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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 to 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 to 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* 

Compounds containing the cyanide group (CN) are used and readily formed 

in many industrial processes and can be found in a variety of effluents, such 

as those from the steel, petroleum, plastics, synthetic fibers, metal 

plating, mining, and chemical industries. Cyanide occurs in water as hydro- 

cyanic acid (HCN), the cyanide ion (CN-), simple cyanides, metallocyanide 

complexes, and as simple chain and complex ring organic compounds (Callahan, 

et al. 1979). “Free cyanide” is defined as the sum of the cyanide present as 

HCN and as CN-, and the relative concentrations of these two forms depend 

mainly on pH and temperature. When pH is below 8 and temperature is below 25 

C, at least 94 percent of the free cyanide exists as HCN. When pH or 

temperature or both are higher, a greater percentage of free cyanide exists 

as CN-. For example, when pH is 9 and temperature is 30 C, about 55 

percent of the free cyanide exists as HCN. 

Although simple cyanides such as sodium cyanide and potassium cyanide 

readily dissociate and hydrolyze to form CN- and HCN, the metallocyanide 

complex anions have a wide range of stabilities. Zinc and cadmium cyanide 

complexes dissociate rapidly and nearly completely in dilute solutions, 

whereas the stability of the copper and nickel metallocyanide anions are 

pH-dependent. Cyanide complexes of iron dissociate very little, but they are 

subject to photolysis by natural light. Release of cyanide ion by photo- 

decomposition might be important in relatively clear receiving waters. 

*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 apparent toxicity to aquatic organisms of most simple cyanides and 

metallocyanide complexes is due mainly to the presence of HCN derived from 

dissociation, photodecomposition, and hydrolysis (Doudoroff, et al. 1966; 

Smith, et al. 1979), although CN- is apparently also toxic (Broderius, et 

al. 1977). Most metallocyanide complexes are not very toxic. The available 

literature on the toxicity of cyanides and related compounds to fish was 

critically reviewed by Doudoroff (1976, 1980). Additional reviews on the 

environmental effects of cyanides have been prepared by Leduc (1984), Leduc, 

et al. (1982), and Towill, et al. (1978). 

Because (a) both HCN and CN- are toxic to aquatic life, (b) the vast 

majority of free cyanide usually exists as the more toxic HCN, and (c) CN- 

can be readily converted to HCN at pH values that commonly exist in surface 

waters, cyanide criteria will be stated in terms of free cyanide expressed as 

CN. Free cyanide is a much more reliable index of toxicity to aquatic life 

than total cyanide because total cyanide can include nitriles (organic 

cyanides) and relatively stable metallocyanide complexes. In highly alkaline 

waters a criterion that takes into account the relative toxicities of HCN and 

CN- may be appropriate due to the dependence of the form of free cyanide on 

pH. 

If performed often enough over a wide enough geographical area, measure- 

ment of free cyanide (ASTM, 1984; Broderius, 1981) should be adequate for 

monitoring cyanide in a body of water. However, because dissociation of 

several metallocyanide complexes is very dependent on pH in the range that 

commonly occurs in many water bodies, a measurement such as (a) free cyanide 

at the lowest pH occurring in the receiving water or (b) cyanide amenable to 

chlorination or total cyanide (U.S. EPA, 1983a) is probably more appropriate 
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if only a few measurements are made on a water body and whenever measurements 

are made on an effluent. Dilution of an effluent with receiving water before 

measuring cyanide should demonstrace whether the receiving water can decrease 

the cyanide of concern because of sorption or complexacion. Some 

measurements of coca1 cyanide in the receiving water or effluent or both are 

desirable because if total cyanide is much higher than free cyanide or 

cyanide amenable co chlorination, the importance of release of cyanide from 

mecallocyanide complexes by phocolysis should receive consideration. 

All cyanide concentrations reported herein are in terms of free cyanide 

expressed as CN. Thus, data reported in the original liceracure in terms of 

free cyanide expressed as CN did not have co be adjusted. However, when free 

cyanide was expressed as HCN, KCN, etc., the results were adjusted using the 

molecular weights of the compound and CN. When data were reported in the 

original liceracure in terms of HCN, rather than in terms of free cyanide, 

the data were converted from molecular HCN to free cyanide as CN as follows: 

(2~: of free cyanide as CN/L) = (;lg of HCN/L,) (1 + loPH-PKHCy) x ““‘k* “c* & . wt. L 

2347.2 where PKHCN = I.3440 + T + 2,S 16 . (Itacc, ec al. 1962) 

and T = degrees Celsius. The criteria presented herein supersede previous 

aquatic life water quality criteria for cyanide (U.S. EPA, 1976, 1980) 

because these new criteria were derived using improved procedures and 

addirional 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, 1983~1, 

but also site-specific durations of averaging periods and site-specific 

frequencies of aLlowed exceedences (U.S. EPA, 1985). The lacesc liceracure 
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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 invertebrate species tested were considerably more resistant 

than fishes, but Daphnia sp. and Gammarus pseudolimnaeus were comparable to 

fishes in sensitivity. On the other hand, about half of the tests with 

invertebrate species were static and the test concentrations were not 

measured, whereas many of the tests with fish were flow-through tests in 

which free cyanide concentrations were measured (Table 1). 

Certain life stages and species of fish appear to be more sensitive to 

cyanide than others. Embryos, sac fry, and warmwater species tended to be 

the most resistant. Free cyanide concentrations from about 50 to 200 µg/L 

eventually were fatal to juveniles of most of the more sensitive fish 

species, with concentrations much above 200 µg/L being rapidly fatal to most 

juvenile fish. Thus, there is a relatively narrow range of species 

sensitivity for fish. A comparison of acute toxicity values for fishes 

(Table 1) supports the conclusion (Doudoroff, 1976) that results of static 

toxicity tests tend to be somewhat higher than results of renewal or 

flowthrough tests of equal, fairly prolonged duration. 

The toxicity of cyanide increases with reduction in dissolved oxygen 

below the saturation level (Doudoroff, 1976; Smith, et al. 1978) and the 

resistances of fishes to cyanide solutions that are rapidly lethal decreases 

with increase in temperature. Long-term lethality tests, however, have 

demonstrated that juvenile fishes are more sensitive to cyanide with a 

reduction in temperature (Doudoroff, 1980; Leduc, et al. 1982; Smith, et al. 
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1978). No pronounced relationship has been observed between the acute toxic- 

icy of cyanide to fishes and alkalinity, hardness, or pH below about 8.3. 

Genus Mean Acute Values (Table 3) were calculated as the geometric means 

of the available Species Mean Acute Values (Table 1). Data is available for 

more than one species in two genera and the Species Mean Acute Values in each 

are within a factor of 2. Of the 15 genera the most sensitive, Salmo, is 39 

times more sensitive than the most resistant, Tanytarsus (Table 3). A 

freshwater Final Acute Value of 62.68 µg/L was calculated from the Genus Mean 

Acute Values using the calculation procedure described in the Guidelines. 

However, the Species Mean Acute Value for the important rainbow trout is 

44.73 µg/L. Because this value is based on the results of flow-through tests 

in which the concentrations were measured, it replaces the calculated 

freshwater Final Acute Value (Table 3). AC low temperatures acute effects on 

rainbow trout have been observed (Kovacs, 1979; Kovacs and Leduc, 1982b) at 

concentrations below the Final Acute Value (Table 1). 

Data are available on the acute toxicity of cyanide to saltwater species 

in three fish genera and five invertebrate genera (Tables 1 and 3). Species 

Mean Acute Values for invertebrates ranged from 4.893 µg/L for larvae of the 

rock crab, Cancer irroratus, to over 10,000 µg/L for Larvae of the common 

Atlantic slippershell, Crepidula fornicaca. C. irroratus is six times more 

sensitive to cyanide than the next most sensitive species, the calanoid 

copepod, Acartia tonsa. Acute values for fishes only ranged from 59 µg/L to 

372 µg/L. Only the genus Mysidopsis contained more than one species and the 

Species Mean Acute Values were within a factor of 1.1. The saltwater Final 

Acute Value calculated from the Genus Mean Acute Values in Table 3 is 2.030 

µg/L, which is approximately one-half the Species Mean Acute Value of the 

most sensitive of the nine species for which acute values are available. 

5 



Chronic Toxicity to Aquatic Animals 

The long-term survival and growth of various freshwater fish species 

were observed to be substantially reduced at free cyanide concentrations of 

about 20 to 50 µg/L (Tables 2 and 5). Based on reduced long-term survival in 

an early life-stage test with the bluegill, and reduced reproduction by the 

brook trout and fathead minnow in a partial life-cycle and life-cycle test, 

the chronic values were 13.57, 7.849, and 16.39 µg/L, respectively. Life- 

cycle tests (Table 2) have been conducted with two freshwater invertebrates. 

The chronic values were 34.06 µg/L for the isopod, Asellus communis, and 

18.33 µg/L for the amphipod, Gammarus pseudolimnaeus. 

Four of the freshwater acute-chronic ratios are between 7 and 11, 

whereas the one for the resistant isopod is 68.29 (Tables 2 and 3). It seems 

reasonable to use the geometric mean of the four as the freshwater Final 

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

Chronic Ratio results in a freshwater Final Chronic Value of 5.221 µg/L 

(Table 3). 

Data are available on the chronic toxicity of cyanide to the saltwater 

fish, Cyprinodon variegatus, and the mysid, Mysidopsis bahia (Table 2). The 

early life-stage test with the sheepshead minnow, C. variegatus, showed that 

growth was not significantly reduced at a cyanide concentration of 462 µg/L. 

Survival, however, was significantly reduced at cyanide concentrations >45 

µg/L but not at <29 µg/L. Thus, the chronic value for sheepshead minnow is 

36.12 µg/L. A life-cycle test with the mysid, M. bahia, showed that growth 

and survival were not affected at cyanide concentrations <43 µg/L. Acute 

toxicity, however, occurred at 113 µg/L. The chronic limits for this species 

were defined, therefore, as 43 and 113 µg/L. The geometric mean of these 

limits results in a chronic value of 69.71 µg/L. 
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The two acute-chronic ratios available from tests with saltwater species 

are 8.306 and 1.621 (Table 3), but both of these species are relatively 

resistant to cyanide and the acute values in chose ratios were obtained with 

juveniles of the fish and mysid. On the other hand, the acute value for the 

sensitive rock crab was obtained using larvae of that species. Thus, this 

acute value for the rock crab is probably a better indication of the chronic 

sensitivity of this species than would be obtained by dividing this acute 

value by an acute-chronic ratio. Therefore, it seems reasonable to set the 

saltwater Final Chronic Value equal to the Criterion Maximum Concentration of 

1.015 µg/L (Table 3). Division of the geometric mean of the two saltwater 

acute-chronic ratios into the Species Mean Acute Values of all saltwater 

species except the rock crab results in values chat are at least 1.6 times 

greater than this Final Chronic Value. 

Toxicity to Aquatic Plants 

Data on the toxicity of free cyanide to freshwater and saltwater plant 

species are presented in Table 4. Both freshwater and saltwater plants show 

a wide range of sensitivities to cyanide, and the saltwater red macroalga, 

Champia parvula, is extremely sensitive to cyanide poisoning with growth and 

reproductive effects occurring at 11 to 25 µg/L. Adverse effects of cyanide 

on plants are unlikely, however, at concentrations which do not cause chronic 

effects on most freshwater and saltwater animal species. 

Bioaccumulation 

No studies have been reported showing a biomagnification of cyanide in 

the food chain (Towill, et al. 1978). Pennington, et al. (1982) found no 

detectable levels of cyanide in four species of fish from a Mississippi lake. 
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Mutachi, et al. (1978) and Holden and Marsden (1964) measured the 

concentration of cyanide in various tissues of fish exposed to very rapidly 

lethal cyanide levels. It is obvious from such experiments that cyanide does 

penetrate aquatic organisms but bioaccumulation cannot be demonstrated 

because it is readily metabolized. 

Other Data 

Embryos of the fathead minnow are possibly slightly less sensitive to 

cyanide than fry and juveniles, whereas embryos of yellow perch are about as 

sensitive as fry, but less sensitive than juveniles (Tables 1 and 5) 

(Broderius, et al. 1977; Smith, et al. 1978). Several authors (Broderius, 

1970; Dixon and Leduc, 1981; Kovacs, 1979; Kovacs and Leduc, 1982a; Leduc, 

1977, 1978; Leduc and Chan, 1975; Lesniak, 1977; McCracken and Leduc, 1980; 

Neil, 1957; Oseid and Smith, 1979; Ruby, et al. 1979) reported adverse 

effects due co cyanide concentrations as low as 10 µg/L. In another study, 

Kimball, et al. (1978) reported that no reproduction occurred among adult 

bluegills when exposed for 289 days to the lowest concentration tested (5.2 

µg of HCN/L = 5.4 µg of free cyanide as CN/L). During this period, however, 

only a tota1 of 13 spawnings occurred in two controls and no concentration- 

effect relationship was observed. Because of reservations regarding the 

spawning data, the chronic value for the bluegill was based on long-term fry 

survival. On the other hand, the most sensitive adverse effect of cyanide on 

both the fathead minnow and brook trout was reduced reproduction. 

Unused Data 

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

because the studies were conducted with species that are not resident in 
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North America (Abram, 1964; Brockway, 1963; Costa, 1966; Lomte and Jadhav, 

1982; Woker and Wuhrmann, 1950). Data were not used if cyanide was a 

component of a complex cyanide (Doudoroff, 1976) or an effluent (Lloyd and 

Jordan, 1964; Shelford, 1917). 

Some data were not used because the results were only presented 

graphically (Downing, 1954; Renn, 1955; Smith and Heath, 1979). Studies 

conducted using inadequate dilution water (Jones, 1941) or without controls 

(Bridges, 1958; Costa, 1965a,b,c) were also not used. Bringmann and Kuhn 

(1982) cultured Daphnia magna in one water but conducted tests in another 

water. Data in some papers were not used because either the test conditions 

were not clearly stated (Burdick and Lipschuect, 1950; Ishio, 1965; Lewis and 

Tarrant, 1960; Whittingham, 1952) or the test procedures were considered 

inadequate (Lund, 1918; Moore and Kin, 1968; Summerfelt and Lewis, 1967; 

Washburn, 1948). The 96-hr values reported by Buikema, et al. (1977) were 

subject co error because of possible reproductive interactions. 

Summary 

Data on the acute toxicity of free cyanide (the sum of cyanide present 

as HCN and CN-, expressed as CN) are available for a wide variety of 

freshwater species that are involved in diverse community functions. The 

acute sensitivities ranged from 44.73 µg/L to 2,490 µg/L, but all of the 

species with acute sensitivities above 400 µg/L were invertebrates. A 

long-term survival, and a partial and life-cycle test with fish gave chronic 

values of 13.57, 7.849, and 16.39 µg/L, respectively. Chronic values for two 

freshwater invertebrate species were 18.33 and 34.06 µg/L. Freshwater plants 

were affected at cyanide concentrations ranging from 30 µg/L to 26,000 µg/L. 
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The acute toxicity of free cyanide to saltwater species ranged from 

4.893 µg/L to >10,000 µg/L and invertebrates were both the most and least 

sensitive species. Long-term survival in an early life-stage test with the 

sheepshead minnow gave a chronic value of 36.12 µg/L. Long-term survival in 

a mysid life-cycle test resulted in a chronic value of 69.71 µg/L. Tests 

with the red macroalga, Champia parvula, showed cyanide toxicity at 11 to 25 

µq/L, but other species were affected at concentrations up to 3,000 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 of cyanide does 

not exceed 5.2 µg/L more than once every three years on the average and if 

the one-hour average concentration does not exceed 22 µg/L more than once 

every three years on the average. 

The procedures described in the “Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses” indicate chat, 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 cyanide does 

not exceed 1.0 µg/L more than once every three years on the average. 

EPA believes that a measurement such as free cyanide would provide a 

more scientifically correct basis upon which to establish criteria for 

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

no EPA approved methods for such a measurement are available to implement the 
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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 free cyanide. Until available, however, EPA recommends applying the 

criteria using the total cyanide method. These criteria may be overly 

protective when based on the total cyanide 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 to cyanide exceeds 

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 to recover differ greatly, 

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

justification is provided. 

The use of criteria in designing 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-scare 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-state 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 Tonlclty of CyanIda to Aqustlc Animals 

Spocln 

Snail, 
Physa heterosiropha 

Cladocersn, 
Oaphn I a magna 

Cladoceran, 
Oaphn I a magna 

Cladoceran, 
Daphnla pulex 

C I adoceran , 
Oaphnla pulex 

I sopod, 
Asel tus communls 

Amph I pod, 
Gammarus pseudo1 Imnaeus 

stonetiy, 
Pteronarcys dorsata 

Mldqe, 
Tanytarsus dlsslmllis 

RaInbow trout (try), 
Salmo galrdnwl 

Rainbow trout (juvenile), 
Salvo qalrdnerl 

Ra I nbou trout ( juven I I e) , 
Satmo galrdnerl 

RaInbow trout I juven I I e) , 
Salmo galrdner I 

Ra 1 nbow trout ( juven i I e) , 
Salmo qalrdner I 

Method* 

s, u 432 432 

<I,800 

s. u 160 160 

s. u 83 

s, M I IO 95.55 

n, M 2,326 2,326 

167 167 Oseld & Salth, 1979 

FT, M 426 426 Cal 1 6 Brook8, 1982 

5. M 

s, u 

s, u 

s. u 

s, u 

s, II 

2,490 2,490 Cal I, et al. 1983 

90 

97 

46.3 

52.1 

54. I 

LC50 Species Maan 
or EC50 Acute Vale 
(r&J/L)= (pg/L)** 

FRESHWATER SPECIES 

Rot l rbnco 

Calrns b Scheler, 1958; 
Patrlck, et al. 1968 

Anderson, 1946 

Oouden 6 Bennett, 
1965 

Lee, 1976 

Calms, et al. 1978 

Oseld 6 Smlth, 1979 

I31 I Is, et al. 1977 

Sklbba, 1981 

Marking, et al, 1984 

Marklng, et al. 1984 

Marklng, et al. 1984 

12 



Table 1. (Continued) 

Spmcles 

Rainbar trot (juvenl 
Salmo galrdnerl 

Ralnbcu trout (juvenl 
Salmo qalrdnerl 

Ralnbau trout ( juvenl 
Salmo galrdnorl 

Ra lnbou trout ( juven I 
Salmo galrdnerl 

Ralnbon trout (Juvenl 
Salmo qalrdnerl 

Ral nbou trout ( juven I 
Salmo galrdnerl 

le), 

le), 

la) * 

le), 

le), 

le), 

Method* 

s, u 

s, lJ 

FT. H 

-, M 

f=T, M 

FT, H 

Atlantic salmon (JuvenIleI, R, H 
Salmo salar -- 

90 

Brook trout (sac fry), 
Salve1 lnus fontlnal Is 

FT, H IO5 *** 

Brook trout (sac fry), 
Salvellnus fontlnalls 

342*** 

Brook trout (sac fry), 
Salvellnus fontlnalls 

FT. 14 507#“* 

Brook trout ( sac fry), 
Salvellnus tontlnalls 

252”“. 

Brook trout (sw{m-up fry), FT, H 
Salvelinus fontlnalls 

Hrook trout (swi+up try), Fr, H 
Salvellnus fontlnalls 

Brook trout (swim-up fry), FT, H 
Salvelinus tontinalls 

a4 

54.4 

116.5 

LCSO 
or EC50 
(rg/L)” 

62.1 

74 .a 

57 

27 

40 

65 

Spules Mekan 
Awta Value 

(Ug/L)** Retwence 

Harklng, et al. I984 

Marking, et al. 1984 

Snlth, et al. 1978; 
Eroderlus 6 Smlth, 1979 

Kwacs, 1979; Kovacs 6 
Leduc, 1982b 

Kovacs, 1979; Kovacs & 
Leduc, 1982b 

44.73 Kovacs, 1979; Kovacs b 
Leduc, l982b 

90 Tryland and Grande, 
1983 

Snrlth, et al. 1978 

Smith, et al. 

Smith, et al. 

sm 

sm 

978 

978 

th, et al. 1978 

th, et al. 1978 

Smith, et al. 1978 

Smlth, et al. 1978 
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Table 1. (ContlnuedJ 

Species Method* 

Brook trout (swim-up fry), FT. H 
Salvellnus bntlnalls 

LC50 
or EC50 
(l&L).’ 

I04 

Spacles Moan 
Acut* Value 

(“g/L)** Ratumnce 

Smith, et al. 1978 

Brook trout (swim-up try), FT. M 90.3 Smith, et al. 1978 
SalvelInus tontlnalls 

Brook trout ( juvenl le) , 
Salvellnus fontlnalls 

Brook trout (JuvenIleI, 
Salvellnus fontlnalls 

Brook trout ( juven I I e) , 
Salvellnus tontinalls 

Brook trout ( juven I I e) , 
SalvelInus fontlnalls 

Brook trout ( juvenl le), 
Salvellnus fontlnalls 

Brook trout ( juven 1 I e) , 
Salvellnus fontlnalls 

Brook trout (juvenile), 
Salvellnus fontlnalls 

Brook trout ( Juven I I e) , 
Salvellnus fontlnal Is 

Brook trout ( juven I I el , 
SalvelInus tontlnalis 

Brook trout ( juven I I e) , 
Salvellnus fontlnalls 

Brook trout (Juvenile), 
Salvellnus fontinalls 

Brook trout i Juven I I e) , 
Salvellnus fontlnalls 

73.5 Smith, et al. 1978 

83 Smith, et al. 1978 

75 Smith, et al. 1978 

86.4 Smith, et al. 1978 

91.9 Smith, et al. 1978 

99 Smith, et al. 1978 

96.7 Sml th, et al. 1978 

II2 Smith, et al. 1978 

52 Smith, et al. 1978 

60.2 

66.8 

71.4 
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Table 1. (Continued) 

Species 

Brook trout ( juvenl le) , 
Salvellnus tontlnalls 

Brook trout I Juven I I e) , 
Salve1 lnus fontlnal Is 

Brook trout (adul tl , 
Salvelinus fontlnalls 

Goldflsh (juvenile), 
Carasslus auratus 

Fathead mlnnou (Juvenl I e), 
Pimephales promelas 

Fathead mlnnor, 
Plmephales pruaelas 

Fathead mlnnor, 
Pimephales promelas 

Fathead mlnnou (fry), 
Plmephales prcmelas 

Fathead mlnnou (fry), 
Plmephales promelas 

Fathead minnow (fry), 
Plmephales promelas 

Fathead minnow (try), 
Plmephales promelas 

Fathead mlnnow (fry), 
PlmephaLes promelas 

Fathead minnor (juvenl le) , 
Plmephales pramelas 

Fathead minnow (juvenile), 
Plmephales promelas 

120 

fT, U 98.7 

FT, M 81 .8 

FT, W 

FT, H 

FT, M 

lx50 
or EC50 
(Us/L)** 

97 

143 

156 

JIB 

230 

350 

230 

I IO 

1 I6 

I19 

126 

Spocles *an 
Acute Value 

(rg/L)** Rstetencs 

Smfth, et al. 1978 

Smith, et al. 1978 

85.80 Carduel I, et al. 
1976 

318 Cardwel I, et al. 
1976 

Boudorof f, I956 

Henderson, et al. 
1961 

Henderson, et al. 
1961 

Smith, et al. 1978 

Smlth, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smlth, et al, 1978 



Tablo 1. Eontlnued) 

Species 

Fathead minnow (juvenl le) , 
Plmephales profdas 

Fathead minnow (JuvenIleI, 
Plmephales promelss 

Fathead nlnnou L juvenile) , 
Plmephales promelas 

fathead mlnnow (Juvenile), 
Plmephales praelas 

Fathead mlnnou (Juvenile), 
Plmephales promelas 

Fathead minnow (Juvenile), 
Pimephales promelas 

Fathead nlnnow (juvenlle), 
Pimephales promelas 

Fathead mlnnow (juvenllel, 
Plmephales promelas 

fathead mfnnou (juvenIleI, 
Plmaphales promelas 

Fathead minnow (Juvenile), 
Plmephales promelas 

Fathead minnow (juvenile), 
Plmephales prcnnelas 

Fathead mlnnou (Juvenl le), 
Plmephales promelas 

Fathead minnow 4 juvenile), 
Plmephales promelas 

Fathead mlnnou (juvenllel, 
Plmephales promelas 

Method. 

FT, W 

FT, W 

FT, W 

n, M 

FT, M 

FT, I4 

FT, W 

FT, W 

FT, M 

FT, W 

FT, M 

FT. N 

lx50 
wEc50 
trqh)*" 

81.5 

124 

I37 

131 

105 

II9 

IJI 

122 

161 

I88 

175 

I63 

169 

I20 

Spulos Mean 
ACUh Value 

(uq/L)“’ 

Smlth, 

Smith, 
Braler 

Smith, 

Smith, 

Ref rencm 

et al. 1978 

et al. 1978; 
lus 6 Smith, 

et al. 1978 

et al. 1978 

et al. 1978 

et at. 1978 

et al. 1978 

et al. 1978 

Ith, et al. 1978 

Smith, 

Smith, 

Smlth, 

Smlth, 

sm 

Sm Ith, et al. 1978 

1979 

Smith, et al. 1978 

Smtth, et al. 1978 

Smith, et al. 1978 

Broder Ius, et al. 
1977 
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Table 1. (Continued) 

Speclss Method* 

Fathead nlnnov f juven Ife), FT, M 
Plmephales promelas 

LCSO 
or EC50 
f&&L)** 

113 

Fathead mlnnow (juv....~ le), FT, H 
Plmephales promelas 

128 

Fathead nlnnou fjuvenlle), FT, M l2A 
Plmephales promelas 

Guppy faduf t) , 
Poecllla retlculata 

8lueqlll fjuvenlle), 
Lepomls macrochlrus 

Blueqlll, 
Lepomls macrochlrus 

Blueqlll, 
Lepomls macrochlrus 

BluegIll, 
macrochlrus Cepomls 

Blueqill (Juvenile), 
macrochlrus Lepomls 

Blueqlll (juvenile), 
macrochlrus Lepcmls 

Blueqlll (fry), 
Lepomls macrochlrus 

Bluegill Ifry), 
Lepomls macrochlrus 

Blueqll I (try), 
Cepomls macrcch\rus 

Blueqll I (fry), 
Lepoml s macrochl rus 

s, u 

s, M 

5, M 

FT, I4 

FT, I4 

I47 

180 

220 

I80 

230 

150 

I60 

364*** 

232’** 

279#*’ 

273’** 

Species Moan 
Acute Vslum 

(l&L)* Reference 

Broderius, et al. 
1977 

Broder Ius, et al . 
1977 

125.1 Broderlus, et al. 
1977 

I47 Anderson b Weber, 
1975 

Calrns & Scheier, 1958, 
1%8; Patrlck, et al. 
1968 

Calrns 6 Scheler, 
1959 

Calrns 6 Scheler, 
1959 

Cairns & Scheler, 
1959 

Henderson, et al. 
1961 

Calrns 6 Scheler, 
1963 

Smith, et al. 1978 

Smlth, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 
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Tsblo I. (contlnud) 

spoclos 

Blueqlll (juvenIleI, 
Lepomls macrochlrus 

Blueqlll (Juvenile), 
Lepoml s macroch I rus 

Blueqlll (JuvenIleI, 
Lepomls macrochlrus 

Blueqlll (JuvenIleI, 
Lepwls macrochlrus 

Blueqlll (JuvenIleI, 
Lepunls macrochlrus 

Ellueglll (JuvenIleI, 
Lepomi s macrochlrus 

Blueqll I (Juvenile), 
Lepomls macrochlrus 

Blueqll I (JuvenIleI, 
Lepomls macrochlrus 

Bluegil I (JuvenIleI, 
Lepomls macrochlrus 

Larqernouth bass 
(JuvenIleI, 
Mlcropterus salmoldes 

Black crapple, 
Pomoxls nlgrfnnaculatus 

Yel low perch (anbryo) , 
Perca f lavescens 

Yel low perch (fry), 
Perca t lavescens 

Yel lo* perch (try), 
Perca flavescens 

FT, n 99 

f-T, M 113 

FT, M 

LC50 
w EC50 
(u$J/L).’ 

81 

85.7 

74 

100 

107 

I21 

I26 

102 

102 

28l’*’ 

280”’ 

350”” 

Spoclos Mean 
Acutm Vsl urn 

t rq/L 1’. Rotwnco 

Smith. et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. I978 

Smith, et al. 1978 

Smith, et al. 1978 

99.28 Smith. et al. 1978 

I02 Smith, et al. 1979 

to2 Smith. et al. 1979 

Smith, et al. 1978 

Smith, et al . 1978 

Smith, et at. 1978 
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Table 1. (co4elnued) 

Species 

Yel low perch (: juven I le) , 
Perca f I avescens 

Yel low perch (JuvenIleI, 
Perca f I avescens 

Yel low perch ( juvenl I e) , 
Perca f lavescens 

Yel lou perch (juvenl le), 
Perca tlavescens 

Yel low perch (Juven I I e) , 
Perca f lavescens 

Yel low perch ( juvenl I e) , 
Perca flavescens 

Common Atlantic 
sllppershell, 
Crepldula fornlcata 

Cowpod, 
Acartla clausl 

Mysld, 
Mysldopsls bahla 

Mysld, 
Hysldopsls bahla 

Mysld, 
Mysfdopsls blgeloul 

. 

hphlpod, 
Ampellsca abdlta 

AmphI@, 
Ampel lsca abdlta 

Method* 

FT, M 

FT, M 

FT, W 

FT, M 

FT, M 

s, u 

s. u 

s, u 

s, u 

s. u 

s, IJ 

lx50 
or EC50 
( rg/L 1.. 

88.9 

93 

74.7 

94.7 

I01 

107 

Species )(ssn 
Acute Va I ue 

(l&L)- 

92.64 Smith, et al. 1978 

SALTWATER SPECIES 

>10,000 >lO ,000 

30 30 

93 

II3 113 

124 124 

1,220 

1,150 

Reteromco 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al. 1978 

Smith, et al . 1978 

Sml th, et al. 1978 

Gardner & Nelson, 
1981 

Gent1 le, 1960 

Gentile, 1980 

Lussler, et al. 
Manuscr I pt 

Gent1 le, 1980 

Scott, et al. 
Manuxr Ipt 

Scott, et al. 
Manuscr lpt 
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Table I. (comtlnuedd) 

Cancer I rroratus 

Rock crab (larva), 
Cancer lrrofatus 

SpI3Cl.S 

AmphI@, 
Ampel lsca abdlta 

Rock crab ( larval, 

Atlsntlc sl Iverslde, 
Menldla menldla 

Winter f tounder, 
Pseudopteuronectes 

amerlcanus 

Mothad* 

s, u 

FT. M 

fir M 

FT, M 

m, M 

s, IJ 

LC50 
or EC50 
(ug/L)~’ 

704 

4.2 

5.7 

300 

59 

372 

Specler Mean 
Acute vslus 

(UQA)” 

995.9 

59 

372 

4 .a93 

Sheepshead mlnnon, 
Cyprlnodon varlegatus 

Rot uemco 

Scott, et al . 
Hanuscr I pi 

Johns & Gentlle, 1981 

lie, 198 I 

al. 198 b\ 

Gardner A Berry, 1981 

Cardln, 1980 

Johns & Gent 

300 Sch lmmel , et 

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

l a Results are expressed as free cyanide as CTr. 

w**Not used In calculations because data are available for a more sensltlve llte stage. 
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Table 2. Chronic Toxlclty of Cyanide to Aquatic Animals 

Species Test* 

I sopod, 
Asel lus ccmnmunls 

Amphlpod, 
Gammarus pseudollmnaeus 

Brook trout, 
Salvellnus fontlnalls 

Fathead mlnncw, 
Pimephales promelas 

Blueqlll, 
Lepomls macrochirus 

Hys id, 
Mysldopsls bahia 

Sheepshead minnow, 
Cyprlnodon varleqatus 

LC 

FRESHWATER SPECIES 

29-40 

LC 16-2 1 

LC 5.6-l 1.0 

LC 13.3-20.2 

ELS 9.3-19.8 

LC 

SALTWATER SPECIES 

43-113 69.71 Lussler, et al. 
Manuscript 

ELS 29-45 36.12 Schlmmel, et al. 1981 

Llrlts Chrmlc Value 
(vg/L)‘* (uq/L)fi* Rsf wbnco 

34.06 Oseid 6 Smlth, 1979 

18.33 Oseld 6 Smith, 1979 

7.849 Koenst, et al. 1977 

lb.39 Lind, et al. 1977 

13.57 Kimbal I, et al. 1978 

SpOC1.S 

I sopod, 
Asel lus communls 

Amp h I pod, 
Gamnarus pseudollmnaeus 

l LC = life cycle or partial life cycle; ELS = early life staqe. 

**Results are expressed as free cyanide as CN. 

AcuteChronIc Rstlo 

Acute Vs I ue Chronic Value 
(l&L) (rq/L) Ratlo 

2,326 34.06 60.29 

167 18.33 9.111 
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lablo 2. (Cant I nusd 1 

AcuteChronIc Ratlo 

SpbC1.S 

Brook trout, 
Salve1 lnus fontlnal Is 

Acute Value Chronic Ualuo 
(rq/L) (uq/L) 

83.l4fi*4 7.849 

Iwlo 

10.59 

Fathead ml nnou, 
Plmephales promelas 

125.1”““” 16.39 7.633 

Blueqlll, 
Lepomls macrochlrus 

99.28”“” 13.57 7.316 

Hysld, 
Wysldopsls bahla 

Sheepshead ml nnou, 
Cyprlnodon varleqatus 

113 69.71 1.621 

300 36.12 8.306 

l ** Geometric mean of I9 values from Snlth, et al. (19781 In 
Table I. 

*I** Geometric mean of 24 values from Smith, et al. (1978) and 
Broderius, et al. (1977) In Table I. 

l ***n Geometric mean of 9 values frm Smith, et al. (1978) In 
Table 1. 
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Table 3. Ranked Genus Mean Acute Values rlth Species Mean Acute-Chronic Ratios 

Rank* 

I5 

I4 

I3 

I2 

II 

IO 

9 

8 

7 

Genus Mean 
Acute Va I ue 

( us/L 1 

2,490 

2,326 

432 

426 

JIB 

167 

I47 

125.1 

123.6 

102 

102 

99.28 

Species 

Species Meae 
Acute Value 

IugA) 

FRESHWATER SPECfES 

Hldge, 
Tanytarsus dlsslmllls 

I sopod, 
Asel lus communls 

Sna l I, 
Physa heterostropha 

Sionef ly, 
Pteronarcys dorsata 

Goldflsh, 
Carassl us auratus 

Amphl pod, 
Gammarus pseudollmnaeus 

GUPPY, 
Poecllla reticulata 

fathead mlnnou, 
P lmephales promelas 

Cladoceran, 
Oaphn I a magna 

C I adoceran , 
Oaphnla pufex 

Largemouth bass, 
Mlcropterus salmoldes 

Black crapple, 
Pomoxls nlgromaculatus 

Bfueqll I, 
Lepomi s macroch I rus 

2,490 

2,326 68.29 

432 

426 

318 

167 9.111 

I47 

125.1 7.633 

I60 

95.55 

102 

102 

99.28 7.316 

Species Mean 
Acute-Chronic 

Ratlo 
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Table 3. (contlnwd) 

Ranka 

3 

Genus Maan 
Acute Value 

1 up/L 1 

92.64 

Species 

Yel low perch, 
Perca f I avescens 

Species Mean 
Acute Value 

(ugR) 

=.a 

speclos Mean 
AcutrCtwm Ic 

Ratlo 

2 85 A0 Brook trout, 
Salve1 lnus fontlnal Is 

05.80 10.59 

I 63.45 Ra I nbou trout, 
Salmo qalrdner I 

44.73 

Atlantic salmon, 
Salmo salar -- 

90.00 

>10.000 

995.9 

372 

300 

118.4 

59 

M 

4.893 

SALTWATER SPECIES 

Common Atlant Ic 
sl lppershel I, 
Crepldula fornlcata 

>10,000 

hphlpod, 
Ampelisca abdita 

995.9 

Wlnter flounder, 
Pseudopleuronectes 

amer lcanus 

372 

Sheepshead mlnnou, 
Cypr lnodon var legatus 

300 8.306 

MysIde I13 I.621 
Hysldopsls bahfa 

Mysld, 
Hysldopsls blqelowl 

I24 

Atlantic silverslde, 
Menldla menldla 

Copepod, 
Acartla clausi _-- 

Rock crab, 
Cancer lrroratus 

59 

30 

4.893 
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Table 3. ~Contlnuad) 

l Ranked fran most resistant to most sensltlve based on Genus Mean Acute Value. 

Fresh water 

Flnal Acute Value = 62.68 rg/L (calculated from Genus Mean Acute Values) 

Flnal Acute Value = 44.73 rg/L (lowered tu protect ralnbou trout - see text) 

Crlterlon Maxlmum Concentration = (44.73 ug/L) / 2 = 22.36 ug/L 

Flnal Acute-Chronic Ratlo = 8.568 (see text) 

Flnal Chronic Value = (44.73 I&L) / 8.568 = 5.221 ug/L 

Salt water 

Flnal Acute Value = 2.030 ug/L 

Criterion Maxlmum Concentration = (2.030 ug/Ll / 2 = I.015 US/L 

Flnal Chronic Value = I.015 rg/L (see text) 
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Table 4. Toxlclty of Cyanldo to Aquatlc Plants 

Specles 

Blueqreen alqa, 
Mlcrocystls aeruglnosa 

QOS kill 

atut alga. Inclplent 
Mlcrocystls aeruqlnosa lnhlbl tlon 

Green alga, 
Scenedesmus quadrlcauda 

0 laton, 
Navlcula semlnulum 

Volvocales, 
Chlamydomones sp. 

Duckweed, 
Lemna g I bba G3 

Eurasian waterml I fol I, 
Myrlophyllum splcatum 

Green alga, 
Prototheca ropfl 

Green alga, 
Chlorel la sp. 

Red alga, 
Champla parvula 

Red alqa, 
Champla parvula 

Red alqa. 
Champla parvula 

Result 
Effect fug/L)* 

FRESHWATER SPECIES 

8,000 

75 

lnclplent 
lnhlbl tlon 

30 

50% reduction In 277-491 
dlvlslon 

No effect on mean 10-100 
or maxlmum growth 
rate 

Decreased 26,000 
potassium uptake 

32-day EC50 
(root welght) 

22,400 

SALTWATER SPECIES 

Resplratlon 
lnhlbl tlon 

3,Doo 

Enzyme lnhlbltlon 30,000 

Reduced tetrasporo- 
phyte growth 

I6 

Reduced tetraspor- 
anqla production 

25 

Reduced fema I e 
growth 

II 

Rot wonco 

Fltrqerald, et al. 
1952 

Brlngmann, 1975; 
BrIngmann 4 Kuhn, 

,1976, 1978a,b 

BrIngmann 6 Kuhn, 
1977a, 1978a,b, 
1979, 19fJOb 

Acadmy of Natural 
Scl ences, 1960 

Calrns, et al. 1978 

Kondo 6 Tsudzukl, 
1980 

Stanley, 1974 

Webster 6 Hackett, 
1965 

Nelson 6 Tolbert, 
1970 

Steele 6 Thursby, 
1983 

Steele & Thursby, 
1983 

Steele A Thursby, 
1983 
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Table 4. (Continued) 

Species Effect 

Red alga, Stopped sexua I 
Champ I a parvu I a reproduction 

Resu I t 
(rq/LP 

11 

Reference 

Steele 6 Thursby, 
I983 

l Results are expressed as free cyanide as CN. 
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Table 5. Other Data on Effects of Cysnldo on Aquatlc Organlus 

speclos 

Green alga, 
Scenedesmus quadrlcauda 

Batter la, 
Escherlchla toll 

Batter la, 
Pseudomonas putlda 

Protozoan, 
Entoslphon sulcatum 

Protozoan, 
Hlcroregma heterostoma 

Protozoan, 
Chllomonas paramecium 

Protozoan, 
Uronema parduez I 

Rotlfer, 
Phl lodlna acutlcornls 

Worm, 
Aeolosoma headleyl 

Snail, 
Gonlobasls Ilvescens 

Snall, 
Nltocrls sp. 

Durat Ion Ef tact 

96 hr 

16 hrs 

72 hrs 

28 hrs 

48 hrs 

20 hrs 

40 hrs 

48 hrs 

40 hrs 

48 hrs 

FRESHWATER SPECIES 

lnclplent 
lnhlbltion 

lnclplent 
lnhlbltlon 

lnclplent 
lnhlbltlon 

inclplent 
lnhlbl tion 

lnclplent 
lnhlbltlon 

lnclplent 
lnhlbltlon 

lnclplent 
lnhlbl tlon 

LC50 

LC50 L 5 Cl 
00 C) 
05 C) 
(20 Cl 
(25 Cl 

LC50 

LC50 f 5 Cl 
00 C) 
(15 C) 
(20 Cl 
(25 c1 

Result 
fug/L)* Rof ermco 

IfjO** Brlngnann 6 Kuhn, 
1959a,b 

400-800 Br I ngmann 6 Kuhn, 
1959a 

I Br I ngmann 6 Kuhn, 1976, 
1977a, 1979, l980b 

I,800 Brlngmann, 1978; 
BrIngmann h Kuhn, 1979, 
198Ob, 1981 

40 Brlngmann 6 Kuhn, 1959b 

1,200 Brlngmann, et al. 1980, 
1981 

270 Brlngnann 6 Kuhn, l96Oa, 
1981 

20 ,ooo- 
145,000 

Calms, et al. 1978 

IO ,000 
9,000 

120,000 
160,000 
160,000 

Calms, et al. 1978 

760,000 Calms, et al. 1976 

13,600 
12,800 
10,000 
8,000 
7,000 

Calrns, et al. 1978 
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Table 5. ~Contlnuacld) 

Speclss 

Snal I, 
Lymnaea emarg 1 nata 

Snal I (embryo), 
Lynwaea sp. 

Snail, 
heterostropha Physa 

Snall, 
I nteqra Physa 

C I adoceran, 
Oaphn I a maqna 

Cladoceran, 
maqna Daphn 1 a 

Cladoceran, 
Osphnla pulex 

Amphtpod, 
Gammarus pseudollmnaeus 

Mayf ly, 
S tenonefna rubrum 

Caddlsf ly (larval, 
Hydropsyche sp. 

Hfdqe, 
Tanytarsus disslml I Is 

Coho sa Imon, 
Oncorhynchus kl sutch 

Coho salmon ( juvenl le), 
Oncorhynchus klsutch 

Durat Ion 

40 hrs 

% hrs 

96 ht-s 

48 hrs 

48 hrs 

24 hrs 

48 hrs 

98 days 

48 hrs LC50 

48 hrs LC50 

48 hrs EC50 

2 hrs Swlmmlnq speed 
reduced 

36 days Reduct Ion In 
growth 

Effect 

LC5Q 

LC50 

LC50 (per iodlc 
low 0.0.) 

LCSO 

EC50 

LC50 

CC50 ( 5 C) 
(IO C) 
(I5 CI 
(25 c1 

CaapetltLon rlth 
Asel lus affects -- 
HCN toxlclty 

Result 
(uq/L)* Ret wenco 

3,300 Calms, et al. 1976 

52,000 Dowden 6 Bennett, 
1965 

I90 Calrns L Scheler, 1958 

1,350 Calms, et al. 1976 

MO** Br lnqmann I Kuhn, 
1959a,b 

530 Brlngmann ?i Kuhn, 1977b 

330 Calms, et al. 1978 
330 
180 

I 

9 Oseld 6 Smith, \979 

500 Roback, 1965 

2,000 Roback, 1965 

480 Cal I, et al. 1979 

IO Broder lus, 1970 

77 Leduc, 1966 
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Table 5. (Contlnuedd) 

Speclss 

Chlnook salmon (juvenile), 
Oncorhynchus tshawytscha 

Ralnba trout (JuvenIleI, 
Salmo qalrdnerl 

Ralnbcw trout (adult) , 
Salmo qalrdnerl 

Ralnbcu trout (adult), 
Salmo galrdnerl 

Ralnbou trout (adult), 
Salmo qairdnerl 

Ralnbou trout (adult), 
Salmo galrdnerl 

Ralnbou trout (adult), 
Salmo qalrdnerl 

Ralnbou trout (adult), 
Salmo qalrdnerl 

Ra lnbo* trout (adui t) , 
Salmo galrdneri 

Ral nbou trout L adul t) , 
Salmo qalrdnerl 

Rainbow trout (adult), 
Salmo gairdner l 

Ralnbou trout (adult), 
Salmo qalrdner I 

Ralnbo* trout (adult), 
Salmo galrdnerl 

Ralnbou trout, 
Salmo qairdnerl 

Durst Ion 

64 days 

250 mln 

2 mln 

8 nln 

12 mln 

12 mln 

24 nln 

72 nin 

90 min 

2,525 min 

1,617 mln 

3,600 mln 

4,441 min 

46 hrs 

EC fact 

279 reduction in 
biomass 

Approximate med Ian 
survival time 

Hean surv lval time 

Mean surv 

Mean surv 

Mean surv 

Mean surv 

val time 

val time 

val tine 

val t\me 

Mean survlval time 

Mean survival time 

Mean survival tlnm 

Mean survival time 

Mean survival time 

Mean survival tlme 

LC50 

Result 
(h&L). 

20 

200 

2,000 

300 

250 

200 

180 

160 

140 

too 

90 

80 

70 

68 

Rof uanca 

Neqi iskl, 1973 

Dep. Sci. Ind. Res., 
1956 

Herbert II Werkens, 
1952 

Herbert 6 Werkens, 
1952 

Herbert & Werkens, 
1952 

Herbert b Merkens, 
I952 

Herbert b Merkens, 
1952 

Herbert 6 Merkens, 
1952 

Herbert & Merkens, 
I952 

Herbert & Merkens, 
1952 

Herbert 6 Merkens, 
I952 

Herbert 6 Merkens, 
1952 

Herbert & Merkens, 
1952 

Brown, I968 
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Table 5. (ContInuedI 

Speclss 

Ralnbow trout f Juvenlie), 
Salmo galrdnerl 

Rainbow trout f Juvenile), 
Salmo galrdnerl 

Rainbow trout (Juvenl 
Salmo galrdneri 

Ralnbou trout lJuvenl 
Salmo galrdnerl 

lel, 

le), 

Ralnbow trout I Juveni let, 
Salmo galrdnerl 

Ralnbow trout fyearflng), 
Salmo galrdnerl 

Ralnbow trout f year1 Inq) , 
Saimo qairdneri 

Rainbow trout f yeari ing) , 
Salmo galrdnerl 

Ra I nbow trout f juven I i e) , 
Salmo galrdnerl 

Ralnbav trout f vearl lnql , 
Salmo galrdnerl’ 

Ralnbow trout f juven 
Salmo gairdnerl 

Ralnbow trout (Juven 
Salmo gairdnerl 

lel, 

Ralnbor trout (yearllq), 
Salmo galrdnerl 

Durat 1 on 

II3 days 

4 days 

18 days 

18 days 

18 days 

21 days 

21 days 

21 days 

28 days 

20 days 

18 days 

18 days 

7 days 

Effect 

Welqht qaln reduced 

Increased resplrb 
tlon rate 

Liver damaqe 
Lnecrobiosl s) 

Reduction In fat 
content 

Hlqher relative 
body water content 

651 reduction in 
welyht qaln 

751 reduction In 
swlmming ability 

Hiqher relative 
body water content 

Result 
(US/L)* 

Altered blood chloride 
and osmol ar I ty 

Abnorma I oocyte 
development 

Production of dlvidlnq 
sperma toqon i a 
reduced by 13% 

Production of dlvidlng 
spermatoqonia 
reduced by 50s 

Serum calctum reduced; 
hepatosanat fc indices 
declined 

9.6 

Ret eronce 

Dlxon A Leduc, 19dl 

9.6 Dixon A Leduc, 1981 

9.6 Dlxon A Leduc, 1981 

19 Dixon A Leduc, 1961 

9.6 Olxon A Leduc, 1981 

19 Speyer, 1975 

I9 Swyer. 1975 

19 Speyer, 1975 

9.6 Leduc d Chan, 1975 

9.6 

9.6 

Lesn lak, 1977; 
Lesnlak A Ruby, 1982 

Ruby, et al. 1979 

29 Ruby, et al. I979 

9.6 
19 

Costa A Ruby, 1984 
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Tablo 5, (Contlnuod) 

sP4cl4s 

Ralnbw trout (juv~nlle), 
Salmo gsirdnerl 

Ralnbou trout (juvenile), 
Sslmo gslrdnerl 

Ralnbou trout (JuvenIleI, 
Salmo galrdnerl 

Ralnbou trout ~.juvenIle). 
Salmo galrdnert 

RaInbow trout (Juvenile), 
Salmo qalrdnerl 

Ralnbou trout (juvenile), 
Salmo qalrdnerl 

Ralnbou trout (Juvenile), 
Salmo galrdnerl 

Rainbow trout (juvenile), 
Salmo qalrdnerl 

Ra I nbow trout ( J uven I I e) , 
Salmo galrdnerl .- 

Ouretlon 

24 hrs 

21 days 

21 days 

144 hrs 

20 days 

20 days 

20 days 

20 days 

20 days 

Result 
Effect (rg/l)* 

LCSO ( 5 Cl 
(12 C) 
(18 Cl 

No ettoct on dry 
welqht galn 

K ldney damaqe 

LC5O 

Reduction in 
swlmmlnq abl I Ity 
(6-18 Cl 

Threshold concen- 
tration (6-18 C) for 
reduct Ion ot 
relat Ive: 
wet weight qaln 
dry welqht qaln 
fat qaln 

Increase In 
relative water 
content (6-18 C) 

No et feet on *et 
or dry relght rolb 

tlve qrowth rate or 
tat welqht change 
for 8 g tlsh torced 
to swim at 12 cm/set 
and 10 C 

Increased tood maln- 
tenance requirements, 
decreased wet and 
dry reiqht relative 
qrouth rate and fat 
weiqht change tor 18 

q fl sh forced to sulm 
at 12 cm/set and 10 C 

90 
98 
92 

33 

33 

93 

4.8-43 

9.6-29 
X4.0-29 
<4 .a-24 

4 .a-43 

9.6 

13 

Rotor44c4 

Calms, et al. 1978 

Olxon d Sprague, 
1981 

Dixon h Spraque, 
1981 

Dixon b Sprague, 
1981 

Kovacs, 1979; Kovacs d 
Coduc, 1982a 

Kovacs, 1979; Kwacs d 
Leduc, l982a 

Kovacs, 1979; Kwacs b 
Leduc, 1982a 

McCracken 6 Leduc, 
1980 

McCracken L Leduc, 
1980 
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Table 5. (Contlnuud) 

spciss 

Ralnbow trout ( Juven II e) , 
Salmo qalrdnerl 

Atlantic salmon (larva), 
Salmo salar -- 

Atlantic salmon (smelt), 
Salmc salar -- 

Drown trout (fry), 
Salnw, trutta -- 

Brown trout ( fry), 
Salmo trutta -- 

Brown trout (fry), 
Salmo trutta -- 

Brown trout (fry), 
Salmo trutta -- 

Brown trout (Juven I I e) , 
Salmo trutta -- 

Brown trout L juven I I e) , 
>almc trutta 

Brown trout ( juven I 1 e) , 
Salmo trutta -- 

Bro*n trout ( juvenl le) , 
Salmo trutta -- 

Rrook trout (try), 
Salvelinus fontlnalls 

Brook trout (fry), 
SalvelInus fontlnalls 

Brook trout (fry), 
Salvelinus fontlnfllls _~_-_I_-- 

Duration 

20 days 

50 days 

24 hrs 

8.2 mln 

8.9 mln 

8.2 mln 

I40 mln 

6.58 mln 

I5 min 

30.1 mln 

5 hrs 

15.2 mln 

10.8 mln 

II.7 min 

Result 

Effect (rq/LP 

Decreased wet weight 9.6 
gain for 27 q tlsh 
torced to sulm at 12 
cm/set and IO C 

Abnormal embryo and 9.6 
larval development 

LCSO (IO mq D.O./L) 70 
0.5 mg D.O./L) 23 

I-Math 8,030 

Death 4,140 

Oeath 2,070 

Death 217 

Geometric mean 1,006 
time to death 

Geometr Ic mean 510 
time to death 

Gecmetr Ic mean 320 
t Imu to death 

Oxyqen uptake 25 
Inhlblted 

Death 8,640 

Death 4,290 

bath 2, I30 

Rof arsnce 

McCracken b Leduc, 
\9fJa 

Leduc, 1970 

Alabaster, et al . 
1963 

Karsten, 1934 

Karsten, 

Karsten, 

Karsten, 

934 

934 

934 

Burdlck, et al. 1958 

Durdlck, et al. 1958 

Rurdlck, et al. 1956 

Carter, 1962 

Karsten, 1934 

Karsten, 1934 

Karsten, 1934 

33 



Tsble 5. (titlnwd) 

Brook trout (fry), 
Salvelinus fontlnafls 

26 mln 

Effect 

Death 

Result 
(l&L). 

853 

Brook trout (fry), 
Salvellnus fontlnalis 

58 mln Oeath 392 

Brook trout (fry), 
Salvelinus fmtlnalls 

210 mln Death 217 

Brook trout (fry), 
Salvelinus fontlnalls 

130 hrs Death 

Brook trout (fry), 
Salvellnus fmtlnalls 

27 days 100% surv lval 

Brook trout ( Juven I I e) , 
SalvelInus fontlnalls 

3.6 days Death 

Brook trout ( Juven I I el , 
Salvellnus fontlnalls 

40 days ho death 

Brook trout ( Juven I I et , 25.5 mln 751 reduction In 
Salvellnus fcmtlnalls swImmIng endurance 

Brook trout ( juven I I el , 
Salve1 lnus tontlnal is 

90 days Reduced growth 

Goldtlsh (JuvenIleI, 
Carassius auratus 

336 hrs LC50 261 

Goldtlsh (Juvenile), 
Carass I us 8uratus 

24 hrs LC50 ( 5 C) 3,250 
115 Cl 440 
(30 Cl 280 

LC50 I 5 Cl 540 
(15 Cl 310 
00 Cl 300 

LC50 240 

Golden shiner (juvenIleI, 24 hrs 
Notemiqonus crysoleucas 

Fathead mlnnou, 
Plmephales promelas 

45 hrs 

Fathead minnow (juvenile), 5 days 
Plmephales promelas 

50 

20 

80 

50 

10 

33 

LC50 I20 

Rof orenco 

Karstea, 1934 

Karsten, 1934 

Uarsten, 1934 

Karsten, 1934 

Karsten, 1934 

Nell, 1957 

Nell, 1957 

Nell, l957 

Koenst, et al . 1977 

Cardwol I, et al. 1976 

Cslrns. et al. 1978 

Calms. et al. 1975 

Black, et al. 1957 

Cardrel I, et al. 
1976 

34 



Tablo 5. fCoatlnued~ 

R*su It 
(rg/L)* 

114 

Duration 

IO days 

Effect 

LC50 

Reference 

Carduel I, et al. 
1976 

Llnd, et al. 1977 

SpecIss 

Fathead minnow fjuvenlle), 
Plrnephales promalas 

Fathead mlnnon f juvenl lel , 
Plmephales promelas 

Fathead mlnnow fjuvenlle), 
P lmephales promelas 

Fathead mlnnou (embryo), 
Plmephales prcnnelas 

Fathead minnow f embryo), 
Plmephales pranelas 

Fathead mlnnou (embryo), 
Plmephales promelas 

Fat head ml nnou f embryo) , 
Plmephales promelas 

Fathead mlnnow (embryo), 
Plmephales promelas 

Fathead mlnnow I enbryol , 
Plmephales promelas 

Fathead minnow f embryo), 
Plmephales prcmelas 

El I acknose date, 
Rhlnlchthys atratulus 

Channel catflsh IJuvenIle), 
lctalurus punctatus 

Channel catflsh (juvenile), 
I ctal urus punctatus 

28 days Reduced Increase In 
1 ength 

Reduced increase In 
length and weight 

LC50 

35 

56 days 62 Llnd, et al. 1977 

96 hrs 347 !Gnlth, et al. 1978 

272 Smith, et al. 1978 46 hrs LC50 

96 hrs LC50 201 Snlth, et al. 1978 

% hrs LC50 123 Smith, et al. 1978 

96 hrs 186 Smith, et al. 1978 LC50 

% hrs LC50 200 Smith, et al. 1978 

% hrs LC50 206 Smith, et al. 1978 

220 LI pschuetz 6 Cooper, 
1955 

24 hrs LC50 

26 hrs LC50 161 Eaguel I, et al. 

Calrns, et at. 1978 LC50 f 5 C) 200 
(I5 C) 310 
(30 c1 230 

Reduced fecund I ty 
and hatch1 nq 

63 

24 hrs 

Cheng d Ruby, 1981 IO days 
exposure 

Flaqflsh, 
Jordanel la tlorldae 
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Tsblo 5. (Contlnuedd) 

Speclss 

Uosqu I tof I sh , 
Gambusla afflnts 

Guppy ( juven I I e) , 
Poecllla retlculata 

Threesplne stlckleback, 
Gasterosteus aculeatus 

Threesplne stlckleback 
(adult), 
Gasterosteus aculeatus 

Threesplne stlckleback 
(adult), 
Gasterosteus aculeatus 

Threespine stlckleback 
(adult), 
Gasterosteus aculeatus 

Blueqlll (JuvenIleI, 
Lepomis macrochlrus 

Rlueglll (juvenllel, 
Lepomls macrochlrus 

81uaqlll IJuvenIle), 
Lepomis macrochlrus 

Rlueqll I (juvenl le), 
Lepomls macrochlrus 

Bluegill (juvenile), 
macrochl rus Lepoml s 

Rluegl I I (JuvenIleI, 
Lepomls macrochlrus 

BlueqilI (juvenile), 
Lepomls macrochlrus 

Ouratlon 

96 hrs 

120 hrs 

90 min 

024 mln 

642 mln 

412 mln 

202 mln 

260 mln 

351 mln 

258 min 

352 mln 

655 mln 

40 hrs 

Effect 

LC50 (hlqh 
turbidity) 

Threshold 
concentrat Ion 

Depressed resplra- 
tlon rate to 32% 
of normal 

Median survlval 
time 

M&Ian survival 
time 

Mad Ian surv lval 
tllne 

Med Ian survlval 
time 

Median survival 
tllne 

Med Ian surv Iva I 
time 

Med Ian surv lval 
time 

Med Ian surv lval 
time 

Med Ian survival 
time 

LC50 

Result 
(ug/L )a 

640 

236 

1,040 

134 

Ret oronce 

Wal len, et al. 1957 

Chen 1 Sel leek, 1969 

Jones, 1947 

Broder lus, 1973 

170 Broder /us, 1973 

237 Broder Ius, 1973 

198 

194 

165 

165 

144 

127 

134 

Broder Ius, 1973 

Broderlus, 1973 

Broder Ius, 1973 

Broder lus, 1973 

Broderlus, 1973 

Broderlus, 1973 

Carduel I, et al. 
1976 

36 



Table 5. (Continued) 

Speclss 

Blueqlll (juvenile), 
Lepomls macrochlrus 

Blueqill (JuvenIleI, 
Lepomls macrochlrus 

Bluegill (JuvenIleI, 
Lepoml s macrochlrus 

Rlueglll Ijuvenile), 
Cepomls macrochlrus 

Blueglll (juvenile), 
Lepomls macrochlrus 

Bluegill (juvenlle), 
Lepomls macrochlrus 

Bluegill (JuvenIleI, 
Lepomls macrochlrus 

Blueqlll (juvenile), 
Lepomls macrochlrus 

Blueqlll (adult), 
Lepomls macrochlrus 

Blueqlll (adult), 
Lepomls macrochlrus 

Rlueqll I (adult), 
Lepomls macrochlrus 

Smal lmouth bass 
(juvenlle~, 
Mlcropterus dolomleul 

Smal lmouth bass 
(Juvenl le), 
Mlcropterus dolomleul 

Outat Ion 

48 hrs 

50 mln 

91 mln 

129 mln 

700 mtn 

72 hrs 

24 hrs 

96 hrs 

40 hrs 

289 days 

289 days 

7.8 mln 

12.4 mln 

Effect 

LC50 

Resu I t 
trq/Lla 

280 

Ret ore4lce 

Turntwl I, et al. 
1954 

t&d Ian resistance 
time 

Median resistance 
time 

Medlan resistance 
time 

Med Ian resl stance 
time 

LC50 

960 Doudotof f, et al. 
1966 

720 Ooudorof f, et al. 
1966 

540 Doudorof f, et al. 
1966 

170 Doudoroff, et al. 
1966 

154 Doudorof t, et al. 
1966 

LC50 { 5 C) 
(15 C) 
130 Cl 

LC50 ( per lad 1 c 
low 0.0.) 

LC50 

240 
160 
190 

40 

Calrns, et al. 19 

Calrns d Scheler, 
1958 

160 Cairns, et al. I%5 

Surv lval reduced 67.8 Klmbal I 

No reproduction K Imbal 

Geanetr ic mean 
tllne to death 

Burd ick 

Gemetr lc mean 
time to death 

5.4 

1,900 

1,430 Burdlck, et al. 1958 

70 

, et al. I978 

, et al. 1978 

, et al. 1958 
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Table 5. (Co&I nuedd) 

es Specl 

Smal lmouth bass 
fjuvenl le), 
Hlcropterus dolanleul 

Smallmouth bass 
fjuvenlle), 
Ml cropterus dolomleul 

Smal lmouth bass 
f juveni fe), 
Mlcropterus dolomleul 

Smal lmouth bass 
f juvenl le), 
MI cropterus dolanl eul 

Smallmouth bass 
fjuvenlle), 
HI cropterus dolanl eul 

Smallmouth bass 
f juveni le), 
Hlcropterus dolomleul 

Largemouth bass 
(JuvenIleI, 
Hlcropterus salmoldes 

Our&Ion Effect 

15.4 mln Geometric mean 
time to death 

30.6 nln 

42.8 mln 

80.5 mln 

122 mln 

290 mln 

2 days 

Largemouth bass (juvenl le), 24 hrs Affected opercular 
Mlcropterus salmoldes rhyttrn 

Oyster, 
Crassostrea sp. 

Oyster, 
Crassostrea sp. 

Gecmetr I c mean 
time to death 

Gecnnetrlc mean 
time to death 

Geometr I c mean 
time to death 

Geanetr I c mean 
time to death 

Geometric mean 
tlme to death 

Result 
(vS/LP Reference 

970 Burdlck. et al. 1958 

755 Burdlck, et al. 1958 

Slgnl flcant 
Increases I n 
opercular rate 

175 

40 

IO 

478 Burdlck, et al. 1958 

338 Burdick, et al. 1958 

243 Burdlck, et al. 1958 

BurdlCk, et al. 1958 

Morgan 6. Kuhn, 1974 

SALTWATER SPECl ES 

10 mln Suppressed 
cl I lary actlvlty 

150 

3 hrs Inhiblted 30,000 
cl llary activity 

Morgan, 1979 

Usukl, 1956 

Usukl, 1956 

38 



Table 5. (Continued1 

Species Outat I on Effect 
Resu I t 
(rq/LP Reference 

Atlantic salmon, 
Salmo salat -- 

24 hrs LC50 20-75 Alabaster, et al. 
1983 

Plnflsh, 
Lagodon rhomboldes 

24 hrs LC50 69 Oauqherty & Garrett, 
I951 

l Results are expressed as free cyanide as CN. 

**In river water. 
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