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FOREWORD 

Section 304(a)(1) of the Clean Water Act of 1977 (P.L. 95-217) requires 
the Administrator of the Environmental Protection Agency CO publish criteria 
for water quality accurately reflecting the latest scientific knowledge on 
the kind and extent of all identifiable effects on health and welfare which 
may be expected from the presence of pollutants in any body of water, 
including ground water. This document is a revision of proposed criteria 
based upon a consideration of comments received from ocher Federal agencies, 
State agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
aquatic life criteria. 

The term “water quality criteria” is used in two sections of the Clean 
Water Act, section 304(a)(1) and section 303(c)(2). The term has a different 
program impact in each section. In section 304, the term represents a 
non-regulatory, scientific assessment of ecological effects. The criteria 
presented in this publication are such scientific assessments. Such water 
quality criteria associated with specific stream uses when adopted as State 
water quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters. The water quality 
criteria adopted in the State water quality standards could have the same 
numerical limits as the criteria developed under section 304. However, in 
many situations States may want to adjust water quality criteria developed 
under section 304 to reflect local environmental conditions and human 
exposure patterns before incorporation into water quality standards. It is 
not until their adoption as part of the State water quality standards that 
the criteria become regulatory. 

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

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

Copper, which occurs in natural waters primarily as the divalent cupric 

ion in free and complexed forms (Callahan, et al. 1979), is a minor nutrient 

for both plants and animals at low concentrations but is toxic co aquatic 

life at concentrations only slightly higher. Concentrations of 1 to 10 µg/l 

are usually reported for unpolluted surface waters in the United States 

(Boyle, 1979), but concentrations in the vicinity of municipal and industrial 

effluents, particularly from smelting, refining, or metal placing industries, 

may be much higher (Harrison and Bishop, 1984; Hutchinson, 1979). 

A two-volume review of various aspects of “Copper in the Environment” 

(Nriagu, 1979) contains several chapters on the effects of copper on both 

freshwater and saltwater species. Reviews by Black, et al. (1976), Demayo, 

et al. (1982), and Spear and Pierce (1979a) summarize most of the available 

data an the aquatic toxicology of copper through 1982. These reviews form 

the scientific basis for Canadian environmental quality criteria for copper. 

Harrison and Bishop (1984) reviewed the potential impact of copper in power 

plant cooling waters on freshwater environments. Rai, et al. (1981) and 

Sprague (1985) reviewed effects of water quality parameters on copper 

toxicity. 

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

primarily to activity of the cupric (Cu2+) ion, and possibly to some of 

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

complexes and precipitates with many inorganic and organic constituents of 

natural waters, e.g., carbonate, phosphate, amino acids, and humates, and is 

readily sorbed onto surfaces of suspended solids. The proportion of copper 

present as the free cupric ion is generally low and may be less than 1 percent 

in eutrophic waters where complexation predominates. Most organic and inor- 

ganic copper complexes and precipitates appear to be much less toxic than free 

cupric ion and tend to reduce toxicity attributable to total copper (Andrew, 

1976; Borgmann and Ralph, 1983). This greatly complicates the interpretation 

and application of available toxicity data, because the proportion of free 

cupric ion present is highly variable and is difficult to measure except under 

laboratory conditions. Except for bacteria and plankton, few toxicity data 

have been reported using measurements other than total or dissolved copper. 

Because a majority of the reported test results (Tables 1 and 2) have 

been conducted in waters having relatively low complexing capacities, the 

criteria derived herein may be at or below ambient total copper concentrations 

in some surface waters of the United States. Seasonally and locally, toxicity 

in these waters may be mitigated by the presence of naturally occurring 

complexing and precipitating agents. In addition, removal from the water 

column may be rapid due to settling of solids and normal growth of aquatic 

organisms. The various forms of copper are in dynamic equilibrium and any 

change in chemical conditions, e.g., pH, can rapidly alter the proportion of 

the various forms present and, therefore, toxicity. 

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

and the relative influence of these parameters on toxicity is nor: easily 
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determined. Because increasing calcium hardness and associated carbonate 

alkalinity are both known to reduce the acute toxicity of copper, expression 

of the criteria as a function of hardness allows adjustment for these water 

quality effects. This results in a much beccer fit with the available 

toxicity data, i.e., the criteria are higher at high hardness co reflect 

calcium antagonism and carbonate complexacion. A similar approach, i.e., 

expressing acute toxicity as an exponential function of hardness, was used by 

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

the relationship of toxicicy co ocher factors, i.e., temperature, pH, 

alkalinity, size of organism, and coca1 organic carbon, are available for a 

limited number of species and will be discussed lacer. 

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

lack of definitive information about their relative toxicities, no available 

analytical measurement is known co be ideal for expressing aquatic life 

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

19801 were expressed in terms of total recoverable copper (U.S. EPA, 1983a), 

but this measurement is probably coo rigorous in some situations. 

Acid-soluble copper (operationally defined as the copper that passes through 

a 0.05 dm membrane filter after the sample is acidified co pH = 1.5 co 2.0 

with nitric acid) is probably the best measurement ac the present for the 

following reasons : 

1. This measurement is compatible with nearly all available data concerning 

toxicity of copper to, and bioaccumulacion of copper by, aquatic 

organisms. Very few test results were rejected just because ic was 

likely chat they would have been substantially different if they had been 

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

3 



in terms of dissolved copper were not used if the concentration of 

precipitated copper was subscancial. 

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

measure all forms of copper that are toxic co aquatic life or can be 

readily converted co toxic forms under natural condirions. In addition, 

this measurement should not measure several forms, such as copper that is 

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

late maccer, chat are not toxic and are not likely to become toxic under 

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

measure soluble, complexed forms of copper, such as the EDTA complex of 

copper, that probably have low toxicities to aquatic life, concencracions 

of these forms probably are negligible in most ambient water. 

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

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

aqueous effluents. Xeasuremenc of acid-soluble copper should be 

applicable co effluents because ic will measure precipitates, such as 

carbonate and hydroxide precipicaces of copper, that might exist in an 

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

If desired, dilution of effluent with receiving water before measureruenc 

of acid-soluble copper might be used to determine whether the receiving 

water can decrease the concencracion of acid-soluble copper because of 

sorption. 

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

minimizing the number of samples and procedures that are necessary. 

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

collection, as does the dissolved measurement. 
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6. The only treatment required ac the time of collection is preservation by 

acidification to pH 31 1.5 co 2.0, similar to that required for the coca1 

recoverable measurement. 

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

probably will not affect the result substantially. 

8. The carbonace system has a much higher buffer capacity from pH = 1.5 to 

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

9. Differences in pH within the range of 1.5 to 2.0 probably will not affect 

the result substantially. 

10. The acid-soluble measurement does not require a digestion step, as does 

the total recoverable measurement. 

11. After acidification and filtration of the sample to isolate the 

acid-soluble copper, the analysis can be performed using either acomic 

absorption spectroscopy or ICP-emission spectroscopy (U.S. EPA, 1983a1, 

as with the cotal recoverable measurement. 

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

soluble measurement has both toxicological and practical advantages. On the 

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

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

aqueous effluents, measurement of both acid-soluble copper and tocal 

recoverable copper in ambient water or effluent or both might be useful. For 

example, there might be cause for concern if tocal recoverable copper is much 

above an applicable limit, even though acid-soluble copper is below the 

limit. 

Unless otherwise noted, all concentrations reported herein are expected 

CO be essentially equivalent co acid-soluble copper concentrations. All 

concentrations are expressed as copper, not as the chemical tested. The 
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criteria presented herein supersede previous aquatic life water quality 

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

derived using improved procedures and additional information. Whenever 

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

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

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

of averaging periods and site-specific frequencies of allowed exceedences 

(U.S. EPA, 1985). The latest literature search for information for this 

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

Acute Toxicity to Aquatic Animals 

Most of the available tests on the toxicity of copper to freshwater 

animals have been conducted with four salmonid species, fathead and bluntnose 

minnows, and the bluegill. Acute values range from 6.5 µg/L for Daphnia 

magna in hard water to 10,200 µg/L for the bluegill in hard water. The 

majority of tests conducted since about 1970 have been flow-through tests 

with measurements of both total and dissolved copper. Many recent tests have 

included measurement or calculation of cupric ion activity (Andrew, 1977; 

McKnight and Morel, 1979; Petersen, 1982; Rueter, 1983; Sunda and Gillespie, 

1979; Zevenhuizen, et al. 1979). All the values in Table 1 are for total 

copper, except that the values obtained by Howarth and Sprague (1978) were 

dissolved copper. These are included in Table 1 because Chakoumakos, et al. 

(1979) showed chat at low hardness in this water almost all the copper is 

dissolved. Values obtained by Howarth and Sprague (1978) in hard water are 

in Table 6. 

Acute tests by Cairns, et al. (1978) indicate that daphnids are more 

resistant to copper at low than at high temperatures (Table 6). Because such 
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data are nor available for other species or for longer tests, no 

generalizations can be made for criteria derivation. Chakoumakos, et al. 

(1979) and Howarth and Sprague (1978) (Tables 1 and 6) have reported that 

larger (10 to 30 g) rainbow trout are approximately 2.5 to 3.0 times more 

resistant to copper than juveniles. Tsai and Chang (1981, 1984) showed a 

similar size effect for the guppy and the bluegill. This factor is obviously 

a source of variation in Table 1. However, insufficient data are available 

for ocher species to allow adjustment of test results or on which to base 

criteria. An additional complicating factor is the general lack of knowledge 

of the range of sensitivity of various life stages of most invertebrate 

species, or the effects on susceptibility of starvation and other stresses 

under natural conditions. 

Lind, et al. (Manuscript) and Brown, et al. (1974) demonstrated 

quantitative relationships between the acute toxicity of copper and naturally 

occurring organic complexing agents (Tables 1 and 6). Although these 

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

fathead minnow, and rainbow trout), the effects should be generalizable 

through chemical effects on cupric ion activity and bioavailability. Lind, 

et al. (Manuscript) measured the toxicity of copper to Daphnia pulicaria in a 

variety of surface waters and found that total organic carbon (TOC) is a more 

important variable than hardness, with acute values varying approximately 

30-fold over the range of TOC covered. Similar results were obtained with 

the fathead minnow. This indicates that criteria should be adjusted upward 

for surface waters with TOC significantly above the 2 to 3 mg/L usually found 

in waters used for toxicity tests. Results obtained by Lind, et al. 

(Manuscript) in waters with low TOC are in Table 1; values obtained in water 
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with high TOC are in Table 6. Rehwoldc, et al. (1971, 1972, 1973) obtained 

substantially higher acute values than ocher invescigacors did with an 

amphipod, the common carp, scriped bass, and pumpkinseed. This may have been 

an effect of water quality on coxicicy. 

To account for the apparent relationship of copper toxicity co hardness, 

an analysis of covariance (Dixon and Brown, 1979; Necer and Wasserman, 1974) 

was performed using the natural logarithm of the acute value as the dependent 

variable, species as the treacmenc or grouping variable, and the natural 

logarithm of hardness as the covariace or independent variable. This 

analysis of covariance model was fit to the data in Table 1 for the eight 

species for which acute values are available over a range of hardness such 

char: the hiqhesc hardness is ac least three times the lowest and the highest 

is also at least 100 mg/L higher than the lowest. Seven of the slopes ranged 

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

wide confidence limits if all the data for this species were used, but the 

slope was 1.0438 with narrower confidence limits if the value from Dave 

(1984) was not used. Therefore, this value was not: used. An F-cesc showed 

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

obtaining eiqbr: slopes as dissimilar as these is PzO.11. This was 

incerpreced as indicating char: ic is not unreasonable co assume chat the 

slopes for all eight species are the same. The pooled slope of 0.9422 is 

close co the slope of 1.0 char: is expected on the basis chat copper, calcium, 

magnesium, and carbonace all have a charge of two. 

The pooled slope of 0.9422 was fitted through the geometric nean 

toxicicy value and hardness for each species co obtain Species Mean Acute 

Values ac a hardness of 50 mg/L (Table I), which were used to calculate Genus 
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Mean Acute Values (Table 3). Of the 41 genera for which acute values are 

available, the most sensiKive, Ptychocheilus, is 610 times more sensitive 

Khan the most resistant, Acroneuria. The seven most sensitive genera are 

within a factor of 3 and both fishes and invertebrates are among the mosr 

sensitive and most resistant genera. Acute values are available for more 

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

Values within each genus is less than a factor of 6.6. A freshwater Final 

Acute Value of 18.46 dg/L (at a hardness of 50 mg/L) was obtained for copper 

using the Genus Xean Acute Values in Table 3 and the calculation procedure 

described in the Guidelines. Thus, the freshwater Criterion Haximum 

ConcenKracion (in Og/L) = e (0.9422[ln(hardness)]-1.464) . 

Embryos of the blue mussel and Pacific oyster are the most sensitive 

saltwacer animal species Kesced wiKh acute values of 5.8 and 7.8 dg/L, 

respectively (Table 1). Differences in life-stage sensiKivicy with the 

Pacific oyster are clearly evident because the adulKs of this species studied 

in a flow-through cesK had an LC50 of 560 ;Ig/L, which is about two orders of 

magnitude greater than the values for the embryos. This suggests chat 

embryos may be the most sensitive life stage of these two species. Eisler 

(1977) demonsKraced chat copper toxicity co MJ& arenaria varied according co 

the seasonal Kemperature, being at least 100 times more toxic at 22 C than ac 

4 c. The calanoid copepods, Acartia tonsa and Acartia clausi, were the most 

sensitive crustacean species tested with LC5Os in the range of 17 to 55 gg/L. 

Sosnowski, ec al. (1979) showed chat the sensitivity of field populations of 

4. tonsa co copper was strongly correlated with population densicy and food 

ration (Table 61, whereas cultured A _. eonsa manifested a reproducible 

toxicological response to copper (Table 1) through six generations (Sosnowski 
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and CenKile, 1978). Life-stage sensicivicy differences also occurred with 

crustaceans as evidenced by the acute values of 100 Pg/L for lobster adults 

(McLeese, 1974) and 48 ug/L for larvae (Johnson and CenKile, 1979). The 

range of crustacean sensitivity fo copper is further highlighted by larvae of 

Khe green crab, Carcinus maenus, whose LC50 of 600 ug/L is the highesr of al1 

reported saltwater acute values. AdulK Neanthes arenaceodencata had a range 

of acute values from 77 co 200 ;lg/L (Pesch and Morgan, 1978) and adulr: Nereis 

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

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

Acute values Ear saltwater fishes ranged from 13.93 co 411.7 @g/L and as 

with invertebrates, the lowesr: value was obtained in a test with embryos. In 

addic ion, tests wiKh embryos of Aclancic cod resulted in a 14-day LC50 of 10 

Ag/L (Table 6). Birdsong and AvaviK (1971) found chat copper may be more 

toxic to adult pompano at a salinity of 10 g/kg Khan at 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, but not 

the salcwacer, criterion. 

The 19 available saltwater Genus Hean Acute Values ranged from 5.8 ug/L 

for Mytilus to 7,694 $g/L for Rangia for a factor of over 1,000. Acute 

values are available for more than one species in each of five genera and the 

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

3.7. A saltwater Final Acute Value of 5.832 yg/L was obtained using the 

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 the blue 

mussel and the value of 7.807 +g/L for the Pacific oyster. 
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Chronic Toxicity to Aquatic Animals 

Chronic toxicity tests have been conducted on copper in fresh water with 

five invertebrate and ten fish species (Table 2). In addition, results of 

seven life-cycle tests with daphnids are listed in Table 6, because the 

copper concentrations were not measured during the tests. Winner (1984a,b) 

demonstrated that both humic acid and selenium decreased the chronic toxicity 

of copper to Daphnia pulex. A life-cycle test with the fathead minnow was 

conducted in a scream water of variable quality (Brungs, et al. 1975). This 

result is in Table 6, because the dilution water for the test was obtained 

downstream of a sewage treatment plant and contained varying, high concentra- 

tions of organic material, phosphates, etc. Long-term tests by Seim, et al. 

(1984) with rainbow trout and by Nebeker, et al. (1984) with the midge, 

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

reproductive effects. Seim, et al. (1984) and McKim, et al. (1978) obtained 

nearly identical results with the trout at slightly different hardnesses. 

The 20-day EC50 for the midge, Chironomus tentans, indicates that this 

species is slightly more resistant to copper than other invertebrates in 

long-term tests. 

The fifteen chronic values for the ten fish species range from 3.873 

µg/L in an early life-stage test with brook trout to 60.36 µg/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 µg/L. The range for fishes is 

greater than the range for invertebrates, but this is largely due to the fact 

chat the three chronic values for brook trout range from 3.873 to 31.15 µg/L. 

The only fish species with a chronic value greater than 31.15 µg/L is the 

northern pike at 60.36 µg/L. Although 22 chronic tests have been conducted 

on copper with freshwater species (Table 2), comparable acute values are not 
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available for eight of the chronic tests, and one additional chronic test did 

not actually produce a chronic value. 

The range of the thirteen acute-chronic ratios that can actually be 

calculated is 153, and the range of the thirteen individual acute values is a 

factor of 85. However, the range of the thirteen chronic values is only a 

factor of 4.8, indicating that for copper, the chronic values, rather than 

the acute-chronic ratio, is nearly constant across species. Most of the 

range in the acute-chronic ratio is obviously due to the range in the acute 

values, and the correlation coefficient (r) between tie logarithm of the 

acute-chronic ratio and the Logarithm of the acute value is 0.94. The 

increase in the acute-chronic ratio for resistant species might be due to an 

increase in precipitation of copper in acute tests as the sensitivity of the 

species co copper decreases. If the chronic tests for these same species are 

generally conducted at concentrations below the solubility limit of the 

common hydroxy-carbonates, the ratio would be increased when precipitation 

occurs in the acute tests. 

Because the Final Acute-Chronic Ratio is meant to be used to calculate a 

Final Chronic Value from the Final Acute Value and because the Species Mean 

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

slightly higher than the Final Acute Value, it seems reasonable to use the 

geometric mean of the Species Mean Acute-Chronic Ratios for these two species 

as the Final Acute-Chronic Ratio. Division of the Final Acute Value by the 

Final Acute-Chronic Ratio of 2.823 results in a Final Chronic Value of 6.539 

µg/L at a hardness of 50 mg/L. 

The available information concerning the effect of hardness on the 

chronic toxicity of copper is inconclusive. The four chronic tests with the 
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fathead minnow show a consistent relationship, and the slope of 0.2646 is 

much lower than the pooled slope of 0.9422 for the effect of hardness on 

acute toxicity. On the ocher hand, in tests with Daphnia magna Chapman, ec 

al. (Manuscript) found a slope of 1.075 when hardness was increased from 51 

to 104 mg/L, but a very negative slope when hardness was increased from 104 

co 211 mg/L. It seems reasonable to assume chat chronic toxicity decreases 

as hardness increases for two reasons. First, the available data seem co 

suggest it. Second, the small acute-chronic ratio and the strong effect of 

hardness on acute toxicity require an effect of hardness on chronic toxicity 

if the Final Chronic Value is to be below the Criterion Maximum Concentration 

at very low hardnesses. On the other hand, if the chronic slope is assumed 

to be equal co the acute slope of 0.9422, the Final Chronic Value would be 24 

;Ig/L ac a hardness of 200 mg/L. This seems a little high based on the 

chronic values ac high hardness in Table 2. The combination of a chronic 

j ncercept of -1.465 and a chronic slope of 0.8545 provides the lowest chronic 

slone that will keep the Final Chronic Value below the Criterion Maximum 

Concentration down to a hardness of 1 rag/L and will result in a Final Chronic 

Value of 6.539 yg/L at a hardness of 50 mg/L. This combination results in a 

Final Chronic Value of 21 :Jg/L ac a hardness of 200 mg/L, which seems more 

appropriate than the value of 24 gg/L. 

The only saltwater chronic value available is for the mysid, Mysidopsis 

bahia (Table 2). The chronic toxicity of copper co this saltwater inverce- 

brace was determined in a flow-through life-cycle test in which the 

concentrations of copper were measured by atomic absorption spectroscopy. 

Survival was reduced at 140 :Jg/L, and the number of spawns recorded at 77 

*g/L was significantly (P<O.O5) fewer than at 38 Jg/L. The number of spawns 
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ar 24 and 38 pg/L was not significantly differenr from the number of spa-s 

in the controls. Brood size was significantly (P(O.05) reduced ac 77 pg/L, 

but not at lower concentrations, and no effects on growth were dececced ac 

any of the copper concentrations. Based upon reproductive data, unacceptable 

effects were observed ar 77 yg/L, but nor ac 38 gg/L, resulting in a chronic 

value of 54.09 Yg/L. Using the acute value of 181 Jg/L, the acute-chronic 

ratio for this species is 3.346 (Table 2). 

Use of 3.346 as the salcwacer Final Acute-Chronic Ratio does not seem 

reasonable because Mvsidopsis bahia is relatively acutely insensitive co 

copper. The lowest saltwater acute values are from tests with embryos and 

larvae of molluscs and embryos of surmner flounder, which are possibly the 

most sensitive life stages of these species. It stems likely chat 

concencracions that do not cause acute lethality co these life stages of 

these species will not cause chronic toxicity either. Thus, for salt water 

the Final Chronic Value for copper is equal co the Criterion Maximm 

Concencracion of 2.916 :Jg/L (Table 3). 

Several recent studies have accempted co cesc the validity of the 

“two-number” basis of the 1980 copper criteria (U.S. EPA, 19801. Ingersoll 

and Winner (1982) and Seim, ec al. (1984) tested the effects of daily pulses 

at the copper LC50 co Daphnia Pulex and rainbow crouc, respectively. Both 

studies maintained the “average concentration” ac or below the “no effect” 

concentration of a comparable long-term cesc with continuous exposure. 

Ingersoll and Winner (1982) observed a reduction in brood size and decreased 

survival of daphnids in cht pulsed exposure. Similarly, Seim, ec al. (1984) 

noted decreases in both survival and growth of trout with pulsed exposures. 

Buckley, ec al. (1982) exposed coho salmon continuously to copper levels of 
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l/4 and l/2 the LC50, while periodically testing acute toxicity (168-hr 

LC50), which is equivalent to short “pulses” above the long-term average 

concentration. Both groups of fish acclimated to the long-term copper 

exposure, and increased tolerance to acute exposures. AC the end of 16 weeks 

the 168-hr LC50 of fish exposed ac l/2 the original LC50 increased 2.5 fold. 

Exposure co l/4 the LC50 increased the 168-hr LCSO by 40%. These results 

were shown co be related co storage of copper in the liver and the induction 

of mecallochionein or other hepatoproteins (Dixon and Sprague, 1981b; 

McCarter and Roth, 1984; McCarter, et al. 1982). 

Acclimation to chronic exposure co copper is a proceccive mechanism, as 

is the induction of chelace excretion by algae (McKnighc and Morel, 1979) and 

the developnenc of copper-resistant strains of phytoplankton (Foster, 1982). 

All of the above studies indicate, however, that acclimation of either 

individuals, species, or populations requires sublethal exposures of several 

days or weeks duration, and chat rapid excursions co near-lethal levels are 

more harmful than continuous low-level exposure. 

LaPoint, ec al. (1984) conducted field studies of effects of aecal 

concentrations on benchic communities in 15 streams inpacced co varying 

degrees by mining and industrial wastes. Their results ac each sampling site 

were compared co hardness-related criteria calculated for each mecal based on 

the 1980 criteria documents (U.S. EPA, 1980). This comparison indicated 

that “for the relatively simple metal pollution problems . . . . . the resident 

fauna responds in a predictable and indicative manner”. In these cases, 

where only one or two metals were found, impacts on the benthos corresponded 

to areas of the stream exceeding the criteria. In a majority of cases, 

however, the complexicy of the waste and the physical habitat or the 
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influence of nutrient-rich effluents made the “community structural response 

. . . . . less readily predictable”. In general, these studies tend to support 

the calculated criteria in those cases where the area impacted by the metals 

was definable and valid upstream-downstream comparisons could be made. This 

report also points up the enormous difficulty of attempting to extrapolate 

from laboratory results to complex field situations. 

Toxicity to Aquatic Plants 

Copper has been widely used as an algaecide and herbicide for nuisance 

aquatic plants (McKnight, et al. 1983). Although it is known as an inhibitor 

of photosynthesis and plant growth, toxicity data on individual species 

(Table 4; see also Rai, et al. 1981; Spear and Pierce, 1979a) are not 

numerous. 

The relationship of cooper toxicity to the complexing capacity of the 

water or the culture medium is now widely recognized (Gachter, et al. 1973; 

Petersen, 1982) and several recent studies have used algae to “assay” the 

copper complexing capacity of both fresh and salt waters (Allen, et al. 

1983; Lumsden and Florence, 1983; Rueter, 1983). It has also been shown that 

algae are capable of excreting complexing substances in response to copper 

stress (McKnight and Morel, 1979; Swallow, et al. 1978; Van den Berg, et al. 

1979). Foster (1982) and Stokes and Hucchinson (1976) have identified 

resistant strains and/or species of algae from copper (or other metal) 

impacted environments. A portion of this resistance probably results from 

induction of the chelate-excretion mechanism. Chelate-excretion by algae may 

also serve as a protective mechanism for other aquatic organisms in eutrophic 

waters, i.e., where algae are capable of maintaining free copper activities 

below harmful concentrations. 
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Copper concentrations from 1 to 8,000 µg/L have been shown to inhibit 

growth of various plant species. Several of the values are near or below the 

chronic values for fish and invertebrate species, but most are much higher. 

No Final Plant Value can be obtained because none of the plant values were 

based on tests with important species in which the concentrations of copper 

were measured in the test solutions. 

Data are available on the toxicity of copper in salt water to two 

species of macroalgae and ten species of microalgae (Table 4). A copper 

concentration of 100 µg/L caused a 50% decrease in photosynthesis in the 

giant kelp, Macrocystis pyrefera (Clendenning and North, 1959). Growth 

reduction in the red alga, Champia parvula, occurred in both the tetrasporo- 

phyte and female plants exposed to copper concentrations of 4.6 and 4.7 µg/L 

(Steele and Thursby, 1983). Microalgae were equally sensitive to copper. 

The growth rates of Thalassiosira pseudonana and Scrippsiella faeroense were 

reduced by 50% after exposure to 5.0 µg/L for three and five days, 

respectively. Thus, saltwater plant species show similar sensitivity to 

copper as animal species, and water quality criteria that protect saltwater 

animals should also protect saltwater plants. 

Bioaccumulation 

Bioconcentration factors (BCFs) in fresh water ranged from zero for the 

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

the polychaete worm, Neanthes arenaceodentata, bioconcentrated copper 2,550 

rimes (Pesch and Morgan, 1978), whereas in a series of measurements with 

algae by Riley and Roth (1971) the highest reported BCF was 617 for 

Heteromastix longifillis. The highest saltwater BCFs were obtained with 

17 



bivalve mollusks. Shuster and Pringle (1969) found that the eastern oyster 

could concentrate copper 28,200 times during a 140-day continuous exposure co 

so µg/L. Even though the tissue of the oyster became bluish-green, 

mortalities were only slightly higher than in the controls. This amount of 

copper is not known to be harmful to man, but the color would undoubtedly 

adversely affect the marketability of oysters. Because no maximum 

permissible tissue concentration exists, neither a freshwater nor a saltwater 

Final Residue Value can be calculated for copper. 

Ocher Data 

Many of the data in Table 6 are acute values for durations ocher than 96 

hours with the same species reported in Table 1, with some exposures lasting 

up to 30 days. Acute values for test durations less than 96 hours are 

available for several species not shown in Table 1, and these species have 

approximately the same sensitivities to copper as species in the same 

families listed in Table 1. For example, Anderson, et al. (1980) report a 

10-day value for the midge, Tanytarsus dissimilis, of 16.3 µg/L in soft 

water. This compares with the 96-hr LC50 of 30 µg/L for Chironomus at a 

hardness of 50 mg/L (Rehwoldt, et al. 1973). Reported LC50s at 200 hours for 

chinook salmon and rainbow trout (Chapman, 1978) differ only slightly from 

96-hr LC50s reported for these same species in the same water. 

Many of the other acute tests in Table 6 were conducted in dilution 

waters which were known to contain materials which would significantly reduce 

the toxicity of copper. These reductions were different from those caused by 

hardness, but not enough data exist to account for these in the derivation of 

criteria. For example, Lind, et al. (Manuscript) conducted tests with 
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Daphnia pulicaria and the fathead minnow in waters with concentrations of TOC 

ranging up to 34 mg/L. Similarly, Brungs, et al. (1976) and Geckler, et al. 

(1976) conducted tests with many species in stream water which contained a 

large amount of effluent from a sewage treatment plant. Wallen, et al. 

(1957) tested mosquitofish in a turbid pond water. Until chemical 

measurements which correlate well with the toxicity of copper in a wide 

variety of waters are identified and widely used, results of tests in unusual 

dilution waters, such as chose in Table 6, will not be very useful for 

deriving water quality criteria. 

Table 6 also includes tests based on physiological effects, e.g., 

changes in growth, appetite, blood parameters, stamina, etc. These were 

included in Table 6, because they could not be directly interpreted for 

derivation of criteria. Only avoidance of 0.1 µg/L by rainbow trout fry 

(Folmar, 1976) appeared to be substantially lower than other acute and 

chronic effects listed in Tables 1 and 2. Geckler, et al. (1976) also 

mention avoidance of copper at 120 µg/L as a significant factor in their 

studies on stream populations. Such results cannot be translated into 

criteria, because of the paucity of available data and the number of poorly 

understood factors involved in application of the results, e.g., acclimation, 

mixing zones, species specificity, etc. 

Waiwood and Beamish (1978) studied the effect of copper on growth of 

rainbow trout at different pHs. Baker, et al. (1983), Hetrick, et al. 

(1979) and Knittel (1981) found that exposure to copper increased the 

susceptibility of rainbow trout and chinook salmon to diseases. Ewing, et 

al. (1982) found little change in the infection rate of channel catfish 

following sublethal exposure to copper. 
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Most noteworthy among saltwater organisms are the values reported for 

the bay scallop, Argopecten irradiens, which suffered mortality and reduced 

growth when chronically exposed to concentrations of 5 and 5.8 µg/L, 

respectively (Table 6). Also, the 14-day LC50 of 10 µg/L for Atlantic cod 

embryos further substantiates that this life stage is particularly sensitive. 

These results and those from similar studies support the need for a saltwater 

Final Chronic Value no greater than 2.9 µg/L. 

Unused Data 

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

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

Notch America, e.g., Ahsanullah, et al. (1981), Bougis (1965), Collvin 

(1984), Cosson and Martin (1981), Heslinga (1976), Karbe (1972), Majori and 

Petronio (1973), Mishra and Srivastava (1980), Negilski, et al. (1981), Pant, 

et al. (1980), Saward, et al. (1975), Solbe and Cooper (1976), Verriopoulos 

and Moraitou-Apostolopoulou (1982), and White and Rainbow (1982). Data were 

not used if copper was a component of a mixture (Wong, et al. 1982). Reviews 

by Chapman, et al. (1968), Eisler (1981), Eisler, et al. (1979), Phillips and 

Russo (1978), Spear and Pierce (1979b), and Thompson et al. (1972) only 

contain data that have been published elsewhere. 

Ferreira (1978), Ferreira, et al. (1979), Leland (1983), Lett, et al. 

(1976), Ozoh and Jacobson (1979), and Waiwood (1980) investigated effects of 

copper on various physiological parameters of aquatic animals, but the 

reports do not contain any interpretable concentration-time relationships 

useful for deriving criteria. 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 not used because they could not be interpreted in 

terms of acid-soluble copper. 

Papers by Borgmann (1981), Filbin and Hough (1979), Frey, et al. (1978), 

Gillespie and Vaccaro (1978), Guy and Kean (1980), Jennett, et al. (1982), 

Maloney and Palmer (1956), Nakajima, et al. (1979), Sunda and Lewis (1978), 

Swallow, et al. (1978), Van den Berg (1979), and Wagemann and Barica (1979) 

report on studies of various aspects of copper complexation on uptake, growth 

inhibition, or toxicity co various algae, bacteria, and plankton. Most of 

these report data on relative effects, usually in artificial media, and do 

not contain useable toxicological data for surface waters. Chelating agents 

were used in the tests by Gavis, et al. (1981) Hawkins and Griffith (1982), 

Lee and Ku (1984) Reed and Moffat (1983), Rueter, et al. (1981), Schenck 

(1984), Sullivan, et al. (1983), and Wikfors and Ukeles (1982). 

Papers that dealt with the selection, adaptation, or acclimation 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, et al. 

(1983), Ray, et al. (1981), Sander (1982), Scarfe, et al. (1982), Schmidt 

(1978a,b), Sheffrin, et al. (1984), Steele (1983) Viarengo, et al. 

(1981a,b), and Wood (1983). 

Abbe (1982), Bouquegmean and Martoja (1982), Gibbs, et al. (1981), 

Gordon, et al. (1980) Howard and Brown (1983), Mackey (1983) Martin, et al. 

(1984), Pophan and D’Auria (1981), Smith, et al. (1981), and Strong and Luoma 

(1981) did not report sufficient measurements of copper concentrations in 

water co allow use of their field studies. Finlayson and Ashuckian (1979), 

Labat, et al. (1977), McIntosh and Kevern (1974), McKnight (1980), and Taylor 
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(1978) reported the results of various field studies with poorly defined or 

experimentally confounded exposure conditions. Papers by Baudouin and Scoppa 

(1974), Dodge and Theis (1979), Evans (19801, Furmanska (1979), Muramoto 

(1980, 1982), and Verma, et al. (1980) contain too few experimental details 

to allow interpretation of the results. Bringmann and Kuhn (1982) cultured 

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

Heath (1979) only reported results graphically. Shcherban (1977) did not 

report usable results, and Brkovic-Popovic and Popovic (1977a,b) used 

questionable dilution water. Data were not used if mortality in the controls 

was too high (Ho and Zubkoff, 1982; Huilsom, 1983; Watling, 1981, 1982, 

1983). High control mortalities occurred in all except one test reported by 

Saucer, et al. (1976). Control mortality exceeded 10% in one test by Mount 

and Norberg (1984). The 96-hr values reported by Buikema, et al. (1974a,b) 

were subject to error because of possible reproductive interactions (Buikema, 

et al. 1977). Bioconcentration factors could not be calculated from the data 

of Anderson and Spear (1980a). 

Summary 

Acute toxicity data are available for species in 41 genera of freshwater 

animals. At a hardness of 50 mg/L the genera range in sensitivity from 16.74 

µg/L for Ptychocheilus to 10,240 µg/L for Acroneuria. Data for eight species 

indicate that acute toxicity decreases as hardness increases. Additional 

data for several species indicate chat toxicity also decreases with increases 

in alkalinity and total organic carbon. 

Chronic values are available for fifteen freshwater species and range 

from 3.873 µg/L for brook trout to 60.36 µg/L for northern pike. Fish and 
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invertebrate species seem co be about equally sensitive CO the chronic 

toxicity of copper. 

Toxicity tests have been conducted on copper with a wide range of 

freshwater plants and the sensitivities are similar to those of animals. 

Complexing effects of the test media and a lack of good analytical data make 

interpretation and application of these results difficult. Protection of 

animal species, however, appears to offer adequate protection of plants. 

Copper does not appear to bioconcentrate very much in the edible portion of 

freshwater aquatic species. 

The acute sensitivities of saltwater animals to copper range from 5.8 

µg/L for the blue mussel to 600 µg/L for the green crab. A chronic 

life-cycle test has been conducted with a mysid, and adverse effects were 

observed at 77 µg/L but not at 38 µg/L, which resulted in an acute-chronic 

ratio of 3.346. Several saltwater algal species have been tested, and 

effects were observed between 5 and 100 µg/L. Oysters can bioaccumulate 

copper up to 28,200 times, and become bluish-green, apparently without 

significant mortality. In long-term exposures, the bay scallop was killed at 

5 µg/L. 

National Criteria 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

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

affected unacceptably if the four-day average concentration (in µg/L) of 

copper does not exceed the numerical, value given by 

e (0.8545[1n(hardness)]-1.465) more than once every three years on the 
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average and if the one-hour average concentration (in µg/L) does not exceed 

the numerical value given by e (0.9422[ln(hardness)]-1.464) more than 

once every three years on the average. For example, at hardnesses of 50, 

100, and 200 mg/L as CaCO3 the four-day average concentrations of copper 

are 6.5, 12, and 21 µg/L, respectively, and the one-hour average 

concentrations are 9.2, 18, and 34 µg/L. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate that, except possibly where a locally important species 

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

affected unacceptably if the one-hour average concentration of copper does 

not exceed 2.9 µg/L more than once every three years on the average. 

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

more scientifically correct basis upon which to establish criteria for 

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

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

criteria through the regulatory programs of the Agency and the States. The 

Agency is considering development and approval of methods for a measurement 

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

the criteria using the total recoverable method. This has two impacts: (1) 

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

recoverable method does not distinguish between individual oxidation states, 

and (2) these criteria may be overly protective when based on the tota1 

recoverable method. 

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

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

system to recover from a pollution event in which exposure co copper exceeds 
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the criterion. Stressed systems, for example, one in which several outfalls 

occur in a limited area, would be expected to require more time for recovery. 

The resilience of ecosystems and their ability co recover differ greatly, 

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

justification is provided. 

The use of criteria in developing waste treatment facilities requires 

the selection of an appropriate wasteload allocation model. Dynamic models 

are preferred for the application of these criteria. Limited data or other 

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

steady-state model. The Agency recommends the interim use of 1Q5 or 1Q10 for 

Criterion Maximum Concentration (CMC) design flow and 7Q5 or 7Q10 for the 

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

for unstressed and stressed systems respectively. These matters are 

discussed in more detail in the Technical Support Document for Water 

Quality-Based Toxics Control (U.S. EPA, 1985). 
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Table 1. Acute Toxicity ot Copper to Aquatic Anlrels 

species 

worm, 
LumbrIculus variegatus 

Tub1 ticid worm, 
Limodrllus hoftmeisterl 

WOTIII, 
Nais sp. 

Snai I, 
Campeloma deci sum 

Snai I (embryo), 
Amnicoia sp. 

Snail (adult), 
Amnicoia sp. 

Snail, 
Goniobasls I ivescens 

Snail, 
Goniobasis Iivescen5 

Snai I, 
Gyrauius circumstriatus 

Snail, 
Physa heterostropha 

Snail, 
integra Physa 

Asiatic clam, 
Corbicuia tluminea 

Asiatic clam, 
Corbicula f lumlnea 

Cladoceran, 
Cerlodaphnia reticulata 

nettmd. 

s, u 

s, u 

s, M 

m, M 

s, M 

s, M 

s, M 

s, M 

s, u 

s, u 

fl, M 

s, u 

fl, u 

s. u 

Hardness 
hg/L as 

Chemical -seL 

FRESHWATER SPECIES 

Copper 
sulfate 

Copper 
sul tete 

30 

loo 

50 

tipper 
sulfate 

3555 

50 

50 

CoPPer 
sulfate 

I54 

Copper 
sulfate 

154 

Copper 
sulfate 

100 

CWP- 
sui fate 

100 

Copper 
sulfate 

35-55 

Wwer 
su I fate 

64 

Copper 
sul tate 

64 

45 

LC% 
or Ec54l 
(l&L)** 

150 

102 

90 

1,700 

9,300**** 

900 

590 

390 

108 

69 

39 

40 

490 

17 

Spoclas noall 
Acut. Valw 

(vQ/L)"* Ret 8cwIce 

242.1 

53.08 

Bailey 6 Liu. 1980 

wurtz d Bridges, 1961 

90.00 Rehuoldt, et al. 1973 

1,877 Arthur 6 Leonard, 1970 

Rehwoldt, et al. 1973 

900.0 Rehwoldt, et al. 1973 

Paulson, et al. 1983 

166.2 Paulson, et al. 1983 

56.21 wurtz 6 Bridges, I961 

35.91 

43.07 

l **** 

18.77 

Wurtz 6 Bridges, I961 

Arthur 6 Leonard, 1970 

Rodgers, et al, 1980 

Rodgers, et al. 1980 

Mount and Norberg, 
1984 
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Table 1. (Canti nuul) 

Hardness IL50 
(q/L as or EC.50 

Caa3, I (rq/L)** 

12.7 

Spacles Moan 
Acute Value 

(rg/Ll*** Reterenc.. 

Anderson, 1948 

Method 
s, u 

s, u 

Species 

C I adoceran, 
Oaphnia msgna 

Cladoceran, 
Daphnia magna 

Ciadoceran, 
Daphnia magna 

Cladoceran, 
magna Daphni a 

Cladoceran, 
Daphni a maqna 

Ciadocetan, 
Oaphni a magna 

C ladoceran, 
Daphnia magna 

Cladoceran, 
Daphni a maQna 

Cladocetan, 
Oaphn I a MQna 

Cl adoceran , 
Oaphnia magna 

Cladoceran, 
Daphni a MQna 

C ladoceran, 
Daphn I a magna 

Ciadoceran, 
Oaphnla mQna 

Ciadoceran, 
Daphn I a maqna 

ChaifXi 

Copper 
chloride 

224 200 Cower 
sulfate 

Cabejszek 6 Stasiak, 
1960 

s, u 

s, u 

s, u 

S, M 

s, M 

s, M 

s, M 

s, u 

s, M 

45.3 Cawer 
chloride 

9.8 81 esi nger 6 
Chrl stensen, 1972 

Adema 6 Degroot-Van 
Ziji, 1972 

Mema 6 Degroot-Van 
Zijl, 1972 

Chapman, et al . 
Hanuscr I pt 

Chapman, et al. 
Manuscr I pt 

Chapman, et al. 
Manuscr I pt 

Chapman, et al. 
Manuscript 

Cairns, et al. 1976 

Cower 
chloride 

99 85 

Cower 
chloride 

99 50 

Cower 
chloride 

Cower 
chloride 

Copper 
chloride 

Cower 
chloride 

Cower 
su I fate 

52 26 

30 

38 

105 

IO6 

207 69 

10 

31.8 

45 

100 Borgmann 6 Ralph, 1983 

Copper 
oxi de 

s, M 

s, u 

s, u 

26 

6.5+ 

54 

143 Lewl s, 1983 

Copper 
sulfate 

250 Dave, 1984 

45 21.17 Mount 6 Norberg, 1984 
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lablo 1. (Continued) 

LCSO 
or EC50 
(&Lb** 

10 

Hardness 
(mg/L as 

C&O,) 

45 

Species Mean 
Acuts Va I U* 

(vq/L)*** Rd YMUX 

Calms. et al. 1978 

Metllod* 
s. u 

s, u 

s, M 

s, M 

Chalcal Species 

C I edoceran, 
Oaphnla pu 

C ladoceran, 
Daphni a pul ex 

Cladoceran, 
Daphnla pullcarla 

Cladoceran, 
Oaphnla pulicarla 

C I adoceran, 
Oaphnia pul icaria 

C I adoceran, 
Oaphnla pulicarla 

C I adoceran, 
Oaphnla pullcarla 

C ladoceran, 
Daphnla pulicarla 

Cfadoceran, 
Daphnla pullcarla 

Cladoceran, 
Daphnla pullcarla 

AmphI pod, 
Gammarus pseudo1 I mnaeus 

Amphipod, 
Gar*Mrus pu I ex 

-phIpod, 
GaR*aarus pulex 

Amphlpod, 
GamMrus sp. 

Copper 
5ul tata 

45 53 25.42 Mount 6 Norberg, 1984 

48 11.4 Lind, et al. 
Uanuscrlpt 

48 9.06 Llnd, et al. 
Manuscr I pt 

48 7.24 Llnd, et al. 
Manuscript 

44 10.8 Llnd, et al. 
Manuscr I pt 

45 9.3 Llnd, et al. 
Manuscript 

95 17.8 Lind, et al. 
Manuscr Ipt 

I45 23.7 Lind, et al. 
Manuscr I pt 

245 27.3 9.243 Lind, et al. 
Manuscript 

45 20 22.09 Arthur 6 Leonard, 1970 

s, M 

s. M 

s, M 

s, M 

5. M 

n, M 

R, u 

Copper 
sulfate 

Wwer 
chloride 

I04 41 Stephenson, 1983 

28.79 Stephenson, I963 R, U 

s, w 

Cower 
chloride 

249 183 

91 ot+ 50 Rehwoldt, et al. 
1973 
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Tablo 1. (ContImed) 

LC50 
or EC!30 
t&L)** 

600 

Spocles Moan 
Acute Va I ue 

(rg/L)*** 

Hardness 
(lng/L as 
Caco~) Method” 

s, M 

Cheml ca I 

Wver 
chloride 

FT, M Copper 
5u I fate 

loo-125 

FT, I4 I7 

SPecl8S 

Crayf I sh, 
Orconectes I lmosus 

Crayfish, 
Orconectes rustlcus 

Crayf I sh ( I arva) , 
Procambarus clarkl I 

Damsel fly, 
Unlduntl fled 

Stonef ly, 
Acroneuria lycorlas 

Caddlsfly, 
Unldentlfled 

Midge f 1st Instar), 
Chirommus tentans 

Midge (2nd Instar), 
Chlronomus tentans 

Midge (3rd Instar), 
Chironmus tentans 

Wldge (4th Instar), 
Chlronomus tentans 

Mldw, 
Chlrcmomus sp. 

Bryozoan, 
Pectlnatel la magnlflca 

Bryozoan, 
Lophopodella carter1 

Bryozoan, 
Plumatella emarqlnata 

American eel, 
Angul I la rostrata 

Ref erQnc0 

Boutet A 
Chalsemartln, 1973 

Hubs&man, 1967 3,000 1,397 

720 1,990 Rice d Harrison. 1983 

50 4,600 4,600 Rehuoldt, et al. 1973 

40 8,300 10,240 Warnick 6 Bel I. 1969 

50 6,200 6,200 Rehuoldt, et al. 1973 

71-04 298 Nebeker, et al. l9Ma 

71-84 773**** Nebeker, et al. 1984a 

71-84 1,446’**” Nebeker, et al. t984a 

71-84 I ,690”* 197.2 Webeker, et al. 1984a 

50 30 30.00 Rehuoldt, et al. 1973 

190-220 510 135.0 Pardue A wood, 1960 

190-220 140 37.05 Pardue & Wood, 1980 

190-220 140 37.05 Pardue I Wood, 1980 

53 6,400 Rehwoldt, et al. 1971 

s, M 

s. M Wwr 
sulfate 

tipper 
chloride 

FT, M Copper 
chloride 

s, M 

s, u 

s, u 

Cower 
chloride 

Wwer 
chloride 

Cower 
su I tate 

s, u 

s. M Wv--r 
nl trate 
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Table 1. (Continued) 

Species 

American eel, 
Anguilla rostrata 

American eel 
(black eel stage), 
Angullla rostrata 

American eel 
(glass eel stage), 
Angullla rostrata 

Coho salmon (adult), 
Oncofhynchus ki sutch 

Coho salmon Lparr), 
Oncorhynchus kl sutch 

Coho salmon (adult), 
Oncorhynchus ki sutch 

Coho sa Imon L year I i ng) , 
Oncorhynchus kl sutch 

Coho salmon Lyearllhg), 
Oncorhynchus kisutch 

Cot10 salmon Lsfnolt), 
Oncorhynchus kisutch 

Coho salmon f juvenl le), 
Oncorhynchus kisutch 

Sockeye salmon (molt), 
Oncorhynchus nerka 

Sockeye salnon (molt), 
Oncorhynchus nerka 

ne4thod 

5, M 

s. u 

s, u 

s, M 

R, M 

R, M 

R, M 

Sockeye salmon fflhgerling), R, M Cop per 
Oncorhynchus nerka chlorl de 

Sockeye salmon fflhgerllng), R, M 
Oncorhynchus nerka 

Cower 
chloride 

Chmlcal 

fhper 
sulfate 

Wver 
su I tate 

Copper 
chloride 

Copper 
chloride 

CoPPer 
chloride 

Cwmr 
chloride 

Copper 
chloride 

Wver 
chloride 

Cop per 
chloride 

Copper 
chloride 

Hardness 
fag/L as 
Cad&) 

55 

40-48 

40-46 

20 46 

23 28-38 

Chapman 6 Stevens, 
1978 

Chapman, 1975 

23 42.9 Chapman, 1975 

89-99 74 lorz & HBherson, 1976 

89-99 70 Lorz b McPherson, 1976 

89-99 60 Lot-z & McPherson, 1976 

33 164 10.25 &rckIey, I963 

36-46 240 

36-46 103 

220 

210 

Davis 6 Shand, 1978 

Oavi s d Shand, 1976 

36-46 Oavis & Shand, 1976 

36-46 OdViS b Shdnd, 1978 

Lc50 Species nmn 
or EC50 Acute Value 
(kg/L)‘* (rg/L)‘** Ref uencm 

6,000 Rehuoldt, et al. 1972 

3,200 Hlnton 6 Eversole, 
1979 

2,540 4,305 Hinton b Eversole, 
1978 
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Table I. (Contlnud) 

Mardness 
<mg/L 8s 

cd?ol) 

LC50 Species Mean 
or EC50 Acute we lue 
(rg/L).’ (rg/L)‘*a Ref a-once 

36-46 240 233.8 Oavls d Shand, 1978 

Species Method* 

Sockeye salmon (flngerllng), R, M 

Chenlcsl 

COPPer 
chloride Oncorhynchus nerka 

Chlnook salmon falevin), 
Oncorhynchus tshawytscha 

Chinook salmon (swimup), 
Oncorhynchus tshawytscha 

Chl nook salmon f parrl, 
Oncorhynchus tshawytscha 

Chlnook salmon (smelt), 
Oncorhynchus tshawytscha 

Chinook salmon (juvenl le), 
Oncorhynchus tshauytscha 

Chinook salmon, 
Oncorhynchus tshawytscha 

Chinook salmon, 
Oncorhynchus tshawytscha 

Chlnook salmon, 
Oncorhynchus tsharytscha 

Chlnook salmon, 
Oncorhynchus tsharytscha 

Chlnook salmon, 
Oncorhynchus tsharytscha 

Cutthroat trout, 
Salmc clarkl -_I_ 

Cutthroat trout, 
Salmo Clark1 -- 

Cut throat trout, 
Salino clarkl -- 

23 26 Chapman, 1975, 1978 cop per 
chloride 

Cower 
chloride 

23 19 Chapman, 1975, 1978 

Copper 
chloride 

23 38 Chapman, 1975, 1978 

23 26 Chapman, 1975, 1978 

25 Chapnran, 1982 

13 

33.1 

10 

22 

Chapman A McCrady, 
1977 

46 Chapman 6 McCrady, 
1977 

Copper 
chloride 

Copper 
chloride 

182 05 Chapman & HcCrady, 
1977 

359 130 

21 32 42.26 

205 367 

Chapman & McCrady, 
1977 

Cower 
sulfate 

Copper 
chloride 

Flnlayson 6 Verrue, 
1982 

Chakoumakos, et al. 
1979 

70 186 Cwwer 
chloride 

Chakoumakos, et al. 
1979 

18 36.8 Cower 
chloride 

Chakounakos, et al. 
1979 
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Tablo 1. (Contlnuod) 

Hardness 
(m&L as 

As!2IL 
LC50 

or EC50 
(rq/L)a* 

232 

Species Mean 
Acute Valua 

( pq/L)*** 

204 

Method* 

FT, M 

FT, M 

FT. M 

chmlcal Ret eronco 

Chakoumakos, et al. 
1979 

Chakoumakos, et al. 
1979 

Chakoumakos, et al. 
1979 

Chakoumakos, et al. 
1979 

SpU1.S 

Cutthroat trout, 
Salmo clarkl -- 

Cutthroat trout, 
Salmo clarkl -- 

Cutthroat trout, 
Salmo ciarkl -- 

Cutthroat trout, 
Saimo clarkl -- 

Cutthroat trout, 
Salmo clarki -- 

Cutthroat trout, 
Salmo clarkl -- 

RaInhow trout, 
Sa Imo gal rdnerf 

Ralnbou trout, 
Salmo qalrdnerl 

Rainbow trout, 
Salmo qalrdnerl 

Ralnbou trout, 
Salmo qal rdneri 

RaInhow trout, 
Saimo qalrdnerl 

Ral nhou trout, 
Salmo galrdnerl 

Ral nbou trout, 
Salvo qalrdnerl 

Ralnbou trout, 
Salmo qalrdnerl 

Copper 
chloride 

Copper 
chiorlde 

Copper 
chloride 

83 162 

31 13.6 

160 91 FT, M 

FT. M 

FT, W 

FT, M 

FT, W 

FT, H 

Copper 
chloride 

Cwwr 
chloride 

74 44.4 Chakoumakos, et al. 
19 79 

Copper 
chloride 

26 15.7 66.26 Chakoumakos, et al. 
1979 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

Cww 
sulfate 

CoPPer 
sulfate 

30 19.9 Ho*arth h Sprague, 
1978 

32 22.4 Houarth h Sprague, 
1978 

31 28.9 Howarth h Sprague, 
1978 

Howarth h Sprague, 
1976 

Howarth 6 Sprague, 
1978 

31 30 

30 30 

176 FT, M 

FT, M 

FT, M 

Copper 
sulfate 

CoPPer 
su I fate 

Copper 
sulfate 

101 Howarth h Sprague, 
1978 

IO1 40 Houarth b Sprague, 
I978 

99 33.1 tiouarth 6 Sprague, 
1978 
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Table 1. Wont1 nued) 

LC50 
orEc50 
( rg/L).’ 

30.7 

Species Mean 
Acute Va lu* 

(rg/L)*‘* Ret uence 

tiouarth A Sprague, 
1978 

Howarth & Sprague, 
1978 

Hardness 
(au& as 

Cash 1 

102 

Method* 

FT, M 

FT, M 

Cheml ca I Species 

Rainhow trout, 
Salmo qalrdnerl 

Ralnhcu trout, 
Salmu gal rdnerl 

Ral nhou trout, 
Salmo galrdneri 

Ralnhou trout, 
Sa Imo qal rdner I 

Ral nhou trout, 
Salmo galrdnerl 

Ral nbou trout, 
Salno galrdnerl 

Ral nhou trout, 
Salmo galrdnerl 

Ralnhou trout, 
Salmo galrdnerl 

Ralnhou trout, 
Sa Imo gal rdner I 

RaInbar trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Sslmo galrdnerl 

RaInhow trout, 
Salmo galrdnerl 

Ralnhw trout, 
Salmo galrdneri 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

IO1 46.3 

99 47.9 Howarth 6 Sprague, 
1978 

Howarth & Sprague, 
1976 

Houarth h Sprague, 
1978 

Howarth h Sprague, 
1978 

Howarth h Sprague, 
1978 

100 48.1 FT, M 

FT, M 

FT. H 

FT, M 

FT, M 

Copper 
sui fate 

too at .I Copper 
sul fate 

85.9 Copper 
sulfate 

98 

Copper 
sulfate 

Copper 
sulfate 

COPPer 
sulfate 

370 232 

366 70 Houarth b Sprague, 
1978 

FT, # 371 82.2 Houarth d Sprague, 
1978 

Houarth & Sprague, 
1978 

Chakoumakor, et al. 
1979 

361 298 FT, M Copper 
sulfate 

I94 lb9 FT. M 

FT, M 

FT, M 

FT, M 

Copper 
ch lorlde 

Copper 
chloride 

Copper 
chloride 

Copper 
chloride 

194 85.3 Chakomakos, et al. 
1979 

194 03.3 Chakoumakos, et al. 
1979 

I94 I03 Chakomakos, et al. 
1979 
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Tablo 1. Eontlnuadd) 

Hardness 
(mg/L as 

cscg 

I94 

LC50 Spoclas Wan 
or EC50 Acuto Value 
(ug/LP irg/L)**a Rafraaco 

274 Chakoumakor, et al. 
1979 

I28 Chakomakos, et al. 
1979 

221 Chakoumakos, et al. 
197Y 

I65 Chakoumakos. et al. 
1979 

197 Chakoumakos, et at. 
1979 

SP0Cl.S Method* 

FT, M 

FT, W 

FT. M 

FT. M 

FT, M 

Chmlcal 

Copper 
chloride 

Rai nbcm trout, 
Salam galrdnerl 

Ralnbou trout, 
Sa Imo gal rdnarl 

Ralnbm trout, 
Salmo qalrdnerl 

RaInbow trout, 
Salnm galrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

RaInbun trout, 
Salao qalrdneri 

Ralnttcm trout, 
Salmu galrdneri 

RaInbar trout falevln), 
Salmo galrdnerl 

Ralnbou trout (sulm-up), 
Salmo qalrdnerl 

Ralnbou trout (Parr), 
Salno galrdnerl 

Ralnbow trout (molt), 
Sslmo qalrdnerl 

Rainbow trout (adult), 
Sslmo galrdnerl 

Ralnbou trout (fry), 
Salmo qalrdnerl 

Ral nbou trout, 
Salmo qalrdnerl 

Caper 
chloride 

I94 

CopPer 
chloride 

CoQwr 
chloride 

Caper 
chiculde 

I94 

I94 

I94 

FT, I4 

FT, M 

COPPer 
chloride 

I94 514 Chakoumkos, et al. 
1979 

Copper 
chloride 

194 243 Chakcumakos, et al. 
1979 

FT, W 

Copper 
chloride 

23 28 Chapman, 1975, 1978 

Copper 
chiorlde 

Copper 
chloride 

Copper 
chiori de 

Wver 
chloride 

23 I7 Chapman, 1975, 1978 

23 IS Chapman, 1975, 1978 

23 29 Chapman, 1975, 1978 

42 57 Chapman, 1975; Chapma! 
6 Stevens, 1978 

253 Hale, 1977 hwer 
n I trate 

Qwer 
sulfate 

125 200 Spear, 1977; Anderson 
6 Spear, I980b 
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Table 1. KcMltlnuedd) 

Hardness 
(q/L as 

cscq,, 

I25 

LC50 
WEC50 
(rq/L)fi’ 

I90 

Speclos Mum 
Acuto Value 

(rg/Ll-* Method@ 

FT, M 

FT, M 

Species 

Ralnixm trout, 
Salmo galrdnerl 

Ralnbou trout, 
Saimo qalrdnerl 

Ralnbou trout, 
Salmo galrdnerl 

Ralnbou trout, 
Salno gal rdnerl 

Rainbow trout, 
Salmo qalrdnerl 

Atlantic salmon, 
Salmo salar -- 

Atiantlc salmon, 
Salmo salar -- 

Atlantic salmon, 
Salmo salar -- 

Brook trout, 
Salvellnus fontinalis 

Chi selmouth, 
Acrochei lus alutaceus 

Central stoner01 ler, 
Campostoma ancma I um 

Goldf Ish, 
Carasslus auratus 

Goldf I sh, 
Carasslus auratus 

Common carp, 
Cyprinus carp10 

Chemlcel Ref eronce 

Spear, 1977; Anderson 
b Spear, 1960b 

Spear, 1977; Anderson 
d Spear, i9flOb 

Calamari 6 Marchettl, 
1973 

GI les 6 Klaverkamp, 
1982 

Sein, et al. 1984 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

I25 210 

290 

90 I90 

42.50 FT, M 

S, M 

copper 
chloride 

I20 80 

Sprague, 1964 Wwer 
su I fate 

20 48 

8-10 125 HI I son, 1972 

I4 32 196.6 

110.4 

Sprague I Ramsey, 
1965 

McKim 6 Benol t, 1971 Cower 
su I fate 

45 100 

52-56 143 133.0 Andros 6 Garton, 1980 Copper 
chloride 

290 78.55 Geckler, et al. 1976 

s, u 

S, M 

Wwer 
su I fate 

200 

Wver 
su I fate 

Cower 
sulfate 

Copper 
nitrate 

20 36 Plckerl ng b Henderson, 
1966 

Tsal 6 Mc%ee, 1978, 
1980 

Rehwoidt, et al. 
I971 

52 300 

BiO’t 

157.1 

53 
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Tablo I. k2ontlnwd) 

SPOCI as Method* Chamlcal 

Hsrdnosr 
hg/L a5 

CdXlq) 

S, M 55 

LC50 Spocla Moan 
or EC50 Acuta Value 
( us/L 1aa (rg/L)‘a* 

aaa’t - 

ii7.5ttt - 

530ttt 

Cannon carp, 
Cyprlnus carplo 

Ccwon carp f 140 mg), 
Cyprlnus carplo 

Common carp 0200 mg) , 
Cyprlnus carplo 

Caon carp, 
Cyprlnus carplo 

Strlped shiner, 
Notropls chrysocephalus 

Strlped shiner, 
Notropl s chrysocepha I us 

Bluntnose nlnnou. 
Plmephales notatus 

Bluntnose ml nnow, 
Plmephales notatus 

Bluntnose nlnnou, 
Plmephales notatus 

Bluntnose minnow, 
Plmephales notatus 

I3 1 un tnose ml nnou , 
Plmephsies notatus 

81 untnose mlnnou, 
Plmephales notatus 

Bluntnose mlnnou, 
Plmephales notatus 

B I un tnose ml nno* , 
Plmephaies notatus 

Rofwonco 

Rehwoldt, et al. 
1972 

i44- IEJtl Deshnukh & 
Marathe, 1980 

144-188 Deshmukh A 
Marathe, 1960 

19 63 156.6 Khangarot, et al. 1983 

s. u 

5, IJ 

R, u 

Copper 
sulfate 

Qwer 
su I fate 

Capper 
su I fate 

Wwer 
sulfate 

Wwer 
sulfate 

200 790 Geckler, et al. 1976 

200 1,900 331.8 

290 

Geckler, et al. I976 

200 Geckier, Lt al. 1976 

200 260 Geckler, et al. 1976 

200 260 Geckler, et al. 1976 

Ww 
sulfate 

FT, M 

Qvper 
su I tate 

CoPPer 
su I fate 

Wwr 
sui fate 

tipper 
su I fate 

f-%ver 
sulfate 

200 280 Geckler, et al. 1976 

200 340 Geckler, et al. 1976 

I94 210 

194 220 

I94 270 72.16 

Horning A Nelheisel, 
1979 

Horning A Nelhelsel, 
1979 

Horning d Nelheisel, 
1979 

FT, M 

Wver 
sulfate 

bPPW 
sui fate 
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Tablo 1. (Continued) 

Hardness 
(ma/L as 

LC.50 
or EC50 
irgm** 

50 

Species Mem 
Acute Va I ue 

(. rgm*** Reference 

Tarmel I 6 Henderson, 
1960 

C&X,) 

20 

Method* 
s, u 

sped es 

Fathead mlnnou, 
Pimephales prcmelas 

Fathead minnow, 
P I mepha I es prone I as 

Fatheed minnow, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales prcmelas 

Fathead ml nnou, 
Plmephales prunelas 

Fathead ml nnow, 
Plmephaies prunelas 

Fathead mlnncu, 
Plmephales prcmelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnoa, 
Plmephaies pranelas 

Fathead minnow, 
Plmephales promelas 

Fathead q lnnou, 
Pimephaies promelas 

Fathead ml nnou, 
Pimephales promelas 

Fathead ml nnou, 
Plmephales pronelas 

Fathead ml nnou, 
Plmephales prcmelas 

Chemical 

COPPer 
sul tate 

-per 
sul tate 

s. u 400 1,400 Tarzwei I b Henderson, 
1960 

Copper 
sul tate 

202 460 Plckerlng, et al. 1977 

Copper 
su I tate 

202 

200 

45 

20 

490 Plckerlng, et al. 1977 

790 Andrew, 1976 

200 Andrew, 1976 

s, u 25 PI ckeri ng 6 Henderson, 
1966 

Copper 
sul tate 

s, u Wver 
sultate 

20 23 Plckerl ng A Henderson, 
1966 

s, u 

s, u 

s, u 

Copper 
sulfate 

Copper 
sulfate 

Copper 
sulfate 

23 Pickering 6 Henderson, 
1966 

Plckerlng 6 Henderson, 
1966 

Pickering h Henderson, 
1966 

22 

I.760 

s, u 

s, u 

m, M 

1,140 Wv- 
sulfate 

Picker I ng 6 Henderson, 
1966 

Wwer 
sulfate 

430 bunt, 1968 

CoPPer 
sulfate 

470 tint, 1968 
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Tablo I. Konti nuod) 

Hardness 
(mg/L as 

cdxh 

31 

LCSO 
or EC50 
( #Q/L ) l * 

84 

Spacios Moan 
Acuto Vaiua 

( t&L) a** species 

Fathead ml nnou, 
Plmephaies prunelas 

Fathead ml nnow, 
Plmephales promelas 

Fathead mlnnou, 
Pfmephales promelas 

Fathead ni nnou, 
Ptmephales promelas 

Fathead ml nnon, 
Pfmephales promelas 

Fathead ml nnow, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead minnow (adult), 
Plmephaies promelas 

Fathead minnow (adult), 
Plmephales promelas 

Fathead ml nnon (adult) , 
Pimephales promeias 

Fathead nInnow (adult), 
Pimephaies promelas 

Northern squarflsh, 
Ptychochei lus oregonensl s 

6lacknose date, 
Rhinlchthys atratulus 

Creek chub, 
Samotllus atrmaculatus 

Brown bul Ihead, 
lctalurus nebulosus 

Chrical Rat uanca 

Mount 6 Stephan, 1969 Copper 
sulfate 

Copper 
su I tate 

Wwr 
su I fate 

Copper 
sulfate 

31 75 Mwnt A Stephan, 1969 

200 440 Geckler, et al. 1976 

200 490 Geckler, et al. 1976 

48 II4 Llnd, et al. 
Manuscr I pt 

Llnd, et al. 
Manuscr I pt 

Lind, et al. 
Manuscr I pt 

Urge, et al. 1983 

n, M 

s, M 

s, M 

S, M 

45 I21 

46 88.5 

C.wper 
sul tate 

I03 210 

CoPper 
sulfate 

Cower 
su I fate 

I03 310 Blrge, et al. 1983 

103 120 Birge, et al. 1983 

254-27 I 

16.74 

86.67 

83.97 

Copper 
so I fate 

390 Rirge, et al. 1983 

Cower 
chloride 

52-56 18 Andros 6 Garton. I980 

Copper 
sulfate 

Cwwer 
sulfate 

Copper 
sul tate 

200 320 Geckler, et al. 1976 

200 310 Geckler, et al. 1976 

202 170 Brunqs, et al. 1973 
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Tabio 1. (Continued) 

Hardness 
(mg(L as 

CaCO. 1 

202 

200 

LCSO 
a- EC50 
(rq/L)** 

190 

Species Mean 
Acute Va I ua 

frq/L)*e* Method* 

FT, M 

species 

Brown bu I I head, 
lctalurus nebulosus 

Brown bul Ihead, 
lctalurus nebulosus 

Banded kllllflsh, 
Fundulus dlaphanus 

Banded kl I I I f I sh, 
Fundulus dlaphanus 

Mosqultoflsh (female), 
Gambusla affinis 

Mosqul tof I sh f temal e) , 
Gambusia afflnis 

Guppy, 
Poecl iia retlculata 

GUPPY, 
Poecllfa retlcufata 

GUPPY, 
Poecllia reticulata 

GUPPY (6.5 mg), 
Poeciiia retlculata 

Guppy (63 mg; female), 
Poecilia retlculata 

Guppy (60 mq; male), 
Poecilla retlculata 

Guppy (340 mg; female), 
Poecllta retlcuJst8 

GUPPY, 
Poecl Ila retlculata 

GUPPY, 
Poecilia rotlculata 

Chemical Refrenco 

Eirungs, et al. 1973 Copper 
sulfate 

Cwper 
sultate 

fl, ” 

s, M 

s, M 

540 69.81 Geckler, et al. 1976 

53 P Rehuoldt, et al. 1971 Cower 
nitrate 

860 

Rehwoldt, et al. 1972 55 

27-4 I 

27-4 1 

20 

840 790.6 

s, u Qwwr 
n i trate 

Copper 
sul tate 

93 Joski 6 Rege, 1980 

200 196.1 Joski 6 Rege, 1980 

36 Chynoueth, et al. I976 s, u hwer 
sul tate 

112 Black, 1974; 
Chynoueth, et al. 1976 

Black, 1974; 
Chynoweth, et al. 1976 

Oeshmukh h 
Marathe, I980 

Deshmukh h 
Marathe, 1980 

Deshmukh 6 
Marathe, lY80 

Deshmukh h 
Marathe, 1980 

Khangarot, 1981 

87.5 

67.2 

l44- I88 

144- I88 

I38 

160ttt 

275ttt 

210ttt 

480ttt 

Ww 
su I fate 

Cower 
sul tate 

l44- 188 Cower 
sul tate 

R, U 

s, u 

s, II 

Wver 
sulfate 

Cower 
sulfate 

l44- 188 

230 

240 

1,230 

164 124.6 Khangarot, et dl . 
198lb 

Copper 
sul tate 
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Tsbio I. (Canti nued) 

Hardness 
(rg/L as 

c4c0,) 

53 

LC50 species M4on 
orEc50 Acute Value 
( pq/L 1 l a (uq/L)*** 

6,200 

Methods 

S, M 

SReci as 

Whl te perch, 
Morone amer i cana 

Whl te perch, 
Morone amer I cans 

Str lped lwss, 
Morone saxat I I I s 

Striped bass, 
Moron8 saxat I 1 I s 

Striped bass, 
Morone saxatl I I s 

Strlped bass ( larva), 
Morone saxatl I I s 

Strlped bass (fIngerlIngI, 
Morone saxat I I I s 

Stripped bass ( larva), 
Morose saxatl I I s. 

Strlped bass (fingerling), 
Wrone saxat I I I s 

PumpkInseed, 
Lepomis qlbbosus 

Pumpkinqeed, 
Lepami s qi bbosus 

Pumpkinseed, 
Lepmf s >I bbosus 

Pupki nseed, 
Lepoml s qi bbosus 

Pumpki nseed, 
Lepml s gl bbosus 

Chadcal 

Copper 
nitrate 

Rof uonco 

Rehuoldt, et al. 1971 

55 S, M 

S, M 

S, M 

s, u 

s, u 

6,400 5,860 

4,300tt - 

4,OOo+t - 

Rehwoldt, et al. 1971 

Cower 
RI trate 

53 

55 

35 

34.5 

Rehwoldt, et al. 
1971 

Rehwoldt, et al. 
1972 

620 wel Iborn, 1969 Copper 
su I fate 

CoQper 
chloride 

50 Hughes, I973 

s, u 

s, !J 

s, u 

S, M 

34.5 Hughes, 1973 Copper 
chloride 

50 

34.5 25 Hughes, 1973 Qwer 
SUf fdt8 

l it**m Wwer 
su I fate 

34.5 38 

53 2,400tt 

55 2,700tt 

I25 1,240 

Hughes, 1973 

Cm-r 
nitrate 

Rehuoldt, et al. 
1971 

RehwoIdt, et al. 
1972 

Spear, 1977; Anderson 
S Spear, l980b 

Spear, 1977; Anderson 
6 Spear, l980b 

Spear, 1977; Anderson 
& Spear, 1980b 

Cower 
sulfate 

125 1,300 

125 1,670 

Copper 
su I fate 

Copper 
sul tate 
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Tabio I. Kknti nud) 

Hardness 
Img/L es 

-=%L 

125 

LC!M 
or EC50 
(uq/L)** 

t ,940 

Speci es Maan 
Acute Va I ue 

( rg/11*** Rof eronce 

Spar, 1977; Anderson 
I Spear, l980b 

Spear, 1977; Anderson 
A Spear, l980b 

Spear, 1977; Anderson 
A Spear, 198Ob 

640.9 Spear, 1977; Anderson 
6 Spear, l980b 

lnglis A Davis, 1972 

Species 

Pumpklnseed, 
Lepoml s gl bbosus 

Pumpki nseed, 
Leponi s gl bbosus 

Pumpkl nseed, 
Lepanl s gl bbosus 

Pumpklnseed, 
Lepomf s gl bbosus 

BluegIll, 
Lepofnl s macrochl rus 

Bluegl II, 
macrochlrus Lepomi s 

8luegiII, 
macrochf rus Lepoml s 

Rluegi I I, 
macrochl rus Lepomi s 

Alueglll, 
Lepomls macrochirus 

BluegIll, 
macrochlrus lepranls 

alueglff, 
Lepcinl s macrochi rus 

Bluegl II, 
Lepoml s macrochl rus 

Blueqlll, 
macrochlrus Lepomis 

Blueqlll, 
Lepcnnl s macrochl r us 

i44thod~ Chemlcal 

FT, M Copper 
WI fate 

copper’ 
sulfate 

FT, M 125 1,240 

FT. M 

s, u 

s. u 

s* u 

Copper 
sulfate 

125 

I25 

52 

209 

1,660 

CopPer 
sulfate 

Copper 
sul tat0 

Cower 
sul tate 

1,740 

400 

680 (nglls d Oavis, 1972 

365 Qvver 
sut fate 

1,020 lnglis A Davis, 1972 

Cop per 
aul fate 

45 1,100 Ben01 t, 1975 

Cower 
sulfate 

Wwer 
sulfate 

Cower 
su I tate 

200 

200 

M 

8,300 Geckler, et al. 1976 

10,000 Heckler, et al. 1976 

200 Tarrwel I A Henderson, 
1960 

s, u Cower 
sul tate 

400 IO ,000 Tarrwel I A Henderson, 
1960 

s. IJ 

s, u 

Copper 
su I tate 

43 

43 

770 Academy ot Natural 
Scl ewes, 1960 

Academy of Natural 
Sciences, 1960; 
Patrlck, et al. 1968; 
Cairns 6 Scheier, 1968 

rapper 
chloride 

1,250 
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Tsblo I. (Contlnuod) 

Species 

BluecJill, 
Lepcmls macrochlrus 

Biueglll, 
LepcAs macrochirus 

Bluegill, 
Lepawls macrochlrus 

BlU~ili, 

Lepals macrochirus 

Bluegill, 
Lepunl s macrochi rus 

Rai nbou darter, 
Etheostoma caeruieum 

Orangethroat darter, 
Etheostcma spectabi le 

Mozanblque tl lapla, 
Ti lapis mossamblca 

PO I ychaeto uorn, 
Phyllodoce maculata 

Poiychaete worm, 
Neanthes arenaceodentata 

Polychaete worn, 
Neanthes arenaceodentata 

Pol ychaete wow, 
Neanthes arenaceodentata 

Pol ychaete worm, 
Nereis diverslcolor 

Polychaete worm, 
Nerels diverSiCOlOr 

s, u 

FT, H 

m, f4 

fl, M 

5, u 

5. lJ 

Chemlcai 

Copper 
sulfate 

Hardness Lcso 
(q/L as or EC50 

csc4 (@#Q/L)- 

20 660 

Copper 
su I fate 

360 10,200 

Copper 
SUl fat8 

35 2,400 

CoPPer 
chloride 

40 1,000 

Copper 
chloride 

26 1,000 1,017 Cairns, et al. 1981 

CoPper 
su I fate 

200 320 06.67 Geckior, et al. 1976 

f&per 
su I fate 

200 850 Ceckler, et ai. 1976 

Copper 
sulfate 

115 1,500 

230.2 

684.3 Qureshl & Saksena, 
1980 

SALTWATER SPECIES 

COPPer 
sul tate 

120 

COPPer 
nl trate 

77 

Cavr 
nitrate 

200 

copper 
n I trate 

222 

Cower 
sulfate 

200 

Copper 
su I fate 

445 

Spoclos Haan 
Acute Via I ue 

(rg/L)*‘* 

120 

150.6 Pesch 1 Hof tman. 1982 

Rof reece 

Pickering L Henderson, 
1966 

Pickering 6 Henderson, 
1966 

OrTiara, I97 I 

Thompxm, et al. 
1980 

Hctusky 1 Phillips, 
1975 

Pesch 1 Morgan, 1978 

Pesch 4 Morgan, 1978 

Jones, et al. 1976 

Jones, et al. 1976 
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Table 1. Kontlnued) 

Hardness IX50 Specles tin 
(w/L as or EC50 Acute Vs I ue 

spec I es 

Polychaete worm, 
Nerels dlverslcolor 

Polychaete worm, 
Nereis dlverslcolor 

Black abalone, 
Hal lotls cracherodl I 

Red aba I one, 
Hallotls rutescens 

Red abalone ( larva), 
Hallotls rutescens 

Rlue mussel (embryo), 
Hytl lus edulls 

Pacl tic oyster (embryo), 
Crassostrea gi gas 

Pacl t Ic oyster (embryo), 
Crassostrea gl qas 

Pacl tic oyster (adult), 
Crassostrea gi qas 

Eastern oyster (embryo), 
Crassostrea vlrglnlca 

Eastern oyster (embryo), 
Crassostrea vlrginlca 

Eastern oyster (embryo) , 
Crassostrea vlrglnica 

Eastern oyster (embryo), 
Crassostrea vl rgl nl ca 

Canmon ranq I a, 
cuneata Rang1 a 

Common ranq I a, 
cuneata Rang1 a 

Method* 
s, u 

s, u 

s, u 

s. u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s, u 

s. u 

s, u 

S. IJ 

Chal ca I CiitXl,) t&L)** (vq/L)**’ 

Copper 
sul tate 

480 

Copper 
sulfate 

410 363.8 Jones, et al. 1976 

Copper 
5uI tate 

50 50 

Copper 
su I tate 

65 

Copper 
sultate 

114 86.08 Mart1 n, et al. 1977 

Copper 
su I fate 

5.8 5.9 

Qvw 
sulfate 

5.3 

Cower 
sul tate 

11.5 

Copper 
su I tate 

560”““” 7.807 

Copper 
chloride 

Cower 
chloride 

Cww 
chloride 

tipper 
chloride 

128 

15.1 

18.7 

18.3 

8,000 

7,400 

28.52 

7,694 

Rateronce 

Jones, et al. 1976 

Martln, et al. 1977 

Martln, et al. 1977 

Martin, et al. 1981 

Uartln, et al. I981 

Coqllanese A HartIn, 
1981 

Okazaki , 1976 

Calabrese, et al. 1973 

%clnnes iI Calabrese, 
1978 

Maclnnes A Calabrese, 
1978 

Maclnnes A Calabrese, 
1978 

Olson A Harrel, 1973 

Olson A Harrel, 1973 
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Tablo 1. Rolltlkud) 

Lc50 
or EC50 
(rQ/L)~* 

Spocla Mean 
Acuto Valw 

tvqm-* 

39 

Hardness 
hg/L es 

C&O,) Method* 
s, u 

s, u 

s, u 

Retwence 

Elsler, 1977 

Chrl ca I sPoclos 

Soft-she1 I clam, 
= arenarla 

Copepod, 
Pseudod I aptomus coronatus 

Coww~, 
Eurytemora attinls 

Cope@, 
hcartla clausi 

Coperd, 
hcartla tonsa 

copem * 
hcart l a tonsa 

Cows. 
Acartla tmsa 

Hysld, 
Mysldopsls bahia 

Hysld, 
Mysldopsls blqelori 

hmerlcan lobster (larva), 
kbmarus amerlcanus 

hmerlcan lobster (adult), 
Homarus ameri canus 

Dungeness crab ( larva), 
Cancer maqi ster 

Green crab [larva), 
Carcl nus maenas 

Sheepshead ml nnou, 
Cyprlnodon variegatus 

CopPer 
chloride 

tip per 
chloride 

Wwr 
chloride 

39 

I38 I38 Genti le. 1982 

526 526 Gent1 le, 1982 

52 52 Gent1 le, 1982 s, u 

s, u 

s, u 

s, u 

n, M 

FT, M 

CoPper 
chloride 

Sosnowskl A Gentlle, 
1978 

Sosnouski A Genti le, 
I978 

Sosnouskl A Gent1 le, 
1978 

Lussler, et al. 
Manuscript 

Gent1 le. 1982 

Cower 
chloride 

I7 

Copper 
chloride 

55 

Cower 
chloride 

Cower 
nitrate 

-per 
nl trate 

Cower 
nl trate 

Wper 
su I tate 

31 30.72 

I81 181 

I41 141 

s, u 

s, u 

s, lJ 

s, u 

s, II 

40 Johnson A Gent1 le, 
1979 

McLeese, I974 I00 69.28 

49 49 Wartin, et al. IQBI G-m-r 
sul tate 

Connor, 1972 Cm= 
su I fate 

600 600 

280 Hansen, 1983 CoPPer 
nitrate 

280 

44 



Table 1. Kontl nued) 

Spedes Method* 

Atlantic si lverslde (larva), FT, M 
Menldla menidla 

Atlantic sl lverside (larva), FT, M 
Menldla menldla -- 

Atlantic silverside (larva), FT, H 
Menldia menidla -- 

Atlantic si lverslde ( larva), FT, M 
Menldla menldla -- 

Atlantic silverslde (larva), FT, M 
Menidla menldla -- 

Atlantic sl lverside ( larva), FT, M 
Menldia menidla -- 

Atlantic sl lverside ( larva), FT, W 
Wenldla menldla -- 

Tldewater sl Iverslde, s. u 
Menldla penlnsulae 

Florida pompano, 
Trachlnotus carollnus 

s, u 

Florida pompano, 
Trachlnotus carollnus 

s, u 

Florida pompano, 
Trachlnotus carolinus 

s, u 

S user t I ounder m, M 
(early cleavage embryo), 
Parallchthys dentatus 

Summer t lounder 
(early cleavage embryo), 
P,walichthys dentatus 

Chemical 

Copper 
nitrate 

Copper 
nl trate 

Cower 
nitrate 

Wwr 
nitrate 

Wv-r 
nl trate 

Cower 
nitrate 

Wwer 
nitrate 

Wwer 
nitrate 

Copper 
su I fate 

Copper 
sul tate 

-Per 
su I fate 

Copper 
nl trate 

Copper 
nl trate 

Hardness 
(mq/L as 

C&O.) 

LCSO 
WECW 
(uq/L)** 

66.6 

Reference 

Cardl n, 1982 

216.5 Card1 n, 1982 

101.8 Card1 n, 1982 

97.6 Cardin, 1982 

155.9 Card1 n, 1982 

197.6 Cardin, 1982 

190.9 135.6 Cardi n, 1982 

140 140 Hansen, 1983 

360 BI rdsong A Avavl t, 
1971 

330 Bl rdsong A Avav 1 t, 
1971 

510 

16.3 

411.7 Blrdsong A Avavl t, 
1971 

Cardln, 1982 

I I .9 Card1 n, 1982 

Species Mean 
Acute Va I ue 

(rq/L)**’ 
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Teblo 1. eontllumd) 

Qmcl8S 

Sumner f lounder 
I blastu la stage embryo), 
Paralichthys dentatus 

WI nter f I ounder f embryo), 
Pseudopleuronectes 
amer i canus 

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

Wfnter f founder (embryo), 
Pseudopleuronectes 
amer I canus 

Winter flounder (embryo), 
Pseudopfeuronectes 
amer I canus 

WI nter flounder (embryo), 
Pseudopleuronectes 
amerl canus 

WI nter flounder (embryo) , 
Pseudopf euronectes 
snerlcsnus 

Winter f founder (embryo), 
Pseudopleuronectes 
amer I canus 

Winter flounder (embryo), 
Pseudopleuronectes 
amerlcanus 

Winter flounder (embryo), 
Pseudopleuronectes 
amerl canus 

Hardness 
hg/L as 

JzE!L 

lx5o Speclos Mean 
OT EC50 Acut Wslm 
(rg/L)** ( rg/L Ia** R.1 UUICO 

llI.H”fi” 13.93 Card1 n, 1982 

77.5 Card1 n, 1982 

167.3 

52.7 

Card1 n, 1982 

Card1 n, 1982 

n&hod* 

FT, H 

Chemical 

copper 
chloride 

Copper 
n 1 trate 

Copper 
nl trate 

Cower 
n i trate 

n, H Qwer 
nl trate 

158.0 Cardln, 1982 

Copper 
chloride 

173.7 Card1 n, 1982 

Gxvr 
nl trate 

27 I .o Card1 n, 1982 

Cooper 
chloride 

IJ2.B Card1 n, 1982 

Copper 
n I trate 

148.2 Card1 n, 1982 

Copper 
nl trate 

98.2 128.9 Card1 n, I982 
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Table I. (Cmtlnued) 

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

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

It** Freshwater Species Mean Acute Values are calculated at a hardness of 50 mg/L using the pooled s 

l ‘*II Not used In calculation of Species Mean Acute Value because data are available for a m3re sensi 

l &O** No Species Mean Acute Value calculated because acute values are too divergent for this species. 

t Not used In calculations (see text). 

lope. 

tlve II fe stage. 

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

ttt Not used In calculations because of ride range In hardness. 

Results of Covarlance Analysis of Freshwater Acute Toxlclty versus Hardness 

Species 

Oaphnl a maqna 

%% ~D~Z984, 

Daphnla pullcarla 

Ch I nook sa lmcm 

Cutthroat trout 

Rainbow trout 

Fathead ml nnow 

GUPPY 

Bluegl I I 

All of above 

Al I of above except 
value fran Dave (1984) 

n 

I3 

I2 

8 

IO 

9 

40 

25 

5 

I5 

I25 

I24 

Slope 951 Cmfldencs Limits Degrees of Freeda 

0.4666 -0.5141, 1.4474 II 

I .04 Xl 0.2906, 1.7970 

0.6952 0.4480, 0.9424 

0.6092 0.3530, 0.8654 

0.8766 0.2560, 1.4972 

1, 

0.8889 0.6520, I .I258 38 

I.1949 1.0455. 1.3444 23 

I .3639 0.6289, 

0.7716 0.2848, 

0.9177t 0.7866, 

0.9422tt 0.8209, 

.0990 

.27 03 

.0468 

.0635 

3 

I3 

I6 

15 

t p=O.O9 for equality of slopes. 

tt - p-O.11 for equatity of slopes. 
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Tablo 2. Chronic Toxlclty of Copper to Aguatlc Animals 

SpOtA Test= 

Snail, 
Campe loma dec I sum 

Snail, 
i nteqra Physa 

Cladoceran, 
Daphnia maqna 

Cladoceran, 
Daphn I a maqna 

Cladoceran, 
Daphnl a maqna 

Amph I pod, 
GamMrus pseudoldmnaeus 

Caddi sf ly, 
Cl I stornla maqnl fica 

Chlnook salmon, 
Dncorhynchus tshawytscha 

Ra I nbou trout, 
Sslmo qalrdneri 

Brown trout, 
Salmo trutta -- 

Arook trout, 
Salvelinus fontlnalls 

Rrook tract, 
Salvellnus fontinalls 

Brook trout. 
Salvelinus tontinalis 

Lake trout, 
Salve1 lnus namaycush 

LC 

LC 

Il.2 

LC 

LC 

LC 

LC 

ELS 

ELS 

ELS 

LC 

ELS 

ELS 

ELS 

Hardness 
(q/L as 

Chalcel C4CO.j 

FRESHWATER SPECIES 

Copper 35-5s 
su I tate 

Copper 35-5 5 
su I fate 

51 Qmer 
chloride 

Copper 
chlorlde 

Wwer 
chloride 

cop per 
su I tate 

COPPer 
chloride 

Cop per 
chloride 

COP per 
sulfate 

Cower 
sul tste 

Copper 
sulfate 

Copper 
su I tate 

CoPPer 37.5 
sulfate 

45.4 Copper 
sulfate 

Llrits Chronic Value 
(f&L)‘* ( f&L).* Rofwenu 

8-14.6 IO.88 Arthur 6 Leonard, 
IY70 

6-14.8 IO.88 Arthur b Leonard, 
I970 

11.4-16.3 13.63 Chapman, et al. 
Manuscr I pt 

104 20-4 3 29.33 Chapman, et al. 
Hanuscr I pt 

211 7,2-12.6 9.525 Chapman, et al. 
Manuscrl pt 

45 

26 

4 .b-8 6.066 Arthur 4 Leonard, 
1970 

8.3-13 10.39 Nebeker, et al. 1984 

23 (7.4.W l (7.4 Chapman, 1975, 1982 

45.4 11.4-31.7 19.01 RcKln, et al. 1978 

45.4 22.0-43.2 30.63 McKlm, et al. 1978 

45 9.5-17.4 12.86 McKIm 6 Benoit, 1971 

45.4 22.3-43.5 McKlm, et al. 1978 

3- 5 Sauter, et al. 1976 

22.0-42.3 

31.15 

3.M73 

30.51 McKlm, et al. IV78 
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Table 2. &oetl nuedl 

Hardness 
(n&T/L as 

-e%L 

45.4 

Llli ts Chrcmlc Value 
l&L)** (@#g/L)** 

34.9- 104.4 60.36 

Test’ 

ELS 

1C 

Species 

Northern p I ke, 
Esox luclus -~ 

B I untnose ml nncu , 
Plmephales notatus 

Fathead ml nnow, 
Plmephales promeias 

Fathead ml nncu, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales prcmelas 

Fathead ml nnou, 
Pimephales promelas 

Wh I te sucker, 
Catostunus comnersonl 

Blueql I I, 
Lepomi s macrochi rus 

Chemlcul Reference 

Hcklm. et al. 1978 Cww 
sulfate 

COP per 
sulfate 

Copper 
su I fate 

I94 4.3-18 8.798 tbrnl ng 6 Nel helsel , 
1979 

198 14.5-33 21.87 Mount, I968 LC 

30 10.6- 18.4 13.97 Mount 6 Stephan, 1969 lx 

Lc 

ELS 

ELS 

LC 

Cop per 
sulfate 

200 24- 32 27.71 Pickering, et al. 
1977 

W per 
sulfate 

45 13.1-26.2 10.53 Lind, et al. 
Manuscript 

45 l 4 12.9-33.8 20.88 MQ(lm, et al. 1978 Gw per 
su I fate 

Copper 
sulfate 

45 21-40 28.98 Benoi t, 1975 

SALTWATER SPECIES 

Hysld, lx CopPer 
Mysldopsls bahia nl trate 

l Lc- life cycle or partial II fe cycle; ELS = early II fe stage. 

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

*B*Adverse effects occurred at al I concentrations tested, 

30-77 54.09 Lussler, et al. 
Manuscrlpt 

Results of Reqresslon Analysis of Freshrater Chronic Toxlclty versus Hardness 

Spacl es n Slope 951 Contldence Llmlts Degrees of Freedom 

Daphnla magna 3 -0.25&I -10.03, 9.53 1 

Fathead minnow 4 0.2646 -0.10, 0.63 2 
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Tablm 2. Kubtlnumd) 

Speclms 

Snail, 
Carpeloma decisum 

Snail, 
l nteqra Physa 

Cladoceran, 
Daphnla maqna 

Cladoceran, 
Daphnia magna 

Cladoceran, 
Oaphnla magna 

Amph i pod, 
Gansnarus pseudo1 lnnaeus 

Chl nook salmon, 
Oncorhynchus tshauytscha 

Brook trout, 
Salvelinus tontlnalls 

Rluntnose ml now, 
Plmephales notatus 

Fathead mi nnon, 
Pimephales proabelas 

Fathead mi nnou, 
Pfmephales pranelas 

Fathead ml nnou, 
Plmephales promelas 

Fathead ml nnou, 
Plmephales promelas 

aluegl ii, 
Lepoml s macrorhl rus 

Hysld, 
Wysldopsls bahla 

AcuteChronIc Ratlos 

Hardnmsr 
hJq/L a5 

a 

35-55 

Acuto Valum 
( rq/L 1 

1,700 

Chromic Valum 
tug/L) 

IO .88 

Ratlo 

156.2 

35-55 39 IO.88 3.585 

51-52 26 13.63 I.908 

lO4- 105 29.33 I .023 

207-2 I I 

30 

69 

20 

33.1 

100 

231.9* 

470 

75 

474.0.a 

1of3.9** 

1,100 

18 I 

9.525 7.244 

35-55 

23-25 

45 

194 

198-200 

M-31 

200 

45-48 

45 

6.066 3.297 

<7.4 B4.473 

12.86 7.776 

8.798 26.36 

2! .I37 21.49 

13.97 5.369 

27.71 17.13 

18.53 

Xl.98 

54.09 

5.769 

37.% 

3.346 

l Ceometrlc mean ot three values tran Horning and Nelhelsel (1979) In Table 1. 

l * Geometric mean of two values fra Pickerlng, et al. (197)) in Table 1. 

fi”Ceaaetrlc mean ot three values tram Llnd, et al. (Hanuscrfpt) In Table I. 
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Tablo 3. Ranked Genus Mean Acute Values rlth Species Mean AcutdZhronIc Ratios 

Rank* 

41 10,240 

40 6,200 

39 5,860 

3a 

37 

36 

35 

34 

33 

32 

4,600 

4,305 

I ,990 

1,077 

1,397 

900 .o 

807.3 

31 

30 

Genus Mean 
Acute Value 

( rq/L)** 

790.6 

684.3 

Species 

FRESHWATER SPECIES 

Stonet ly, 
Acroneuria lycorlas 

Caddisfly, 
Unidentltled 

White perch, 
Morone amerl canus 

Oamseltly, 
Unidentified 

American eet, 
Anguilla rostrata 

Craytish, 
Procambarus clarkIt 

Snal I, 
Campelana decisum 

Craytish, 
Orconectes rusticus 

Snal I, 
Amnlcola sp. 

Pumpki nseed, 
Lepoml 5 g I bbosus 

Blueql I I, 
Lepanl s macrochl rus 

t)anded kl I I i t Ish, 
Fundulus dlaphanus 

Mozambique tl lapla, 
Ti lapla mossamblca 

Species Mean Spedes Mean 
Acute Va I ua AcutcChrmlc 

( &IQ/L I*# Ratlo 

10,240 

6,200 

5,860 

4,600 

4,305 

1,990 

I ,877 156.2 

1,397 

900 .o 

640.9 

1,017 37.96 

790.6 

684.3 
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Tsblo 3. U2ont I nuedd) 

Rank. 

29 

Genus man Spcles Wan Spocles Menn 
Acute Valum Acute Vs I uo AcutcChran I c 

(uq/LW Species (rg/L)~. Ratlo 

331.8 

28 242.7 

27 196.1 

26 166.2 

25 

24 

23 

157.1 

156.8 

I4 I .2 

22 

21 

20 

19 

I8 

135;o 

133.0 

124.6 

110.4 

91.29 

Strlped shlner, 
Notropls chrysocephalus 

Worm, 
Lumbrlculus varlegatus 

MosquItofIsh, 
Gambusla aftinls 

Snal I, 
Gonlobasls l ivescens 

Goldfish, 
Carassl us auratus 

Common carp, 
Cyprlnus carplo 

Halnbcu darter, 
Etheostana caeruleun 

Oransethroat darter, 
Etheostana spectabl le 

Bryozoan, 
Pectlnatella magnltlca 

Chl sefmouth, 
Acrochel lus alutaceus 

Guppy, 
Poecl I I a ret I cu lata 

Brook trout, 
Salvelinus tontlnalis 

Bluntnose ml nnou, 
Plnephales notatus 

Fathead ml nnou, 
Ptmephales pranelas 

331 .I) 

242.7 

196.1 

166.2 

157.1 

156.8 

86.67 

230.2 

135.0 

133.0 

124.6 

110.4 7.776 

72. I6 26.36 

115.5 10.33.** 

52 



Table 3. (Continued) 

Genus Mean 
Acute Va I ue 

Rank* t&L)- 

I7 90.00 

16 88.54 

I5 

14 

I3 

I2 

I1 

IO 

86.67 

83.97 

82.11 

78.55 

76.92 

69.81 

Species 

Species Mean Species Wean 
Acute Vu I ue Acute-ChronI c 

(US/L)‘* Ratlo 

Worm, 
Nals sp. 

Coho salmon, 
Oncorhynchus kl sutch 

Sockeye salmon, 
Oncorhynchus nerka 

Chinook salmon, 
Oncorhynchus tshanytscha 

Blacknose date, 
Rhlnichthys atratulus 

Creek chub, 
Semoti lus atromaculatus 

Cutthroat trout, 
Salmo clarki I -- 

Rai nbou trout, 
Salmo gairdneri 

Atlantic saltwn, 
Salmo salar -- 

Central stoner01 ler, 
Campostcnna ancnnalum 

Midge, 
Chl rowmus tentans 

Midge. 
Chironanus sp. 

Eroun bullhead, 
lctalurus nebulosus 

90 .oo 

70.25 

233.8 

42.26 ,4.473 

86.67 

83.97 

66.26 

42.50 

196.6 

70.55 

197.2 

30 .oo 

69 .I31 
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Table 3. (Contlnud) 

Gnus Mum 
Acut. Value 

Rank. (: rq/L B l * 

9 56.21 

a 53.08 

7 39.33 

3 

2 

1 

37.05 

37.05 

25.22 

18.77 

17.08 

16.74 

Specl a5 

Species Mean spoclos tin 
Acute Value AcutcChron I c 

( rq/L).’ Ratio 

Snal I, 
Gyraufus cfrcumstrlatus 

Worm, 
Llmnodrl lus hottmelsteri 

Snal I, 
PM heterostropha 

Snall, 
I ntegra Physa 

Rryozoan, 
Lophopodel la carter1 

Bryozoan, 
Plumatel Ja emarqlnata 

knphiwd, 
Gamnarus pseudollmnaeus 

~phlp~. 
Gam\arus pulex 

Cladoceran, 
Ceriodaphnla retlculata 

C Iadoceran, 
Oaphnla magna 

Cladoceran, 
Oaphnla pulex 

Cladoceran, 
Daphnla pullcarla 

Northern squawfish, 
Ptychochel lus oregonensl s 

56.21 

53 .ot) 

35.91 

43.07 i.585 

37.05 

37.05 

22.09 3.297 

28.79 

ia .77 

21.17 2.418”““’ 

25.42 

9.263 

16.74 
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Table 3. (Continued) 

Rank* 

Genus Mean 
Acute Va I ue 

4 “q/L)*’ Species 

SALTWATER SPECIES 

20 7,694 bnmon ranqia, 
Ranqia cuneata 

19 600 Green crab, 
Carcl nus maenus 

ia 526 Copepod, 
Eurytemora afflnls 

17 411.7 Florida pompano, 
Trachlnotus carollnus 

16 363.8 Polychaete worm, 
Nerel s di versl color 

15 

14 

it30 Sheepshead mi nn-, 
Cyprinodon varleqatus 

159.8 Yysld, 
Mysldopsis bahia 

I3 

\2 

II 

IO 

150.6 

130 

137.8 

128.9 

Rysld, 
Mysidopsis blgeloui 

Polychaete worm, 
Nemthes arenaceodentata - 

Species Mean Species Mean 
Acute ya I ue Acute-Chron I c 

(l&L)“* Ratio 

7,694 

600 

526 

411.7 

363.0 

280 

I8 1 3.346 

141 

150.6 

Cwvd, 
Pseudodlaptomus coronatus 

138 

Atlantic sl Iverslde, 
Menldla menldla -- 

TIdewater sl Iverslde, 
Menldla penlns’ulae 

135.6 

T40 

Winter f lounder, 
Pseudopleuronectes 

amer I canus 

128.9 
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6 49 

5 39.97 

Tablo 3. Eontlnuod) 

Genus Mean 
Acuto Va ho 

Rank’ (ng/L)** 

9 120 

a 69.28 

7 65.60 

39 

14.92 

2 13.93 

1 5.8 

species 

Po 1 ychaete worm, 
Phyl lodoce raculata -- 

American lobster, 
Homanus amerl canus 

Black abalone, 
Hallotis cracherodi I 

Red abalone, 
Hal lotis rutuscens 

Dunqeness crab, 
Cancer magi ster 

QwP~, 
Acartia Claus1 -- 

cwepod, 
Acartia tonsa 

Sot t-she1 I clam, 
e arenas I a 

Paci tic oyster, 
Crassostrea qi gas 

Eastern oyster, 
Crassostrea virqinica 

Slnrmer t I ounder , 
Parallchthys dentatus 

81 ue musse I , 
Mytilus edulls 

Spoclas Mean 
Acute Va luo 

(uQ/L)- 

120 

69.28 

50 

86.08 

49 

52 

30.72 

39 

7.807 

28.52 

13.93 

5.8 

Spaclas Mann 
AcuttChronlc 

Rat10 
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Table 3. (Contlnuedd) 

l Ranked tram most resistant to most sensltive based on Genus Mean Acute Value. 

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

c mean ot tour values in Table 2. l ** Geanetr ,I 

l ***Geometr I c mean ot three values In Table 2. 

Fresh water 

Final Acute Value = 18.46 “g/L (at a hardness of 50 mg/L) 

Criterion Maximwn Concentration = (18.46 og/L) / 2 = 9.230 r&L (at a hardness of 50 mg/L) 

Pooled Slope = 0.9422 (see Table 11 

ln(Criterlon Maxlmun Intercept) = ln(9.230) - lslope x Id5011 

= 2.222 - IO.9422 x 3.912) = -1.464 

Criterion Maxlmum Concentration = 8 (0.94221 ln(hardness)i-1.464) 

Final Acute-Chronic Ratio = 2.823 (see text) 

Flnal Chronic Value = (TM.46 uq/L) / 2.823 = 6.539 vg/L (at a hardness of 50 mg/L) 

Fina I 

Assumed Chronic Intercept = -1.465 (see 

Assumed Chronic Slope = 0.8545 (see text 

Chro,-,Tc Value = eL0.8545i In(hardness) I- 

ext) 

.465) 

Salt water 

Final Acute Value = 5.832 rq/L 

Crlterion Maximum Concentration = (5.832 ug/L) / 2 = 2.916 ry/L 

Flnal Chronic Value = 2.916 rq/L (see text) 
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Tabio 4. Toxlclty ot Copper to AquatIc Plants 

SpOClOS 

AJv+, 
Anabaena f ios-aqua 

Alga, 
Anabaena vari abi I I s 

Alga, 
Anabaena strain 7120 

Alga, 
Anacystis niduians 

Alga, 
Anki strodesmus brauni i 

AJ!ia, 
Ch iaraydanonas sp. 

Alga, 
Chlorel la pyrenol dosa 

Alga, 
Chiocei is pyrenoldosa 

AJw, 
Chiorei la requiaris 

Alga, 
Chlorei la saccharophi la 

Alga, 
Chiorei la sp. 

Alga, 
Chioreiia vulqarls 

AJW, 
Chioreila vulgaris 

Alga. 
Chiwelia vulqaris 

Result 
Effect (@l/L) 

FRESHWATER SPECIES 

755 qrowth 
inhibition 

Growth 
inhibition 

Lag in grwth 

Grwth 
I nhi bl ton 

Grwth reduction 

Growth 
reduction 

Lag in growth 

Grwth 
inhibition 

Lag i n qrwt h 

96-hr EC50 

Photosynthesis 
inhibited 

Grwth 
Inhibition 

96-hr ICSO 

33-day EC50 
[grwth) 

200 

100 

64 

100 

640 

8,000 

I 

100 

20 

550 

6.3 

200 

62 

180 

Ref #enc. 

Young 6 Li 

Young 6 Ll 

Laube, et 

Younq d Li 

La&m, et 

Sk, 1972 

Sk, 1972 

al. 1980 

Sk, 1972 

al. 19MO 

Calms, et al. 1978 

SteewlrNielsen d 
WluhAndersen, 1970 

Steenan-Nielsen 6 
Kanp-Nielsen, 1970 

Sakaguchi, et al. 
1977 

Rachi I n, et al. 
19az 

Gachter, et al. 
1973 

Young 6 Lisk, 1972 

Ferard, et al. 1983 

Rosko & Rachii n, 
1977 
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Table 4. (Cantlnuedl 

Speclsr 

Alga, 
Chiorei la vuigaris 

Ef feet 

5D$ grwth 
reduction 

Alga, Growth 
Chroococcus paris reduction 

Alga, 
Cyciotella meneghiniana 

A)ga, 
Eudorina call tornica 

Alga, 
Scenedesmus acuninatus 

Alga, 
Scenedesmus quadricauda 

Algae, 
Ml xed cu I ture 

Blue green algae, 
Mixed culture 

Dlatom, 
Navicuia incerta 

Diatom, 
Nitrschia Iinearis 

Oiata, 
Nl tzschla palea 

Ouckweed, 
Lemna minor -- 

Wacrophyte, 
Elodea canadensis 

Resu I t 
(rq/L) 

lDO-200 

Growth 
reduction 

Growth 
Inhibition 

401 qt-wth 
reduction 

Growth 
reduction, 

Signi ticant 
reduction in 
photosynthesis 

502 reduction In 
photosynthesis 

4-day EC50 

IO0 

8,000 

5,000 

300 

6,000 

5 

25 

IO ,450 

5-day EC50 195-815 

Complete qrwth 
inhibl tlon 

5 

l-day EC50 119 

50% reduction in 
photosynthetic O2 
production 

150 

Reterutce 

Stokes 6 
Hutchi nson, 1976 

Les 6 Walker, 1984 

Cairns, et al. 1978 

Young 6 Lisk, 1972 

Stokes 6 
Hutch I nson , 1976 

Cairns, et al. 1978 

Eider 6 Home, 1978 

Steeman-Nielsen 6 
Eruun-Laursen, 1976 

Rachlln, et al. 1983 

Academy ot Natural 
Sciences, 1960; 
Patrick, et al. 1968 

Steeman-NI ei sen 6 
WI urn-Anderson, 1970 

Waibridge, 1977 

Brown 6 Hattigan, 
1979 
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Tablo 4. Wmtlnuod) 

SwGla 

Eurasian water-ml I toll, 
Myriophylium splcatum 

Effect 

32-day EC50 
(root weight) 

Green alga, Growth 
Selenastrum capricornutum reduction 

Green alga, 
Selenastrum capricornutum 

14-day EC50 
(ceil volume) 

l3iue alga, 
Ml crocyst I s aerugi nosa 

Incipient 
Inhibition 

Green alga, 
Scenedesmus quadricauda 

Alga, glant kelp, 
Macrocystis pyritera 

Alga, 
Thalassloslra aestevaiils 

Alga, 
Thaiassiosira pseudonana 

Alga. 
Amphldinium carteri 

Alga, 
OiIsthodiscus iuteus 

Alga, 
Skeietonema costatum 

Alga, 
Nltschla closterlum 

AJqa, 
Scrlppsiel la taeroense -- 

Result 
(t&L) 

250 

50 

B5 

30 

Incipient 
inhlbi tlon 

1,100 

SALTWATER SPECIES 

%-hr EC50 
( photosynthes I s 
inactlvation) 

I00 

Reduced 
chlorophyll a 

I9 

72-hr EC50 
(grwth rate) 

5 

l4-day EC50 
tgrwth rate) 

(50 

14-day EC50 
(qrwth rate) 

(50 

14-day EC50 
(grwth rate) 

50 

96-M EC50 
(qrwth rate) 

33 

)-day EC50 
(growth rate) 

5 

Refweeco 

Stanley, 1974 

Bartlett. et al. 
1974 

Christensen, et al. 1979 

Rr i nqmann, 1975; 
Bringmann 6 Kuhn, 
lY76, 1978a,b 

Elringmann 6 Kuhn, 1977a, 
l97Ba.b. 1979, 1980b 

Ciendenni ng 6 
North, 1959 

Hoiiibaugh, et al. 1960 

Erickson, 1972 

Erickson, et al. 
1970 

Erickson, et al. 
1970 

Erickson, et ai. 
1970 

Rosko 6 RachI in, 
1975 

Sal tui lah, 1978 
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Tablo 4. (Contl nued) 

Species 

Alga, 
Prorocentrum mlcans 

Effect 

5day EC50 
(growth rat81 

Alga, 5-day EC50 
Gymnodinlum splendens (growth rate) 

Red alga, 
Champla garvula 

Red algs, 
Champla garvula 

Red alga, 
Champla parvula 

Red aI*, 
Champla parvula 

Alga, 
Chlorel la stlgmatophora 

Alga, 
Asterlonel la japonlca 

Result 
(rq/L) 

IO 

20 

Reduced tetrasporcl- 
phyte growth 

4.6 

Reduced tetraspor- 
ang i a production 

13.3 

Reduced fema I e 
growth 

4.7 

Stopped senua I 
reproductl on 

7.3 

21-day EC50 
(cell volume1 

70 

72-hr EC50 
(growth rate) 

12.7 

Reference 

Sai ful lah, 1978 

Sal tul lah, 1978 

Steele & Thursby, 
1983 

St8818 & Thursby, 
1983 

Steele 6 Thursby, 
1983 

Steele b Thursby, 
1983 

Chr ttite~en, 8t al. 
1979 

Fisher b Jones, 
1981 
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Table 5. Bloaccuulstlon of &pper by Aquatlc Organlvls 

Ouratlon BloconcontrstIon 
TI ssua 4 days) Factor 

FRESHWATER SPECIES 

20 hrs 2,000 

IO min up to 4,000 

Spacln 

Alga, 
Chlorel la reqularis 

Alga, 
Chroococcus par Is 

Asiatic clam, 
Corblcula fluminea 

Ciadoceran, 
Daphnla magna 

Stonet ly, 
Pteronarcys callfornlca 

Fathead ml nnou ( larva), 
Plmephales promelas 

9lueglli, 
macrochi rus Lepanl s 

Alqa, 
Dunailei la primoL8Cta 

Alga. 
Dunal 181 La tertlolecta 

Alga, 
Chlamydomonas sp. 

Alga, 
ChiOr8l la Saiina 

Alga, 
Stlchococcus baclllaris 

Alw. 
bkmiS8Imi S vl rescens 

SOf t tiSSU8 28 

Whole body 7. 

14 

17,700- 
22,600 

4719 

Graney, et al. 1983 

WI nner, 1984a 

203 Nehring, 1976 

30 290 Lind. et ai. 
Manuscr Ipt 

hSC18 .660 1 .o Ben01 t, 1975 

SALTWATER SPECIES 

25 153’ RI ley d Roth, 1971 

25 168’ Riley A Roth, 1971 

25 135* Riley IS Roth, 1971 

25 741 

25 156” 

25 273’ 

Riley 6 Roth, 1971 

Riley 6 Roth,.1971 

Riley 6 Roth, 1971 

Ref u-co 

Sakaguchi, et al. 
1977 

Les 6 Walker, 1984 
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Table 5. (Contlnuedd) 

SlMXl@S 

Alga, 
Hem1 selmls brunescens 

Alga, 
0llsthodlscus luteus 

Alga, 
Asterlonel la laponlca 

Alga, 
Phaeodactylum trlcornutum 

Alga, 
Monochrysls lutheri 

Alga, 
Pseudopedlnel la pyrltormls 

Alga, 
Heteromastix ionglflllls 

Alga. 
MI cromonas squamata 

Alga, 
Tetraseimls t8trath818 

Polychaete uorm, 
Phyl lodoce maculata 

Pol ychaete worm, 
Neanth8S arenaceodentata 

Pol ychaete uorm, 
Nerels dlverslcolor 

Pol ychaete worm, 
Cirrltormla spirabranchia 

PO1 yCha8t8 uorm, 
Eudlstyila vancouveri 

Blue mussel, 
f-lyti ius eduils 

TI sue 
Duration 

(days) 

25 

Bloconcentratlon 
Factor Ref efmce 

553” RI ley A Roth, 1971 

25 182” RL ley A Roth, 1971 

25 309* Riley A Roth, 1971 

25 323” Riley A Roth, 1971 

25 138” Riley A Roth, 1971 

25 85” Riley A Roth, 1971 

25 617* RI 18y 6 Roth, 1971 

25 279” Riley A Roth, 1971 

25 26 5’ Riley 6 Roth, 1971 

21 1,750* McLusky 6 Phi I ii ps, 
1975 

28 2,550” Pesch A Morgan, 1978 

24 203” Jones, et al. 1976 

24 250” Milanovlch, et al. 
1976 

33 1,006 Young, et al. 1979 

14 90 Phi I lips, 1976 
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Table 5. Kontlnued) 

Soecles 

Bay seal lop, 
Arqopecten lrradlans 

Bay seal lop, 
Argopecten I rrad lens 

Eastern oyster, 
Crassostrea VI rql nlca 

Eastern oyster, 
Crassostrea vi rgl nl cd 

Quahog clam, 
Mercenar I a mercenar I a 

Soft-shei I Clam, 
% arenarl a 

TI ssuo 
Durat I on 

(days I 

I12 

I12 

140 

140 

70 

35 

81 oconcentratl on 
Factor 

3,310 

4,160 

28,200 

20,700 

88 

3,300 

Rofrenco 

Zaroogian A Johnson, 
1983 

Zaroogian 6 Johnson, 
1983 

Shuster A Pri ng le, 
1969 

Shuster A Pri ngle, 
IY69 

Shuster A Pringle, 
1968 

Shuster A Pringle, 
1968 

l BioconcentratIm factor was converted from dry weight to wet weight basis. 
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Table 6. Other Data on Effects of Copper on Aquatlc Organisms 

Specl es 

Grew alga, 
Haematococcus Sp. 

Green alga, 
Scenedesmus quadr I cauda 

Green alga, 
Scenedesmus quadrlcauda 

Alga, 
Cladophora glomerata 

Diatom, 
Coreonels placentula 

Phytopiankton, 
MI x8d spec I es 

Perlphyton, 
Hi X8d Sp8CieS 

Bacteria, 
Escherichia col I 

Bacteria, 
Pseudomonas put i da 

Protozoan, 
Entosi phon sulcatum 

Protozoan, 
HI croregma heterostcnna 

Protozoan, 
Chilanonas paramecium 

Protozoan, 
Uronema parduezl 

Protozoa, 
Ml xed species 

Resu I t 
Durat I on Effect ( vg/L 1 

FRESHWATER SPECIES 

96 hrs 

96 hrs 

45 min 

12 nxx5 

12 mos 

124 hrs 

1 vr 

16 hrs 

72 hrs 

28 hrs 

48 hrs 

20 hrs 

I days 

Inhibited 
qrowth 

Incipient 
inhibi tlon 

EC50 inhibition of 
phosphorus uptake 

Suppressed 
v--th 

Suppressed 
qrouth 

Reduced rate of 
pr I mary product I on 

Affected species 
canpos i t I on; reduced 
product iv1 ty 

Incipient 
inhlbi tlon 

I nclpient 
inh I 

lnc I 
inh ,I 

Inc I 
inh I 

bi tion 

plent 
bi tlon 

pient 
bi tlon 

lnclplent 
I nhlbi tlon 

lnciplent 
inhibl tlon 

Reduced co I on I za- 
tion rates 

50 

150* 

5.1 

120 

120 

IO 

2.5 

80 

30 

II0 

50 

3,200 

140 

I67 

65 

Reference 

Pearlmutter & Guchheir, 
1983 

Bringmann A Kuhn, 1959a,b 

Peterson, et al. 1984 

Weber A McFar land, 198 I 

Weber A McFarland, 1981 

Cotta, 1983 

Leland 1 Carter, 1984, 
Manuscr I pt 

Brlngmann A Kuhn, l959a 

BrIngmann A Kuhn, 1976. 
1977;. 1979, 198tib 

Bringmann, 1978; 
BrIngmann A Kuhn, I 
1980b, 1981 

979, 

BrIngmann A Kuhn, I 959b 

Bringmann, et al. 1980, 
1981 

Brinqmann A Kuhn, 1980a, 
I981 

Cairns, et al. 1981 



Tablo 6. (CantI nued) 

Spul OS 

Protozoa, 
MIXed species 

Rotiter, 
Keratel la sp. 

Rot I fer, 
Phl lodlna acuticornis 

Worm, 
Aeolosoma head leyi 

Snai I, 
Gonl obasi s I I vescens 

Snail, 
Nl trocrls sp. 

Snai I, 
Lymnaea emargl nata 

Asiatlc clam (adult), 
Corblcula manl lensls 

Aslatlc clam (adult), 
Corblcula man1 lensls 

Aslatlc clam (larva), 
Corblcula mani lensi s 

C Iadoceran, 
Daphnia amblqua 

C I adoceran, 
Daphnl a ambiqua 

Durat I on 

I5 days 

24 hrs 

48 hrs 

48 hrs 

48 hrs 

48 hrs 

48 hrs 

96 hrs 

70 days 

24 hrs 

72 hrs 

Life cycle 

Effect 

Reduced colon1 za- 
tion rates 

Result 
( rg/L 1 

100 

EC50 IO1 

LC50 ( 5 C) 
(IO Cl 
II5 C) 
(20 Cl 
(25 Cl 

1,300 
1,200 
1,130 
1,000 

950 

LC50 (5 Cl 2,600 
(IO C) 2,300 
(15 Cl 2,000 
I20 c1 r,650 
(25 C1 1,000 

LC50 860 

cc50 (5 Cl 3,000 
(IO C) 2,400 
(I5 Cl 1,000 
(20 Cl 300 
(25 Cl 210 

LC50 300 

LC50 >2,600 

ILC <lo 

53. I# mortal I ty 25 

LC50 (fed) 67.7 

Reduced product Ivl ty 49 

Reference 

hikema, et al. 1983 

Borgmann A Ralph, 
1984 

Cairns, et al, 1978 

Cairns, et al. 1978 

Calms, et al. I976 

Cairns, et al. 1978 

Cairns, et al. 1976 

Harrison, et al. 198), 
1984 

HarrIson, et al. 1981, 
1984 

Harrison, et al. 1981, 
1984 

Winner A Farrel I, 
1976 

Winner 6 Farrel I, 
I976 



Table 6, Ohntlnuadd) 

Specle5 

Cladoceran, 
Oaphn l a magna 

Cladoceran, 
Daphn I a magna 

Cladoceran, 
Oaphnl a maqna 

Cladoceran, 
Daphnla maqna 

Cladoceran, 
Daphni a maqna 

Cladoceran, 
Daphnla magna 

C ladoceran, 
Daphnia magna 

Cladoceran, 
Daphn I a s 

Cladoceran, 
Daphnla magna 

C ladoceran, 
maqna Daphnla 

C ladoceran, 
Daphnl a maqna 

Cladoceran, 
Daphn I a magna 

Durat I on 

16 hrs 

40 hrs 

21 days 

48 hrs 

Effect 

EC50 f lmmobi I1 za- 
tlon) 

Ref erenco 

Anderson, 1944 

EC50 (fed) 
fimmobl llzatlon) 

Result 
( rg/L 1 

38 
38 

60 Bleslnger 6 
Chr I stensen, 1972 

Reproductive 
I mpa I rment 

22 Bleslnger 6 
Chr l stensen , 1972 

LC50 ( 5 Cl 
(IO C) 
(IS Cl 
(25 Cl 

90 
70 
40 

7 

IO 

Calrns, et al. 1978 

Life cycle Reduced number of 
young produced 

72 hrs 

72 hrs 

LC50 56-75 

Adema I D&root Van 
Zljl, 1972 

Debelak, 1975 

LC50 (fed) 

Life cycle Reduced product1 vl ty 

86.5 
88.8 
85 
81.5 
81.4 
85.3 

49 

WI nner & Farrel I, 
1976 

Winner 6 Farrel I, 
1976 

Life cycle Reduced product1 v I ty 20.2 Wlnner, et al. 1977 

Life cycle Reduced number of 
young produced 

IO Wlnner, et al. 1977 

29 hrs Median survival time 12.7 Andrew, et al. 1977 

48 hrs EC50 100* Bringmann b Kuhn, 
1959a,b 
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Toblq 6. (comtIrued) 

SpOCh 

C I apocoran, 
magna Daphn la 

C I adoceran (3-5 days), 
magna Daphn la 

Cladoceran (adult), 
Oaphn la msqna 

Cladocsran, 
Daphnla magna 

C I adocaran, 
magna Oaphn la 

Clsdocefsn, 
magna Daphnla 

Cladoceran, 
Daphn Is magna 

Cladoceran, 
parvula Daphnla 

Cladoceran, 
Oaphn Is prvula 

Cl adoceran, 
pulex Daphnls 

Cladoceran, 
pulex Daphnla 

Cladoceran, 
pule Dqphnla 

Cl adoceran, 
Dephnls pulex 

ourat Ion 

24 hrs 

72 hrs 

72 hrs 

24 hrs 

48 hrs 

Life cycle 

48 hrs 
21 days 

Life cycle 

72 hfs 

Life cycle 

72 hrs 

Llfe cycfe 

48 hrs 

100 mln 

Result 
EftaCt (VP/L) 

LC50 80 

LC50 (IO C) 61 
(15 C) 70 
(25 Cl 21 
(JO c1 9.3 

Lc50 00 C) 0.25 

EC50 
Ilmmobllltatlon) 

EC50 (250 $f Tr Is) 
EC50 (1.000 UM Trls) 

Reduced longev lty 

70 Bet lavere 6 Gorbl, 1981 

t,Z 

60 

LC50 (fed) 
iC50 (fed) 
Stopped reproduct Ion 

LC!iO (fed) 

18.5 
1.4 
3.2 

Reduced product Iv I ty 

57 
12 

49 

LC50 (ted) 54 Winner 6 Farrell, 
86 1976 

Reduced product Iv I ty 

LC50 ( 5 C) 
(IO C) 
(15 C) 
(25 C) 

49 

70 
60 
20 

5.6 

LC50 (I5 day) 
delayed mortal Ity 

BrIngmann 6 Kuhn, 
1977b 

Braglnskly & Shcherban, 
1978 

Bragcnskly 6 Shcherban, 
1978 

Borgmann 8 n-lph, 1983 

Winner 1981 

Dave, 1984 

Wlnner 6 Farrel I, 
1976 

W Inner d Fsrral I, 
1976 

Winner 6 Farrell, 
1976 

Calms, et al. 1978 

200 Abel, 1980 
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lablo 6. Kantlnued) 

SpUCIW 

C ladoceran, 
Oaphnla pulex 

C I adoceran , 
pu lox Osphn la 

C I adocwan , 
Dsphn la pu I lcar la 

Cladcceran, 
Slmocsphalus serrulatus 

Copepods, 
Acanthocyclops and 
b Iscyclops, sp. 

hmph 1 pod, 
Gammat-us fasclatus 

AmphI@, 
Ganunarus lacustrts 

Crayf I sh, 
Orconectes rust lcus 

Crayf Ish (aduf t), 
Procaabarus clarkll 

ihrat Iota Effect 

48 hrs LC50 (fed) 

Result 
IVJL) 

20-31 

ROf We#hZl 

Ingersoll 6 Winner, 1962 

72 hrs LC50 (fed) 23-33 Wlnner, 1984s 

48 hrs LCM tTOC=14 ag/L) 
(TDC-13 ma/L) 

55.5 Llnd, at al. 
55.3 Manuscr I pt 
53.3 
97.2 

199 
627 
213 
165 

35.5 
78.8 

II3 
76.4 
84.7 

1e-4 
240 

40 hrs 

7 days 

4a hrs 

96 hrs 

17 days 

1,358 hrs 

(TDC=lJ n$LI 
( TOC-28 no/L I 
(TDC=34 m;;L, 
(TOC-34 mg/L) 
(TOC=32 mg/L) 
(TOC-32 mg/L) 
(TO012 mg/L) 
(TOC=13 mg/L) 
(TDC-28 rig/L 1 
(TOC-25 ag/L) 
(To013 q/L) 
(TOC=21 mg/L) 
(TDC=34 mg/L) 

LC50 (TOC=ll) 28.5 Glesy, et al. 1983 
(TOC-12.4) 43.0 
tTDC~l5.6~ 16.0 

20% growth 
reduct Ion 

42 Bormarn d Ralph, 1984 

LC50 210 Judy, 1979 

LC50 1,500 Nebeker b Gaufln, 
1964 

Surv lval of 
newly hatched young 

125 Hubschman, 1967 

LC50 657 Rice 6 HarrIson. I983 
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Table 6. lcont:nuod1 

Specl OS 

Mayfly, 
Cloeon dlpterun 

MaYflY, 
Ephamerella grandls 

I4 days 

Mavf IY, 
Ephemerella 5ubVdrid 

48 hrs 

Stonef ly, 
Pteronarcys call fornlca 

I4 days 

Caddlsfly, 
Hydropsyche bettenl 

I4 days 

Ml dge, 
Chlronaus tentans 

20 days 

Midge, IO days 
Tanytarsus di sslml I Is 

Ml dge, 
Unldentlfled 

32 rks 

Coho salmon, 
Oncorhynchus kl sutch 

C&o salmon, 
Oncorhynchus kl sutch 

Durat I on 

72 hrs 

% hrs 

30 days 

Ef tect 

LC50 (IO C) 
115 C) 
(25 Cl 
(30 Cl 

LCSO 

LC50 

LC50 

LC50 

EC50 

LC50 

tmergence 

Reduced survival 
when transferred 
to seawater 

LC50 

Result 
( rq/L I Ref eruue 

193 Braqlnskiy & Shcherban, 
95.2 1978 
53 

4 .a 

180-200 Nehrlng, 1976 

320 Warnlck 4 Bel I, 1969 

10,100- Nehr I ng, 1976 
13,900 

32,000 WarnIck 4 Bel I, 1969 

77.5 Nebeker, et al. 1984a 

16.3 Anderson, et al. 1980 

30 Hedtke, 1964 

30 Lorr & McPherson, 
1976 

360 Holland, et al. 1960 
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Table 6. (Cantlnumd) 

SP0Cl.S 

Coho salon, 
Oncorhynchus ki sutch 

Coho salmon, 
Oncorhynchus kl sutch 

Coho salmon, 
Oncorhynchus ki sutch 

Coho sa l mon , 
Oncorhynchus kisutch 

Coho salmon, 
Oncorhynchus ki sutch 

Sockeye salmon, 
Oncorhynchus nerka 

Chinook salmon, 
Oncorhynchus tshawytscha 

Ch I nook sa imon, 
Oncorhynchus tshauytscha 

Chino& salmon (alevin), 
Oncorhynchus tsharytscha 

Chinook salmon (swim-up), 
Oncorhynchus tshawytscha 

Chinook salmon (parr), 
Oncorhynchus tshawytscha - 

Durat I on 

72 hrs 

96 hrs 

100 days 

168 hrs 

I68 hrs 

24 hrs 

72 hrs 
5 days 

26 days 

200 hrs 

200 hrs 

200 hrs 

Ettect 
Rssu I t 
( rq/L 1 

lC50 

LC50 (TCC=7.3) 286 Buckley, 1983 

Reduced growth 70 Buckley, et al. 1982 
rate 

LC50 

LC50 (accl 
copper tor 

Signitican 

imated to 
2 wks) 

It change 
in corticosteriod 

LC50 
LC50 

Reduced survival and 
growth ot sac fry 

LC50 
LClO 

LC50 
cc10 

LC50 
LCIO 

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

HOI land, et al. 1960 

275 McCarter d Roth, 1983 

325-4 40 l&Carter 6 Roth, 1983 

64 Donaldson d Dye. 1975 

190 
178 

21 

20 
15 

19 
14 

30 
17 

HoI land, et al. 1960 

Hazei 6 Heith, 1970 

Chapman, 1978 

Chapman, 1978 

Chapman, 197ti 

Reference 
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Table 6, ~Contlnumll 

Spocles 

Chinook salmon (molt), 
Oncwhynchus tsharytscha 

Ralnbou trait, 
Salmo gairdnerl 

Ralnbou trout, 
Saiw gairdnerl 

2 hrs 

Rainbou trout, 
Salno qalrdnerl 

7 days 

Rai nbou trout, 
Salmo gairdneri 

21 ddys 

Rainbou trout, 
Salmo gairdnerl 

IO days 

Rainbow trout, 
Salmo galrdneri 

7 days 

Rainbow trout lalevl n), 
Salmo gairdneri 

200 hrs 

Rainbow trout ( swim-up), 
Sa Imo ga I rdner I 

200 hrs 

Rainbow trout (Parr), 
Salmo galrdnerl 

200 hrs 

Rainbou trout (molt), 
Salmo qairdneri 

200 hrs 

Hainbou trout (molt), 96 hrs 
Salmo qairdneri >lO days 

Rainbow trout (molt), 
Salmo galrdneri 

I4 days 

Durat I on 

200 hrs 

96 hrs 

Rssu I t 
Effect (“g/L) Refwmco 

LC50 26 Chapman, 1978 
LCIO it3 

LC50 516“’ Houarth I Sprague, 
3094’ I970 
Ill.* 

Depressed olfactory 
response 

8 tiara, et al. 1976 

LC50 44 Lloyd, 1961 

Medlan period of 
survl val 

40 Grande, 1966 

Depressed teedi og 
rate and qrowth 

75 Lett, et al. 1976 

t4edian. period of 
survl val 

44 Lloyd, 1961 

cc50 
LClO 

26 Chapman, 1978 
I9 

LC50 
LCIO 

17 Chapman, 1976 
9 

LC50 
LCIO 

15 Chapman, 1978 
8 

LC50 
LCIO 

21 Chapman, 1978 
7 

LC50 
Threshold LC50 

LC50 

102”’ Fcgels 6 Sprague, 
94** 1977 

070 Caiamarl & Marchettl, 
1973 
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Table 6. Kaltlnuedl 

Species 

Ralnbcw trout (try), 
Salvo gairdneri 

Rainbow trout ( try), 
Salmo qairdneri 

Rainhow trout (try), 
Salno gairdnerl 

Rainbou trout ( try), 
Salmo gal rdnerl 

Rainbow trout 
(embryo, larva), 
Salno gairdneri 

Ral nbow trout 
(embryo, larval, 
Saimo qairdneri 

Rai nbou tract, 
Salw qairdneri 

Rainbow trout (fry), 
Salmo qairdneri 

Ralnbow trout ( fry), 
Saimo qairdneri 

Rai nboy trout ( fry), 
Salmo qairdneri 

Rninbo~ trout, 
Salmo gairdneri 

Duration 

I hr 

24 hrs 

96 hrs 

LC50 (5 C) 
(15 Cl 
(30 C) 

lC50 

48 hrs LC50 (field) 

28 days EC50 (death and Ii0 Blrge, et al. 1980, 
cletormi ty) Blrge 6 Black, 1979 

26 days 

80 min Avoidance 
threshold 

74 Black 6 ELirge, 1980 

96 hrs LC50 250 Goettl, et al. 1972 

24 hrs LCSO 140 
I30 

Sham h Brow, 1974 

72 hrs LC50 580 Brown, et al. 1974 

>I5 days Thresho I d LC50 19 
54 
48 
78 
18 

96 

Ml I ler 6 McKay, 1980. 

Ettect 

Avoidance 

ECIO (death and 
deform1 tyl 

Result 
( rg/L I Aefermce 

0.1 Folmar, 1976 

950 
430 
150 

Cairns, et al. 1978; 

250-680 Lett, et al. 1976 

70 Caiamari 6 Marchetti, 
1975 

16.5 Birge, et al. 1981 
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Tablo 6. (Continued) 

Spoclms 

Rai nbon trout, 
Salmo qalrdneri 

Rai n&u trout, 
Salmo qalrdnerl 

Rai nbou trout, 
Saimo gairdnerl 

Rai nbou trout, 
Saimo gairdneri 

Rai nbow trout, 
Salmo galrdnerl 

Rai nbow trout, 
Salmo gairdneri 

Rai nbou trout, 
Sairo gairdneri 

Rai nbou trout, 
Salno gairdneri 

Rai nbou trout, 
Salm, gal rdner I 

Rai nba trout, 
Salno gairdneri 

Rainbow tract, 
Salm, gairdneri 

Rainbou trout, 
Salmo gairdneri 

Rai nbou trout (embryo), 
Salmo qai rdneri 

Rainbow trout, 
Salmo gairdneri 

Duration 

40 hrs 

48 hrs 

46 hrs 

72 hrs LC50 

48 hrs LC50 

4 mos 

% hrs 

96 hrs 

I44 hrs 

I44 hrs 

I44 hrs 

96 hrs 

96 hrs 

Result 
Ettect (rg/L) Retwenco 

LC5D 500 Brown, 1968 

LC50 750 Drown 6 Dalton, 1970 

LC50 I50 Cope, 1966 

1,100 Lloyd, 1961 

270 Herbert 6 Vandyke, 
1964 

Biochemical and 
enzyme levels 

30 Ari I lo, et al. 1984 

LC50 I85 8il~s. et al. 1981 

LC50 160 Daoust, 1981 

LC50 (various diets) 246-408 Dixon 6 Hllton, 1981 

Incipient lethal 
level 

274-381 Dixon 6 Sprague, 1981a 

Inclpl ent lethal 
level ‘(acci imated 
at 131-194 “g/L) 

%4-717 Dixon 6 Sprague, i98la 

Avoidance 6.4 Giattina, et al. 1982 

LC50 400 Gi les 6 K Iaverkamp, 
1982 

LC50 (various diets) ii.J- Marking, et al. I984 
23.9 
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Table 6. (Contlnumd) 

Spacl OS 

Rai nbcw trout, 
Salmo gairdneri 

Rainbow trout, 
Salmo galrdneri 

Atlantic salmon, 
Salmo saiar -- 

Atlantic salmon, 
Salmo salar -- 

Atlantic salmon, 
Saimo salar -- 

Atlantic salmon, 
Saimo saiar -- 

Brown trout, 
Sa imo trutta -- 

Brook trout, 
Salvelinus tontinalis 

Brook trout, 
Salvelinus tontinaiis 

Brook trout, 
Salve1 inus tontlnalls 

Long t I n date, 
Agros I a chr ysogaster 

Central stoner01 ler, 
Campostoma anoma I um 

Goldtlsh, 
Carassius auratus 

Goldti sh (embryo, larva), 
Carasslus auratus 

Duratlon 

65 days 

85 days 

7 day5 

7 ddys 

21 days 

27-38 hrs 

21 days 

24 hrs 

21 days 

337 days 

% hrs 

96 hrs 

24 hrs 

7 days 

Result 
Ettect (r&l 

Reduced qrowth 31 
(continuous exposure) 

Reduced grouth ( Inter- I6 
ml ttent exposure) 

Incipient lethal 
level 

48 

lnciplent lethal 
lW0i 

32 

Median survival 
time 

40 

Wedian survival 
time 

50 

Medlan survival 
time 

45 

Signi ticant change 
in cough rate 

Signi t icant changes 
in blood chemistry 

Si gn I f l cant changes 
in blood chemistry 

LC50 

9 

23 

17.4 

660.’ 

LC50 (high 800) I.400 

cc50 (5 C) 2,700 
(I5 C) 2,900 
(30 Cl 1,510 

EC50 (death and 
de torml ty 1 

5,200 

Rotoronce 

Seim, et al. 1984 

Seim, et al. 1984 

Sprague, 1964 

Sprague 6 Ramsay, 
1965 

Grande, 1966 

Zitko 6 Carson, 1976 

Grande, iY66 

Drummond, et al. 1973 

McKim, et al. 1970 

McKim, et al. 1970 

Lewis , 1978 

Gecki or, et al. 1976 

Cal rn 5, et al. 1978; 

Eli rge, 1978; t3lrqe 6 
Black, 1979 

75 



lablo 6. Mant Inuod) 

SPocl.8 

Connon carp (embryo), 
Cyprlnur carplo 

Common carp, 
Cypr inur carp10 

canaton carp (rmbryo) , 
Cyprlnus carplo 

Golden shiner, 
Notsllgonus crysoleucas 

Strlped shlnw, 
Notropls chrysocephalus 

StrIped shiner, 
Notropls chrysocephales 

Bluntnose mlnnou, 
Plmophales notstus 

Bluntnose mlnnou, 
P imephaler notatus 

Fathead nlnnow, 
Plmephsler prunelas 

Fathead minnow, 
P lwphales prcvnelss 

Fathead minnow, 
Plrephales prcnelas 

Fathead mlnnou, 
Plmephales promelas 

Fathead minnow, 
Plmephales promelas 

Durmt loa 

72 hrs 

48 hrs 

24 hrs 

96 hrr LC%l (high BOCll 

96 hrs 

48 hrr 

96 hrr 

% hrr 

tlfe cycle 

96 hrr 

96 hrs 

96 hrs 

Et tact 

Prevented 
hstchlng 

LC50 

EC50 (hatch) 4,775 Kapur 6 Yed~, 1902 

LCM (5 Cl 330 
(15 Cl 230 
(30 Cl 270 

8,400 
16,000 
3,400 
4,000 
3,000 

Oecrease blood 
osmolar lty 

2.500 

LC50 (21 torts1 
(high 800) 

750- 
21,000 

LS50 (6 tests) 
(high 800) 

l,lOo- 
20,000 

LCSO (21 tests1 I ,610- 
hlgh 800) 21,000 

Chronic I lnlts 
(high BOO) 

66- 
120 

LC50 (36 tests1 <650- 
(high EKbD) 23,000 

LC50 (7 tests) 
IhIgh 800) 

740- 
13,000 

LC50 231 

Rorol t 
(Pa/L) 

700 

170 

Retwuco -- 

HI ldobrand L Cushmsn, 
1978 

Harrlson 6 Rice, I981 

Calm, st a/. 1978; 

Geckler, et al. 1976 

Lsuls d Leulr, 1971 

Geckler, et al. 1976 

Gecklw, et al. 1976 

Brungs, et al. 1976 

Brungs, et al. 1976 

Geckler, et al. 1976 

Gec’clu, 0:. al. 1976 

Curtls, et al. 1979; 
Curtls 6 ward, 1981 
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Table 6, (Cafbtlnud) 

SPecl as 

fathead ml nnow, 
Plmephales promelas 

Fathead ml nnow, 
Plmephales prmlas 

Creek chub, 
Semotl lus 8traMculatus 

Pearl date, 
Semotl IUS margarita 

Brown bul Ihead, 
lctalurus nebulosus 

Channel catf I sh, 
lctal urus punctatus 

Channel cstf I sh, 
lctalurus punctatus 

Channel catfish, 
lctalurus punctatus 

Channel catflsh, 
lctalurus punctatus 

Channel catflsh, 
lctslurus punctatus 

Flaqflsh, 
Jordanel la f loridae 

Ourstlon 

96 hrs 

96 hrs 

96 hrs 

7 hrs 

96 hrs 

94 hrs 

24 hrs 

IO days 

14 days 

96 hrs 
10 days 

Eftect 

LC50 (TOC 12 mg/L) 
( rot I3 q/L 1 
(TOC 36 mg/L1 
( rOC 28 mg/L) 
(TOC 15 mg/L) 
(TOC 34 mg/L) 
(WC JO mg/L1 
(TOC 30 mg/L) 

LC50 IfAsh from 
pond contaminated 
with heavy metals) 

LC50 
(high NO) 

Dverturnlng and 
death 

LC50 
(high fJO0) 

Decreased b I cod 
05molar Ity 

LC50 (5 C) 
(15 C) 
00 Cl 

Increased 
alblnlsm 

EC50 (death and 
deform1 ty) 

LC50 

LCSO 
LC50 

Reru I t 
(ug/L) 

436 
516 

1,586 
1,129 

550 
1,001 
2,050 
2,336 

360 
410 

Reference 

Llnd, et al. 
Manuscr I pt 

BLrge, et al. 1983 

11,500 
1,100 

l,OlO- 
279,000 

11,000 

Geckler, et al. 1976 

Tsal, 1979 

Geckler, et al. 1976 

2,500 Lewls a Leuls, 1971 

3,700 
2,600 
3,100 

0.5 

Calms, et al. 1978; 

nesterman L Bi rge, 
1978 

6,620 Blrqe L Black, 1979 

I ,20om* 

I ,270’S 
6tMP* 

Richey and RosebOam, 
I9 78 

Fogels d Sprague, 
1977 
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Table 6. ecmtInued) 

Result 
(l&l/L) 

75,000 

Duratlcm 

96 hrs 

Eftect Retweaco 

LC50 (hlqh 
turbldl ty) 

Ual len, et al. 1957 

24 hrs LC5ll I.250 t4lnlclJccl, 1971 

48 hrs 

% hrs 

24-36 hrs 

Spocln 

Mosqultoflsh, 
Ganbusla atfiniS 

WW * 
Poecl I la retlculata 

Guppy, 
Poecllla retlculata 

Rock tnss, 
Anblopl l tes rupestrts 

Bluegl II, 
Lepoml 5 macrochi rus 

BluegIll, 
Lepoml s macrochl rus 

BlueQi Ii, 
Lepunl s macrochlrus 

LC50 2,500 Kharqarot, et al. 
198la 

Llnd, et al. 
Manuscr I pt 

O’Hara, 1971 

LC50 
Lhlgh TDC) 

1,432 

Altered axyqen 
consumptloh rates 

300 

48 hrs LCSU 2,800 Cope, 1966 

24 hrs LC50 (5 C) 2,590 
(I5 C) 2,500 
(50 C) 3,820 

Calms, et al. 1978; 

LCM 16,DOO 
(high 800) 17,000 

LC50 

LC50 

2,500- 
3,700** 

740 

96 hrs 

I4 days 

96 hrs 

96 hi-s 

80 mln 

96 hrs 

8 days 

Geckler, et al. 1976 Bluegl I I, 
Lepoml s macrochl rus 

Bluegl II, 
Lepani s nacrochl rus 

BluegL I I, 
Lepanls macrochlrus 

BluegIll, 
Lepml 5 macrochl rus 

6lueQidl, 
macrochirus Lepomt s 

Ellueglll. 
Lepoml s macrochl rus 

Larqemouth bass 
(embryo, larva), 
Hlcropterus salmoldes 

Richey 6 Roseboan, 
1976 

Trama. 1954 

I,800 Turnbul I, et al. 1954 LC50 

8,480 Black 6 Blrge, IQBO Avol dance 
threshold 

Blochemlcal 
changes 

EC50 (death dnd 
dstorml ty) 

2,000 Heath, 1984 

Blrqe, et al. 1978; 
Birqe d Black, 1979 

6,560 
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Table 6. (Contlnuedd 

species 

Largemouth bass, 
Mlcropterus salmoldes 

Ral nbou darter, 
E theostoma caeru l ewn 

Johnny darter, 
Etheostcma nlgrum 

Orangethroat darter, 
Etheostoma spectabl le 

Leopard trog 
(embryo, larva), 
Rana pl pt ens 

Narrowmouthed toad 
(embryo, larva), 
Gastrophryne carollnensls 

American toad, 
Buto amer I canus 

Fouler’s toad 
(embryo, larva), 
But0 fouler1 

Southern gray tree trog 
(enbryo, larva), 

Hyla chrysoscel I s 

Marbled salamander 
(embryo, larva), 
Ambystoma opacum 

Duratloa 

24 hts 

96 hrs 

96 hrs 

96 hrs 

8 days 

7 days 

80 mln 

7 mln 

7 nln 

t3 days 

Ettect 

At fected oper- 
cular rhythm 

LC50 
fhlgh KID) 

LC5cJ 
fhlgh BDD) 

LC50 
(high HODI 

EC50 (death and 
defonl ty) 

EC50 (death and 
deformity) 

Avol dance 
threshold 

EC50 (death and 
deform1 tv) 

EC50 (death and 
detormlty) 

EC50 (death and 
detornl ty) 

Result 
( UQ/L 7 

48 

4,300 
5,900 
2,800 

6,800 

Reference 

Morgan, 1979 

Geckler, et al. 1976 

Geckler, et al. 1976 

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

50 

Geckler, et al. 1976 

B\rqe 6 Black, 1979 

40 Birge, 1978; 8lrge d 
Black, 1979 

IO0 Black 6 Blrge, IQ80 

26,960 Blrge 6 Black, 1979 

40 

770 

Blrge A Black, 1979 

Blrge, et al. 1978; 
BirQe 6 Black, 1979 
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Tablo 6, Kontl nuodI 

spu1os 

Natural phytoplankton 
pwula #t I on; 

I phytoplank 
t1ofls 

Natura 
popu I a 

Al!~s, . 
Lam1 narl a hyperbw 

Hydrol d , 

t 

.!i 

on 

a 

Campanularla flexuosa 

Hydrol d, 
Campanularla t lexuosa 

Hydranedusa, 
Phlalldlum sp. 

Ctenophore, 
Pleurobrachla pl leus 

Ctenophore, 
Mnamlopsl s mccrdayi 

Rot1 ter, 
Brachlonus pllcatl Ils 

Pol ychaete worm, 
Phyllcdoce maculata 

Pal ychaete worm, 
Neanthes arenaceodentata 

Polychaete worm, 
Neanthes arenaceodentata 

Pot ychaete worn, 
Neanthes arenaceodentata 

Polychaete worm, 
Neanthes arenaceodentata 

Durat I on Etfect 

5 days 

4 days 

28 days 

11 days 

SALTWATER SPECIES 

Reduced 
chlorophyl I a 

Reduced bl amass 

Grouth decrease 

Growth rate 
lnhlbi tion 

Enzyme lnhlbl tlon 

24 hrs tc50 

24 hrs LC50 

24 hrs LC50 

24 hrs LC50 

9 days LC50 

20 days LC50 

28 days LOO 

7 days LC50 

IO days LC50 

RosuIt 
( u9/L 1 

I9 

6.4 

50 

10-13 

1.43 

36 

33 

17-29 

100 

I30 

44 

100 

137 

98 

Ret renco 

Holllbaugh, et al. 
1980 

tlolllbaugh, et al. 
1980 

Hopkins 6 Kaln, 1971 

Stebblnq, 1976 

Moore & Stebblng, 
1976 

Reeve, et al. 1976 

Reeve, et al. 1976 
1976 

Reeve, et al . 1976 

Reeve, et al. 1976 

McLusky 6 Phi I lips, 
1975 

Pesch 6 Morgan, 1978 

Pesch 6 Morgan, 1978 

Pesch 6 Hoffman, 1982 

Pesch 6 Hot fman, 1982 
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Table 6. (ccmtlnued) 

Spulos 

Pol ychaete worm, 
Neanthes arenaceodentata 

Pol ychaete worm, 
Cl rr I tormla spl rabranchl a 

Larva 1 annel Ids, 
t4I xed specl es 

Black abalone, 
Hallotls cracherodll 

Red abalone, 
Hallotls rutescens 

Channeled whelk, 
Busycon canallculatum 

Mud snail, 
Nassarlus obsoletus 

Blue mussel, 
r(ytt lus eddulls 

Bay seal lop, 
Arqopecten lrradlans 

Bay seal lop, 
Arqopecten I rradi ans 

Eastern oyster ( larva), 
Crassostrea vlrqlnlca 

Cumwn rangi a, 
cuneata Rang I a 

Clam, 
Macana lnquinata 

Clam, 
Hacoma I nqul nata 

Ouahoq clam (larva), 
Marcenarla mercenarla 

Ourstion 

28 days 

26 days 

24 hrs 

96 hrs 

96 hrs 

77 days 

72 hrs 

7 days 

42 days 

II9 days 

I2 days 

96 hrs 

30 days 

30 days 

B-10 days 

Effect 

LC50 

Rosu It 
rq/L) ( 

56 

Reter~ce 

Pesch 4 Hottman, 1982 

LC50 40 HI lanovlch, et al. 
1976 

LC50 89 Reeve, et al. 1976 

HI stopathologlcal 
ql I I abnormal I ti es 

HI stopatho1oqlcaI 
gill abnormalltles 

LC50 

>32 Martin, et al. 1977 

>32 Martin, et al. 1977 

470 Betzer 6 Yevlch, IQ75 

Decrease In oxygen 
consumption 

LC50 

100 Mac1 nnes b Thurberg, 
1973 

200 Scott 6 Major, 1972 

EC50 Lgrcr*th) 5.8 Pesch, et al. 1979 

100s mortal I ty 5 Zarocglan 6 Johnson, 
1983 

LC5L.l 46 Calabrese, et al. 
1977 

LC50 ((1 g/kg 
sallnlty) 

LC50 

210 Olson 6 Harrel, 1973 

15.7 Crecellus, et al. 
IQ82 

LC50 

LC50 

20.7 Crecullus, et al. 
1982 

30 Calabrese, et al. 
1977 
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Teblo 6. (Contl nued) 

SpacIos 

Quahog clam (larva), 
rrercenarla mercenarla 

Canon Pacltlc Ilttleneck, 
Protothaca stat nea 

Sot t-she1 I clam, 
* areftarla 

Copepod, 
Undlnula vulgaris 

capepod, 
Euchaeta mar I na 

Copepod. 
Metriciia psclflca 

copepod, 
Lab1 docera scat t I 

Copepod I 
Acartla ciausl -_I_ 

Capepod, 
Acartla tonsa 

Copepod, 
Acartia tonsa 

Cope@, 
Tlsbe holothurlae 

Copepod (naupl Ius), 
MIxed species 

Amph I pod, 
Anpel lsca abdl ta 

Euphausi id, 
Euphausia pacl flea 

Grass shrimp, 
Palnemonetes puglo 

Coon stripe shrimp, 
Panda lus danae 

Duration 

77 days 

I7 days 

7 days 

24 hI-S LC50 192 Reeve, et al. 1976 

24 hrs 

24 hrs 

24 hrs 

40 hrs 

6 days 

24 hrs 

48 hrs LC5L) 

24 hfs LC50 

7 days 

24 ht”s 

96 hrs 

JO ddvs 

Ettect 

Lc50 

LCSO 

LC50 

LC50 

LC50 

LC50 

LC50 

LC50 

LC50 

LC50 

LC50 

LC50 

LOO 

Result 
(t&L) 

25 

Retwence 

Shuster 6 Prlngie, 
1968 

39 RoesIJadl, 1960 

35 El sler, I977 

188 Reeve, et al. 1976 

176 Reeve, et al. i976 

132 Reeve, et al. 1976 

34-02 Moral tou- 
Apostolopoulou, 1978 

9-73 

104-3 I I 

80 

90 

90 

14-30 

12.600 

27 .o 

Sosnouskl, et al. 
1979 

Reeve, et al. 1976 

Moral tou-Apostolopouiou 
6 Verrlopoulos, I982 

Reeve, et al. 1976 

Scott, et al. Manuscript 

Reeve, et al. 1976 

Curtls, et al. 1979; 
Curtis b. ward, 1981 

Crecelius, et at. 
1982 
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Table 6. Uzontlnued) 

Simcles 

Amer I can lobster, 
Homarus amer I canus 

Sea urchin, 
Arbacl a punctu iata 

Arrow worm, 
Sagltta hlsplda 

Atlantic menhaden, 
Elrevoortia tyrannus 

Pacl fit herring fonbryo), 
Clupea harengus pallasi 

Paci f Ic herring f larval, 
Clupea harengus paliasl 

Atlantic cod (embryo), 
Gadus morhua -- 

Wmmlcfwg, 
Fundulus heteroclltus 

HuacliChOg, 
Fundulus heteroclitus 

Atiantlc sl Iverslde, 
Menidla menidia -- 

Pinfish, 
Lagodon rhcsnbol des 

spot, 
Lei ostomus xanthurus 

Atlantic croaker, 
Wicropogonlas unduiatus 

Duratl om 

13 days 

24 hrs 

I4 days 

6 days 

48 hrs 

I4 days 

21 days 

96 hrs 

96 hrs 

14 days 

I4 days 

14 days 

Effect 

LC50 

50s decrease in 
sperm moti I i ty 

LC50 

LC50 

lnci pi ent LC50 

lnclplent LC50 

LC50 

Hi stopathoiogical 
lesions 

Enzyme lnhlbitlon 

Hi stopathological 
lesions 

LC50 

LC50 

LC50 

Result 
( #S/L ) 

56 

300 

43-460 

610 

33 

900 

IO 

<500 

600 

<500 

150 

160 

210 

Reference 

McLeese, 1974 

Young & Nelson, 1974 

Reeve, et al. 1976 

Engel, et a 

Rice d Harri 
1978 

Rice 6 Harri 
1978 

. 1976 

-, 

son, 

Swedmark A Granmo, 
I981 

Gardner 6 La Roche, 
1973 

Jacklm, 1973 

Gardner 6 LaRoche, 
1973 

Engei, et al. 1976 

Engel, et al. 1976 

Engel, et al. 1976 
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Tablo 6. tContlnuodd) 

spcles Durat I on 
Rasu I t 

Effect ( ug/L 1 Raf uanco 

WI nter flounder, 
Pseudopleuronectes 
amer I canus 

I4 days HI stopatholcqlcal 
lesions 

I80 Baker, 1969 

l In river water. 

l *Di ssolved copper; no other measurement reported. 
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