|

Brook trout,
Salvel inus fqntlnalls

Central stoneroller,
Campostoma anomalum

Goldtish,
Carassius auratus

Method®
S, M

Chemical

Potassium
chromate

Potassium
dichromate

Potassium
dichromate

Potasslum
dlchromate

Potasslum
dichromate

Potasslum
dlichromate

Potassium
chromate

Potass lum
chromate

Potassium
chromate

Sod fum
dichromate

Sod fum
dichromate

Potassium
dichromate

Potassium
dichromate

Call, et al., 1981
white, Manuscrlpt
whlte,.Manuscrlpt
white, Manuscript
Batac~-Catalan & White,
Catl, et al, 1983
Pardue & wood, 1980
Pardue & Wood, 1980

Pardue & wood, 1980

white, Manuscript

Hardness LC50 Species Mean
(mg/L as or EC50 Acute Value
CaC0y) Lug/L)A® (ug/L)®uE Reference
50 630 630
120-160 176,000 176,000
120-160 140,000 140,000
120-160 1,870,000 1,870,000
101 61,000 61,000
1983
47 57,300 57,300
205 1,440 1,440
205 1,560 1,560
205 650 650
45 69,000 69,000 Benoit, 1976
45 59,000 59,000 Benolt, 1976
120-160 51,250 51,250
20 37,500 - Pickering &

Henderson, 1966



x4

Table ‘o

Specles

Goldflsh,
Carassius

(Contlnued)

auratus

Goldfish,
Carassius

auratus

Goldfish,
Carasslus

auratus

Goldtlsh,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carassius

auratus

Goldfish,
Carasslus

auratus

Goldtish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Goldfish,
Carasslus

auratus

Method®

S, u

Chemlical

Potasslium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dlchromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potasslum
dichromate

Potassium
dichromate

Potass|um
dichromate

Potassium
dichromate

Hardness
(mg/L es

CaC0y)

220
220
220
220
220
220
220
220
220
220
220
220

220

LC50
or EC50
Lug/L)te

Specles Mean

Acute Value
(ug/L)sse

Reference

110,000

123,000

123,000

90,000

125,000

109,000

135,000

110,000

129,000

98,000

133,000

102,000

133,000

126,000

Riva, et al. 1981
Adelman & Smith,
1976

Adelman & Smlth,
1976

Adeliman & Smith,
1976

Adeliman & Smith,
1976

Adelman & Smith,
1976 :

Adeiman & Smith,
1976

Adeiman & Smith,
1976

Adelman & Smith,
1976

Adeliman & Smith,
1976

Adelman & Smith,
1976

Adetman & Smith,
1976

Adeiman & Smith,
1976

Adeiman & Smith,
1976



Table 1, (Contlinued)

8¢

Hardness LCS0 Specles Mean
{mg/L as or EC50 Acute Value

Specles Method® Chenmlcal CaCOy) (ug/L) R (pg/L ) Ras Reference
Goldfish, FT, M Potasslum 220 126,000 - Adelman & Smith,
Carassius auratus . dlchromate 1976
Goldfish, FT, M Potassium 220 133,000 - Adelman & Smith,
Carasslus auratus dichromate 1976
Goldfish, FT, M Potassium 220 126,000 - Adeiman & Smith,
Carassius auratus dichromata 1976
Goldfish, FT, M Potasslum 220 124,000 119,500 Adelman & Smith,
Carasslus auratus dlchromate . 1976
Silverjaw minnow, S, M Potassium 120-160 49,600 49,600 white, Manuscript
Ericymba buccata dichromate
Emerald shiner, S, M Potassium 120-160 48,400 48,400 White, Manuscript
Nofropis atherinoldes dichromate

" Striped shiner, S, M Potassium 120-160 85,600 85,600 vWhite, Manuscript
Notropls chrysocephalus dlichromate
Sand shliner, ) S, M Potassium 120~160 74,600 74,600 White, Manuscript
Notropls stramineus dichromate
Bluntnose minnow, S, M Patassilum 120-160 54,225 54,225 white, Manuscript
P imephaies notatus dichromate
Fathead minnow, S, M Potassium 120-160 58,000 - White, Manuscript
Pimephales promelas dichromate
Fathead minnow, S, U Potasslum 209 39,700 - Pickering, 1980
Pimephales promelas dichromate
Fathead minnow, S, U Potasslum 209 32,700 - Pickering, 1980
Pimephales promelas dichromate
Fathead minnow, s, U Potassium 20 17,600 - Plickering &
Pimephales promelas dlchromate Henderson, 1966
Fathead minnow, s, U Potasslum 360 21,300 - Pickering &
Pimephales promelas dichromate Henderson, 1966
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Table 1, (Conflnueq)

Specles

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead mianow,

Pimephales promelas -

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimaphales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
P Imephales promelas

Fathead minnow,
P imephales promelas

Fathead minnow,
Pimephales promelas

Method*

s, U
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M
FT, M

FT, M

Chemical

Potassium
chromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potasslium
dichromate

Potassium
dichromate

Potasslium
dichromate

Potassium
dichromate

Potasslum
dichromate

Potassium
dichromate

Potassium
dichromate

Potasslum
dichromate

Potassium
dichromate

Hardness
(mg/L. as

CaC0,)

20
220
220
220
220
220
220
220
220
220
220
220

220

220

LC50 Specles Mean
or EC50 Acute Value
(ug/L)%® Reference
45,600 Pickering &
Henderson, 1966
56,000 Adeiman & Smith,
1976
51,000 Adelman & Smith,
1976
53,000 Adelman & Smith,
1976
49,000 Adeiman & Smith,
1976
48,000 Adeiman & Smith,
1976
60,000 Adelman & Smith,
1976
50,000 Adelman & Smith,
1976
53,000 Adelman & Smith,
1976
49,000 Adeliman & Smith,
1976
37,000 Adeiman & Smith,
1976
66,000 Adelman & Smith,
1976
55,000 Adelman & Smith,
1976
38,000 Adelman & Smith,
1976



Table 1, (Continued)

ot

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Value
Specles Method" Chem]cal CaC04) (ug/L)2s (pg/L)Ras Reterence
Fathead minnow, FT, M Potassium 220 34,000 - Adeiman & Smith,
Pimephales promelas dichromate 1976
Fathead minnow, FT, M Potassium 220 29,000 - Adelman & Smith,
Pimephales promelas dichromate 1976
fathead minnow, FT, M Potassium 220 34,000 - Adelman & Smith,
P imephales promelas dichromate 1976
fFathead minnow, FT, M Potasslum 220 26,000 - Adelman & Smith,
Pimephales promelas dichromate 1976
Fathead minnow, FT, M Sodlum 220 33,200 - Broderius & Smith,
P imephales promelas dichromate 1979
Fathead mlnnow, FT, M Potassium 209 37,700 - Plickering, 1980
P imephales promelas dichromate
Fathead minnow, FT, M Potasslum 209 37,000 - Plckering, 1980
P imephales promelas dichromate
fFathead minnow, FT, M Potasslum 209 35,900 - Plckering, 1980
Pimephales promelas dichromate
Fathead minnow, T, M - - 52,000 - Ruesink & Smith,
Pimephales promelas 1975
Fathead minnow, T, M - - 37,000 - Ruesink & Smith,
Pimephales promelas 1975
Fathead minnow, FT, M Potasslum 400 24,140 - Waheda, 1977
P Imephales promelas dichromate
fathead minnow, T, M Potassium 400 22,580 41,050 Waheda, 1977
Pimephales promelas dichromate
Guppy, S, U Potassium 20 30,000 30,000 Pickering &
Poeclllia reticulata dichromate Henderson, 1966
Striped bass, S, U Potasslum 35 35,000 - Hughes, 1973
Morone saxatilis dichromate




Table ), (Continued)

1¢

Hardness LC50 Specles Mean
(mg/L as or EC50 Acute Yalue

Specles Method* Chemicali CaC0y) (ug/L)® (ug/L)Rus Reference
Striped bass, S, u Potasslium 35 26,500 30,450 Hughes, 1973
Morona saxatllls dichromate '
Green sunflsh, FT, " Potassium 400 89,160 - Waheda, 1977
Lepomis cyanellus ~dlchromate
Green sunflsh, fT, Potassium 400 147,560 114,700 Waheda, 1977
Lepomls cyanel lus dichromate
Bluegllil, S, Potasslum 20 118,000 - Plickering &
Lepomls macrochirus dichromate Henderson, 1966
Blueglii, S, Potassium 360 133,000 - Plickering &
Lepomls macrochirus dichromate Henderson, 1966
Bluegiil, S, Potassjum 45 110,000 - Trama & Benolt, 1960
Lepomis macrochirus dlchromate
Blueglil, S, Potasslum 45 170,000 - Trama & Benolt, 1960
Lepomls macrochlrus chromate
Bluegli |, S, Potassium 44 113,000 - Calrns & Scheler,
Lepomls macrochirus dichromate . 1958, 1959, 1968;

Patrick, et al. 1968
Blueglit, S, Potasslum 44 113,000 - Calrns & Scheler,
Lepomls macrochirus dichromate 1959
Bluegill, S, Potassium 44 113,000 - Calrns & Scheler,
Lepomls macrochirus dichromate 1959
Bluegitl, S, Potassium 44 120,000 - Calrns & Scheler,
Lepomls macrochlrus chromate 1959
Blueglil, S, Potassium 44 168,800 - Cairns & Scheier,
Lepomis macrochirus chromate 1959; Patrick, et al,

1968
Bluegill, S, Potassium 44 147,000 - Calrns & Scheler,
Lepomis macrochirus chromate 1959




Vable I, (Continued)

(A3

Hardness LC50 Spacles Mean

(mg/L as or EC50 Acute Value
Specles Method®* Chemical CaC0y) (ug/L)%* (ug/L) s Reference
Blueglit, S,V Potasslum 7 135,000 - Academy of Natural
Lepomls macrochlrus dichromate Sclences, 1960
Bluegfif, S, u Potassium 171 130,400 - Academy of Natural
Lepomls macrochirus dichromate Scliences, 1960
Blueglll, S, M Potasslum 120-160 144,500 - White, Manuscript
Lepomis macrochirus dichromate )
Bluegllt, FT, M Potasslum 20-44 132,890 111 132,900 Cairns, ot al,
Lepomls macrochirus dichromate 19814
Whlte crapple, S, M Potassium 120-160 72,600 12,600 wWhite, Manuscript
Pomoxls annularis dichromate
Johnny darter, S, M Potassium 120-160 46,000 46,000 wWhite, Manuscript
Etheostoma algrum dichromate
Yel low perch, S, M Potassium 120-160 36,300 36,300 white, Manuscrlpt
Perca flavescens dichromate

Chromium(itl)

Worm, S, M - 50 9,300 9,300 Rehwoldt, et al,
Nals sp. 1973
Snail (embryo), S, M - 50 12,400 - Rehwoldt, et al,
Amnicola sp. 1973
Snall (adult), S, M - 50 8,400 10,210 Rehwoldt, et al,
Amnicola sp, 1973
Cladoceran, S, U Chromlc - 1,200 - Anderson, 1948
Daphnia magna chloride
Cladoceran, S, M Chromlc 52 16,800 - Chapman, et al,
Daphnla magna nitrate Manuscr i pt
Cladoceran, S, M Chromic 99 27,400 - Chapman, et al,
Daphnia magna nitrate Manuscrlpt
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Table 1. (Contlinued)

Specles

Cladoceran,

Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnla magna

Amphipod,
Gammarus sp.

Crayfish,
Orconectes limosus

Maytiy,
Ephemerella subvaria

Damselfly,
(Unidenti fied)

Caddisfly,
Hydropsyche betteni

Caddistly,
(Unidenti fied)

Midge,
Chironomus sp.

American eel,
Anqul i la rostrata

Ralnbow tfrout (2 mos),
Salmo galrdnerl

Ralnbow trouft,
Salmo qalrdner|

Ralinbow trout,
Salmo qalrdneri

Goldfish,
Carassius auratus

Method*

S, M

Chemlcal

Chromic
nitrate

Chromic
nitrate

Chromic
nitrate

Chromfium
chloride

Chromic
chlorlide

Chromlc
chlorlde

Chromic
nitrate

Chromlum
Chloride

Chromi um
nitrate

Chromi um
potassium sulfate

Hardness
(mg/L as

CaC0x)
110
195

215

50

44
50
44
50
50

55

44
26

20

1C50 Specles Mean
or EC50 Acute Value
(ug/L)** (pg/L)nes Reference
26,300 - Chapman, et al,
Maauscript
51,400 - Chapman, et al,
Manuscript
58,700 16,010 Chapman, et al.
Manuscript
3,200 3,200 Rehwoldt, et al,
1973
6,600 - Boutet & Chaisemartin,
1973
2,000 2,221 Warnick & Betl,
1969
43,100 43,100 Rehwoldt, et al,
1973
64,000 71,060 Warnick & Bell,
1969
50,000 50,000 Rehwoldt, et al.
1973
11,000 11,000 Rehwoldt, et al,
1973
13,900 12,860 Rehwoldt, et al,
1972
24,100 - Hale, 1977
11,200 - Bllls, et al, 1977;
Marking, 1982
4,400 9,669 Stevens & Chapman,
1984
4,100 8,664 Pickering &

Henderson, 1966
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Table 1. (Continued)

Specles

Common carp,
Cyorinus carplo

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Banded kitilfish,
Fundulus dlaphanus

Guppy,
Poeclllia reticulata

White perch,
Morone amer |cana

Striped bass,
Morone saxatilils

Pumpkinseed,
Lepomis gibbosus

Blueglilil,
Lepomls macrochirus

Bluegill,
Lepomls macrochlirus

Polychaete worm, .
Neanthes arenaceodentata

Method*

Sy M

FT, M

FT, M

Hardness
{mg/L as
Chemical _CaC0g)
- 55
Chromium 20
potassium sulfate
Chrom|um 360
potassium sulfate
Chromium 203
potassium sulfate
Chromium 203
potassium sul fate
- 55
Chromium 20
potassium sul fate
- 55
- 55
- 55
Chfbmlum . 20
potassium sulfate
Chromium 360

potassium sul fate

SALTWATER SPECIES

Chromium(V1|)

Potass ium -
dichromate

LC50 Specles Mean
or EC50 Acute Value
(ug/L)u® (ug/L) ane Reference
14,300 13,230 Rehwoldt, et al,
1972 ’
5,070 - Pickering &
Henderson, 1966
67,400 - Pickering &
Henderson, 1966
29,000 - Pickering,
Manuscript
27,000 10,320 Plckering,
Manuscript
16,900 15,630 Rehwoldt, et al.
1972
3,330 7,053 Pickering &
Henderson, 1966
14,400 13,320 Rehwoldt, et al,
1972
17,700 16,370 Rehwol dt, et al.
1972
17,000 15,720 Rehwol dt, et al,.
1972
7,460 - Pickering &
Henderson, 1966
71,900 15,020 Pickering &
Henderson, 1966
3,100 3,100 Mearns, et al, 1976
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Yable 1, (Continued)

Specles

Sand worm,
Nereis virens

Polychaete worm,
Ophryotrocha dladema

Polychaete worm,
Ctendrllus serratus

Polychaete worm (larva),
Capltella capltata

Polychaete worm (aduit),
Capltella capltata

Mud snail,
Nassarius obsoletus

Blue mussel (embryo),
Mytilus edulls

Pacltlc oyster,
Crassosfrea gigas

Common rangla,
Rangla cuneata

Common rangia,
Rangla cuneata

Sof t-shel |l clam,
Mya arenaria

Copepod,
Pseudod laptomus coronatus

Copepod,
Acartla clausl

Myslid,
Mysldopsis bahia

Method®
S, U

Chemical

Hardness
{mg/L as

CaC0y)

Potass i um -
chromate

Chromium -
trioxlde

Chromium -
trioxide

Chromium -
trioxide

Chromi um -
trioxide

Potassium -
chromate

Potassium -
dichromate

Potass lum -
dichromate

Potassium -
dichromate

Potassium -
dichromate

Potass lum -
chromate

Potassium -
dichromate

Potassium -
dichromate

Potassium -
dichromate

LC50
or EC50

(ug/L )%
2,000
7,500
4,300
8,000
5,000

105,000
4,469
4,538
14,000

35,000
57,000
3,650
6,600

2,030

Specles Mean

Acute Value

(ug/L)uus

2,000

7,500

4,300

6,325

105,000

4,469

4,538

22,140

57,000

3,650

6,600

2,030

Reforence

Eisler & Hennekey,
1977

Relsh & Carr, 1978
Raish & Carr, 1978
Reish, et al. 1976
Relsh, et al., 1976
Elsier & Hennekey,
1977

Martin, ot al, 1981
Martin, et al, 1981
Oison & Harrel, 1973
Olson & Harrel, 1973
Elsler & Hennekey,
1977

Gentile, 1982

Gentile, 1982

Lusslef, et al.
Manuscript
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Table 1., (Contlinued)

Specles

Mysid,
Mysidopslis bligelowl

Hermit crab,
Paqurus longicarpus

Dungeness crab,
Cancer maglster

Blue crab,
Cal linectes sapldus

Blue crab,
Callinectes sapldus

Starflish,
Asterlias forbesi

Mummichoq,
Fundulus heteroclitus

Mummlchoq,
Fundulus heteroc!|tus

Mummichog,
Fundulus heterocl!itus

Atlantic sllverside
(larva),
Menldia menidla

Atlantic sliverside
(larva),
Menidia meni{dia

Atlantic silverside
(juvenlle),
Menidia menidla

Tidewater silverside,
Menidia peninsul ae

Chemical

Potass ium
dichromate

Potassium
chromate

Potass lum
djchromate

Potassium
dichromate

Potassium
dlichromate

Potassium
chromate

Potassium
chrcnate

Potassium
chromate

Potass ium
chromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Hardness
(mg/L as

CaCOa)

Elsler & Hennekey,

Martin, et al, 1981

Frank & Robertson,

Frank & Robertson,

Eisler & Hennekey,

Eisler & Hennekey,

LC50 Specles Mean
or EC50 Acute Value
(pg/L)%% (ug/L)nue Reference
4,400 4,400 Gentite, 1982
10,000 10,000
19717
3,440 3,440
89,000 -
1979
98,000 93,390
1979
32,000 32,000
1977
91,000 -
1977
55,000 - Dor fman, 1977
81,000 74,010 Dorfman, 1977
12,400 - Cardin, 1982
14,300 - Cardin, 1982
20,100 15,280 Cardin, 1982
22,000 22,000 Hansen, 1983
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Table ¥. {(Contlinued)

Specles

Spot,
Lelostomus xanthurus

Speckled sanddab,
Citharichthys stligmaeus

Speckled sanddab,
Citharichthys stigmaeus

Eastern oyster,
Crassostrea virginica

Mummichoq,
Fundulus heteroclltus

Mummichogqg,
Fundutus heterocllfus

Method®
S, U

Hardness
(mg/L as
Chemical CaCO:)
Potasslum -
dichromate
Potasslium -

dichromate

Potass fum -

dichromate
Chromium(i1})

Chromium -
chloride

Chromium . -
chloride

Chromium -
chloride

Mearns, et al, 1976

Calabrese, et al.

LC50 Speclies Mean
or EC50 Acute Value
(ug/L)5* (pg/L)nes Reference
27,000 27,000 Hansen, 1983
31,000 - Sherwood, 1975
30,000 30,500
10,300 10,300
’ 1973
31,500 - Dorfman, 1977
31,500 31,500 Dorfman, 19717

* § = static, R = renewal,

% Results are expressed as chromium, not as the chemical.

FT = flow-through, U = unmeasured, M = measured.

#%% ror chromlum()11) In fresh water, Speclies Mean Acute Values are calculated for

pooled slope.

T o= 8.2 to 8.4,
o= 17.5 10 7.6.
Ty e s,

T1pp1 I1shed as average of results of two tests, one at hardness of 20-22 mg/L and one at 42-44 mg/L.,

a hardness of 50 mg/L using the
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Table 1. (Contlnued)

Results of Covarlance Analysis of Freshwater Acute Toxicity of Chromium(ill) versus Hardness

Specles n Slope 95% Confidence Limits Degrees of Freedom
Daphnla magna 5 0.8872 10.6073, 1.1671 3
Fathead minnow 4 0,8304 0.3641, 11,2968 2
Bluegil | 2 0.7839 (cannot be calculated) ; 0
All of above n 0.8190% 0.7088, 0,929 7

* P=0,82 for equallty of slopes,
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Specles

Cladoceran, -

Cerlodaphnla reticulata

Cladoceran,

Daphnia maqna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia pulex

Cladoceran,

Simocephalus serrulatus

Cladoceran,
Simocephalus vetulus

Ralnbow frout,
Salmo qalrdner|

Rainbow trout,
Saimo gairdner]|

Brook trout,
Salvel inus fontinalls

Fathead minnow,
Pimephales prometlas

Cladoceran,
Daphnlia magna

Cladoceran,

Daphnla magna

Cladoceran,
Daphnia magna

Railnbow trout,
Salmo galrdner |

Table 2,

Yost®

LC

Lc

Lc

Lc

ELS

ELS

Lc

LC

Lc

LC

LC

ELS

Chronic Toxicity of Chromlum fo Aquatic Animals

Hardness
(mg/L as

o CaC0y)
FRESHWATER SPECIES

Chemical

Chromlum(Vl)

Sodium . 45
dichromate
Sod | um -
chromate
Sod fum 45
dichromate
Sod | um 45
dichromate
Sod | um 45
dichromate
Sod um 45
dichromate
Chromium 34
trioxide
Sodium 45
dichromate
Sod | um 45
dichromate
Potassium 209
dlichromate

Chromium{i{1)

Chromic 52
nltrate
Chromic 100
nifrate
Chromic 206
nitrate
Chroml um . 26
nitrate

Limits
(ug/L)®®

25-64
<lonn
<2’5.ﬂ*
4,7-8,0
13.9-28.5

4.7-8.0

51-105
200-350
200~350

1,000-
3,950

47-93
129-291

<44qhnn

30-1517

Chronic
Value
fug/L)R® Reference
40,00 Mount, 1982
<10 Trabalka & Gehrs, 1977
<€2.5 Mount, 1982
6,132 Mount, 1982
19.90 Mount, 1982
6,132 Mount, 1982
73.18 Sauter, et al, 1976
264.6 Benolt, 1976
264,6 Benolt, 1976
1,987 Pickering, 1980
66.11 Chapman, et al.
Manuscrlipt
193.7 Chapman, et al,
Manuscript
<44 Chapman, et al,
Manuscript
68.63 Stevens & Chapman,

1984
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Table 2. {(Contlinued)

Hardness ' Chronic
(mg/L as Limits Value
Specles Tost® Chemical CaC0y) (ug/L) %8 (ug/L)us Reference
Fathead minnow, tc Chromlum - 203 750-1,400 1,025 Plckerling, Manuscript
Plmephales promelas potassium syl fate
SALTWATER SPECIES
Chromium(V))
Polychaete worm Lc Potassium - 16.6-38,2 25,18 Oshida & Word, 1982
(parental generation), dichromate
Neanthes arenaceodentata
Polychaete worm Lc Potassium - 16 .6-38,2 25,18 Oshida & word, 1982
(F‘ generation), dichromate
Neanthes arenaceodentata
Polychaete worm Lc Potassium ' - 4B Lk <13 Oshlda, et al, 1976,
{parental generatlon), dlichromate 1981
Neanthes arenaceodentata
Polychaete worm Lc Potassium - 13-25 18,03 Oshida, et al, 1976,
(Fy generation), dichromate 1981
Neanthes arenaceodentata
Pol ychaete worm Lc Potassium - 25-54 36,74 Oshida, et al, 1976,
(F, generation), dichromate 1981
Neanthes arenaceodentata
Mysid, Lc Potass lum ' - 88-198 132,0 Lussier, et al.
Mysldopsis bahla dlchromate Manuscr | pt
Chromium(§i1)
Pol ychaete worm tc Chrom}um - >50,400 >50,400 Oshida, et al., 1976,
(parental and F chioride 1981
generations),
Neanthes arenaceodentata
* LC = Jife cycle or partial lite cycle, ELS = early life stage.

** Results are expressed as chromium, not as the chemical,

%¥%pdverse effects occurred at all concentrations tested,



Table 2, (Continued)

Acute~-Chronlc Ratlo

1%

Neanthes arenaceodentata

Hardness
(mg/L as Acute Value Chronic Value
Specles Caco,) - (ug/L) {pg/L) Ratlo
Chromium(Vi)

Cladoceran, 45 45,2 40,00 1,130
Cerodaphnia reticulata
- Cladoceran, - 50 <10 >5.000
Daphnia magna

Cladoceran, 45 24,2 <2,5 >9,680
Daphnia magna

Cladoceran, 45 36.3 6.132 5.920
Daphnia pulex

Cladoceran, 45 40.9 19,90 2,055
S imocephalus serrulatus

Cladoceran, 45 32,3 6,132 5.267
S imocephalus vetulus

Ralnbow trout, 45 69,000 264,6 260,.8
Salmo galrdner!

Brook trout, 45 59,000 264 .6 223.0
Salvel inus fontinalls

fathead minnow, 209 36,8607 1,987 18.55
Pimephales promelas

Palychaete worm, - 3,100 25,18 123,1
Neanthes arenaceodentata

Polychaete worm, - 3,100 25,18 123.1
Neanthes arenaceodentata

Polychaete worm, - 3,100 <i3 >238,.5
Neanthes arenaceodentata

Pol ychaete worm, - 3,100 18,03 171.9
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Tabie 2.

(Continued)

Acute~Chronic Ratio

Hardness

(mg/L. as Acute Value Chronic Value
Specles CaC0yx) (ug/L) (pg/L) Ratio
Polychaete worm, - 3,100 36,74 84,38
Neanthes arenaceodentata

Mysid, - 2,030 132.0 15,38
Mysldopsis bahia .

Chromium( }11)
Cladoceran, : 52 16,800 66.11 254.1
Daphnia magna : )

Cladoceran, 100 27,400 193,7 141,5
Daphnia magna

Cladoceran, 206 . 55,3801t <44 >1,259
Daphnia magna

Ralnbow trout, 26 4,400 68.63 64,11
Salmo galrdneri

Fathead minnow, 203 27,9807%% 1,025 27,30
Pimephales promelas

1 Geometric mean of values from three flow-through tests from Pickering (1980)
in Table V.

LA Calculated by log~log interpofation between results of acute tests at

hardnesses of 195 and 215 uq/L trom Chapman, et al, (Manuscript) in Table |,

LAL} Geometric mean of two values from Pickering (Manuscript) In Table |,
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Tabie 3.’

Rank®

27

26

25

24

23

22

21

20

Ranked Genus Mean Acute Values with Specles Mean Acute-Chronlc Ratlos

Speclies Mean
Acute Value
(ug/L)n®

Specles Mean
Acute-Chronlc
Ratlo

Genus Mean
Acute Value
(ug/L) % Specles
FRESHWATER SPECIES
Chromium(V{)
1,870,000 Stonefly,
Neophasganophora
capltata
176,000 Crayflish,
Orconactes rusticus
140,000 Damselfly,
Enal lagma aspersum
123,500 Green sunfish,
Lepomis cyanellus
Bluegllili,
Lepomis macrochlrus
119,500 Goldf lsh,
Carassius auratus
12,600 White crapple,
Pomoxls annularls
69,000 Rainbow frout,
Salmo qalirdneri
67,610 Emerald shiner,
Motropis atnerinoldes
Striped shiner,
Notropis chrysocephalus
Sand shlner,
Notropls stramineus
61,000 Midge,

Chironomus tentans

1,870,000

176,000
140,000
114,700
132,900
119,500
72,600
69,000
48,400
85,600
74,600

61,000

260,8
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Table 3. (Continued)

Genus Mean . Specles Msan Specles Mean

Acute Value Acute Value Acute~Chronic
Rank* (ug/L)%® Specles (ug/L) 8% Ratlo
18 59,000 Brook trout, 59,000 223.0

Salveiinus fontinalis

V7 57,300 Midge, 57,300 -
Tanytarsus dissimilis

16 51,250 Central stoneroller, 51,250 -
Campostoma anomalum

15 49,600 Siiverjaw minnow, 49,600 -
Ericymba buccata

14 47,180 Bluntnose minnow, 54,225 -
Pimephales notatus

Fathead minnow, 41,050 18,55
P imephales promelas

13 46,000 Johnny darter, 46,000 -
Etheostoma alqrum

12 36,300 Yellow parch, 36,300 -
Perca tlavescens

11 30,450 Stripad bass, 30,450 -
Morone saxatllls

10 30,000 Guppy, 30,000 -
Poecllia reticulata

9 23,010 Snalil, 23,010 -
Physa heterostropha

8 1,560 Bryozoan, 1,560 -
Lophopodel ta carterl
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Table 3. (Continued)

{(Unidentitfied)

Genus Mean ) Specles Mean Specles Mean
Acute Value ) Acute Value Acute-Chronic
Rank® (ug/L) %% Specles (ug/L) % Ratlo
7 1,440 Bryozoan, 1,440 -
Pectinatel la magnitflica
6 650 Bryozoan, 650 -
Plumateila emarginata
5 630 Amphipod, 630 -
Hyalella azteca
4 61,1 Amphipod, 67.1 -
Gammarus pseudol imnaeus
3 45,10 Cladoceran, 45,10 1.130
Cerlodaphnla reticulata
2 36,35  Cladoceran, 40,9 2,055
S Iimocephalus serrulatus
Cladoceran, 32.3 5,267
SImocephalus vetulus
1 28,94 Cladoceran, 23,07 >6.,957%
Daphnla magna
Cladoceran, 36,3 5.920
Daphnla pulex
Chromium(ii|)
18 11,060 Caddisfly, 71,060 -
Hydropsyche bettenli
17 50,000 Caddisfly, 50,000 -
(Unidentl tied)
16 43,100 Damsel fly, 43,100 -
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Table 3.

Rank®

15

14

13

12

1"

10

(Contlnued)

Genus Mean ° ¢pecles Moan Specles Mean
Acute Value Acute Value Acute-Chronic
(ug/L)u* Specles : (ug/L) s Ratlo

16,010 Cladoceran, 16,010 >356,411
Naphnia magna

15,630 Banded kiltifish, 15,630 -
Fundulus dlaphanus

15,370 Pumpkinseed, 15,720 -
Lepomis qlbbosus
Bluegilli, 15,020 -
Lepomls macrochlrus

14,770 white perch, 13,320 -

2 Morone amerlcana

3frlped bass, 16,370 -
Morone saxatliis

13,230 Common carp, 13,230 -
Cyprilnus carpio

12,860 Amer ican eel, 12,860 -
Angullla rostrata

11,000 Midge, 11,000 -
Chlronomus sp.

10,320 Fathead minnow, 10,320 27.30
Plmephales promelas

10,210 snaill, 10,210 -
Amnicola sp.

9,669 Rainbow tfrout, 9,669 64.11
Saimo gairdner|

9,300 Worm, 9,300 -
Nals sp, ’

8,684 Goldfish, 8,684 -

Carasslius auratus
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Table 3.

Rank®

21
20
19

18

14

{Contlinued)

5pecles Mean
Acute~Chronic
Ratlo

Genus Mean Specles Mean
Acute Value Acute Value
(ug/L) %% Specles (ug/L)%®
7,053 Guppy, 7,053

Poecllla reticulata
3,200 Amphipod, 3,200
Gammarus sp.
2,22} Maytly, 2,221
Ephemerella subvaria
SALTWATER SPECIES
Chromium(V ()
105,000 Mud snall, 105,000
Nassar lus obsoletus
93,390 Blue crab, . 93,390
Calllnectes saplidus
74,010 Mumm chog , 74,010
Fundulus heteroci ltus
57,000 30tt-shell clam, 57,000
Mya arenarla
32,000 3tarfish, 32,000
Asterilas torbesl
30,500 5peckied sanddab, 30,500
Cltharichthys stlgmaeus
27,000 Spot, 27,000
Lelostomus xanthurus
22,140 Common rangla, : 22,140

Rangla cuneata
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Table 3.

Rank®

13

12

10

Neanthes arenacecdentata

{Contlnued)
Genus Mean Specles ‘Mean Specles Mean
Acute Value Acute Value Acute-Chronlc
(ug/L) e Specles (ug/L )% Ratlo

18,330 Atlantic silverside, 15,280 -
Menidia menidia :
Tidewater silverslde, 22,000 -
Menldlia penlnsulae

10,000 Hermit crab, 10,000 -
Pagurus longlcarpus

7,500 Polychaete worm, 7,500 -
Gphryotrocha dladema

6,600 Copepod, 6,600 -

: Acartla clausl

6,325 Polychaete worm, 6,325 -
Capltella capltata

4,538 Paclfic oyster, 4,538 -
Crassostrea glgas :

4,469 Blue mussel, 4,469 -
Mytilus e@ulls

4,300 Polychaete worm, 4,300 -
Ctenodrllus serratus

3,650 Copepod, 3,650 -
Pseudodlaptomus coronatus

3,440 NDungeness crab, 3,440 -
Cancer maglster

3,100 Polychaete worm, 3,100 121,871t
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Table 3. (Continued)

Genus Mean o Specles Mean Specles Mean
) Acute Value Acute Value Acute-Chronlc
Rank* (ug/L)** Specles (ug/L)e® Ratio
2 2,989 Mysid, 2,030 15,38

Mysldopsis bahla

Mysid, 4,400 -
Mysldopsis bligelowi

1 2,000 Polychaete worm, 2,000 -
Nerels virens

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

%  Freshwater Genus Mean Acute Values and 3pecles Mean Acute Values for Ehromlum(lll) are at a hardness of
50 mg/L.

t Geometric mean of two values in Table 2,
Tt Geometric mean of three values In Table 2,

ttr Geometric mean of four values In Table 2,

Chromium(V1l)
Fresh water
Final Acute Value = 31,49 uq/L
Criterion Maximum Concentration = (31,49 ug/L) / 2 = 15,74 ug/L
Final Acute-Chronic Ratlo = 2,917 (see text)
Final Chronic Value = (31,49 wg/L) / 2,917 = 10,80 ug/L,
Salt water
Flinal Acute Value = 2,158 ug/L
CrITeflon Maximum Concentration = (2,158 ug/L) / 2 = 1,079 ug/L
Final Acute-Chronic Ratio = 43,28 (see text)

Final Chronic Value = (2,158 ug/L) / 43,28 = 49,86 ug/L
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Yable 3. (Continued)

Chromlum{11})

Frosh water

Final Acute Value = 1,968 ug/L (at a hardness of 50 mg/L)
Criterlon Maximum Concentration =.(1,968 ug/L) / 2 = 984.,0 ug/L (at a hardness of 50 mg/L)
Pooled 5iope = 0,8190 (see Table 1)
In(Criterion Maximum Intercept) = In(984,0) - Islope x In{50)]
= 6,892 - (0.8190 x 3,912) = 3,688

Criterlon Maximum Concentration = ¢{0.81901inthardness)}+3.688)

Final Chronilc Value = 68.63 ug/L (at a hardness of 26 mg/L) (see text)
Assumed Chronic Siopa = 00,8190 (see text)
in(Final Chronic Intercept) = In(68.63) ~ Islope x 1n(26)}

= 4,229 - (0,8190 x 3,258) = 1,561
Final Chronic Vafue = of0+81901In(hardness))+1.561)
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Specles

Green alga,
Chlamydomonas relnhardi

Green alga,
Chlorella pyrenoldosa

Green alga,
Scenedesmus sp.

Blue alga,
Mlcrocystls aeruglinosa

Green alga,
Scenedesmus quadrlcauda

Green alga,
Scenedesmus quadricauda

Green alga,
Selenastrum caprlcornutum

Green alga,
Selanastrum caprlcornutum

Green alga,
Selenastrum caprlcornutum

Euglena,
Euglena graclllis

Dlatom,
Cyclotella meneghinlana

Dlatom,
Navicula seminulum

Dlatom,
Navicula seminulum

Diatom,
Navicula seminulum

Table 4,

Chemical

Potassium
dichromate

Potasslum
dichromate

Sodium
dichromate

Sodlum
dichromate

Potassium
dlchromate

3od ium
chromate

50d lum
dichromate

3odlum
dichromate

Potassium
dichromate

Potassium
dichromate

Potassium
dichromate

Potasslium
dichromate

Potasslium
dichromate

Hardness
({mg/L as

CaC0y)

Toxiclty of Chromium to Aquatic Plants

Ettect

FRESHWATER SPECIES

Chromium(Vi)

45

53

53

45

45

45

4

Reduction In
growth

50% Inhibition
of growth

inhibitlon of
growth

Inclplent
Inhibl tion

Inciplent
inhibltion

inhibition of
growth

inhibition of
growth

50% inhibitlon of
growth in 4 days

L2

Abnormal growth
Growth Inhibitlon
508 growth

reduction

50% growth
reduction

508 growth
reduction

Result
(ug/L).

Reference

10
5,000

500

580
500
62

183
>1,050
1,500
500
187
230

251

Zaratonetis &
Hampton, 1974

Wium-Anderson, 1974
Staub, ef al. 1973

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

8ringmann & Kuhn, 1977a,
1978a,b, 1979, 1980b

Calrns, et al. 1978
Garton, 1973
Richter, 1982
Richter, 1982
Fasulo, et al, 1983
Calrns, et al,. 1978
Academy of Natural

3clences, 1960

Academy of Natural
Sclences, 1960

Academy of Natural
5clences, 1960
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Table 4, (Continued)

Specles

Diatom,

Mavicula seminulum

Diatom,
Navicula semlinulum

Diatom,
Navicula seminulum

Dlatom,
Navicula seminulum

Dilatom,
Navicula seminulum

Diatom,
Navicula seminulum

Diatom,
Navicula semlnulum

Dlatom,
Navicula seminulum

Dlatom,
Navicula seminulum

Diatom,
Nitzschia llinearis

Diatom,
Nitzschla linearis

Dlatom,
Nitzschla palea

Dlatom,
Nitzschla palea

Euraslan watermiltall
Myriophytllum splcatum

Chemical

Potassium
dichromate

Potasslum
dichromate

Potassium
dichromate

Potasslium
dichromate

Potassium
dichromate

Potassium
dichromaie

Potasslium
dichromate

Potasslium
dichromate

Potasslum
dichromate

Potasslum
dichromate

Potassium
chromate

Dichromate**®

Hardness
(mg/L as

CaC0y)
45‘
45
45
1
mn
n
i
171
m

295

295

Effect

50% growth
reduction

50% growth

‘reduct lon

50% growth
reductlon

S0% growth
reduct lon

508 growth
reduct lon

50% growth
reduct lon

50% growth
reduction

50% growth
reduction

50% growth
reductlon

LC50 (120 hrs)

LC50 (120 hrs)

50%
of photosynthesis

inhibition of
growth

32-day ECS50
(root welght)

Result
(ugh)*

Reference

272

308

2317

254

254

343

343

424

442

208

7,800

600

150

910

Academy of Natural
3clences, 1960

Academy of Natural
3clences, 1960

Academy of Natural
Sclences, 1960

Academy of Natural
3clences, 1960

Academy of Natural
Sclences, 1960

Academy of Natural
Sclences, 1960

Academy of Natural
3clences, 1960

Academy of Natural
Sclences, 1960

Academy of Natural
Sclences, 1960

Patrick, et al, 1968
Patrick, et al. 1968
Wlum-Anderson, 1974

Wium~Anderson, 1974

Stanley, 1974



139

Table 4, (Continued)

Specles

Green alqa,
Selenastrum caprlcornutum

Green alga,
3elenastrum capricornutum

Eurastan watermilfoll,
Myr lophyllum splcatum

Alga,
Macrocystis pyrifera

Alga,
Macrocystls pyrifera

Chemlical

Chram | um
chiorlde

Chromlum
chlorlde

Potass fum
dichromate

Reference

Hardness
(mg/L as Resul t
CaC0y) Effect (ug/L)8
“Chromium(111)

53 50% Inhlbition of 397

growth in 4 days
53 Li] _ >1,000
- 32-day EC50 9,900

(root welght)

SALTWATER 3PECIES

Chromium(Vi)

- 50% inhibltion 5,000
of photosynthesls
in 4 days

- 10 - 20% Inhibi~ 1,000
tion of photo-
synthesls In
5 days

Richter, 1982

Richter, 1982

Stanley, 1974

Clendenning & North,
1959

Bernhard & Zattera,
1975

* Results are expressed as chromlum, not as the chemlical,

#% Hlghest concentration that would not have killed a sligniticant number of cells In 5 days.

#x¥Cation not speclfled,
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Table 5,
Specles Tlssue
Rainbow trout, - Muscle
5almo galrdner|
Ralnbow trout, Whole body
Salmo galrdner|
Ralinbow trout, Muscle
5aimo gairdneri
Polychaete worm, -
Neanthes arenaceodentata
Pol ychaete worm, -
Neanthes arenaceodentata
Blue mussel, S50ft parts

Mytilus edulls

Eastern oyster,
Crassostrea virglinlca

S0tt parts

Blue mussel,
Mytilus edulls

Soft parts

Easfern oyster,
Crassostrea virglnica

50ft parts

30ft-shel!l clam,
Mya arenaria

Soft parts

Chemical

Bloaccumulation of Chromium by Aquatic Organisms

FRESHWATER SPECIE3

Chromium(V))

50d lum
dichromate

Potassium
chromate

Potasslium
dichromate

SALTWATER 5SPECIE3

Chromlum(VI)

30d fum
“ dichromate

30d lum
dichromate

Chromium{i1})

Chromic
chloride

Chromic
nifrate

Chromic
chloride

Buhlef, et al, 1977
Fromn & Stokes, 1962

Calamarl, et al, 1982

Mearns & Young, 1977
Oshida & word, 1982

Zarooglan & Johnson,

-Zarooglan & Johnson,

Capuzzo & 3asner,

Shuster & Pringle,

Duration Bloconcentration
{days) Factor® Reference
22 <1
&
30 1.
180 2.8
150 200%%
146-163 236
84 1928
1983
84 125 8%
1983
168 gox*
1977
140 116
1969
168 153 %%

Capuzzo & 3asner,
1977

* Results are based on chromlum, not the chemicai.,

*¥Bjoconcentratlon tactor was converted from dry welght to wet welght basis,
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Specles

Algal community

Algal communlty
Algal communlty

Aigal commun ity

Green alga,
Scenedesmus quadrlcauda

Bacterla,
Escherichla coll

Bacterla,
Pseudomonas putida

Protozoan,
Entosiphon sulcatum

Protozoan,
Microregma heterostoma

Protozoan,
Chilomonas paramecium

Pratozoan,
Uronema parduez}

Protozoa,
Blepharlisma sp.

Table 6. Other Data on Effects of Chromlum on Aquatic Organlisms

Hardness
(mg/L as
Chemical Cacosl_ Duration
FRESHWATER 3SPECILES
Chromium(Vi)

Potass{um - I mo
dichromate

Potasslum - 1 mo
dichromate

Potass um -~ 1 mo
dichromate

Potasslum - 25 hrs
dichromate

Potassium - 96 hrs
dichromate

Potasslium - -
dichromate

Sodium - 16 hrs
dichromate

3odium - 72 hrs
dlichromate

Potassium - 28 hrs
dichromate

3o0d fum - 48 hrs
dichromate

Sodlum - 20 brs

dichromate

Potassium - 3 hrs
dichromate

Effect

Dlatoms reduced

blue green

algae dominant

Diversity of
diatoms reduced

BCF=8,500

32¢ Inhibltion

of photo-
synthesls

fncipient
inhibition

(river water)

Inclplent
inhibition

Inciplent
Inhibition

Incliplent
inhibltion
Inciplent
inhibition

inciplent
Inhibitlon

Inciplent
Inhibltlon

Some living

Result

Lug/t)®

Reference

400

100

20

700

700

380

9,600
20,000

210

0.12

2,100

32,000

Patrick, et al, 1975

Patrick, et al, 1975

Patrick, et al, 1975

Zarafonetls & Hampton,
1974

Bringmann & Kuhn,
1959a,b

Bringmann & Kuhn, 1959a
Br Ingmann & Kuhn, 1976,
1977a, 1979, 1980b
Bringmann, 1978;
Bringmann & Kuhn, 1979,
1980b, 1981

Bringmann & Kuhn, 1959b
Br ingmann, et al. 1980,
1961

Bringmann & Kuhn, 1980a,
1981

Ruthven & Calrns, 1973
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Table 6. {(Continued)

Specles

Euglena,
Euglena gracllis

Rotlfer,
Phlilodina acuticornis

Worm,
Aeolosoma headieyl

Snall,
Gonlobasls |lvescens

Snall,
Nitocris sp,

3nall,
Lymnaea emarglnata

Snall,

Physa integra

Cladoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnla magna

Chemical

Chromium
trloxlde

Potassium
dichromate

Potasslum
dichromate

Potassium
dichromate

Potasslum
dichromate

Potasslium
dlichromate

Potasslum
dichromate

Potassium
dlichromate

Potassium
dichromate

Potassium
dichromate

Potasslium
dichromate

Hardness
{mg/L as
CaCOz) Duration
- 3 bhrs
45 48 hrs
45 48 hrs
154 48 hrs
45 48 hrs
154 48 bhrs
154 48 hrs
200 24 bhrs
86 72 hrs
163 72 hrs
‘45 48 hrs

Effect

Tolerated

Lc50 (5 C)
(10 C)
(15 C)
{20 C)
(25 C)

LCS0 (5 C)
(10 C)
(15 C)
(20 C)
(25 C)

LC50

Lcso (5 ¢)
(10 C)
{15 C)
(20 C)
(25 C)

LC50
tcso
EC50
EC50
£C50

LC50 (5 C)
(10 C)
(15 C)
(25 ¢)

Result
lug/L)®

Reference

1,000

54,000
50,600
39,200
31,000
29,000

12,100
10,000
8,600
7,000
4,800

2,400
9,100
7,800
3,700
1,200

800

34,800
660
1,570
31-44
64-8}

7,600

5,600

4,300
560

Yonque, et

Calrns, et

Calrns, ot

Calrns, et

Calrns, ot

Calrns, et

1979

1978

1978

1976

1978

1976

Calrns, et al. 1976

198}

Debelak, 1975

Debetak, 1975

. Bel lavere & Gorbi,

Cairns, et al, 1978
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Table 6, (Contlinued)

Specles

Cladoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Ctadoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia pulex

Chemical

Chromium
trioxide

Potassium
dlichromate

Potassium
dichromate

Potasslum
dichromate

50d tum
dichromate

30d fum
dichromate

Potassium
chromate

Potassium
chromate

Sod {um
chromate

50d lum
chromate

Potass lum
dlichromate

50d tum
dichromate

Potasstum
dlichromate

Hardness
(mg/L as

CaC0y)

50

50

50

50

50

50

50

50

288

45

16

16

48

96

48

96

48

96

48

48

24

48

Duration

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hr's

hrs

hrs

hrs

hrs

Etfect

LC50

LCcso

EC50 (fed)
EC50 (fed)
EC50 (ted)
EC50 (fed)
EC50 (fed)
EC50 (fed)
EC50 (ted)
EC50 (ted)
EC50 (river
water)

LCS0

LC50 (5 C)
(10 C)
(15 C)
(25 C)

Result
(ug/L)*

Reference

<312

16.9
19.9
24,5
19.2

1.39
21.1
17.8

700
1,400

4,800
3,200
900
400

Anderson, 1944
Anderson, 1944
Call, et al, 198}
Cal i, ot al, 1981
Call, et al, 1981
Call, et al, 1981
Call, et al, 1981
Call, et al, 1981
call, et al, 1981
Call, et al, 198!_
Bringmann & Kuhn,
1959a,b

Bringmann & Kuhn, 19770

Calrns, et al., 1978
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Table 6, (Continued)

Specles

Cladoceran,
Daphnla pulex

Mlidge,
Chironomus tentans

'Coho salmon,
Oncorhynchus klsutch

Coho salmon,
Oncorhynchus klisutch

Coho salmon,
Oncorhynchus klsutch

Coho salmon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus klsutch

Coho salmon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus klsutch

Chinook salmon,
Oncorhynchus tshawytscha

Chinook saimon,
Oncorhynchus tshawytscha

Chinook salmon
(embryo, fingeriling),
Oncorhynchus tshawytscha

Chemlcal

Potassium
chromate

' Potasslum
dichromate

Potassium
chromate

Potassium
dichromate

Sod lum
dichromate

30d lum
dichromate

S5od | um
dichromate

Sodlum
dichromate

Sodlum
dichromate

Sod fum
dichromate

Potasslum
dichromate

30d lum
dichromate

Hardness

(mg/L as

CaDQ;) Duratlion
44 2 brs
101 1.5 hrs
- 13 days
90 144 hrs
60 14 days
60 14 days
60 28 days
60 2 wks
60 2 wks
70 7 mos
- 12 wks
70 42 days

Reference

Result
Ettect (ug/L)*
Death (after 100
22 hours)
Supressed 100
resplration
LC50 25,000
100% survivai 5,000‘
Mortallty atter 520
transfer to 30
g/kg seawater
Mortal ity after 480
transfer to 20
g/kg seawater
Mortallty after 230

franster to 20
g/kg seawater

Decreased dlsease 500
resistance

Immunosuppreslon 470
Reduced growth 16
Reduced growth 200
and survival

No effect on 174
survival in

22 wks

Lee & Bulkema, |9i9
Batac-Catalan & white,
1983

Holland, et al. 1960

Lorz, et al, 1978

Sugatt, 1980a
Sugatt, 1980a
Sugatt, 1980a

Sugatt, 1980b
Sugatt, 1980b

Olson & Foster, 1956
Oison, 1958

Olson & Foster, 1957
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Table 6, (Contlnued)

Specles

Chinook salmon (flngeriling),
Oncorhynchus tshawytscha

Chlnook salmon (tingerling),
Oncorhynchus tshawytscha

Ralnbow trout (embryo, larva),
Salmo qgalrdnerl

Ralnbow trout (embryo, larva),
Salmo galrdnerl

Ralinbow trout,
Salmo gairdnert

Ralnbow trout,
3almo galrdnerl

Ralnbow trout,
Salmo qalrdnerl

Ralnbow trout
(larva, fingerling),
Salmo galrdnerl

Ralnbow trout,
5almo galrdneri

Rainbow trout,
Salmo gairdnerl

Ralnbow frout,
Salmo galrdneri

Rainbow trout,
Salmo gairdnerl

Ralnbow frout,
Salmo galrdnerl

Ralnbow trout (addif),
5almo galrdner|

Chemical

Sodium
dichromate

30d fum
dichromate

Chromium
trioxide

Chromium
trloxlde

Potassium
dichromate

Potasslum
dichromate

Hexavalent
chromlum

Sod fum
dichromate

Potasslum
chromate

Potassium
chromate

Potassium
dichromate

Potassium
dichromate

Potassium
dlchromate

Potassium
dichromate

Hardness
(mg/L as
CaC0y) Duratlon
70 74 days
70 . 74 days
10} " 28 days
101 28 days
36 24 nrs
70 7 days
- 2 days
70 16 wks
334 24 nrs
334 24 hrs
- 15 days
27 15 days
27 15-22 days
320 6 mos

Reference

Result
Effect (ug/L)*
47% reductlon 95
In growth at 10°C
40% reduction 91
in growth at 5°C
EC50 (death and 190
deformity)
EC10 (death and 56,9
deformlty)
LC50 (5 C) 58,900
(15 C) 141,000
(30 C) 95,500
Plasma 20
cortisol"
Inhibl ted 2,500
Na/K-ATPase
Reduced growth 21
Hematocrits 2,000
LC50 100,000
Death 10,000
25% mortallty 10,000
Alteration of 10,000
some blood
parameters

Decrease ot total 200
liver glucldes in
males

Otson & Foster, 1957
Olson & Foster, 1957
Birge, et al, 1980
Birge, et al, 1981

Calrns, et al. 1978

Hill & Fromm, 1968
Kubnert, et al, 1976

E
Olson & Foster, 1956

Schittman & Fromm, 1959
Schlttman & Fromm, 1959
3trik, et al., 1975
Strik, et al, 1975

5trik, et al. 1975

Aclllo, ot al. 1982
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Table 6, (Continued)

Specles

Ralnbow trout (adult),
Salmo galrdneri

Ralnbow trout {yeariling),
5almo galrdnerl

Ralnbow trout (yearling),
5almo qalrdneri

Ralnbow trout (yearilng),
Salmo galrdnerl

Ralnbow ‘trout (yearling),
Salmo galrdner |

Ralnbow trout
(eyed embryo, juvenlle),
Salmo galrdner|

Rainbow trout
(eyed embryo, juvenlle),
Salmo galrdnerl|

Ralinbow frout
(eyed embryo, juvenlle),
Salmo galrdneri

Ralnbow . trout
(eyed embryo, juvenlle),
Salmo galrdnerl

Ralnbow trout
(alevin, juvenlle),
Salmo galrdner}

Ralnbow trout
(alevin, Juvenlile),
Salmo galrdnerl|

Reference

Hardness
{mg/L as Result
Chemlcal CaC0y) Duration Effect (ugN)*
Potassium 320 6 mos “Increase In liver 200
dichromate proteolytic acti-
vity of males

Sodlum 80 96 hrs 25% survival 16,500
chromate (pH 6.5)

Sodium 80 96 hrs 63% survival 16,500
chromate (pH 7.8)

Sodlum 80 96 hrs 0% survival 50,000
chromate (pH 6,5)

Sodlum 80 9 hrs 50% survival 50,000
chromate (pH 7.8)

So0dlum ’ 80 - 32 wks 0% survival 2,000
chromate (pH 6.5)

Sod lum 80 32 wks 32% survival 2,000
chromate . (pH 7.8)

Sod lum 80 32 wks 40% survival 200
chromate (pH 6,.5)

Sod tum 80 32 wks 76% survival 200
chromate . (pH 7.8}

50d bum 80 32 wks 0f survivai 2,000
chromate (pH 6,5)

Sod lum ‘80 32 wks 44% survival 2,000
chromate {pH 7.8)

Arillo, et al,

van der Putte,
1981

van der Putte,
1981

van der Putte,
1981

van der Putte,
1981

van der Putte,
1982

van der Putte,
1982

van der Putte,
1982

van der Putte,
1982

van der Putte,
1982

van der Putte,
1982

1982

ot
ot
et
ot

et

et

ot

ot

et

et

at.

al.
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Table 6, (Contlinued)

Speciles

Ralnbow . trout
(alevin, juvenlie),
35aimo galrdnerl

Ralnbow ' trout
(alevin, juvenlle),
3almo galrdnerl

Ralnbow trout,
Salmo galrdnerl

Ralnbow trout,
5almo galrdnerl

Brown trout (yearling),
3almo trutta

Goldtish,
Carassius auratus

Goldfish (embryo, larva),

Carasslus auratus

Goldtish ( juvenlie),
Carasslus auratus

Goldfish (juvenile),
Carassius auratus

Common carp (adult),
Cyprinus carplo

Golden shiner,
Notemlgonus crysoleucas

Fathead mlnnow,
Pimephales promelas

Chemlical
S0d fum

chromate

Sod fum
chromate

30d tum
chromate

Potasslium
dlchromate

Potasslum
dlchromate

Chromfum
trioxide

Potassium
dlichromate
Potasslum

dichromate

Potassium
dichromate

Potassium

dlichromate

Potassium
dichromate

Hardness
{mg/L as
CaCOy) Duration
80 32 wks
80 32 wks
- 4 mos
80 11 days
207 38 wks
220 11 days
195 7 days
36 24 hrs
- 24 hrs
207 38 wks
36 24 nhrs
220 11 days

Etfect

72% survival

{pH 6.5)

76% survival
(pH 7.8)

No effect on
‘Ilmmune response

Induced
hyporplasia

Suppression of
immune response

LC50

EC50 (death and

deformity)

IC50 (5 ©)
(15 C)
(30 C)

LC50

Suppresslon of
immune response

Leso (5 C)
(15 C)
(30 C)

LC50

Result
Lught)®

Reference

200

200

200

3,200

1,010

30,400

660

354,000
213,000
109,000

249,000

1,010

151,000
109,000
104,000

17,300

van der Putte, et al,
1982 .

van der Putte, et al,
1982

Viale & Calamarl, 1964
Temmink, et al, 1983
O'Nelil i, 1981

Adelman & Smith, 1976
Blrge, 1978

Calrns, et al. 1978

Dowden & Bennett, 1965
O'Neillt, 1981

Calrns, et al, 1978

Adelman & Smith, 1976
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Table 6. (Continued)

Specles

Channel catfish (juvenlle),
fctalurus punctatus

Mosqul toflsh,
Gambusla affinls

Mosqultoflsh,
Gambusla aftinis

Mosqul tofish,
Gambusla afflnls

Mosqul tofish,
Gambusia affinls

Bluegltl,
Lepomis macrochlrus

Blueglit,
Lepomls macrochirus

Blueglit,
Lepomls macrochirus

Blueglilil,
Lepomls macrochlirus

Bluegll i,
Lepomls macrochirus

Bluegli |, i
Lepomis macrochirus '

Largemouth bass
(embryo, larva),
Mlicropterus salmoldes

Largemouth bass ( juveniie),
Micropterus salmoldes

Chemical

Potasslum
dichromate

Potassium
dlchromate

Saodlum
dichromate

Potassium
chromate

50dium
chromate

Potasslium
dichromate
Potassium
dichromate
Potassium
dlichromate
Potasslum

dichromate

30d fum
dichromate

Potassium
dichromate

Chromjum
trloxlde

Potassium
chromate

Hardness
{mg/L as

CaC0Oy)

36

36

43

43

120

105

99

334

24

96

96

96

24

24

48

48

36

Duration

hrs

hrs
hrs
hrs
hrs

hrs

hrs

hrs

hrs
hr
wks

days

hrs

Eftfect

Lcs50 (5 ©)
(15 C)
(30 C)

LC50 (high
turbidity)

LC50 (high
turblidity)

LC50 (high
turbidity)

LC50 (high
turbidity)

LCS50 (5 C)
(15 C)
(30 C)

LC50

LCSO0 (low

dissolved

oxygen)

LC50

LC50

increased loco~
motor activity

EC50 (death and

deformlity)

Pathology of
Intestine

Result
Lugh)®

Reterence

50,000
58,000

99,000

92,000

107,000

135,000

228,000
280,000
214,000

' 261,000

113,000

155,500

213,000

50

1,170

94,000

Calrns, et al, 1978

wallen, et al. 1957
Wallen, et al, 1957
wallen, et al, 1957
Wallen, et al, 1957

Calrns, et al, 1978

Dowden & Bennett, 1965

Calrns & 3cheler, 1958

Cairns, et al, 1965
Turnbul}, et al, 1954 -
Ellgaard, et al. 1978

Birge, et al, 1978

Fromm & 3chiftman, 1958
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Table 6. (Continued)

Specles

Largemouth bass (juvenlle),

Mlicropterus salmoldes

Narrow-mouthed toad
(embryo, larva),
Gastrophryne carollnensls

Marbled salamander
({embryo, larva),
Ambystoma opacum

Green alga,
Scenedesmus quadricauda

Protozoan,
Mlcroregma heterostoma

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Ralnbow trout,
Salmo galrdner|

Ralnbow trout,
Salmo galrdnerl

Chemlcal

Potassium
chromate

Chromium
trioxide

Chromjum
trioxlde

Potassium
chromium
sul fate

Potasslum
chrom{um
sulfate

Potassium
chrom}um
sulfate

Potassium
chlorlde
sul fate

Chromium
chlorlide

Chromtum
chlorlde

Chromium
chlorlde

Hardness
{mg/L as
CaC0x) Duration
334 48 hrs
195 71 days
99 8 days

Chromium(i1})

- 96 hrs
- 28 hrs
- 48 bhrs
- ‘24 hrs
45 3 wks
45 . 3 wks '
- 30 days
- 56 days

Eftect
LC50

EC50 (death and
deformity)

£C50 (death and
deformlty

Incliplont
inhibltion
(river.water)

incliplent
Inhibltion

EC50 (rilver
water)

- LCs0

LC50
Impaired
reproduct ton
No effect on
gli! AChE
actlivity

None

Result
Lug/L)*

Reference

195,000

30

2,130

5,000

37,000

42,000

2,000

330

1,000

6 mg/kg
In food

Fromm & Schiffman, 1958

Birge, 1978

Blrge, et al, 1978

Bringmann & Kuhn, 1959a,b

Bringmann & Kuhn, 19590

Bringmann & Kuhn, 1959a,b

Bringmann & Kuhn, 1977b

Bleslinger &
Christensen, 1972

Blesinger &
Christensen, 1972

Smlssaert, ot al, 1975

Tacon and Beverldge, 1982
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Tabie 6, (Continued)

Specles

Common carp,
Cyprinus carplo

Common caip,
Cyprinus carplo

Polychaete worm
(juvenlile),
Neanthes arenaceodentata

Polychaete worm (adult),
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Nerels virens

Polychaete worm,
Nerels virens

Polychaete worm,
Ophryotrocha dladema

Chemical

Chromium
sulfate

Chromium
chioride

Chromium
trioxide

Chramium
trioxlde

Potassium

dichromate

Potasstium
dichromate

Potasstum
dichromate

Potass fum
dichromate

Potassium
dichromate

Sod {um
chromate

Potasstum
chromate

Chromtum
trioxlde

Hardness

(mg/L as

Cacos) Duration
- 48 hrs
- 24 hrs

SALTWATER 3PECIE3

Chromium(V1)

28 days
28 days
7 days
56 days
i4 days
59 days
350 days
21 days

1 days

2} days

Reference

Result
Effect (ug/L)®
60% mortailty 2,900
100§ mortallty 3,900
LC50 700
Lcso . 550
LC50 1,460~

1,770

LCS0 200
Inhibltlon~tube 79
bullding
tC50 200
Brood slze 12,5
decrease
Lcs0 1,000
LC50 700
100§ mortallty 50,000

Muramoto, 1981

Mur amoto, 1981

Relsh, et al, 1976

Relsh, et al, 1976
Oshida, et al, 1976,
1981

Oshlda & Relsh, 1975
Oshlida & Relsh, 1975
Mearns, et al, 1976
Mearns, et al, 1976
Raymont & Shlelds, 1963

Elsler & Hennekey, 1977

i
Relsh & Carr, 1978
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Table 6, (Contlinued)

Specles

Polychaete worm,
Ophryotrocha diadema

Polychaete worm,
Ophryotrocha diadema

Polychaete worm,
Ctenodrllus serratus

Polychaete worm (adult),
Caplitella capltata

Polychaete worm (adult),
Capltella capltata

Mud snall,
Nassarlus obsoletus

Pacific oyster,
Crassostrea glgas

Common rangla,
Rangla cuneata

Soft-shetll cilam,
Mya arenarla

Copepod,
Acartia clausl

Copepod,
Acartia clausl

Copepod,
Tisbe holothurlae

Grass shrimp,

Palaemonetes puglo

Grass shrimp,
Palaemonetes puqlo

Chemlical

Chromlum
trioxlde

Potassium
dichromate

Chromlum
1r toxlde

Chromjum
trioxide

Potasslum
dichromate

Potasslum
chromate

50d lum
dlichromate

Potassium
dichromate

Potass tum
chromate

50d fum
chromate

5od lum
chromate

50d [ um
chromate

Potass lum
chromate

Potass lum
chromate

Hardness
(mg/L as
CaCOy)

Duration

28

48

21

28

48

96

48

48

48

‘48

days

hrs

days

days

mos

days

hrs

hrs

days

hr

days

hrs

hrs

hrs

Reference

Result
Etfect (ug/L)*
Brood slze 500~
decrease 1,000
LC50 1,000~

3,300

100% mortajlty 50,000
LC50 280
Brood slze 50~
decrease 100
LC50 10,000
No eftfect 100
LC50 (<1 g/kg 210
sal inlty)
LCS0 8,000
LC50 13,700
Decreased 4,000 (14 C)
tlte span 5,000 (22 C)
LC50 8,140
LC50 81,000
(10 C, 10 g/kg
salinlty)
LC50 39,000

(15 C, 10 g/kg
sallalty)

Relsh & Carr, 1978
Parker, 1984

Relsh & Carr, 1978
Relsh, et al, 1976
Relsh, 1977

Elsier & Hennekey, 1977
watlling, 1981a

Olson & Harrel, 1973
Etsler & Hennekey, 1977
Moraltou-Apostolopoul ou

& Verrlopoulos, 1982b

Moral tou~Apostolopoul ou
& Verrlopoulos, 1982b

Moraltou-Apostolopoulou
& Verrlopoulos, 1982a

Fales, 1978

Fales, 1978
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Table 6, (Continued)

Specles

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puqlo

Grass shrimp,
Pajlaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Grass shrimp,
Palaemonetes puglo

Hermlt crab,
Pagurus longlcarpus

Blue crab (larva),
Calllnectes sapldus

Blue crab,
Calllnectes sapldus

Green crab,
Carclnus maenas

Mud crab (larva),
Rhithropanopeus harrisli

Chemlical

Potasslium
chromate

Potasslum
chromate

Potasstium
chromate

Potasslum
chramate

Potassium
chromate

Potasslum
chromate

50d tum
chromate

Potasslum
chromate

30d tum
chromate

Potassium
dichromate

50d tum
chromate

50d fum
chromate

Hardness
(mg/L. as

CaC0y)

48

48

48

48

48

48

28

40

96

12

19

Duratlon

hrs

hrs

hrs

hrs

hrs

hrs

dayé

days
days
hr

days

days

Effoct

LC50
(20 Cc, 10 g/kg
sal lnlty)

LC50
(25 C, 10 g/kg
sallalty)

LC50
(10 ¢, 20 g/kg
sallnlty)

LC50
(15 C, 20 g/kg
salinity)

LC50
(20 C, 20 g/kg
salinity)

LC50
(25 C, 20 g/kg
salinity)

Cuticular
leslons;
perclopod loss

LC50

Reduced
survival

LCS50 (1 g/kg
sal lnlty)

LC50

Reduced
survival;
atfected
swimmling

Resul
(pg/)® Reference
37,000 Fales, 1978
21,000 Fales, 1978
147,000 Fales, 1978
107,000 Fales, 1978
78,000 Fales, 1978
77,000 Fales, 1978
500~ Doughtte, et al. 1983
4,000
2,700  Elsler & Hennekey, 1977
1,500 Bookhout, et al, 1984
34,000 Frank & Robertson, 1979
60,000 Raymont & 5hlelds, 1963
2,290 Bookhout, et al. 1984
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Table 6, (Continued)

Specles

Starfish,
Astertas forbesl|

Brittle star,
Ophlothrix splculata

Coho salmon, )
Oncorhynchus klsutch

Coho saimon,
Oncorhynchus klsutch

Mummlchog,
Fundulus heteroclitus

Speckied sanddab,
Cltharlchthys stlqmaeus

5peckled sanddab,
Cltharlchthys stlgmaeus

Speckled sanddab,
Citharlchthys stigmaeus

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Ophryotrocha dladema

Chemical

Potasslum
chromate

Potasstum
chromate

Potassium
chromate

Potassium
chromate

Potasstum
dichromate

Potassium
dichromate

Potasslium
dichromate

Chrom}um
chlorlde

Chroml{um
chloride

Chromtium
trichloride

Hardness
(mg/L as
CaCOy)

Duratlion

7 days
7 days
5 days
11 days
‘ 1 days
21 days
21 days

21 days

Chromium(ii))

"<24 hrs

160 days

48 hrs

Etfect
LCS50

LC50

33% mortallty
100% mortal Ity
LCS0

LC50

EC50 (fed)
LC50

1005 mortality
(pH=4 ,5)

Reproductton
occurred
(pH=7,9)

LC50

Result
(pg/L)®

Reterence

10,000

1,700

31,800

31,800

44,000

5,400

2,200

5,000

50,400

50,400

100,000

Elsler & Hennekey, 1977
Oshida & Wright, 1978
Hol land, et al, 1960
Holjand, et al, 1960
Eister & Hennekey, 1977
Sherwood, 1975
Sherwood, 1975

Mearns, et al. 1976

Oshida, et al, 1976,
1984

Oshlda, et al, 1976,
1981

Parker, 1984

* Results are expressed as chromlum, not as the chemlcal,
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