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FOREWORD

Section 304(a) (1) of cthe Clean Warer Act of 1977 (P.L. 95-217) requires
the Adminisctractor of the Environmental Procection Agency cto publish criceria
for water quality accuracely reflecting the lacest scientific knowledge on
che kind and extent of all idenctifiable effects on health and welfare which
may be expected from the presence of pollutants in any body of wacer,
including ground water. This documenc is a revision of proposed criceria
based upon a consideration of comuents received from other Federal agencies,
Scate agencies, special incerest groups, and individual scientists. The
criceria contained in this document replace any previously published EPA
agquatic life criteria.

The cerm "water quality criteria" is used in two seccions of the Clean
Wacer Acc, section 304(a)(1l) and section 303(c)(2). The term has a different
program impacc in each seccion. In section 304, the term represents a
non-regulactory, scieancific assessmenc of ecological effects. The criteria
presented in chis publication are such scientific assessments. Such water
qualicy criteria associated wicth specific stream uses when adopted as State
water qualicty scandards under section 303 become enforceable maximum
acceptable levels of a pollutant in ambient waters. The water qualicy
criteria adopted in the State water quality standards could have che same
numerical limics as the criceria developed under seccion 304. However, in
many situacions Staces may want to adjust wacer qualicy criteria developed
under seccion 304 to reflect local environmental conditions and human
exposure patcerns before incorporation into water quality scandards. It is
not until their adopction as parc of che Stace water qualicty scandards chat
the criteria become regulacory.

Guidelines to assist the Scates in the modificaction of criceria
presented in this document, in the development of water qualicy scandards,
and in other water-relaced programs of this Agency, have been developed by
EPA.

Edwin L. Johnson
Direccor
Office of Warter Regulacions and Scandards
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Introduction*®

Copper, which occurs in nactural waters primarily as the divalent cupric
ion in free and complexed forms (Callahan, ec al. 1979), is a minor nuctrienc
for bocth plants and animals ac low concenctractions but is toxic to aquatic
life ac concencrations only slighcly higher. Concencrations of 1 co 10 ug/l
are usually reporced for unpollucred surface wacers in the Uniced Scaces
{(Boyle, 1979), but concentracions in the vicinity of municipal and induscrial
effluents, parcicularly from smelcing, refining, or metal placing induscries,
may be much higher (Harrison and Bishop, 1984; Hutchinson, 1979).

A two-volume review of various aspects of "Copper in che Eavironmenc"
{(Nriagu, 1979) contains several chapters on che effects of copper on both
freshwater and salcwater species. Reviews by Black, ec al. (1976), Demayo,
ec al. (1982), and Spear and Pierce (1979a) summarize most of the available
dacta an the aquatic ctoxicology of copper chrough 1982, These reviews form
the scientific basis for Canadian environmental qualicy criceria for copper.
Harrison and Bishop (1984) reviewed the potential impact of copper in power
planc coaling waters on freshwater environments. Rai, ecr al. (1981) and
Sprague (1985) reviewed effectcs of water qualicy parameters on copper
coxicircy.

The toxicity of copper to aquatic life has been shown to be related

primarily to activicy of the cupric (cu?*) ion, and possibly to some of

*An understanding of cthe '"Guidelines for Deriving Numerical Nacional Wacer
Qualicy Criceria for the Proceccion of Aquatic Organisms and Their Uses"
(Scephan, ec al. 1985), hereafter referred to as che Guidelines, is necessary
in order to understand the following text, cables, and calculacions.



the hydroxy complexes (Andrew, ec al. 1977; Chakoumakos, et al. 1979; Dodge
and Theis, 1979; Howarth and Sprague, 1978; Pagenkopf, 1983; Petersen, 1982;
Rueter, 1983). The cupric ion is highly reactive and forms moderacte to sctrong
complexes and precipitaces with many inorganic and organic consctituencs of
natural wacers, e.g., carbonacte, phosphate, amino acids, and humates, and is
readily sorbed onto surfaces of suspended solids. The proporcion of copper
present as che free cupric ion is generally low and may be less than 1 percent
in eutrophic wacers where complexation predominaces. Most organic and inor-
ganic copper complexes and precipicares appear to be much less toxic chan free
cupric ion and tend to reduce coxicicy accributable to ctocal copper (Andrew,
1976; Borgmann and Ralph, 1983). This greacly complicates che incerpretation
and applicacion of available toxicicy dacta, because the proportion of free
cupric ion present is highly variable and is difficulc to measure except under
laboratory condictions. Except for bacteria and plankteon, few coxicicty daca
have been reported using measuremencts other than toral or dissolved copper.

Because a majoricy of the reporced tesc resulcs (Tables 1 and 2) have
been conducted in waters having relatively low complexing capacicties, che
criteria derived herein may be atr or below ambient tocal copper concencracions
in some surface waters of the United States. Seasonally and locally, coxicity
in chese wacters wmay be micigated by the presence of naturally occurring
complexing and precipitacing agencs. In addirion, removal from the wacer
column may be rapid due to setcling of solids and normal growch of aquacic
organisms. The various forms of copper are in dynamic equilibrium and any
change in chemical condicioms, e.g., pH, can rapidly alcer the proportion of
che various forms present and, cherefore, coxicicy.

In most natural waters, alkalinicy and pH increase with water hardness

and cthe relacive influence of these paramecters oa toxicicy is noc easily
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determined. Because increasing calcium hardness and associated carbonace

alkalinicy are both known to reduce che acute ctoxicicy of copper, expression

of che criceria as a funcrion of hardness allows adjustment for chese water
quality effects. This resulcs in a much becter fic wich che available
toxicicy daca, i.e., the criceria are higher at high hardness to reflect

calcium antragonism and carbonate complexation. A similar approach, i.e.,

expressing acuce coxicicy as an exponencial function of hardness, was used by

Spear and Pierce (1979a) as a basis for the Canadian criceria. Some data on

the relacionship of toxicity to ocher factors, i.e., temperacure, pH,

alkalinity, size of organism, and tocal organic carbon, are available for a

limiced number of species and will be discussed lacer.

Because of the variety of forms of copper (Callahan, ec al. 1979) and
lack of definicive information about cheir relacive ctoxicities, no available
analytical measurement is known to be ideal for expressing aquatic life
criceria for copper. Previous aquatic life criceria for copper (U.S. EPA,
1980) were expressed in terms of total recoverable copper (U.S. EPA, 1983a),
but this measurement is probably too rigorous in some situacioams.
Acid-soluble copper (operacionally defined as che copper that passes cthrough
a 0.45 ym membrane filter after the sample is acidified cto pH = 1.5 to 2.0
with nitric acid) is probably che best measuremenc at the present for the
following reasons:

l. This measuremenct is compatible wich nearly all available data concerning
toxicity of copper to, and bioaccumulacion of copper by, aquaric
organisms. Very few tesc resulcs were rejected just because it was
likely chat they would have been substantially differenc if they had been

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



in terms of dissolved copper were not used if cthe concentration of
precipitated copper was substancial.

On samples of ambient water, measurement of acid-soluble copper should
measure all forms of copper that are toxic to aquatic life or can be
readily convercted co toxic forms under natural condicions. 1In addicion,
this measurement should not measure several forms, such as copper char is
occluded in minerals, clays, and sand or is sctrongly sorbed to parcicu-
late maccer, that are not toxic and are not likely to become toxic under
natural conditions. Alchough cthis measurement (and many others) will
measure soluble, complexed forms of copper, such as cthe EDTA complex of
copper, thact probably have low toxicicies to aquacic life, concentracions
of these forms probably are negligible in most ambient water.

Alchough wacer qualicty criteria apply to ambient water, the measurement
used co express criteria is likely to be used to measure copper in
aqueous effluencs. Measuremenc of acid-soluble copper should be
applicable ro effluencs because it will measure precipitaces, such as
carbonate and hydroxide precipicaces of copper, that might exisc in an
effluenct and dissolve when the effluent is diluted wich recelving wacer.
If desired, dilucion of effluenc wich receiving water before measuremenc
of acid-soluble copper might be used to determine whether the receiving
water can decrease the concenctracion of acid-soluble copper because of
sorption.

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

The acid~soluble measurement does not require filctracion ac che cime of

colleccion, as does cthe dissolved measuremenct.



6. The only treatment required ac che ctime of collection is preservacion by
acidification to pH = 1.5 co 2.0, similar to chat required for the toral
recoverable measuremenc.

7. Durarions of 10 minuces to 24 hours becween acidificaction and filcracion
probably will not affecc the resulc subscantcially.

8. The carbonate syscem has a much higher buffer capacity from pH = 1.5 o
2.0 than it does from pH = 4 to 9 (Weber and Stumm, 1963).

9. Differences in pH wicthin the range of 1.5 to 2.0 probably will noct affecc
the result substantially.

10. The acid-soluble measuremenct does not require a digescion scep, as does
the total recoverable measurement.

11. Afcer acidificaction and filcracion of the sample to isolate che
acid-soluble copper, the analysis can be performed using either actomic
absorption speccroscopy or ICP-emission spectroscepy (U.S. EPA, 1983a),
as with the tocral recoverable measurement.

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

soluble measurement has both toxicological and practical advantages. On che

ocher hand, because no measurement is known co be ideal for expressing
aquacic life criceria for copper or for measuring copper in ambient wacer or
aqueous effluents, measurement of bocth acid-soluble copper and tocal
recoverable copper in ambient wacer or effluent or boch mighc be useful. For
example, there might be cause for concern if toctal recoverable copper is much
above an applicable limit, even though acid-soluble copper is below che
limic.

Unless otherwise noted, all concentrations reported herein are expectred
to be essencially equivaleat co acid-soluble copper concentracions. All
concentrations are expressed as copper, not as the chemical tesced. The
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criteria presented herein supersede previous aquacic life water qualircy
criteria for copper (U.S. EPA, 1976, 1980) because these new criteria were
derived using improved procedures and addicional information. Whenever
adequately juscified, a nacional ¢ricterion may be replaced by a site-specific
cricerion (U.S. EPA, 1983b), which may include not only site-specific
cricerion concenctracions (U.S. EPA, 1983¢), but also site-specific duracions
of averaging periods and site-specific frequencies of allowed exceedences
(U.S. EPA, 1985). The lacest literacure search for information for chis

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

Acuce Toxicity to Aquatic Animals

Most of the available tescs on the toxicity of copper to freshwarer
animals have been conducted with four salmonid species, fathead and bluncnose
minnows, and che bluegill. Acure values range from 6.5 ug/L for Daphnia
magna in hard wacer to 10,200 ug/L for che bluegill in hard wacer. The
majoricy of tests conduccted since about 1970 have been flow-through cescs
with measuremencs of both rocal and dissolved copper. Many recear crescs have
included measurement or calculation of cupric ion activicy (Andrew, 1977;
McKnight and Morel, 1979; Perersen, 1982; Ruecer, 1983; Sunda and Gillespie,
1979; Zevenhuizen, et al. 1979). All che values in Table 1 are for tocal
copper, except that che values obtained by Howarch and Sprague (1978) were
dissolved copper. These are included in Table | because Chakoumakos, et al.
(1979) showed that at low hardness in cthis water almost all che copper is
dissolved. Values obcained by Howarth and Sprague {1978) in hard water are
in Table 6,

Acuce cescs by Cairns, ec al. (1978) indicace that daphnids are more

resistant to copper ac low than at high cemperacures (Table 6). Because such
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daca are not available for ocher species or for longer rests, no
generalizacions can be made for criceria derivacion. Chakoumakos, ec al.
(1979) and Howarth and. Sprague (1978) (Tables 1 and 6) have reporced chart
larger (10 to 30 g) rainbow trout are approximacely 2.5 to 3.0 times more
resistant to copper chan juveniles. Tsai and Chang (1981, 1984) showed a
similar size effect for the guppy and cthe bluegill. This faccor is obviously
a source of variarion in Table 1. However, insufficienct daca are available
for other species to allow adjusctment of cest results or on which co base
criteria. An addirional complicating factor is che general lack of knowledge
of the range of sensicivicy of various life stages of most invertebrace
species, or the effects on suscepcibilicy of starvacion and other stresses
under nactural conditions.

Lind, et al. (Manuscripc) and Brown, et al. (1974) demonstrated
quancicacive relationships between the acuce coxicicy of copper and naturally
occurring organic complexing agents (Tables ! and 6). Alchough chese

relationships have been shown for only a few species (Daphnia pulicaria,

fachead minnow, and rainbow trout), che effects should be generalizable
through chemical effects on cupric ion activity and bioavailabilicy. Lind,

ec al. (Manuscript) measured che coxicity of copper cto Daphnia pulicaria in a

variety of surface waters and found chat cocal organic carbon (TOC) is a more
important variable chan hardness, with acute values varying approximarely
30-fold over the range of TOC covered. Similar results were obrained with
the fathead minnow. This indicates that criceria should be adjusced upward
for surface wacters with TOC significancly above the 2 to 3 mg/L usually found
in waters used for toxicicy tescs. Resulcs obtained by Lind, ecr al.

(Manuscripe) in wacters wich low TOC are in Table l; values obrained in wacer



wich high TOC are in Table 6. Rehwoldt, et al. (1971, 1972, 1973) obrained
subscantially higher acute values than ocher investigacors did wich an
amphipod, che common carp, striped bass, and pumpkinseed. This may have been
an effect of warer quality on coxicitcy.

To account for the apparent relationship of copper roxicity to hardness,
an analysis of covariance (Dixon and Brown, 1979; Necer and Wasserman, 1974)
was performed using the natural logarithm of the acure value as rthe dependent
variable, species as the treatment or grouping variable, and the nacural
logarichm of hardness as the covariate or independenc variable. This
analysis of covariance model was fit to che data in Table | for the eight
species for which acute values are available over a range of hardness such
that cthe highest hardness is act least three times the lowesc and che highest
is also at least 100 mg/L higher than cthe lowesc. Seven of che slopes ranged

from 0.6092 co 1.3639 (Table 1). The slope for Daphnia magna was 0.4666 with

wide confidence limics if all the daca for chis species were used, but che
slope was 1.0438 wich narrower confidence limics if che value from Dave
(1984) was not used. Therefore, this value was not used. An F-test showed
thacr, under cthe assumption of equality of slopes, cthe probabilicy of
obtaining eight slopes as dissimilar as these is P=0.11. This was
incerpreced as indicating that it is nor unreasonable to assume chat che
slopes for all eight species are cthe same. The pooled slope of 0.9422 is
close to the slope of 1.0 chat is expecced on che basis thac copper, calcium,
magnesium, and carbonare all have a charge of two.

The pooled slope of 0.9422 was fitcted cthrough che geomecrric mean
toxicicy value and hardness for each species co obrain Species Mean Acute

2=

Values at a hardness of 50 mg/L (Table 1), which were used to calculate Genus
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Mean Acute Values (Table 3). Of the 4] genera for which acucte values are

available, the mosc sensicive, Ptychocheilus, is 610 times more semsicive

than the most resiscant, Acroneuria. The seven most sensitive genera are
within a factor of 3 and both fishes and invertebrates are among the most
sensitive and most resisctanc genera. Acucte values are available for more
chan one species in each of nine genera, and the range of Species Mean Acuce
Values within each genus is less than a factor of 6.6. A freshwater Final
Acute Value of 18.46 ug/L (at a hardness of 50 mg/L) was obtained for copper
using cthe Genus Mean Acute Values in Table 3 and che calculation procedure
described in the Guidelines. Thus, the freshwater Cricerion Maximum
Concencracion (in pg/L) = e(0.9422[1n(hardness)]-1.464).

Embryos of cthe blue mussel and Pacific oyster are che most seasictive
saltwater animal species cested with acute values of 5.8 and 7.8 .g/L,
respectively (Table 1). Differences in life-scage sensictivicy wich che
Pacific oyster are clearly evident because the adults of this species studied
in a flow-through test had an LCS50 of 560 ug/L, which is about two orders of
magznitude greater than the values for the embryos. This suggests chat
embryos may be the most sensitive life sctage of these two species. Eisler

(1977) demonstraced that copper toxicity co Mya arenaria varied according to

the seasonal temperature, being at leasc 100 times more toxic at 22 C than at

4 C. The calanoid copepods, Acarria tonsa and Acarcia clausi, were the mosc

sensitive cruscacean species tested wicth LC50s in che range of 17 to 55 ug/L.
Sosnowski, et al. (1979) showed chat che sensitivity of field populations of
A. tonsa to copper was sctrongly correlated with populacion density and food
ration (Table 6), whereas cultured A. tonsa manifested a reproducible

toxicological response to copper (Table 1) chrough six generacions (Sosnowski



and Gentile, 1978), Life-stage sensitivicy differences also occurred wich
crustaceans as evidenced by the acuce values of 100 ug/L for lobscer adulcs
(McLeese, 1974) and 48 pg/L for larvae (Johason and Gencile, 1979). The
range of crustacean sensicivicy to copper is furcher highlighted by larvae of

the green crab, Carcinus maenus, whose LC50 of 600 ug/L is cthe highest of all

reported salcwacer acute values. Adulc Neanthes arenaceocdencata had a range

of acuce values from 77 to 200 .ig/L (Pesch and Morgam, 1978) and adulc Nereis

diversicolor acute values ranged from 200 co 480 .g/L over a salinity range

of 5 to 34 g/kg, respeccively (Jones, ec al. 1976).

Acuce values for salcwacter fishes ranged from 13.93 co 411.7 .ug/L and as
with invertebrates, che lowest value was obrained in a ctest with embryos. In
addicion, tests with embryos of Aclantic cod resulcted in a l4-day LC50 of 10
4g/L (Table 6). Birdsong and Avavit (1971) found that copper may he more
toxic to adult pompano at a salinity of 10 g/kg than ac 30 g/kg. A number of
anadromous species, such as the coho salmon, have been exposed to copper in
fresh water. These data were utilized in deriving the freshwater, buc noc
the salcwacer, cricerion.

The 19 available saltwacer Genus Mean Acute Values ranged from 5.8 pg/L
for Mytilus to 7,694 4g/L for Rangia for a faccor of over 1,000. Acute
values are available for more than one species in each of five genera and che
range of Species Mean Acute Values within each genus is less than a faccor of
3.7. A salcwacer Final Acuce Value of 5.832 ug/L was obtained using che
Genus Mean Acute Values in Table 3 and the calculation procedure described in
the Guidelines. This is close to the acute value of 5.8 ug/L for che blue

mussel and che value of 7.807 ug/L for the Pacific ovscer.
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Chronic Toxicity to Aquatic Animals

Chronic toxicity tests have been conducted on copper in fresh wacrer with
five invertebrate and ten fish species (Table 2). In addition, resulcs of
seven life-cycle tests with daphnids are listed in Table 6, because che
copper concentrarions were not measured during che ctescs. Wianer (1984a,b)
demonscraced chat both humic acid and selenium decreased the chronic toxicicy

of copper to Daphnia pulex. A life-cycle cest wich the fathead minnow was

conducced in a scream wacter of variable quality (Brungs, et al. 1976). This
resulr is in Table 6, because the dilution wacter for the test was obtained
downstream of a sewage creatmenc plant and contained varying, high concencra-
tions of organic marerial, phosphates, etc. Long-term tests by Seim, er al.
(1984) wich rainbow trouc and by Nebeker, et al. (1984) wicth che midge,

Chironomus tentans, are also in Table 6, because che studies did not include

reproducrive effects. Seim, er al. (1984) and McKim, er al. (1978) obrained
nearly idencical resulcts with che ctrouc ac slighcly differenc hardnesses.

The 20-day EC50 for the midge, Chironomus rentans, indicaces that this

species is slightly more resiscanc to copper cthan ocher invercebrates in
long-term tescs.

The fifceen chronic values for the ten fish species range from 3.873
Jg/L in an early life-stage cest wich brook crout co 60.36 Jg/L in an early
life-stage test with northern pike (Table 2). The seven values for the five
invertebrate species range from 6.066 to 29.33 ag/L. The range for fishes 1is
greater than the range for invercebraces, bucr this is largely due cto che facc
thac che chree chronic values for brook crouc range from 3.873 to 31.15 ag/L.
The only fish species with a chronic value greacer chan 31.15 ug/L is che
norchern pike act 60.36 ug/L. Alchough 22 chronic cests have been conducted

on copper with freshwater species (Table 2), comparable acuce values are not
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available for eight of che chronic tests, and one additional chronic cest did
not actually produce a chronic value.

The range of the thirteen acute-chroanic racios thac can actually be
calculated is 153, and the range of the chirteen individual acute values is a
faccor of 85, However, the range of the thirteen chroanic values is only a
faccor of 4.8, indicating chat for copper, the chronic values, racher than
the acute~chronic ratio, is nearly conscant across species. Most of che
range in che acure-chronic ratio is obviously due to cthe range in cthe acute
values, and cthe correlation coefficient (r) between the logarithm of the
acute-chronic ratio and che logarithm of the acucte value is 0.94. The
increase in the acute-chronic racio for resistant species might be due to an
increase in precipitacion of copper in acute tescs as the sensicivicy of che
species to copper decreases. If che chronic tescts for these same species are
generally conducted at concentrations below the solubilicy limic of che
common hydroxy-carbonates, the ratio would be increased when precipicaction
occurs in the acuce cescs.

Because the Final Acucte-Chronic Ratio is meant to be used to calculate a
Final Chronic Value from the Final Acuce Value and because the Species Mean

Acucte Values for Daphnia magna and Gammarus pseudolimnaeus (Table 3) are only

slighcly higher than the Final Acucte Value, it seems reasonable to use che
geometric mean of the Species Mean Acute-Chronic Racios for these two species
as the Final Acute-Chronic Ratio. Division of cthe Final Acute Value by che
Final Acute-Chronic Ratio of 2.823 resulcs in a Final Chronic Value of 6.539
4g/L at a hardness of 50 mg/L.

The available information concerning the effect of hardness on che

chronic ctoxicicty of copper is inconclusive. The four chronic tests with the
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fathead minnow show a consistent relationship, and che slope of 0.2646 is
much lower chan the pooled slope of 0.9422 for the effect of hardness on
acute toxicity. On che other hand, in ctests wich Daphnia magna Chapman, et
al. (Manuscripct) found a slope of 1.075 when hardness was increased from 51
to 104 mg/L, buc a very negative slope when hardness was increased from 104
to 211 mg/L. It seems reasonable to assume cthat chronic toxicicty decreases
as hardness increases for two reasons. First, che available data seem to
suggest it. Second, che small acute-chronic racio and che sctrong effecc of
hardness on acute toxicity require an effect of hardness on chronic coxicicy
if che Final Chronic Value is to be below the Criterion Maximum Concentracion
at very low hardnesses. On the other hand, if the chronic slope is assumed
to be equal to the acute slope of 0.9422, che Final Chronic Value would be 24
ug/L at a hardness of 200 mg/L. This seems a litcle high based on the
chronic values ac high hardness in Table 2. The combinacion of a chronic
incercept of -1.465 and a chronic slope of 0.8545 provides the lowest chronic
slope that will keep the Final Chronic Value below the Criterion Maximum
Concentration down ro a hardness of 1 mg/L and will resulc in a Final Chronic
Value of 6.539 ug/L at a hardness of 50 mg/L. This combinaction resulcs in a
Final Chronic Value of 21 ug/L ac a hardness of 200 mg/L, which seems more
appropriate than the value of 24 ug/L.

The only saltwacer chronic value available is for the mysid, Mysidopsis
bahia (Table 2). The chronic toxicity of copper to this saltwacer inverce-
brace was determined in a flow-through life-cycle test in which che
concentrations of copper were measured by acomic absorption specrroscopy.
Survival was reduced ac 140 ug/L, and the number of spawns recorded at 77

Jg/L was significancly (P<0.05) fewer cthan ac 38 .g/L. The number of spawns
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ac 24 and 38 pg/L was not significancly different from the number of spawns
in the controls. Brood size was significancly (P<0.05) reduced ac 77 ug/L,
but not at lower concentracions, and no effects on growth were dececced ac
any of the copper concentrations. Based upon reproduccive data, unaccepcable
effects were observed at 77 ug/L, buc not at 38 ug/L, resulting in a chronic
value of 54.09 ug/L. Using the acute value of 181 .g/L, cthe acuce-chronic
racio for chis species is 3.346 (Table 2).

Use of 3.346 as che saltwater Final Acute-Chronic Ractio does nor seem

reasonable because Mysidopsis bahia is relatively acutely insensitive to

copper. The lowest saltwater acute values are from tescs wich embryos and
larvae of molluscs and embryos of summer flounder, which are possibly che
most sensicive life stages of cthese species., It seems likely thac
concencracions thar do not cause acute lechalicy to chese life scages of
these species will not cause chronic toxicicty eicher. Thus, for salt water
the Final Chronic Value for copper is equal co the Cricerion Maximum
Concentration of 2,916 ug/L (Table 3).

Several recent studies have atrempted to test cthe validicy of che
"two-number' basis of the 1980 copper criteria (U.S. EPA, 1980). 1Ingersoll
and Wianer (1982) and Seim, et al. (1984) ctested the effects of daily pulses

at cthe copper LC50 to Daphnia pulex and rainbow ctrouc, respeccively. Bath

studies maincained the "average concentration" at or below the "no effectc"
concentraction of a comparable long-term cest with continuous exposure.
Ingersoll and Winner (1982) observed a reduccion in brood size and decreased
survival of daphnids in che pulsed exposure. Similarly, Seim, et al. (1984)
noted decreases in boch survival and growch of trout wich pulsed exposures.

Buckley, et al. (1982) exposed coho salmon continuously to copper levels of
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1/4 and 1/2 the LC50, while periodically resting acute toxicity (168-hr
1LC50), which is equivalent to short '"pulses'" above the long-term average
concentration. Both groups of fish acclimaced to the long-term copper
exposure, and increased rolerance to acute exposures. At cthe end of 16 weeks
the 168-hr LC50 of fish exposed at 1/2 the original LC50 increased 2.5 fold.
Exposure to 1/4 the LC50 increased che 168-hr LC50 by 40%. These resulcs
were shown to be related to sctorage of copper in che liver and the induction
of mecallochionein or other hepatoproteins (Dixon and Sprague, 1981b;
McCarcer and Roch, 1984; McCarcter, ec al. 1982).

Acclimarion to chronic exposure co copper is a proceccive mechanism, as
is the induccion of chelate excrerion by algae {McKanight and Morel, 1979) and
the develovment of copper-resistant strains of phytoplankton (Foscer, 1982).
All of cthe above studies indicate, however, that acclimation of eicher
individuals, species, or populations requires sublechal exposures of several
days or weeks duration, and chat rapid excursions to near-lecthal levels are
more harmful than continuous low-level exposure.

LaPoint, et al. (1984) conducted field studies of effects of meral
concentracions on benchic communities in 15 screams impacted to varying
degrees by mining and industrial wastes. Their resulcs at each sampling sice
were compared ro hardness-related criteria calculacted for each mecal based on
the 1980 criceria documents (U.S. EPA, 1980). This comparison indicated
that "for the relacively simple mecal polluction problems ..... the resident
fauna responds in a predictable and indicacive manner"”. 1In these cases,
where only one or two metals were found, impacts on che benchos corresponded
to areas of the scream exceeding the criceria. In a majority of cases,

however, the complexity of the waste and the physical habitatr or the
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influence of nucrient-rich effluencs made the "community scrucctural response

.e... less readily predictable”. In general, these scudies tend to supporc

the calculated criteria in chose cases where the area impacted by the mecals
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of photosynchesis and planc growch, toxicity daca on individual species
(Table 4; see also Rai, ecr al. 1981; Spear and Pierce, 1979a) are not
numerous .

The relacionship of copper toxicity to the complexing capacity of che
wacter or the culture medium is now widely recognized (Gachcer, et al. 1973;
Pecersen, 1982) and several recent scudies have used algae to "assay" cthe
copper complexing capacicy of boch fresh and salc waters (Allen, er al.

1983; Lumsden and Flordnce, 1983; Rueter, 1983). It has also been shown chac
algae are capable of excrering complexing substances in response to copper
stress (McKnight and Morel, 1979; Swallow, et al. 1978; Van den Berg, et al.
1979). Foscter (1982) and Scokes and Huctchinson (1976) have identified
resiscant strains and/or species of algae from copper (or other mecal)
impacted environments. A portion of chis resistance probably results from
induccion of the chelate-excretion mechanism. Chelate-excretion by algae may
also serve as a proteccive mechanism for other aquacic organisms in eutrophic
waters, i.e., where algae are capable of maincaining free copper activicies

below harmful concentracions.
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Copper concentrations from 1 co 8,000 ug/L have been shown to inhibirc
growth of various plant species. Several of che values are near or below the
chronic values for fish and invertebrace species, but mostc are much higher.
No Final Plant Value can be obtained because none of che planc values were
based on tests with imporranc species in which the concencracions of copper
were measured in the test soiutionms.

Data are available on the toxicity of copper in salt warcer to cwo

species of macroalgae and ten species of microalgae (Table 4). A copper
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Bioconcentration factors (BCFs) in fresh water ranged from zero for the

bluegill to 2,000 for cthe alga, Chlorella regularis (Table 5). 1In salt water

che polychaete worm, Neanthes arenaceodentaca, bioconcentraced copper 2,550

times (Pesch and Morganm, 1978), whereas in a series of measuremencs with
algae by Riley and Roth (1971) che highest reporred BCF was 617 for

Hereromastix longifillis. The highest salctwacer BCFs were obrained wich
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bivalve molluscs. Shuster and Pringle (1969) found thac the eascern oyscer
could concentrace copper 28,200 times during a 140-day conctinuous exposure co
50 ug/L. Even though che tissue of the oyster became bluish-green,
morctalities were only slighcly higher than in che controls. This amount of
copper is not known to be harmful to man, bur the color would undoubredly
adversely affect the markecabilicy of oysters. Because no maximum
permissible cissue concentracion exiscs, neicher a freshwacer nor a saltwater

Final Residue Value can be calculared for copper.

Octher Daca

Many of che daca in Table 6 are acuce values for duracions ocher than 96
hours wicth the same species reporrted in Table l, wich some exposures lascing
up to 30 days. Acuce values for test durations less than 96 hours are
available for several species not shown in Table 1, and these species have
approximacely the same sensicivities co copper as species in the same
families lisced in Table 1, For example, Anderson, et al. (1980) report a

10-day value for the midge, Tanytarsus dissimilis, of 16.3 ug/L in sofc

wacter., This compares with che 96-hr LC50 of 30 ug/L for Chivronomus at a
hardness of 50 mg/L (Rehwoldc, et al. 1973). Reported LC50s at 200 hours for
chinook salmon and rainbow ctrout (Chapman, 1978) differ only slightly from
96-hr LC50s reported for these same species in the same wacer.

Many of the other acute tests in Table 6 were conducted in dilurion
waters which were known Co contain materials which would significancly reduce
the toxicity of copper. These reductions were differenc from chose caused by
hardness, but not enough dacta exist to account for these in the derivacion of

criteria. For example, Lind, ec al. (Manuscript) conduccred tescs with
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Daphnia pulicaria and the fathead minnow in wacters with concentracions of TOC

ranging up to 34 mg/L. Similarly, Brungs, et al. (1976) and Geckler, ec al.
(1976} conducted cests wich many species in stream water which contained a
iarge amount of effluent from a sewage treatment planct. Wallen, er al.
{1957) tesced mosquictofish in a curbid pond wacer.

[ 1

measurements which correlate well wich the ctoxicity of copper in a wide
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(Folmar, 1976) appeared to be subscancially lower than other acucte -and
chronic effeccs listed in Tables 1 and 2. Geckler, ec al. (1976} also
mencion avoidance of copper at 120 ug/L as a significanct factor in cheir
studies on stream populations. Such resulcs cannoct be ctranslaced into
criteria, because of the paucicy of available daca and cthe number of poorly
underscood faccors involved in applicacion of che results, e.g., acclimation,
mixing zones, species specificity, etc.

Waiwood and Beamish (1978) scudied che effect of copper on growth of
rainbow trout ac differenc pHs. Baker, et al. (1983), Hecrick, et al.
(1979), and Kniccel (1981) found chat exposure to copper increased che
susceptibilicty of rainbow trout and chinook salmon to diseases. Ewing, ec
al. (1982) found little change in the infecction rate of channel cactfish

following sublechal exposure to copper.
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Most noteworthy among saltwacer organisms are the values reporced for

che bay scallop, Argopecten irradiens, which suffered morrality and reduced

growch when chronically exposed to concenctrations of 5 and 5.8 ug/L,
respectively (Table 6). Also, che l4-day LC50 of 10 ug/L for Aclantic cod
embryos furcher subsctanciates chact this life stage is particularly sensicive.
These results and those from similar studies supporc the need for a salcwacer

Final Chronic Value no greacer than 2.9 ug/L.

Unused Data

Some datra on the effects of copper on aquatic organisms were not used
because the studies were conducted wich species char are not resident in
Norch America, e.g., Ahsanullah, er al. (1981), Bougis (1965), Collvin
(1984), Cosson and Martin (1981), Heslinga (1976), Karbe (1972), Majori and
Petronio (1973), Mishra and Srivascava (1980), Negilski, ec al. (1981), Pant,
et al. (1980), Saward, et al. (1975), Solbe and Cooper (1976), Verriopoulos
and Moraicou-Aposctolopoulou (1982), and White and Rainbow (1982). Data were
not used if copper was a component of a mixcure {(Wong, et al. 1982). Reviews
by Chapman, et al. (1968), Eisler (1981), Eisler, ec al. (1979), Phillips and
Russo (1978), Spear and Pierce (1979b), and Thompson et al. (1972) only
contain data thact have been published elsewhere.

Ferreira (1978), Ferreira, et al. (1979), Leland (1983), Lecc, et al.
(1976), Ozoh and Jacobson (1979), and Waiwood (1980) investigated effects of
copper on various phvsiological parameters of aquacic animals, buc che
reporcts do not contain any incerprecable concentration-time relacionships
useful for deriving criceria. de March (1979) and Wong, et al. (1977)

presented no useful data on copper. The results of Riedel (1983) and
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Sanders, et al. (1983) were noct used because they could not be interpreced in
terms of acid-soluble copper.
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not concain useable roxicological dara for surface warers. Chelaring agentcs
were used in the tests by Gavis, er al. (1981), Hawkins and Griffich (1982),

Lee and Ku (1984), Reed and Moffar (1983), Ruerer, er al. (1981), Schenck
(1984), Sullivan, et al. (1983), and Wikfors and Ukeles (1982).

Papers cthat dealt wich the seleccion, adaptacion, or acclimacion of
organisms for increased resistance to copper were not used, e.g., Fisher
(1981), Fisher and Fabris (1982), Hall (1980), Harrison and Lam (1983),
Harrison, et al. (1983), Lumaden and Florence (1983), Lumoa, et al. (1983),
Myint and Tyler (1982), Neuhoff (1983), Parker (1984), Phelps, er al.

(1983), Ray, et al. (1981), Sander (1982), Scarfe, ec al. (1982), Schmidc
(1978a,b), Sheffrin, er al. (1984), Sceele (1983), Viarengo, et al.
{1981a,b), and Wood (1983).

Abbe (1982), Bouquegmean and Martoja (1982), Gibbs, er al. (1981),
Gordon, et al. (1980), Howard and Brown (1983), Mackey (1983), Martin, et al.
(1984), Pophan and D'Auria (1981), Smith, ec al. (1981), and Scrong and Luoma
(1981) did noct report sufficient measuremencs of copper conceacractions in
water to allow use of their field studies. Finlayson and Ashuckian (1979),

Labat, ec al. (1977), McIntosh and Kevern (1974}, McKnight (1980), and Taylor
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(1978) reported the results of various field scudies wich poorly defined or
experimencally confounded exposure condicions. Papers by Baudouin and Scoppa
(1974), Dodge and Theis (1979), Evans (1980), Furmanska (1979), Muramoro
(1980, 1982), and Verma, et al. (1980) concain too few experimencal decails
to allow incerprecacion of che resulcs. Bringmann and Kuhn (1982) culcured

Daphnia magna in one water and conducted tests in another water. Smich and

Heath (1979) only reporced results graphically. Shcherban (1977) did noc
report usable results, and Brkovic-Popovic and Popovic (1977a,b) used
questionable dilution water. Daca were not used if morctality in the controls
was too high (Ho and Zubkoff, 1982; Huilsom, 1983; Wacling, 1981, 1982,
1983). High control morcalicies occurred in all except one cest reported by
Sauter, er al. (1976). Control morcality exceeded 10% in one test by Mount
and Norberg (1984). The 96-hr values reporced by Buikema, et al. (1974a,b)
were subject to error because of possible reproduccive inceracctions (Buikema,
et al. 1977). Bioconcentration factors could noc be calculaced from the data

of Anderson and Spear (1980a).

Summar
Acute toxicity daca are available for species in 41 genera of freshwacer
animals. At a hardness of 50 mg/L the gzenera range in sensicivicty from 16.74

4g/L for Ptychocheilus to 10,240 .g/L for Acroneuria. Dara for eight species

indicatre that acute toxicity decreases as hardness increases. Addicional
data for several species indicate that toxicity also decreases with increases
in alkalinity and total organic carbon.

Chronic values are available for fifteen freshwater species and range

from 3.873 ug/L for brook trouc co 60.36 ug/L for northern pike. Fish and
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inverctebrate species seem to be about equally sensitive to cthe chronic
toxicicy of copper.

Toxicity tests have been conducted on copper with a wide range of
freshwacer plants and the sensitivities are similar to cthose of animals.
Complexing effects of the test media and a lack of good analycical daca make
interprecacion and application of these resulcts difficulc. Protection of
animal species, however, appears to offer adequate protection of plancs.
Copper does not appear ro bioconcentrate very much in the edible portion of
freshwater aquatic species.

The acute sensicivicties of salcwater animals to copper range from 5.8
ug/L for cthe blue mussel to 600 ug/L for the green crab. A chroaic
life-cycle testc has been conducced with a mysid, and adverse effecrts were
observed at 77 ug/L buc noct at 38 ag/L, which resulced in an acute-chronic
ratio of 3.346. Several saltwacer algal species have been tesced, and
effeccs were ohserved between 5 and 100 .g/L. Oyscers can bioaccumulace
copper up to 28,200 times, and become bluish-green, apparencly without
significant morrality. 1In long-term exposures, the bay scallop was killed at

5 ag/L.

National Criteria

The procedures described in che '"Guidelines for Deriving Numerical
Nacional Water Quality Criceria for cthe Procection of Aquatic Organisms and
Their Uses" indicace chac, excepc possibly where a locally imporcrant species
is very sensitive, freshwater aquactic organisms and cheir uses should noc be
affecced unacceprably if the four-day average concentration (in ug/L) of
copper does not exceed the numerical value given by

e(0.8545(1n(hardness)]-1.465) more chan once every three years on che
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average and if the one-hour average cqncentracion (in ug/L) does not exceed
the numerical value given by e(0.9422[1n(hardness)]—l.464) more chan

once every three years on che average. For example, at hardnesses of 50,
100, and 200 mg/L as CaCOj the four-day average concentracions of copper

are 6.5, 12, and 21 ug/L, respectively, and the one-hour average
concentractions are 9.2, 18, and 34 ug/L.

The procedures described in che '"Guidelines for Deriving Numerical
Nactional Wacter Quality Criceria for the Procection of Aquactic Organisms and
Their Uses" indicace chat, except possibly where a locally important species
is very sensicive, salctwacer aquatic organisms and their uses should not be
affected unacceprably if the one-hour average .oncentraction of copper does
noc exceed 2.9 .g/L more chan once every three years on the average.

EPA believes chat a measuremenct such as "acid-soluble'" would provide a
more sciencifically correct basis upon which to escablish criceria for
mectals. The criceria were developed on this basis. However, act chis cime,
no EPA approved mechods for such a measurement are available to implemenc cthe
criteria chrough the regulatory programs of the Agency and che Scates. The
Agency is considering development and approval of methods for a measurement
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criteria using the total recoverable mechod. This has ctwo impacts: (1)
certain species of some mecrals cannoct be analyzed directly because the coctal
recoverable mecthod does not distinguish becween individual oxidacion staces,
and (2) these criteria may be overly proteccive when based on the tocal
recoverable mechod.

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

sciencific judgment of che average amounc of time it will cake an unsctressed

system to recover from a pollution event in which exposure to copper exceeds
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the cricerion. Stressed syscems, for example, one in which several oucfalls
occur in a limited area, would be expected co require more time for recovery.
The resilience of ecosystems and cheir ability to recover differ greacly,
however, and site-specific criceria may be escablished if adequace
juscificarion is provided.

The use of criteria in developing waste trearment facilities requires
the seleccion of an appropriate wascteload allocacion model. Dynamic models
are oreferred for the applicarion of chese cricteria. Limicted data or other
factors may make their use impracrical, in which case one should rely on a

steady-scace model. The Agency recommends che incerim use of 1Q5 or 1Ql0 for

: e 3

faximum Concentration (CMC) design flow and 7Q5 o

e
~

Cricerion

mam i e o oS 2 amd ameciamind cirmmmeme i o Y oas [l 12 TP
fUl ULISLLESSEU 4dllu JLLEIDJCU JYILEUWS IedBPECLLIVELY.,. LIEdSE MmdlLlLELS dIe
discussed in more derail in the Technical Supsorc Document for Wacter
Quality-Based Toxics Control (U.S. EPA, 1985).
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Species

wWorm,
iLumbricuius variegatus

s v N,

Tubificid worm,
Limnodriius hoftmelsteri

1
J LY
Campeloma decisum

Snai |l (embryo),
Amnicola sp,

Snall (aduit),
Amnicola sp.

Snall,
Goniobasis |ivescens

Snalt,
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Snail,
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Table 1, (Contlnued)

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Yailue
Specles Method® Chemical CaC0y) (ug/L)"® (ug/L)uee Reterence
Cladoceran, S, U Copper - 12.7 - Anderson, 1948
Daphnia magna chioride
Ciadoceran, 5, U Copper 226 200 - Cabejszek & Stasiak,
Daphnla magna sulfate 1960
Cladoceran, S, U Copper 45,3 9.8 - Biesinger &
baphnla magna chioride Chrjstensen, 1972
Cladoceran, S5, U Coppsr 3 85 - Adema & Degrooi-¥Yan
Daphnia magna chioride tit, 1972
Cladoceran, S, VU Copper 99 50 - Adema & Degroot-Van
Nanhnl a manna chilnrida FL il 107172
v\':lll!!\‘ '“!l:llu WA PR VW LIJI » L= 4
Cladocseran, S, M Copper 52 26 - Chapman, et al,
Daphnla magna chloride Manuscript
Cladoceran, S, M Copper 105 30 - Chapman, et al,
Daphnla maana chlorida Manuscript
Ctadoceran, S. M Copper 106 38 - Chapman, et al,
Daphnia magna chiorlide Manuscript
Cladoceran, S, M Copper 207 69 - Chapman, et al.
Daphnlia maqna chlorida Manuscrlpt
Ctadoceran, S, U Copper 45 10 - Calrns, ot al. 1978
Daphnla magna sul tate
Cladoceran, S, M - 100 31.8 - Borgmann & Ralph, 1983
Daphnia magna
Ctadoceran, S, M Copper 143 26 - Lewls, 1983
Daphnla magna oxlde
Cladoceran, s, u Copper 250 6.5 - Dave, 1984
Oaphnia magna sultfate
Cladoceran, S, U - 45 54 21,17 Mount & Norberg, 1984

Daphnlia magna

~
~J



Table 1., (Continued)

Hardness LC50 Species Mean

(mg/L as or EC50 Acute Value
Specles Method" Chemical CaCOy) (ug/L) % {ug/L)nee Reterence
Cladoceran, S, U Copper 45 10 - Cairns, ot al. 1978
Gaphnia puiex sulfate
Cladoceran, S, u - 45 55 25.42 HMount & Norberg, 1964
Daphnia pulex
Cladoceran, S, M - 48 11.4 - Lind, et al,
Daphala pulicarla Manuscript
Cladocaran, S, M - 48 9.06 - Lind, et al,
Daphnla pulicaria Manuscript
Cladoceran, S, M - 48 71.24 - Lind, et al,
Daphnia pulicaria Manuscript
Cladoceran, S, M - 44 10.8 - Lind, ot al,
Daphnia pulicaria Manuscript
Cladoceran, S, M - 45 9.3 - Lind, et al,
Daphnia pulicaria Manuscript
Cladaoceran, S, M - 95 17.8 - Lind, et al,
Daphnila pulicaria Manyscrip?
Cladoceran, S, M - 145 23,7 - Lind, et al.
Daphnia pulicarla Manuscript
Cladoceran, S, M - 245 21.3 9,263 Lind, et al,
Daphnia puiicaria Manuscript
Ampii pod, 7, M Cop per 45 20 22.09 Artihur & ieonard, i970
Gammarus pseudolimnaeus sultate :
Amphipod, R, U Copper 104 41 - Stephenson, 1983
Gammarus pulex chloride
Ammnnb [ e [ 11 Mannar 240 1Qx 22 70 Chtanhancan 10RY
Amphipod, R, U Copper 249 183 28.79 Stephenson, 1983
Gammarus pulex chloride
Amphipod, S, M - 50 910"t - Rehwo!dt, ot al.
Gammarus sp. 1973
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Table 1. (Contlnued)

Species

Craytish,
Orconectes |imosus

Craytish,
Orconectes rusticus

Craytish (larva),
Procambarus clarkl|

Damsel fly,
Unidenti tied

Stonefly,
Acroneuria lycorias

Caddistly,
Unidentitled

Midge {1st Instar),
Chironomus tentans

Midge (2nd Instar),
Chlronomus tentans

Midge (3rd lInstar),
Chironomus tentans

Midge (4th Instar),
Chlironomus tentans

Midqe,
Chironomus sp.

Bryozoan,
Pectinatel la magnitica

Bryozoan,
Lophopodel 1a carterl

8ryozoan,
Plumatella emarqginata

American eel,
Anqul lla rostrata

Method®

FT,

FT,

Chemlcal

Copper
chloride

Copper
sul fate

Copper
sul fate

Copper
chloride

Copper
chioride

Copper
chioride

Copper
chiorlde

Copper
sultate

Copper
nitrate

Hardness
(mg/L as

CaC0y)

100-125
17
50
40
50
71-84

71-84

190-220
190-220
190-220

53

29

LCS0
or EC50

(pg/L)R®
600
3,000
720
4,600
8,300
6,200
298
FaiLLLE]
1,446%%%¥
1,690% % 8w
30
510

140

140

Specles Mean

Acute Value

(pg/L)e%

Reference

1,397

1,990

4,600

10,240

6,200

197,2

30,00

135.0

37,05

37.05

Boutet &

Chalsemartin, 1973

Hubschman , 1967

Rice & Harrison, 1983

Rehwoldt, et al, 1973

warnick & Bell, 1969

Rehwolidt, et al, 1973

Nebeker, ot al. 1984a

Nebeker, et al, 1984a

Nebeker, et al, 1984a

Nebeker, ot al, 1984a

Rehwoidt, et al, 1973

Pardue & wood, 1980

Pardue & Wood, 1980

Pardue & Woocd, 1980

Rehwoldt, et al, 1971



Table 1. (Continued)

Specles

American eel,
Anauilla rostrata

American eel
(black eel stage),
Anguilla rostrata

Amerlcan eel
(glass eel stage),
Anqulilia rostrata

Coho saimon (adult),
Oncorhynchus kisutch

Coho saimon {(parr),
Oncorhynchus kisutch

Coho salmon (aduit),

~ .

Oncorhynchus kisufch

Natnon calaso o= [N Y
LWV Sarmmsn \yoor 11ny/,

Oncorhynchus kisutch

Coho saimon (yearling),

Oncorhynchue klcutch
¥ wisutch

LN TLEAS

Coho salmon (smolt),

Oncorhynchus kisutch

Coho salmon (juvenile),
Oncorhynchus kisutch

Sockeye saimon (smoit),
Oncorhynchus nerka

Sockeye saimon (smolft),
Oncorhynchus nerka

Sockeye saimon (fingerling),

Oncorhynchus nerka

Sockeye salimon (fingeriing),

Oncorhynchus nerka

Method*

S, M

Chemical

Capper
sulfate

Copper
sultate

Copper

chloride

Capper

chiorida
LRV . Ce

Conner
hadd

chloride

Cop per
chlorlde

Copper
chloride

Copper
chloride

Copper
chioride

40-48

N
[

33

36-46

36-46

36-46

36-46

30

42,9

~
&

2
(=]

164

240

103

220

210

4,305

10,25

Retference

Rehwoldt, et ai, 1972

Hinton & Eversole,
1979

Hinton A Eversole,
1978

Chapman & Stevens,
1978

Chapman, 1975

Chapman, 1975

]
~J
o

aa e
ma nerson,

m~
[«]
=
N
o

Lorz & McPherson, 1976

Q
8]
»
[
x
.
b2
]
)

Bucklay, 1983

Davis & Shand, 1978

Davis & Shand, 1978

Davis & Shand, 1978

Davis & Shand, 1978



Table ), {Contlnued)

Specles

Sockeye salmon (flingeriing),

Oncorhynchus nerka

Chinook saimon (alevin),
Oncorhynchus tshawytscha

Chinook salmon (swim-up),
Oncorhynchus tshawytscha

Chinook salmon (parr),
Oncorhynchus tshawytscha

Chinook salmon (smolt),
Oncorhynchus tshawytscha

Chinook salmon (juvenile),

Oncorhynchus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Chinook saimon,
Oncorhynchus tshawytscha

Chinook saimon,
Oncorhyachus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Chinook salmon,
Oncorhynchus tshawytscha

Cutthroat trout,
Salmo clarki

Cutthroat trout,
Saimo clarki

Cut throat trout,
Salmo clarkl

Method®

R,

T,

M

Chemlcal

Copper
chtoride

Copper
chtoride

Copper
chioride

Copper

chloride

Copper
chioride

Copper
chioride

Copper
sulfate

Copper
chloride

Copper
chloride

Copper
chloride

Hardness
{mg/L as

CaCOy)
36-46
25
23
23
23
25
13
a6
182
359
21
205
70

18

31

Davis & Shand, 1978

Chapman, 1975, 1978

Chapman, 1975, 1978

Chapman, 1975, 1978

Chapman, 1975, 1978

Chapman & McCrady,

Chapman & McCrady,

Chapman & McCrady,

Chapman & McCrady,

Finlayson & Verrue,

Chakoumakos, et al,

Chakoumakos, et al,

LC50 Specles Mean
or EC50 Acute Vaiue
(ug/L)"® (ug/L)RRE Reference
240 233 .8
26 -
19 -
38 -
26 -
33.1 - Chapman, 1982
10 -
1977
22 -
1977
85 -
1977
130 -
1977
32 42.26
1982
3617 -
1979
186 -
1979
36.8 -

Chakoumakos, et al.
1979



Table 1, (Contlnued)

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Value
Specles Method® Chemical CaCOy) {ug/L)"* (ug/L)Ree Reference
Cutthroat trout, FT, M Copper 204 232 - Chakoumakos, et al,
Salimo clarki chloride 1979
Cutthroat ftrout, FT, M Copper 83 162 - Chakoumakos, et al.
Saimo clarki chioride 1979
Cutthroat trouft, FT, M Copper 31 73,6 - Chakoumakos, et al,
Salmo clarkl chloride 1979
Cutthroat trout, FT, M Copper 160 91 - Chakoumakos, et al,
Salmo clarki chioride 1979
Cutthroat trout, FT, M Copper 74 44 4 - Chakoumakos, et al.
Salmo clarkl chloride 1979
Cutthroat trout, FT, M Copper 26 15,7 66,26 Chakoumakos, et al,
Salmo clarki chioride 1979
Ralnbow trouf, FT, M Copper 30 19.9 - Howarth & Sprague,
Saimo gailrdnert sulfate 1978
Ralnbow frout, FT, M Copper 32 22 .4 - Howarth & Spragus,
Saimo galrdnerl sultate 1978
Ralnbow trout, FT, M Copper 31 28,9 - Howarth & Sprague,
Saimo galrdnerl sulfate 1978
Rainbow ftrout, FT, M Copper 31 30 - Howarth & Sprague,
Salmo galrdnerl sultate 1978
Ralinbow trout, FT, M Copper 30 30 - Howarth & Sprague,
Sailmo galrdneri sulfate 1978
Rainbow trout, FT, M Copper 101 176 - Howarth & Sprague,
Salmo galrdneri sulfate 1978
Rainbow trout, FT, M Copper 101 40 - Howarth & Sprague,
Saimo galrdneri sultate 1978
Ralnbow trout, FT, M Copper 99 33,1 - Howarth & Spraque,
Saimo galrdneri sul fate 1978
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Table V. (Continued)

Species
Rainbow trout,
Salmo gailrdneri

Rainbow trout,

Salmo galrdnari
S>3 1MO gajraners

Ralnbow trout,

Saimo galirdnerl

Ralnbow trout,
Saimo gairdnerl|

Rainbow trout,
Salmo galrdneri

Rainbow trout,
Saimo qalrdnerl|

Rainbow trout,
Salmo qalrdnerli

Rainbow trouf,
Salmo galrdneri

Ralnbow trout,
Salmo gairdneri

Rainbow frouft,
Saimo gairdnerl

FT,

FT,
[ 4

FT,

FT,

FT,

FT,

FT,

FT,

xx

k4

Chemicai

Copper
sultate

Copper
sulfate

Copper
sulfate

Copper
sultate

Copper
sultate

Copper
chioride

chtoride

Hardness
(mg/L as

CaCOy)

102

101

D
V=]

100

100

98

370

366

an

361

194

o
P

w
W

LC50
or EC50

{yg/L)%*

530.7

46 .3

48,1

B1.1

85.9

232

82,2

[+ <]

83,3

Species Mean
Acute Yalue
(ug/L)55e

Reference

1978

Howarth & Sprague,

Howarth & Sprague,

1019
L 1)

Howarth
2l N

1978

o
17

Howarth & Sprague,

1978

Howarth & Sprague,

1978

Howarth & Sprague,

1978

Howarth & Sprague,

1978

Howarth & Spragqus,

1978

Howarth & Sprague,

1978

Howarth & Sprague,

1978

Chakoumakos,

ot

[ ]
-)

ot



Table 1. (Contlnued)

Hardness LC50 Specles Mean

(mg/L as or ECS50 Acute Value
Species Method* Chemlical CaC0y) (ug/L)®® ug/L)#ee Reference
Ralinbow trout, FT, M Copper 194 274 - Chakoumakos, et al,
Salmo galrdner! chloride 1979
Rainbow trout, FT, M Copper 194 128 - Chakoumakos, et ai,
Salmo galrdneri chioride 1979
Ralnbow trout, FT, M Copper 194 221 - Chakoumakos, et al,
Salmo galrdner} chloride 1979
Ralinbow trout, FT, M Copper 194 165 - Chakoumakos, et al,
Saimo galrdnerl chloride 1979
Ralnbow trout, FT, M Copper 194 197 - Chakoumakos, et al,
Salmo galrdner| chloride 1979
Ralnbow trout, FT, M Copper 194 514 - Chakoumakos, et al,
Saimo gairdneri chioride 1979
Rainbow trouf, Fi, ™ Copper i94 243 - Chakoumakos, et ai.
Salmo galrdner| chloride 1979
Rainbow trout (alevin), FT, M Copper 23 28 - Chapman, 1975, 1978
Comboan aAmlerdnacl crhlael da
-6 ¥ RS illll Ve b WAl JAMY P UD
Ralabow trout {selm-up), FT, M Copper 23 17 = Chapman, 1975, 1978
Saimo galrdner] chloride
Ralnbow trout (parr), FT, M Copper 23 18 - Chapman, 1975, 1978
Saimo galrdnerl chlorlide
Ralnbow trout (smolt), FT. M Coppar 23 29 - Chapman, 1975, 1978
Saimo gairdner| chloride
Ralnbow trout (adult), FT, ™ Copper 42 57 - Chapman, 1975; Chapmar
Saimo galrdner| chtoride & Stevens, 1978
Rainbow trout (ftry), FT, ™ Copper - 253 - Hale, 1977
Salmo galrdner| nitrate
Ralnbow trout, FT1, M Copper 125 200 - Spear, 1977; Anderson
Salmo galrdner| sultate &4 Spear, §980b




Table 1, (Continued)

Species

Ralnbow trout,
Saimo galrdner|

Rainbow trout,
Saimo gailrdneri

Ralnbow trout,
Salmo galrdneri

Ralnbow ftrout,
Salimo gairdneri

Ralnbow trout,
Salmo galrdnerl

Atlantic salmon,
Saimo salar

Atlantic salmon,
Salmo salar

Atlantic salmon,
Salmo salar

Brook trout,
Salvellinus tontinalis

Chiselmouth,
Acrochelius alutaceus

Central stoneroller,
Campostoma anomalum

Goldtish,
Carassius auratus

Goldtlsh,
Carassius auratus

Common carp,
Cyprinus carpio

Method® Chemical

FT, M Copper
sulfate

FT, M Copper
sul tfate
S, M Copper
sulfate
FT, M Copper
chloride
FT, M Copper
sulfate
S, M -
FT, M -

FT, M Copper
sulfate

FT, M Copper
chloride

FT, M Copper
sulfate

S, U Copper
sul tate

FT, M Copper
sulfate

S, M Copper
nitrate

Hardness
(mg/L as

CaC0y)
125
125
290

90

120

20

14
45
52-56
200
20
52

53

35

LC50
or £EC50

(ug/L)*®
190
210
890
190

80
48

125

32

143

290

300

grott

Spear, 1977; Anderson

Spear, 1977; Anderson

Catamar| & Marchetti,

Giltes & Klaverkamp,

Seim, ot al, 1984

Sprague & Ramsey,

McKim & Benolt, 197

Andros & Garton, 1980

Geckler, ot al, 1976

Pickering & Henderson,

Specles Mean
Acute Value
(pg/L)ue Reference
4 Spear, 1980b
& Spear, 1980b
1973
1982
42.50
- Sprague, 1964
- Wiltson, 1972
196,.6
1965
110.4
133.0
78.55
1966
157.1

Tsal & McKee, 1978,
1980

Rehwoldt, et al,
197t



Table I, (Continued)

Specles

Common carp,
Cyprinus carplo

Common carp {140 mg),

Cyprlnus carplo

Common carp (3200 mg),

Cyprinus carplo

Common carp,
Cyprinus carplo

Striped shiner,

Notropls chrysocephalus

Striped shlner,

Notropls chrysocephalus

8luntnose mlnnow,
Pimephales notatus

Bluntnose ml nnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Biuntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

Bluntnose minnow,
Pimephales notatus

FT, M

Chemical

Copper
sulfate

Copper
sultate

Copper
sul fate

Copper
sulfate

Copper
sulfate

Copper
sultate

Copper
sultate

Copper
sultate

Copper
sultate

Copper
sul fate

Copper
sul fate

Copper
sul fate

Copper
sultate

Hardness
(mg/L as
CaC0y)
95
144-188
144-188
19
200
200
200
200
200
200
200
194

194

194

36

LC50
or EC50

(!g/l)..
soott

nz, sttt

syttt
63
190
1,900
290
260
260
280
340
210
220

210

Specles Mean
Acute VYalue

(pg/L)nee

Reterence

156.8

72.16

Rehwolidt, et al,
1972

Deshmukh &
Marathe, 1980

Deshmukh &

Marathe, 1980
Khangarot, et al, 1983
Geckler, et al, 1976
Geckler, ot al, 1976
Geckler, et al, 1976
Geckler, et al, 1976
Geckler, ot al, 1976
Geckler, et al, 1976
Geckler, et al, 1976
Hornlng & Nelhelsel,

1979

Hornlng & Nelhelsel,
1979

Horning & Nelhelsel,
1979



Table 1, (Contlnued)

Species
fathead minnow,
Pimephales promelas

Fathead minnow,

L
3
[-]

o
&
(-1
[
("]

1]
il
o
"]

Fathaad minnow,
Pimephales promelas

Fathaad alnnow

Pimephales praomeias

fathead minnow,
Pimephales promeias

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

fFathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,

A

Chemical

Copper
sul tate

Copper
sultate

Copper

sultate

Copper
sultate

Copper
sultate

Copper
sulfate

Copper
sul fate

Copper
suifate

sulfate

Hardness

(mg/L as

CACOJ)
20

400

20

20

g

LC50
or EC50

(ug/L)ii

200

23

23

&
~
©

Species Mean

Acute Value
(ug/L) """

Reference

Tarzwell &
1960

Tarzweli &

Andrew, 197

Henderson,

Henderson,

[}
-
o
*
-
L)

et al. 1977

6

Pickering & Henderson,

1566

Plckering & Henderson,

1966

Pickering & Henderson,

1966

Pickering & Henderson,

1966

Pickering & Henderson,

1966

Pickering & Henderson,

1966

Mount, 1968



Table 1. (Continued)

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Value
Specles Method* Chemical CaCOy) (pg/L) e (ug/L)nus Reference
Fathead minnow, S, u Copper 3 84 - Mount & Stephan, 1969
Pimephales promelas sulfate
Fathead minnow, FT, ™ Copper n 75 - Mount & Stephan, 1969
Pimephales promelas sultate
Fathead minnow, FT, ™ Copper 200 440 - Geckler, at al, 1976
Pimephales promelas sultate
Fathead wminnow, T, M Copper 200 490 - Geckler, et ai, 1976
Fimephaies promeias suifarte
Fathead minnow, Fi, ™ - 48 ii4 - iind, et ai,
Pimephales promelas Manuscript
Fathead minnow, FT, M - 45 121 - Lind, ot al,
Plmephales promelas Manuscript
Fathead mlnnow, FT, M - 46 88,5 - Lind, ot at,
Plimephales promelas Manuscript
Fathead minnow (adult), S, M Copper 103 210 - Birge, et al, 1983
Pimanhalas nromalas sultate
Fathead minnow (aduit), S, M !oppa} 103 310 - Birqge, et al_ 1983
Pimephales promelas sul fate
Fathead minnow (adult), S, M Copper 103 120 - Birge, et al, 1983
Pimephales promelas sul fate
Fathead minnow (adult), S, M Copper 254-271 390 115.5 Birge, et ai. 1983
Pimephales promelas sul fate
Northern squawflish, FT, M Copper 52-56 18 16,74 Andros & Garton, 1980
Ptychochel ius oregonensls chloride
Blacknose dace, FT, M Copper 200 320 86,67 Geckler, ot al, 1976
Rhinichthys atratulus sul fate
Creek chub, FT, M Copper 200 310 83,97 Gecktler, et al, 1976
Semoti lus atromaculatus sul tate
Brown bul thead, FT, M Copper 202 170 - Brungs, et al, 1973
ictaiurus nebuiosus suifate

(V8]
[o 2]



Jable 1. {(Continued)

Species

Brown bul lhead,
Ictalurus nebulosus

Brown bul lhead,
lctalurus nebulosus

Banded killitish,
Fundulus diaphanus

Banded kil tlltish,
Fundulus diaphanus

Mosqui totish ( temale),
Gambusia aftinls

Mosqul toftlsh (temale),
Gambuslia affinis

Guppy,
Poecl lia reticulata

Guppy,
Poecllia reticuiata

Guppy,
Poecllia reticulata

Guppy (6.5 mg),
Poeclila reticulata

Guppy (63 mq; female),
Poecilla reticulata

Guppy (60 mq; male),
Poecliia reticulata

Guppy (340 mg; female),

Poecllia reticulata

Guppy,
Poeci I1a reticulata

Guppy,
Poecillia reticulata

Method®

FT,

FT,

Chemical

Copper
sulfate

Copper
sultate

Copper
nitrate

Copper
nitrate

Copper
sul fate

Copper
sul tate

Copper
sul fate

Coppar
sul fate

Copper
sulfate

Copper
syl fate

Copper
sul tate

Copper
sulfate

Hardness

(mg/L as
CaCOy)

202
200
53
55
27-41
27-41
20
87,5
67.2
144-188
144-188
144-188
144-188
230

240

39

LC50

or EC50

(ug/L) 8%

190
540
860
840

93
200

36

112

160t Tt
27511t
210ttt
ago' ™t
230

764

Brungs, et ai, 1973

Geckler, et al, 1976

Rehwo ldt, et al, 197}

Rehwoldt, et al, 1972

Joski & Rege, 1980

Joski & Rege, 1980

Chynoweth, et al, 1976

Chynoweth, et al, 1976

Chynoweth, et al. 1976

Specles Mean
Acute Value
(ug/L)nee Reference
69,81
790.6
1961
- Black, 1974;
- Black, 1974;
- Deshmukh &
Marathe, 1980
- Deshmukh &
Marathe, 1980
- Deshmukh &
Marathe, 1980
- Dashmukh &
Marathe, 1980
- Khangarot, 1981
124 .6

Khangarot, et al,
1981b



Table 1, (Contlinued)

Hardness LC50 Specles Mean

{=g/L as or E£C50 Acuts Valus
Specles Method® Chemical CaC0y) (pg/L)"® (pug/L)nee Reference
white perch, S, M Copper 53 6,200 - Rehwoldt, et al, 1971
Morona americana nl trate
white perch, S, M - 55 6,400 5,860 Rehwo ld¥, et al, 1971
Morone americana
Striped bass, S, M Copper 53 4'3007"! - Rehwoldt, et al,
Morone saxatllis nitrate 1971
Striped bass, S, M - 55 4_,000” - Rehwo ldt, et ai.
Morone saxatliis 1972
Striped bass, S, U Cop per 35 620 - wel Iborn, 1969
Morone saxatlilis sul tate
Striped bass (larva), S, U Copper 34.5 50 - Hughes, 1973
Morone saxatills chloride
Striped bass {fingeriing), S, U Copper 34,5 50 - Hughes, 1973
Morone saxatilis chloride
Stripped bass (larva), S, U Copper 34,5 25 - Hughes, 1973
Morone saxatiiis suifaie
Stiriped bass (fingeriing), S, U Copper 34,5 38 punne Hughes, 197>
Morone saxatills sulfate
Pumpkinseed, S, M Copper 53 2,4001t - Rehwo ldt, et al.
l an~mle Anlhhaecuce nltrada 1071
LOPUMI S s wwoious LR ER-RA-J 175
Pumpklnseed, S, M - 55 2,700"" - Rehwc!dt, et al.
Lepomis glbbosus 1972
Pumpk Inseed, FT, M Copper 125 1,240 - Spear, 1977; Anderson
Lenomis gibbosus sultfate L Spear, 1980b
Pumpkinseed, FT, M Copper 125 1,300 - Spaar, 1977; Anderson
Lepomis glbbosus sultate & Spear, 1980b
Pumpklinseed, FT, M Copper 125 1,670 - Spear, 1977, Anderson
Lepomis gibbosus sul fate & Spear, 1980b




Table 1, (Contlnued)

Hardness LC50 Species Mean

{(mg/L as or EC50 Acute Yalue
Speciles Method® Chemical CaCOy) (pg/L) % (ug/L)une Reference
Pumpklnseed, FT, M Coppar 125 1,940 - Spear , 1977; Anderson
Lepomis glbbosus syl fate & Spear, 1980b
Pumpklnsead, FT, M Copper 125 },240 - Spear, 1977; Anderson
Lepomis glbbosus sul tate & Spear, 1980b
Pumpkinseed, FT, M Copper 125 1,660 - Spear, 1977; Anderson
Lepomis glbbosus sulfate & Spear, 1980b
Pumpkinsead, FT, ™ Copper 125 1,740 640.9 Spear, 1977; Anderson
Lepomls glbbosus sulfate & Spear, 198Cb
Bluegltl, S, U Copper 52 400 - inglis & Davis, 1972
Lepomis macrochirus sultate
Bluegl 1|, 5, U Copper 209 680 - inglis & Davis, 1972
Lepomis macrochirus sul fate
BlueglIt, S, U Copper 365 1,020 - Inglis & Davis, 1972
taepomls macrochlrus sulfate
Bluegli|, T, M Copper 45 1,100 - Benci t, 1975
Lepomls macrochirus sul fate
Alwagli |, T, M Copper 200 8,300 - Geckier, et al. 1976
Lepomis macrochirus sul tate
Blueglil, FT, M Copper 200 10,000 - Geckler, at al. 1976
Lepomls macrochlrus sul fate
Bluegl i, S, U Copper 20 200 - Tarzwel ) & Henderson,
Lepomi s macrochirus sulfate 1960
Blueglit, S, U Copper 400 10,000 - Tarzwell & Henderson,
Lepomis macrochirus sul fate 1960
Bluegill, S, U Copper 43 770 - Academy of Natural
Lapomls macrochlrus sul fate Sclences, 1960
Biueqgill, S, u Coppar 43 1,250 - Academy of Natural
Lepomis macrochirus chloride Sciences, 1960;

Patrick, et al. 1968;
Cairns & Scheier, 1968
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Table 1. (Continued)

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Value
Species Method® Chemical CaCOy) Apg/L)"" (ug/L)yune Reference
Bluegill, S, u Copper 20 660 - Pickering & Henderson,
Lepomls macrochlrus sulfate 1966
Bluegiil, S, VU Copper 360 10,200 - Pickering & Henderson,
Lepomis macrochirus sul tate 1966
Blueglii, FT, M Copper 35 2,400 - O'Hara, 1971
Lepomis macrochirus sulfate
Bluegill, FT, M Copper 40 1,000 - Thompson, et al.
Lepomis macrochirus chloride 1980
Bluegiltl, FT, M Copper 26 1,000 1,017 Cairns, ot al, 1981
fepomls macrochirus chloride
Ralnbow darter, FT, M Copper 200 320 86.67 Geckler, ot al, 1976
Etheostoma caeruleum sultate
Oranqgethroat darter, FT, M Copper 200 850 230,2 Geckler, ot al, 1976
Etheostoma spectabile sultate
Mozambique tilapla, S, u Copper 15 1,500 684,3 Qureshl & Saksena,
Tilapia mossamblca sul fate 1980

SALTWATER SPECIES

Polychaate worm, s, U Copper - 120 120 Mctusky & Philllps,
Phy | lodoce maculata sul tate 1975
Polychaete worm, T, M Copper - 77 - Pesch & Morgan, 1978
Neanthes arenaceodentata nltrate
Polychaete worm, FT, M Copper - 200 - Pesch & Morgan, 1978
Neanthes arenaceodentata nitrate
Polychaete worm, T, M Copper - 222 150,6 Pesch & Hof tman, 1982
Neanthes arenaceodentata nitrate
Polychaete worm, S, u Copper - 200 - Jones, et al, 1976
Nerels diversicolar sultate
Polychaate worm, S, U Copper - 445 - Jones, et at. 1976
Nerels diversicolor sulfate
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Table 1, (Continued)

Hardness LC50 Species Mean

(mg/L as or EC50 Acute Value
Specles Mothod® Chemlcal CaCOy) Lug/L)*® (ug/L)une Reference
Polychaete worm, S, U Copper - 480 - Jones, et al,., 1976
Nerels diversicolor sulfate
Polychaete worm, S, u Copper - 410 363.8 Jones, et al, 1976
Nerels diversicolor sulfate
Black abalone, S, U Copper - 50 50 Martin, et al, 1977
Hallotis cracherodli sultate
Red abalone, S, u Copper - 65 - Martin, et al. 1977
Hallotis rutescens sultate
Red abalone { larva), S, U Copper - 114 86,08 Martin, ot al, 1977
Hallotlis rutescens sulfate
Blue mussel (embryo), S, u Copper - 5.8 5,8 Martin, ot al., 1981
Mytilus edulls sul fate
Paclitic oyster (embryo), S, U Copper - 5.3 - Martlin, ot al, 1981
Crassostrea gigas sul fate
Pacific oyster (embryo), S, U Copper - 11,5 - Cogllanese & Martin,
Crassostrea gigas sul fate 1981
Paciflic oyster (adult), FT, M Copper - S56Q% * 4 7.807 Okazaki, 1976
Crassostrea gigas sultate
Eastern oyster (embryo), S, U Copper - 128 - Calabrese, et al, 1973
Crassostrea virginica chlorlde
Eastern oyster (embryo), S, u Copper - 15,1 - Macinnes & Calabrese,
Crassostrea virginica chloride 1978
Eastern oyster (embryo), S, U Copper - 18,7 - Maclnnes & Calabrese,
Crassostrea virginica chioride 1978
Eastern oyster (embryo), S, U Copper - 18,3 28 .52 Macinnes & Calabrese,
Crassostrea virqinica chloride 1978
Common rangla, S, U - - 8,000 - Olson & Harrel, 1973
Rangla cuneata
Conmon rangla, S, u - - 1,400 1,694 Olson & Harrel, 1973

Rangla cuneata
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Table |, (Continued)

Species Method®
Sott-shell clam, S, U
Mya arenarila

Copepod, S, u
Pseudodiaptomus coronatus

Copepod, S, U
Eurytemora attinis

Copepod, S, U
Acartia clausi

Copepod, S, U
Acartia tonsa

Copepod, S, u
Acartia tonsa

Copepod, S, U
Acartia tonsa

Mysid, FT, M
Myslidopsis bahia

Mysid, FT, M
Mysidopsis bigelowi

Mmer lcan lobster {(larva), S, u
Homarus amer | canus

American lobster {adulft), S, U
Homarus americanus

Dungeness crab (iarva), S, VU
Cancer magister

Green crab (larva), S, U

Carcinus maenas

Sheepshead mlnnow, S,
Cyprinodon variegatus

Chemlcal

Copper
chloride

Copper
chloride

Copper
chloride

Copper
chloride

Copper
chilorlide

Copper
chloride

Copper
chloride

Copper
nitrate

Copper
nifrate

Copper
nltrate

Copper
sultate

Copper
sulfate

Copper
sul fate

Copper
nifrate

Hardness
(mg/L as

CaC0y)

44

Lc50
or EC50

(ug/L) 8

39

138

526

52

17

55

3

181

141

48

280

(pg/L)ses

Sosnowskl & Gentlle,

Sosnowski & Gentile,

Sosnowskl & Gentile,

Johnson & Gentlle,

Martin, et al, 1981

Specles Mean
Acute Valuve
Reterence
39 Elsler, 1977
138 Gentile, 1982
526 Gentile, 1982
52 Gentile, 1982
1978
1978
30,72
1978
181 Lussler, ot al,
Manuscript
141 Gentite, 1982
1979
69.28 McLeese, 1974
49
600 Connor, 1972
280 Hansen, 1983



Table 1, (Continued)

Hardness LC50 Specles Mean

(mg/L as or EC50 Acute Value
Specles Method® Chemlical CaC0y) (ug/L)**® (pg/L)u%® Reference
Atlantic silverside (larva), FT, M Copper - 66,6 - Cardin, 1982
Menidia menidia nitrate
Atlantic siiverside (larva), FT, M Copper - 216.5 - Cardin, 1982
Menidla menidia nifrate
Atlantic siiverside (larva), FT, M Copper - 101,8 - Cardin, 1982
Menidia menidia nitrate
Atlantic silverside (larva), FT, M Copper - 97,6 - Cardin, 1982
Menidla menidla nitrate
Atlantic silverside (larva), FT, M Copper - 155,9 - Cardin, 1982
Monidia menldia nitrate
Atlantic sliverside (larva), FT, M Copper - 197 .6 - Cardin, 1982
Monidia menidia nitrate
Atlantic silverside (larva), FT, M Copper - 190,9 135,6 Cardin, 1982
Menidla menldia nitrate
Tidewater silverside, S, U Copper - 140 140 Hansen, 1983
Menidia peninsulae nitrate
Florida pompano, S, u Copper - 360 - Birdsong & Avavift,
Trachinotus carotlnus sul fate 1971
Florida pompano, S, U Copper - 380 - Birdsong & Avavit,
Trachinotus carolinus sultate 197t
Florida pompano, S, u Copper - 510 411.7 Birdsong & Avavift,
Trachinotus carolinus sulfate 1971
Summer flounder FT, M Copper - 16.3 - Cardin, 1982
(early cleavage embryo), niftrate
Parallchthys dentatus
Summer flounder FT, ™ Copper - 11.9 - Cardin, 1982

(early cleavage embryo), nltrate
Paralichthys dentatus
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Table 1, (Continued)

Specles

Summer flounder
(blastyla stage embryo),
Paralichthys dentatus

Winter tiounder (embryo),
Pseudop | euronactes
amer i canus

Winter tlounder (embryo),
Pseudop leuronectes
amer | canus

Winter tiounder (embryo),
Pseudop l euronactes
amar | canus

Winter tlounder {(embryo),
Pseudop leuronectes
amer | canus

Winter tlounder (embryo),
Pseudop leuronectes
amar | canus

Winter flounder (embryo),
Pseudopi euronectes
amar i canus

Winter flounder (embryo),
Pseudopleuronectes
amer | canus

Winter flounder (embryo),
Psaudopleuronsctes
amer | canus

Winter flounder (embryo),
Pseudop)euronectes
amerlcanus

Method®

FT, M

Chemical

Copper
chloride

Copper
nitrate

Copper

nitrate

Copper
nitrate

Copper
nitrate

Copper
chloride

Copper
nltrate

Copper
chloride

Copper

nitrate

Copper
nitrate

Hardness
{(mg/L as

CaC0y)

LC50
or EC50

(ug/L)*®
|||-a....

17.5

1673

52,7

158 ,0

173,7

21,0

132.8

148 ,2

Specles Mean
Acute Value

(pg/L)ne

Reterence

13,93

128.9

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

Cardin,

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982
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Table |, (Contlnued)

u S = static, FT = flow-through, R = renewal, U = unmeasured, M = measured,

bl Results are expressed as copper, not as the chemical,

bl Fresh-a?er.Spocles Mean Acute Values are calculated at a hardness of 50 mg/L using the pooled slope,

ERN  Not used In calculation of Species Mean Acute Value because data are available ftor a more sensitive |lfe stage.
RARE% No Specles Mean Acute Value calculated because acute values are too divergent for this species.

t Not used In calculations (see text).

LA Not used In calculatlons because Rehwoldt, et al, (1971, 1972, 1973) obtained values that appear to be higher
than appropriate for a number of species (see text),

e Not used In calculations because of wide range in hardness,

Results of Covarlance Analysls of Freshwater Acute Toxiclty versus Hardness

Specles n Slope 958 Contidence Limits Degrees of Freedom
Daphnia magna 13 0.4666 -0,5141, 1.4474 n
Daphnia magna except 12 1.0458 0,2906, 1,7970 10
value from Dave (1984)

Daphnia pulicaria 8 0.6952 0,4480, 0.,9424

Chinook salmon 10 0.6092 0.3530, 0.8654 8
Cutthroat trout 9 0.8766 0.2560, 1.4972

Rainbow trout 40 0.8889 0.6520, 11,1258 38
Fathead minnow 25 1.1949 1,0455, 11,3444 23
Guppy 5 1.3639 0.6289, 2.0990 3
Bluegitl 15 0.7776 0.2848, 11,2703 13
All af above 125 0.9177t 0.7886, 1.0468 116
All of above except 126 0.9a22%1 0.8209, 1.0635 15

value from Dave (1984)

t p=0.09 tor equality of siopes.

LAl p=0,11 tor equatity ot slopes.
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Specles

Snalt,
Campe loma decisum

Snaill,
Physa integra

Ctadoceran,

Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia magna
Amphipod,

Gammarus pseudolimnaeus

Caddistly,
Ciistornia magnitica

Chinook saimon,

Oncorhynchus tshawytscha

Rainbow trout,
Salmo galrdneri

Brown trout,
Salmo frutta

Brook tfraut,
Salvellnus tontinalls

Brook trout,
Salvelinus tontinalls

Brook trout,
Salvelinus fontinatlis

Lake trout,
Salvelinus namaycush

Test®

LC

Lc

Lc

LC

Lc

Lc

ELS

ELS

ELS

Lc

ELS

ELS

ELS

Table 2.

Chronic Toxlicity of Copper to Aquatic Animals

Chemical

Copper
sultate

Copper
sulfate

Copper
chioride

Copper
chloride

Copper
chiorlde

Cop per
sultate

Copper
chloride

Copper
chloride

Cop per
sultate

Copper
sultate

Copper
sul fate

Copper
sultate

Coppear
sultate

Copper
sulfate

Hardness
(mg/L as

CaC05)
FRESHWATER SPECIES

35-99

35-5%

51

104

2N

45

26

23

45.4

45.4

45

45,4

37.5

45.4

48

Limits

(pg/L) %"

8-14.8
8-14.8
11,4-16.3
20-43
7.2-12.6
4,6-8
8.,5-13
SALLL
11,4-31.7
22,0-43,2
9.59-17.4
22,3-43.5
35

22,0-42.3

Chronic Value

(pg/L)%®

10,88
10,88
13,63
29.33
9.525
6.066
10,39
<7.4
19.01
30.83
12.86
31.15
3.873

30.51

Retference

Arthur & Leonard,
1970

Arthur & Leonard,
1970

Chapman, et al,
Manuscript

Chapman, et al.
Manuscript

Chapman, et ail.
Manuscript

Arthur 4 Leonard,
1970

Nebeker, eof al. 1984
Chapman, 1975, 1962
McKim, ot al, 1978
McKim, ot al, 1978
McKim & Benoit, 1971
McKim, et al, 1978

Sauter, et al. 1976

McKim, et al, 1978



Tabie 2, (Continued)

Hardness

(mg/L as Limits Chronic Value
Specles Test* Chemical _CaC0y) _ (pg/L) " (ug/L)"® Reference
Northera plke, ELS Copper 45 .4 34,9-104 .4 60.36 McKim, et al, 1978
Esox {ucius sultate
Bluntnose minnow, Lc Copper 194 4.,5-18 8.798 Horning & Neihelsel,
Pimephales notatus sulfate 1979
Fathead mlnnow, Lc Copper 198 14,.5-33 21.87 Mount, 1968
Pimephales promelas sul tate
Fathead minnow, Lc Copper 30 10.6-18 .4 13,97 Mount & Stephan, 1969
Pimephailes promeilas sultate
Fathead minnow, LC Copper 200 24-32 21,1 Pickering, et al.
Pimephales promelas sulfate 1977
Fathead minnow, ELS - 45 13,1-26,2 18.53 Lind, et al.
Pimephales promelas Manuscript
wWhite sucker, ELS Cop per 45 .4 ¥2,9-33.8 20.88 MK im, ot al, 1978
Catostomus commersoni sulfate
Bluegllit, LC Copper 45 21-40 28.98 Benoi t, 1975
Lepomis macrochirus sultate

SALTWATER SPECIES

Mysid, Lc Copper - 38-77 54,09 Lussier, et al.
Mysidopsis bahla nifrate Manuscript
* C = life cycle or partial lifte cycle; ELS = early Il te stage.

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

“»dhdverse ef fects occurred at all concentrations tested,

Results of Regqression Analysis ot Freshwater Chronic Toxiclty versus Hardness

Specles n

Daphnia magna 3

Fathead minnow 4

Slope 95% Confidence Limits
-0.2508 -10.03, 9.53
0.2646 -0.10, 0,63
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Degrees of Freedom
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Tabje 2. (Continued)

Specles

Snaill,
Campeloma decisum

Snall,
Physa Integra

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnia magna

Amphipod,
Gammarus pseudofimnaeus

Chinook salmon,
Oncorhynchus tshawytscha

Brook trout,
Salvellinus fontinalls

Bluntnose minnow,
Pimephales notatus

Fathead minnow,
Pimephales promelas

Fathead minnow,
Plmephales promelas

Fathead mlnnow,
Pimephales promelas

Fathead minnow,
Pimephales promeias

Bluegl i,
Lepomis macrochlrus

Myslid,
Myslidopsis bahla

Acute-Chronlic Ratios

Hardness
(mg/L as Acute Value Chronic Yalue
_929931— _ Cug/L) (ug/L) Ratio
35-55 1,700 10,88 156,2
35-55 39 10,88 3.985
51-52 26 13,63 1.908
104-105 30 29,33 1,023
207-211 69 9,525 1.244
35-55 20 6,066 3.297
23-25 331 <7.4 >4 473
45 100 12,86 1,176
194 231,94 8,798 26,36
198-200 470 21 .87 21,49
30-31 75 13,97 5,369
200 474.,8%* 21,1 17,13
45-48 106,94 18,53 5,769
45 1,100 28,98 37.96
- 181 54,09 3.346

* Geometric mean ot three values trom Horning and

Neihelsel (1979) in Table 1,

%% Geometric mean of twa values from Pickerling, et al, (1977) in Table 1,

s#¥Geometric mean ot three values from Lind, et al, (Manuscript) In Table 1,
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Table 3. Ranked Genus Mean Acute Values wilth Species Mean Acute-Chronic Ratios

Genus Mean Specles Mean Speclies Mean
Acute Value Acute Value Acute-Chromic
Rank* (ug/L)%* Specles (ug/L)%® Ratlo

FRESHWATER SPECIES

41 10,240 Stonetly, 10,240 -
Acroneuria lycorias

40 6,200 Caddistiy, 6,200 -
Unidentifled

39 5,860 white perch, 5,860 -
Morone amerlcanus

38 4,600 Damseltly, 4,600 -
Unidentitied

37 4,305 American eel, 4,305 -
Anguilla rostrata

36 1,990 Craytish, 1,990 -
Procambarus clarki |l

35 1,877 Snall, 1,877 156.2
Campoloma decisum

34 1,397 Craytish, 1,397 -
QOrconectes rusticus

33 900 ,0 Snall, 900,0 -
Amnicola sp.

32 807.3 Pumpkinseed, 640.9 -
Lepomis qlbbosus

Blueqgill, 1,017 37.96
Lepomls macrochirus

31 790 .6 Banded killitish, 790 .6 -
Fundulus diaphanus

30 684,53 Mozambique tllapia, 684 .3 -
Tilapia mossambica

51



Table 3,

Rank®

28
27
26
25
24

23

22
21
20
19

18

(Contlnued)

Senus Mean Specioes Mean Specles Mean
Acute Value Acute Value Acute~Chronic
(pg/L)®* Species (ug/L)* Ratlo

3.8 Striped shiner, 331.8 -
Notropis chrysocephalus

242 .7 Worm, 242 .7 -
Lumbriculus variegatus

196 .1 Mosqul totish, 196, -
Gambusia attinis

166.2 Snal l, 166 ,2 -
Gonlobasis livescens

157 ,1 Goldtish, 197,1 -
Carassius auratus

156 .8 Common carp, 156 .8 -
Cyprinus carpio

141,2 Railnbow darter, 86,67 -
Etheostoma caeruleum
Orangethroat darter, 230,2 -
Etheostama spectabile

135.,0 Bryozoan, 135.0 -
Pectinatel la magnitica

135.0 Chiseimouth, 133.0 -
Acrochel lus alutaceus

124 .6 Guppy, 124 .6 -
Poecilia reticulata

110.4 Brook trout, 110.4 71.776
Salvelinus tontinalis

91,29 Bluntnose minnow, 72,16 26,36
Pimephaies notatus
fathead minnow, 115.5 10,33%0%

Pimephales promelas
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Table 3. (Continued)

Genus Mean Specles Mean Species Mean
Acute Value Acute Value Acute—~Chronlic
Rank* (ug/L) " Specles (ug/L)** Ratlo
17 90,00 worm, 90.00 -
Nals sp.
16 88,54 Coho salmon, 70.25 -

Oncorhynchus kisutch

Sockeye salmon, 233.8 -
Oncorhynchus nerka

Chinook saimon, 42,26 >4 ,473
Oncorhynchus tshawytscha

15 86.67 Blacknose dace, 86,67 -
Rhinichihys atratuius

14 83,97 Creek chub, 83.97 -

emotilus atromaculatus

13 82,11 Cutthroat trout, 66,26 -
Salmo clarkil
Rainbow trout, 42 .50 -
Saimo gairdneri
Atlantic saimon, 196,.6 -
Salmo salar

12 18,55 Central stonerotler, 78,55 -
Campos toma anoma | um

1 16 .92 Midge, 197,2 -

Chironomus tentans

Midge, 30,00 -
Chironomus sp,

10 69,81 Brown bul lhead, 69,81 -
Ictalurus nebulasus
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Table 3. (Continued}

Genus Mean Species Mean Specles Mean
Acute Value Acute Value Acute-Chronlc
Rank® (pg/L)%* Species (ug/L)** Ratio
9 56,21 Snall, 56 .21 -
Gyraufus circumstriatus
8 53.08 worm, 53 .08 -
Limnodrilus hottmeisteri
7 39,33 Snailt, 35.91 -
Physa heterostropha
Snalil, 43,07 3.585
Physa integra
6 37.05 Aryozoan, 37.05 -
Lophopodel la carteri
5 37.05 Bryozoan, 37,05 -
Plumatella emarginata
4 25,22 Amphipod, 22,09 3.297
Gammarus pseudol imnaeus
Amphlipod, 28.79 -
Gammarus pulex
3 18,77 Cladoceran, 18,77 -
Ceriodaphnia reticulata
2 17 .08 Cladoceran, 21,17 2.,418% 0
Daphnia magna
Ctadoceran, 25,42 -
Daphnia pulex
Cladoceran, 9,263 -

Daphnla pulicaria

1 16,74 Northern squawfish, 16.74 -
Ptychochel lus oregonensis

54



Table 3. ({(Continued)

Genus Mean Species Mean Species Mean
Acute Value Acute Value Acute-Chronic
Rank* {yg/i )"t Specles (ug/L)** Ratlo

SALTWATER SPECIES

20 7,694 Common rangia, 7,694 -
Rangia cuneata

19 600 Green crab, 600 -
Carcinus maenus

18 526 Copepod, 526 -
Eurytemora affinls

17 411,7 Florida pompano, 4117 -
Trachinotus carolinus

16 363.8 Polychaete worm, 363,8 -
Nerels diversicolor

15 280 Sheepshead minnow, 280 -
Cyprinodon variegatus

14 159.8 Mysid, 181 3.346
Mysidopsis bahia
Mysid, M -
Mysidopsis bigelowi

13 150.6 Polychaete worm, 150,6 -
Neanthes arenaceodentata

V2 138 Copepod, V38 -
Pseudodlaptomus coronatus

il 137.8 Atlantic sitiverside, 135.6 -
Monidia menidla
Tidewater silverside, 140 -
Menidia peninsulae

10 128.9 winter tlounder, 128.9 -
Pseudopleuronectes

amer | canus



Table 3,

Rank®

wn

(Continued)

Specles Mean
Acute-Chronic
Ratlo

Genus Mean Species Mean
Acute YValue Acute Value
(va/L) %% Specles (ua/L)**
120 Polychaete worm, 120

Phyl lodoce maculata

69,28 American lobster, 69,28
Homanus americanus

65,60 Black abalone, 50
Hallotis cracherodii
Red abaione, 86,08
Haliotis rutescens

49 Dungeness crabd, 49
Cancer magistver

35,97 Copepod, 52

cartia clausi

Copepod, 30,72
Acartia tonsa

» Sot t~chall clam 39
Mya arenaria

14,92 Paci tic oyster, 7.807
Crassostrea gigas
Eastern oyster, 28,52
Crassostrea virginica

13,93 Summer f{lounder, 13,93
Parallchthys dentatus

5.8 Blue mussel, 5.8

Mytilus edulis
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Table 3, {(Contlnued)

. Ranked from most resistant to most sensltive based on Genus Mean Acut fy
**  Freshwater Genus Mean Acute Values and Species Mean Acute Values are at a hardness of 50 mg/L.
"% Geametric mean ot tour values in Table 2,

AR R3Gogometric mean ot three values in Table 2,

Final Acute Yalue = 18,46 ug/L {at a hardness of 50 mg/L)

Criterion Maximum Concentration = (18.46 ug/L) / 2 = 9,230 uq/L (at a hardness of 50 mg/L)
Pooled Stope = 0,9422 (see Table 1)
tn(Criterion Maximum Intercept) = tn(9,230) - Islope x In(50))

= 2,222 - (0,9422

“n

1 7Y
Final Chronic Value = (18,46 uq/L) / 2.823 = 6.539 uq/L (at a hardness of 50 mg/L)
Assumed Chronic Infercept = -1,465 (see text)

Assumed Chronic Slope = 00,8545 (see text)

Final Chronlc Value = at0.85450 In(hardness)i-1.465)

Sait water
Final Acute Value = 5.832 ua/L
Criterion Maximum Concentration = (5,832 ug/L) / 2 = 2,916 ug/L

Final Chronic Value = 2,916 uq/L (see text)
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Table 4,

Species

Alga,
Anabaena tlaos-aqua

Alga,
Anabaena varlabilis

Alga,
Anabaena strain 7120

Alga,
Anacystls nldulans

Alga,

Ankl strodesmus braunii

Alga,
Ch lamydomonas sp.

Alga,
Chiorei ia pyrenolidosa

Alga,

Chlorella pyrenoldosa

Alga,
Chlorella reqularis

Alga,

Chloreltla saccharophi la

Alga,
Chlorella sp,

Alga,
Chlorella vulgaris

Alga,
Chiorella vulgaris

Alga,
Chioreila vulgaris

Toxiclty ot Copper to Aquatic Plants

Effect

FRESHWATER SPECIES

75% growth
inhibition

Growth
inhibitlon

Lag in growth
Growth

inhiblton

Growth reduction
Growth

reduction

Lag in growth
Growth
inhibition

Lag in growth
96-hr EC50
Photosynthesis

inhibited

Growth
Inhibltion

96-hr 1050

33-day EC50
(growth}

Resul ¥
fug/L)

200
100

64
100
640

8,000

100
20
550
6.3
200
62

180

58

Reference

Young & Lisk, 1972
Young & Lisk, 1972
Laube, et ai, 1980
Young 8 Lisk, 1972
Laube, et al, 1980
Caims, et ai, 1978
Steeman—Njelsen &

WlumAndersen, 1970

Steeman-Njelsen &
Kamp-Nieisen, 1970

Sakaguchi, et al,
1977

Rachtin, et al,
1982

Gachter, et al,
1973

Young & Lisk, 1972

Ferard, et al, 1983

Rosko & Rachlin,
1977



Table 4, (Continued)

Alga,
Scenedesmus quadr | cauda

Algae,
Mixed culture

Blue green algae,
Mixed culture

Diatom,
Navicula incerta

Diatom,
Nl tzschia linearis

Py
v

i

Oila ,
Nifzschia palea

Duckweed,

| amna milan~nr
LEOWMBRG M OO0

Marcrraonhute
Macropnyve,

Elodea canadensis

Inhibition

40% qrowth
reduction

Growth
reduction

Significant
reduction In

photosynthesis

50% reductlion in
photosynthesis

4-day EC50

119

Y
&

59

Reference

Stokes &
Hutchinson, 1976

Elder A Horne, 1978

Steeman~Nlelsen &
Bruun-Laursen, 1976

Rachlin, et al, 1983

Academy of Naturai
Sclences, 1960;
Patrick, et ai, 1968
St eeman—-Ni ei sen &
Wium-Anderson, 1970

Walbridge, 1977



Table 4. (Continued)

Specles

Eurasian watermtifoil,
Myriophyllum spicatum

Green alqa,
Selenastrum capricornutum

Green alga,
Selenastrum capricornutum

Blue alga,
Mlcrocystls aeruginosa

Green alqga,
Scenedosmus quadricauda

Alga, glant kelp,
Macrocystis pyritera

Alga,
Thalassiosira aestevalllis

Alga,
Thalasslosira pseudonana

Alga,
Amphldinlum carteri

Alga,
Olisthodiscus luteus

Alga,
Skeletonama costatum

Alga,
Nitschia closterium

Alqa,
Scrippsietia taerocense

Effect

32-day ECS50
(root weight)

Growth
reduction

14-day EC50
{cell volume)

Inciplent
Iahibition

Incipient
inhibition

Result

250

50

85

30

1,100

SALTWATER SPECIES

96-hr ECS50

(photosynthesis

Inactivation)

Reduced
chiorophyli a

72-hr ECS0
(growth rate)

14-day ECS50
{growth rate)

14-day ECS50
(growth rate)

14-day EC50
(growth rate)

96-hr EC50
(growth rate)

5-day EC50
(growth rate)

<50

<50

50

33

60

Reference

Stahley, 1974

Bartiett, et al.

1974

Cnristensen, et al, 1979
Bringmann, 1975;
Bringmann & Kuhn,

1976, 1978a,0b

Bringmann & Kuhn, 1977a,
1978a,b, 1979, 1980b

Clendenning &
North, 1959

Hollibaugh, et al, 1980
Erlickson, 1972
Erickson, et al,

1970

Erickson, et al,
1970

Erlickson, et al,
1970

Rosko & Rachlin,
1975

Saltullah, 1978



Table 4, (Contlinued)

Specles

Alga,
Prorocentrum micans

Alga,
Gymnodinlum splendens

Red alga,
Champia parvuia

Red aiga,
Champia parvula

Red alga,

Chamala naruala
Liiampid parvuia

(o) ]

ad aloa
ed alga,
h ampia parvula

Alga,
Chlorella stigmatophora

Alga,
Asterionella japonica

Result
Effect (pg/L)
5-day EC50 10
(growth rate)
5-day EC50 20
(growth rate)
Reduced tetrasporo~ 4,6
phyte growtin
Reduced tefraspor- 3.3
angla production
Reduced female 4,7
arraath
Hl A Bl
Cfnnnod :avual 7.
TV PO FOREG res
reproduction
2)-day EC50 70
(call valume)
72-hr ECS50 12,7

(growth rate)

Retference

Sai fullah, 1978

Sal fuliah, 1978

Steele & Thursby,

1983

Steeie & Thursby,
1983

Steele & Thursby,

o

-
3

=

Christensen, et al,
1979

Fisher & Jones,
1981

61



Table 5.

Specles

Alga,
Chiorella reqularls

Alga,
Chroococcus parls

Aslatic clam,
Corblcula fluminea

Cladoceran,

Daphnja magna

Stonetiy,
Pteronarcys calltornica

Fathead minnow (larva),
Pimephales promelas

Blueglll,
Lepomls macrochlrus

Alga,
Dunaliella primolecta

Alga,
Dunalijella tertiolecta

Alga,
Chlamydomonas sp.

Alga,
Chioreilla salina

Alga,
Stichococcus baclllaris

Alga,
Hemiselmis vilrescens

Bioaccumuiation of Copper by Aquatic Organisms

Sakaguchl, et al,

Les & Walker, 1984

Graney, et al, 1983

Ritey & Roth, 1971

Riley & Roth, 1971

Riley & Roth, 197

Riley & Roth, 1971

Riiey & Roth, 1971

Duration Bloconcentration
Tissue {days) Factor Reference
FRESHWATER SPECIES
- 20 hrs 2,000
1977

- 10 min up to 4,000

Soft tissue 28 17 ,700-

22,600

who le body 1 471 winner, 1984a
- 14 203 Nehring, 1976
- 30 290 tind, et al,

Manuscript
Muscle .660 1.0 Benol t, 1975
SALTWATER SPECILES

- 25 153%
- 25 168*
- 25 135%
- 25 4%
- 25 156%
- 25 273*

62

Riley & Roth, 1971



Table 5, {(Continued)

Duration Bloconcentration
Specles Tissue (days) Factor Reference
Alga, - 25 553% Riley & Roth, 1971
Hemiselmls brunescens
Alga, - 25 1|2 Riley & Roth, 197}
Ollisthodiscus luteus
Alga, - 25 309* Riley & Roth, 1971
Asterlonella japonica
Alga, - 25 323% Riley & Roth, 1971
Phaeodactylum tricornutum
Alga, - 25 138* Riley & Roth, 1971
Monochrysis lutherl
Alga, - 25 85 Riley & Roth, 1971
Pseudopedinel la pyritormis
Alga, - 25 617% Riley & Roth, 1971
Heteromastix tonglflllis
Alga, - 25 279% Riley & Roth, 1971
Mlcromonas squamata
Alga, - 25 265" Riley & Roth, 1971
Tetraseimis tetrathele
Polychaete worm, - 21 1,750 McLusky & Philtips,
Phyl lodoce maculata 1975
Polychaete worm, - 28 2,550* Pesch & Morgan, 1978
Neanthes arenaceodentata
Polychaete worm, - 24 203% Jones, et al, 1976
Nereis dlversicolor
Polychaete worm, - 24 250% Milanovich, et al,
Cirritormia spirabranchia 1976
Polychaete worm, - 33 1,006 Young, et al, 1979
Eudistyllia vancouver
Blue mussel, - 14 90 Phitlips, 1976

Mytilus edulis

63



Table 5, ({(Cont)nued)

Specles

Bay scallop,
Arqopecten Irradians

Bay scallop,
Argopecten lrradians

Eastern oyster,
Crassostrea virginica

Eastern oyster,
Crassostrea virginica

Quahog clam,
Mercenari{a mercenaria

Soft-sheli clam,
Mya arenaria

Tissue

Zaroogian & Johnson,

Zaroogian & Johnson,

Shuster & Pringle,

Shuster & Pringle,

Shuster 3 Pringle,

Duration Bloconcentration
{days) Factor Reference

12 3,310

1983
12 4,160

1983
140 28,200

1969
140 20,700

1969
70 a8

1968
35 3,300

Shuster & Pringle,
1968

*Bloconcentration factor was converted from dry welght to wet welght basis,

64



Yable 6.

Specles

Green alga,

Haamatococcus sn
—————

Graen alga,
Scenedesmus quadricauda

Green alga,
Scenedesmus quadrlcauda

Alga,
Cladophora glomerata

Diatom,
Coreonels placentula

Phytoptankton,
Mixed specles
Feriphyton,

Mixed species

Pratoroan .

oToI03

Entosiphon sulcatum

Protozoan,

Mlcroregma heterostoma

Protozoan,

Chilomonas paramecium

Protozoan,
Uronema parduezl

Protozoa,
Mixed species

Other Data on Eftects of Copper on Aquatic Organisms

Duration

96

96

145

12

12

124

“d
™~

N
=]

48

20

hrs

hrs

min

mos

hrs

yr

hrs

hrs

days

Eftect

FRESHWATER SPECIES

inhibited

arowth
groeth

Inclipient
inhibi tion

EC50 inhibition of
phosphorus uptake

Suppressed
growth

Suppressed
qrowth

Reduced rate ot
primary production

Attaected species
composition; reduced
productivity

tnciolent
cipian

Inhlbition

Inciplant

inhlbltlon

Inclplent
inhibi tion

Inciplent
Inhibl tion

Reduced coloniza~
tion rates

Result
{pg/L) Reterence
50 Pearimutter & Buchheim,
1983
150% Bringmann & Kuhn, 1959a,b
5.1 Peterson, et al, 1984
120 Webar & Mcfarland, 1981
120 Weber & McFarland, 1981
10 Cote, 1983
P4 Leiand & Carter, 1984
Manuscript
80 gringmann & Kubhn, i55%a
30 Bringmann & Kuhn, 1976,
1977a, 1979, 19806
1o 8ringmann, 1978;
Bringmann & Kuhn, 1979,
1980h, 1981
50 8ringmann & Kuhn, 1959b
3,200 Bringmann, et al, 1980,
1981
140 Bringmann & Kuhn, 1980a,
1981
167 Cairns, ot al, 1981
65



Table 6, (Contlinued)

Specles

Protozoa,
Mixed specles

8 5P

r!
odlpa acutlcornis

Worm,
Aeolosoma headleyi

Snaill,
Goniobasis |lvescens

Snall,
Mifrocris sp.

Snaii,
Lymnaea amarglinata

Aslatic ciam (larva),

Corblcula manllengls

Cladocaran,

Daphnia ambigua

Cladoceran,
Daphnia ambiqua

Duration

5

24

dm
<

48

48

~
<

24

Life

days

hrs

r
=
w

hres

hrs

hrs

hrs

hrs

Ch

o
-

w

hrs

hrs

cycle

Efttect

Reduced colonizae-
tlon rates

EC50

LCS0 t 5 €)
(10 C)
(15 ¢}
(20 C)
25 C)

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

LCS0

LC50 (5 C)
(18 C)
(15 C)
(20 C)
(25 C)

LC50

LC50

iLc

53,18 mortality

LC50 (tad)

Reduced productivity

66

Result
(pg/L) Reference
100 Bulkema, et al, 1983
101 Borgmann & Ralph,
1984
1,300 Cairns, ot al, 1978
1,200
1,430
1,000
250
2,600 Calrns, ot al, 1978
2,300
2,000
1,650
1,000
860 Calirns, et al, 1976
3,000 Calrns, et al. 1978
2,400
1,000
300
210
300 Cairns, ot ai, 1976
>2,600 Harrison, et al, {981,
1984
<i0 Harrison, et ai, 1981,
1984
25 Harrison, et al, 1981,
1084
67.7 Winnar & Farrell,
1976
49 Winner & Farrell,

1976



Table 6.

Specles

Cladoceran,
Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnia maqna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,

Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnia magna

{Contlinued)

Duration

16

48

21

48

Lite

12

72

Lite

Lite

Lite

29

48

hrs

hrs

days

hrs

cycle

hrs

hrs

cycle

cycle

cycle

hrs

hrs

Ettect

EC50 (immobiliza~
tion)

EC50 (fed)
(immobl lization)

Reproductive
impalrment

1C50 ( 5 O)
(1o ¢
(s )
(25 C)

Reduced number ot
young produced
LC50

LCSO (fed)

Reduced productivity

Reduced productivity

Reduced number ot
young produced

Median survival time

ECS0

Result
(ug/L)

38

56-75
86,5
88.8

81,5
81.4
85.3

49
28,2
10
12,7

100%

67

Reterence

Anderson, 1944

Blasinger &
Christensen, 1972

Blasinger &
Christensen, 1972

Calrns, et al, 1978

Adema & DeGroot Van
2ijt, 1972
Debelak, 1975

Winner & Farrell,
1976

Winner & Farrell,
1976

Winner, et al, 1977

Winner, et al, 1977

Andrew, et al, 1977

Bringmann & Kuhn,
1959a,b



Table 6., (Contiaued)

Specles

Ciadoceran,

Cladoceran (3-5 days),
Daphala magna

Cladoceran (adult),

Daphnia magna

Cladoceran,
Daphnla magna

Cladoceran,

Dephnla magna

Cladoceran,

Daphnla magna

Cleadoceran,
Daphnia magna

Cladoceran,
Daphnia parvula

Cladoceran,
Daphnia parvula

Cladoceran,

Daphnis pulex

Cladoceran,

Daphnla pulex

Cladoceran,

Daphnla pule

Cladoceran,

Daphnia pulex

Durastion

24

72

72

24

48

Life

48
21
Life
72
Llfe
72

Life

48

100

hrs

hrs

hrs

nrs

hrs

cycle

hrs
days
cycle
hrs
cycle
hrs

cycle

hrs

Eftect
LC50

LC50 (10 ©)
(15 C)
(25 ¢)
(30 C)

LCc50 (30 C)
EC50
(Immob il i2ation)

EC50 (250 WM Tris)
EC50 (1,000 .M Tris)

Reduced fongevity
LC50 (ted)

LtC50 (ted)

Stopped reproduction

LC50 (fed)
Reduced productivity
LC50 (ted)
Reduced productivity

Lcs0 ( 5 0)
(10 C)
(15 ¢)
(25 C)

LC50 (15 day)
delayed mortal(lty

61

70

21
9.3

0.25
70
254

1,239
60

54
86

49

70

20
5.6

200

68

Reference

Br Ingmann & Kuha,
1977b

Braginskly & Shcherban,
1978

Braginskly & Shcherban,
1978

Ba! tavere & Gorbl, 1981
Borgmann 8 R~iph, 1983

Winner 1981

Dave, 1984

Winner & Farreil,
1976

Winner & Farrell,
1976

Winner & Farrell,
1976

Winner & Farreil,
1976

Calrns, ot al. 1978

Abel, 1980



Table 6. {Contlinued)
Species
Cladoceran,

Danhnia nulaxw
Lapnn e pusax

Cladocaran

Daphnla pulex

Cladoceran,
Daphnla oullcaria

Cladoceran,
S Imocephalus serrulatus

Copepods,

Acanthocyclops and
U 18CYCIOps Sp.

Qrconectes rustlicus

Crayfish (adult),
Procambarus clarkil

Duration

48

12

48

&
o

ann
~J

1,358

hrs

hre

hrs

hrs

days

Result

Effect (pq/L)

LC50 {fted) 20-31
LCS0 (ted) 23-33

LC50 (TOC=14 mg/L)
{TOC=13 mg/L) 5.3

(TOC=13 mg/L) 53,3
(TOC=28 mg/L) 97.2
(TOC=34 mg/L) 199
(TOC=34 mg/L) 627
(TOC=32 mg/L) 213
({TOC=32 mg/L) 165
(TOC=12 mg/L) 35.5
(TOC=13 mg/L) 718.8

{TOC=28 mg/L) 13

(TOC=25 mg/L) 76.4
(TOC=13 mg/L) 84,7
(T0C=21 mg/L) 184
{TOC=34 mg/L) 240
LG50 (TOC=11} 28,5
(TOC=12.4) 43,0
(TOC=i5,6) 16,0
208 growth 42
reductlon
LC50 210
LCSO 1,500
Survival of 125
aevwly hatched young
LC50 657

69

Retference

Ingersoll & wWinner, 1982

tind, at al,
Manuscr Ipt

Giesy, ot al. 1983

Borgmarn & Raiph, 1984

Rice & Harrlson, 1983



Table 6, (Continued)

Speciles

Mayfly,
Cloeon dipterum

Mayfly,
Ephemerelia grandis

Mayfly,
Ephemerel la subvaria

Stonetly,
Ptaronarcys calltornlca

Caddistiy,
Hydropsyche bettenl

Midge,
Chironomys tentans

Midge,
Tanytarsus dissimilis

Midge,
Unidentifled

Coho saimon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus kilsutch

12

14

20

32

30

Ouration

hrs

days

hrs

days

days

days

days

wks

hrs

days

Eftect

LCs0 (10 C)
{15 C)
(25 C)
(30 ©)

LC50

LC50

LCS0

LCS0

EC50

LC50

Emergence

Reduced survival
when transferred
to seawater

LC50

Result
(wg/L)

193
95,2

4.8
180-200
320
10,100~
13,900

32,000

11.5

70

Reference

Braginskly & Shcherban,
1978

Nehring, 1976

warnick & Bell, 1969

Nehring, 1976

warnick & Bell, 1969

Nebeker, et al,. 1984a

Anderson, et al, 1980

Hedtke, 1984

Lorz & McPherson,
1976

Hol land, et al, 1960



Table 6, (Continued)

Species

Coho salmon,
Oncorhynchus klsutfch

Coho salmon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus klsutch

Coho salmon,
Oncorhynchus kisutch

Coho salmon,
Oncorhynchus klsutch

Sockeye salmon,
Oncorhynchus nerka

Chinook salmon,
Oncorhynchus tshawytscha

Chinook saimon,
Oncorhynchus tshawytscha

Chinook salmon (alevin),
Oncorhynchus tshawytscha

Chlnook satmon (swim-up),
Oncorhynchus tshawytscha

Chinook salmon (parr),
Oncorhynchus tshawytscha

1”7

96

100

168

168

24

26

200

200

200

Duratlon

hrs

hrs

days

hrs

hrs

hrs

hrs

days

days

hrs

hrs

hrs

Result
Ettect (ug/L)

LC50 280
370
190
480
440
460
480
560
780
510
520
480

LC50 (TOC=17,3) 286
Reduced growth 70
rate

LC50 215

LC50 (acclimated to  325-440
copper tor 2 wks)

Signiticant change 64
in corticosteriod

LC50 190
LCS50 178
Reduced survival and 21
growth of sac fry

LCS0 20
LC10 15
LCS0 19
LC10 14
LCS0 30
LC10 17

71

Retference

Hol land, et al, 1960

Buckley, 1983

Buckley, et al, 1982

McCarter & Roch, 1983

McCarter & Roch, 1983

Donaldson & Dye, 1975

Hol land, et al, 1960

Hazel & Melth, 1970

Chapman, 1978

Chapman, 1978

Chapman, 1978



Table 6, (Continued)

Specles Duration
Chinook saimon (smolt), 200 brs
Oncorhynchus tshawytscha

Ralnbow trout, 9% hrs
Salmo galrdnerl

Ralnbow trout, 2 hrs
Saimo galrdnerl

Ralnbow ftrout, 1 days
Salmo galrdnerl

Railnbow trout, 2] days
Salmo galrdnerl

Ralnbow trout, 10 days
Saimo galrdnerl

Rainbow trout, 1 days
Salmo galrdneri

Ralnbow trout (alevin), 200 hrs
Saimo galirdneri

Ralnbow frout (swim-up), 20Q hrs
Sailmo galrdnerl

Rainbow ftrout (parr), 200 brs
Salmo galrdnaer!

Ralnbow trout (smolt), 200 hrs
Salmo galrdnerl

Ralnbow frout (smolt), 96 hrs
Salmo gairdneri >10 days
Rainbow trout (smoit), 14 days

Salmo galrdnerl

Ettect

LC50
Lcio

LC50

Depressed olfactory

response

LC50

Medlan period of
survival

Depressed teeding

rate and growth

Med | an, period ot
survivat

LC50
Ltcio

LC50
LCi10

LC50
LCiO

LCSO
LC10

LC50
Threshold LC50

LC50

Result

26
i8

516%%
309%*
1110

44

44

26
19

102%*
94%e

870

72

Reference

Chapman, 1978

Howarth & Sprague,

1978

Hara, et al, 1976

Lioyd, 1961

Grande, 1966

Lett, et al. 1976

Lloyd, 1961

Chapman, 1978

Chapman, 1978

Chapman, 1978

Chapman, 1978

Fogels & Sprague,

1977

Calamar| & Marchettl],

1973



Table 6. (Continued)

Specles

Rainbow trout (try),
Saimo galrdneri

Rainbow trout (fry),
Saimo galrdnerl

Rainbow trout (try),
Saimo gairdneri

Ralnbow frout (fry),
Saimo gairdnerl

Ralinbow trout
lembryo, larva),
Salmo galrdnerl

Ralnbow trout
(embryo, larva),
Saimo gairdner|

Rainbow trout,
Saimo galrdner|

Ralnbow trout (iry},
Salmo gairdner|

Rainbow trout {(fry),
Salmo galrdneri

Rainbow trout (iry),
Saimo galrdneri

Rainbow frout,
Saimo gairdnerli

24

96

48

28

80

96

24

n

>15

Duration

hr

hrs

hrs

hrs

days

days

min

hrs

hrs

hrs

days

Effect

Avoidance

LC50 (5 C)
Qs C)
(30 C)

LC50

LCSO (tield)

EC5Q (death and
detorml ty)

EC10 (death and
defarmity)

Avoldance
thrashold
LCS0
LCS5Q

LCS0

Threshotd LC50

Result
(ug/L)
0.1

950
430
150

250-680
70

110

74
250
140

130

580

73

Reference

Folmar, 1976

Cairns, et al, 1978;

Lett, et al, 1976
Calamari & Marchetti,
1975

Birge, et al. 1980,
Blirge & Black, 1979

Birge, et al. 198}

Black & Birge, 1980

Goettl, et al, 1972

Shaw & Brown, 1974

Brown, et al. 1974

Miltar & McKay, 1980



Table 6. (Contlnued)

Specles

Ralnbow trout,
Saimo galrdnerl

Ral nbow trout,
Salmo galrdner|

Ralinbow trout,
Saimo gairdner}

Ralnbow frout,
Salmo galrdnerl

Ralinbow trout,
Saimo galrdner|

Rainbow trout,
Salmo galrdner}

Ralnbow ftrout,
Salmo galrdneri

Ralnbow frout,
Salmo gairdneri

Rainbow trout,
Salmo galrdnerl|

Rainbow trout,
Salimo galrdner|

Rainbow trout,
Saimo galrdnerl

Ralnbow trouft,
Saimo galrdnerl

Ralnbow trout (embryo),

Saimo galrdnerl

Rainbow trout,
Saimo galrdnerl

Duration

48 hrs

48 brs

48 hrs

12 brs

48 hrs

4 mos

96 hrs

96 hrs

144 brs

144 bhrs

144 hrs

96 hrs

96 hrs

Ettect

LC50

LCS0

LC50

LC50

Biochemical and
enzyme levals

LC50

LC50

LCS0 (various diets)
inclpient lethal

level

tnclpient lethal
level *(accl imated
at 131-194 ,g/L)

Avgidance

LCS0

LC50 (various dliets)

Result
(pg/L)
500
750
150

1,100

270

185
160
246-408
274-381

564~-1717

6.4
400

11,3~
23 .9

74

Retference

Brown, 1968

Brown & Dalton, 1970
Cope, 1966

Lioyd, 1961

Harbert & Vandyke,
1964

Ariilo, et al, 1984
Bitils, et al. 1981

Daoust, 1981

Dixon & Hilton, 1981

Dixon & Sprague, 1981a

Dixon & Sprague, 1981a

Glattina, et al, 1982

Giles & Klaverkamp,
1982

Marking, et al, 1984



Table 6. {Continued)

Atlantic salmon,
Salmo salar

Atlantic salmon,
Saimo salar

Atlantic salmon,
Salmo salar

8rown trout,
Saimo trutta

Brook trout,
Salvellinus tontinalis

Brook frout,
Salvelinus tontinalis

Brook ftrout,
Saivalinus fontinails

ti ace,
sia chrysogaster

Central stoneroller,

Camnnctoma an~nmaloam
LAMPpOSTOMS INOCMa U

Goldtlich

SO OV ST,

Carasslus auratus

Goldtish (embryo,
Carasslus auratus

Duration

as

<o
N

7

21

21-38

21

24

337

®

96

LY ]
-

days

days

hrs

days

days

Resul?t
Efttect (pg/t)
Reduced qrowth 3

{continuous exposure}
Dadiim ad oo !
nouyL ©u \_,l win o\
mi ttont exposure

-

plent lethal
]

o
£+

Median survival
time

Median survival
tima

Modian survival
time

Signiticant change
In cough rate

Signlticant changes
in blood chemistry

Signi flcant changes
in biood chemisiry

Wal-Th
LeoJv

LC5Q (high BOD)

@ W
OO0
-

(
(

[V Ry

EC50 (death and
detormi ty)

48

i
~

40

45

75

Reterence

Seim, ef al, 1984

Grande, 1966

Zitko & Carson, 1976
Grande, 1966
Orummond, et al, 1973
McKim, et al, 1970
MKIm, et al. 1970

. T T
LowWiS, 1Y/

Geckler, et al,. 1976

Birge, 1978; Birge &
Black, 1979



Table 6. (Continued)

Species

Common cacp (embryo),
Cyprlnus carplo

Common carg,
Cypr inus carplo

Common carp (embryo),
Cyprinus carplo

Golden shiner,
Notemigonus cryscleucss

Striped shiner,
Notropls chrysocephalus

Striped shliner,
Notropls chrysocephales

Blfuntnose minnow,
P imephales notatus

Bluntnose minnow,
Pimephales notatus

Fathead minnow,
P Ilmephales promelas

Fothead minnow,
Pimephales promelas

Fathead minnow,
P Imephales promeins

Fathead minnow,
Pimaephaies promeias

Fathead minnow,
P imaphales promelas

Duration

n

48

24

96

48

Llfe

96

96

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

cycle

hrs

hrs

hrs

Resul t
Ettect (pg/L)
Pravented 700
hatchling
LC50 170
EC50 (hatch) 4,775
Lc50 (5 C) 330
{15 C) 230
(30 C) 270
LCS0 (high BOD) 8,400
16,000
3,400
4,000
5,000
Decrease biood 2,500
osmolarity
LC50 (21 tests) 750=
(high BOD) 21,000
LZ50 (6 tests) 1,100~
(high BOD) 20,000
LC50 (21 tests) 1,610~
high BOD) 21,000
Chronlic |imits 66~
(high BOD) 120
LC50 (36 tests) <650=-
(high BOD) 23,000
LC50 (7 tests) 740~
(high B0OD) 13,000
LC50 25

Retfereace

Hildobrand & Cushman,
1978

Harrison & Rice, 1981

Kapur & Yadav, 1982

Calrns, ot al, 1979;

Geckler, at al, 1976

Lewls & tewls, 1971
Geckler, ot al, 1976
Geckler, ot al, 1976
Brungs, et al, 1976
Brungs, ot al, 1976
Geckler, et al. 1976
Gectar, e al, 1976

Curtis, et al, 1979;
Curtis & ward, 1981



Table 6, (Contlnued)

Specles

fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Creek chub,
Semot) lus atromaculatus

Pearl| dace,
Semoti lus margarita

Brown bul thead,
|ctalurus nebulosus

Channet catfish,
ictalurus punctatus

Channel cattlish,
fctalurus punctatus

Channel cattish,
|ctalurus punctatus

Channel catfish,
ictalurus punctatus

Channel catflish,
ictalurus punctatus

Flagtish,
Jordanelia tloridae

96

26

96

96

24

10

14

Duratlon

hrs

hrs

hrs

hrs

hrs

hrs

hrs

days

days

hrs
days

Ettect

LESO (TOC 12 mg/L)
(TOC 13 mg/L)
(TGC 36 mg/L)
(TOC 28 mg/L)
(TOC 15 mg/L)
(TOC 34 mg/L)
(T0C 30 myg/L)
(TOC 30 mg/L)

LCSG (tish from
pond contaminated
with heavy metals)

LC50
(high BOD)

Overturning and
death

LCSO
(high BOD)

Decreased blood
osmolarity

LC50 (5 C)
(15 C)

(30 C)

Increased
albinlsm

EC50 (death and
deforml ty)

LC50

LC50
LC50

Result
(ug/L)

436

516
1,586
1,129

550
1,001
2,050
2,336

360
410
11,500
1,100

1,010-
279,000

11,000

2,500

3,700
2,600
3,100

0.5
6,620

1,200"*

1,270%%
680II

Retference

Lind, ot al,
Manuscript

Blrge, et al, 1983

Geckler, ot al. 1976
Tsal, 1979

Gockler, et al,. 1976
Lewls & Lewis, 1971

Cairns, ot al. 1978;

Wwesterman & Birge,
1978

Birge & Alack, 1979

Richey and Roseboom,
1978

Fogels & Sprague,
1977



Tabie 6, (Continued)

Specles

Mosqul totlsh,
Gambusia attinls

Guppy ,
Poecillia reticulata

Guppy,
Poecl lia retlculata

Rock bass,
Amblopiites rupestris

Biuvegi i,
Lepomis macrochirus

Bluegiil,
Lepoml s macrochlrus

Bluegi i,
Lepomis macrochirus

Bluegl i,
Lepomls macrochirus

Bluegl |,
Lepomis macrochirus

Bluegi It,
Lepomls macrochirus

Bluegiit,
Lepomis macrochirus

Bluegill,
Lepomts macrochirus

Bluegiil,
Lepoml s macrochirus

Largemouth bass
(embryo, larve),
Micropterus salmoides

Duration

96

24

48

24-36

48

24

96

96

96

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

min

hrs

days

Effect

LC50 (high
turbidity)

LC50

LC50

LC50
(high TOC)

Altered oxygen
consumption rates

LCS5G

LCS0 (5 C)
{15 C)
{50 C)

LCS0

(high 80D}

LC50

LCS50

LC50

Avoldance

threshold

Blochemical
changes

EC50 (death and

detormity)

Result
(ug/L)
15,000
1,250
2,500
1,432
300

2,800

2,590
2,500
3,820

16,000
17,000

2,500
3,700%%
740
1,800
8,480

2,000

6,560

78

Referencs

wal len, ot al. 1997
Minicucci, 1971
Khangarot, et al,

1981a

Lind, ot al,
Manuscript
O‘'Hara, 1971

Cope, 1966

Calrns, et al, 1978;

Gackler, et al, 1976
Richey & Roseboom,
1978

Trama, 1954

Turnbul i, et al. 1954
Black & Birge, 1980

Heath, 1984

Blrge, et al, 1978;
Birge & Black, 1979



Yable 6. (Continued)

Species

Largemouth bass,
Micropterus sailmoides

Rainbow darter,
Etheostoma caeruleum

Johnny darter,
Etheostoma nlgrum

Orangethroat darter,
Etheostoma spectablle

Leopard trag
(embryo, larva),

Rana pliplens

Nar row-mouthed toad
(embryo, tarva),

Gastrophryne carolinensis

American toad,
Buto americanus

fowler's toad
(embryo, larva),
Buto towleri

Southern gray tree frog

(embryo, tarva),
Hyla chrysoscells

Marbled salamander
(embryo, larva),
Ambystoma opacum

24

96

36

36

Duration

hrs

hrs

hrs

hrs

days

days

min

min

min

days

Ettect

Atfected oper-
cular rhythm

LC50
(high 800)

LC50
(high BOD)

LCS0
(high BOD)

ECS0 (death and
detormity)

EC50 (death and
deformity)

Avoldance
thresholid
EC50 (death and
deformity)

EC50 (death and
deformity)

EC50 (death and
detormity)

Result
(ug/L)

48

4,300
5,900
2,800

6,800

9,800
7,900
5,400
5,800

50

40

26,960

40

770

79

Reterence

Morgan, 1979

Geckler, et at, 1976

Geckler, of al, 1976

Geckler, ot al, 1976

Birge & Black, 1919

Birge, 1978; Birge &

Black, 1979

Black & Birge, 1980

Birge & Black, 1979

Birge & Black, 1979

Birge, et al, 1978;
Birge & Black, 1979



Table 6, (Contlinuad)

Specles

Natural phytoplankton

nopulations
L i =

Natural phytoplankton
poputations

Alga,
Lamlnaria hyperboria

Hydrold,
Campanularia flexuosa

Hydroid,
Campanularia fiexuosa

Hydromedusa,
Phialidium sp.

Ctenophore,
Pleurcobrachla pl leus

Brachlonus pilcatllis

Polychaete worm

”
Phvllodoce maculata

Polychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodentata

Poliychaete worm,
Neanthes arenaceodentata

Polychaete worm,
Neanthes arenaceodantata

Duration

5 days

4 days

28 days

11 days

24 hrs

24 nrs

24 nhrs

Effect

SALTWATER SPECIES

Reduced

chlorophylil a
Reduced blomass
Growth decrease
Growth rate
inhibition

Enzyme iInhibition

tcso

50

10-13

1.43

[
(W]

44

100

157

98

80

Reference

Holljbaugh, et al.
1980

tol Iibaugh, et al.,
1980

Hopklins & Kain, 1971
Stebbing, 1976

Moore & Stebblng,
1976

Reevs, ot al, 1976
Reeve, et ai, 1976

1976

Reeve, et al, 1976

[ YR

neeve, o

-]
-
L'+l

D
®
»
o
4
o=

1 4
0

2

Pesch & Morgan, 1978

Pesch & Hof fman, 1982

Pesch & Hottman, 1982



Table 6, (Contlnued)

Specles

Polychaete worm,

Neanthes arenaceodentata

Polychaete worm,

Cirritormla spirabranchia

Larval annellids,
Mixed specles

Black abalone,
Hallotls cracherod!|

Red abalone,
Hallotls ruftescens

Channalad whelk,
Busycon canaliculatum

Mud snail,
Nassarius obsoletus

Blue mussel,
Mytilus edulis

Bay scaltop,
Argopecten lrradians

Bay scallop,
Argopecten Irradians

Eastarn oyster (larva),
Crassostrea virginica

Common rangia,
Rangia cuneata

Clam,
Macoma Ingquinata

Clam,
Macoma |nquinata

Quahoq ciam (larval,
Morcenaria mercenaria

Duration

28

26

24

96

96

77

172

42

119

96

30

30

days

days

hrs

hrs

hrs

days

hrs

days

days

days

days

hrs

days

days

days

Ettect

LC50
Lc50
LC50
Histopathologlcal

gll|l abnormalities

Hi stopathological
gill abnormalities
LC50

Decrease in oxygen
consumption

LC50

EC50 (growth)

1008 mortality
LC50

LCS50 (<1 g/kg
salinity)

LCS0

LC50

LC50

Result
{ug/L)
56

10

89

>32
>32
470
100

200

5.8

46
210

15.7

20,7

30

8l

Reference

Pesch & Hotftman, 1982

Milanovich, et al,
1976

Reeve, ot al, 1976

Martin, et al, 1977

Martin, et al, 1977

Betzer & Yevich, 1975

Maclnnes & Thurberg,
1973

Scott & Major, 1972

Pasch, et ai,. 1979

Zarooglan & Johnson,
1983

Calabrese, et al,
1977

Olsan & Harrel, 1973
Crecelius, at al,
1982

Crecetius, et al.,
1982

Calabrese, et al.
1977



Table 6. (Continued)

Result
Species Duratlon Efftect (pg/L) Reference
Quahog clam (larva), 11 days LC50 25 Shuster & Pringle,
Mercenaria mercenaria 1968
Common Pacitic littleneck, 17 days LCSO 39 Roesl| jJadl, 1980
Protothaca staminea
Sott-shell clam, 1 days LC50 35 Eisler, 1977
Mya arenarla
Copepod, 24 nrs LCS0 192 Reeve, et al. 1976
Undinula vulgarls
Copepod, 24 hrs LCS0 188 Reave, et al. 1976
tuchaeta marina
Copepod, 24 hrs LC50 176 Reeva, at al, 1976
Metridla pacitlica
Copepod, 24 hrs LC50 132 Reeva, et al, 1976
Labidocera scotti
Copepod, 48 hrs LCSO 34-82 Moral toy-
Acartia clausl Apostolapoulou, 1978
Copepod, 6 days LCS50 9-73 Sosnowskl, et al.
Acartla tonsa 1979
Copepod, 24 hrs LCS0 104-311 Reeve, et al, 1976
Acartlia tonsa
Copepod, 48 hrs LCS0 80 Moral tou—-Apostolopoulcu
Tisbe holathurlae & Verrlopoulos, 1982
Copepod (nauplius}, 24 nrs LC50 S0 Reeve, et al. 1976
Mixad species
Amphlpod, 71 days LCS0 90 Scott, et al, Manuscript
Ampalisca abdita
Euphauslid, 24 nrs LCS0 14-30 Reava, et al, 1976
Euphausla pacltlca
Grass shrimp, 96 hrs LCSO 12,600 Curtls, et al. 1979;
Palaemonetes puglo Curtis & wWard, 1981
Coon stripe shrimp, 30 days LC50 27.0 Cracelius, et at,
Pandalus danas 1982

82



Table 6, (Contlnued)

Specles

American lobster,
Homarus amer tcanus

Sea urchin,
Arbacia punctulata

Arrow worm,
Saqgitta hisplida

Atlantic menhaden,
Brevoortia tyrannus

Pacl tic herring (embryo),
Clupea harenqus pallasi

Pacific herring (larva),
Clupea harengus pallasi

Atlantic cod (embryo),
Gadus mor hua

Mummichog,
Fundutus heterocl|tus

Mummi chog,
Fundulus heteroclitus

Atlantic sllverside,
Menidia menidia

Pintish,
Lagodon rhomboidas

Spot,
Lelostomus xanthurus

Atlantlc croaker,
Micropogonias undulatus

13

24

14

a8

4

21

96

96

14

14

Duration

days

hrs

days

days

hrs

days

days

hrs

hrs

days

days

days

Ettect

LCS0

58% decrease In
sperm motility
LC50

LCS0

Inciplent LC50
Inciplent LC50
LCSO

Hi stopathological
leslons

Enzyme Inhibition
Hi stopathological
laestons

LC50

LC50

LC50

Result

(ug/L)

56

300
43-460

610

33

900

10

<500

600

<500

150

160

210

83

Reference

McLeese, 1974

Young & Nelson, 1974

Reeve, et al, 1976

Engel, et al, 1976

Rice 4 Harrison,
1978

Rice & Harrison,
1978

Swedmark & Grammo,
1981

Gardner & La Roche,
1973

Jackim, 1973
Gardner & LaRoche,
1973

Engel, et al. 1976

Engel, at al, 1976

Engel, et al, 1976



Table 6, (Contlinued}

Result
Species Duration Etfoct (ug/L) Refarence
Winter tiounder, 14 days Hl stopathologtcal 180 Baker, 1969
Pseudop leuronectes lestons
amer | canus

* In river water,

*#*Dissolved copper; no other measurement reported,
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