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FOREWORD

Section 304(a)(1) of the Clean Water Acc of 1977 (P.L. 95-217) requires
the Administracor of the Environmental Proceccion Agency to publish criceria
for water qualicty accurately reflecring the latest scienctific knowledge on
the kind and extent of all idencifiable effeccs on health and welfare which
may be expeccted from che presence of pollutants in any body of wacer,
including ground wacer. This document is a revision of proposed cricteria
based upon a consideracion of commencs received from ocher Federal agencies,
Scace agencies, special interest groups, and individual scientists. The
criteria contained in chis documenc replace any previously published EPA
aquacic life criceria.

The cerm "“water quality cricteria" is used in two sections of the Clean
Wacer Acc, section 304(a)(l) and sectionm 303(¢)(2). The cerm has a differenc
program impact in each section. In secrion 304, the term represents a
non-regulatory, scientific assessment of ecological effects. The criceria
presented in chis publicacion are such sciencific assessmencs. Such water
quality criceria associaced wicth specific stream uses when adopted as Scate
water qualicy standards under seccion 303 become enforceable maximum
acceptable levels of a pollucant in ambient waters. The wacer qualicy
criceria adopted in cthe Stace warer qualicy scandards could have the same
numerical limics as che criceria developed under seccion 304. However, in
many situacions States may want co adjust water qualicty criceria developed
under seccion 304 co reflect local environmencal conditiocns and human
exposure patcerns before incorporation into water qualicy scandards. It is
noct until cheir adoption as parc of the State wacter qualicy scandards ctharc
the criceria become regulacory.

Guidelines to assist che Stares in the modificacion of criteria
presencted in chis document, in the development of wacer quality scandards,
and in other water—-related programs of this Agency, have been developed by
EPA.

Edwin L. Johnson
Direccor
Office of Water Regulations and Standards
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Incroduction*

Compounds concaining the cyanide group (CN) are used and readily formed
in many industrial processes and can be found in a variecy of effluencs, such
as those from the sceel, pecroleum, plascics, synthecic fibers, mecal
placing, mining, and chemical industries. Cyanide occurs in water as hydro-
cyanic acid (HCN), the cyanide ion (CNT), 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 cthe cyanide present as
HCN and as CN™, and che relative concencracions of cthese two forms depend
mainly on pH and temperature. When pH is below 8 and ctemperacure is below 25
C, at least 94 percent of the free cyanide exiscs as HCN. When pH or
temperature or bocth are higher, a greater percenrage of free cyanide exiscs
as CN™, For example, when pH is 9 and cemperature is 30 C, abour 55
percent of che free cyanide exists as HCN.

Alchough simple cyanides such as sodium cyanide and potassium cyanide
readily dissociare and hydrolyze to form CN~ and HCN, the mecallocyanide
complex anions have a wide range of stabilicties. Zinc and cadmium cyanide
complexes dissociate rapidly and nearly completely in dilucte solutions,
whereas the stabilicy of che copper and nickel mecallocyanide anions are
pH-dependent. Cyanide complexes of iron dissociace very litcle, but chey are
subject to phocolysis by nartural lighc. Release of cyanide ion by phoco-

decomposiction might be important in relatively clear receiving waters.

*An underscanding of the '"Guidelines for Deriving Numerical Nacional Water
Qualicy Criceria for the Procecrion of Aquatic Organisms and Their Uses"
(Stephan, et al. 1985), hereafcer referred to as cthe Guidelines, is necessary
in order to undersctand the following cexc, tables, and calculations.



The apparent toxicity to aquactic organisms of most simple cyanides and
metallocyanide complexes is due mainly to the presence of HCN derived from
dissociacion, photodecomposition, and hydrolvsis (Doudoroff, et al. 1966;
Smich, ec al. 1979), alchough CN~ is apparencly also toxic (Broderius, ec
al. 1977). Most metallocyanide complexes are not very coxic. The available
literature on the toxicity of cvanides and relacted compounds to fish was
cricically reviewed by Doudoroff (1976, 1980). Addictional reviews on the
environmental effeccs 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 cto aquactic life, (b) the vasc
majoricy of free cyanide usually exiscs as the more troxic HCN, and (c¢) CN~
can be readily convercted to HCN at pH values cthat commonly exist in surface
waters, cyanide criceria will be scated in terms of free cyanide expressed as
CN. Free cyanide 1s a much more reliable iandex of ctoxicity to aquactic life
than tocal cyanide because toctal cyanide can include nitriles (organic
cyanides) and relatively scable metallocyanide complexes. In highly alkaline
waters a criterion chat takes into account the relactive toxicities of HCN and
CN™ may be appropriate due co the dependence of the form of free cyanide on
pH.

If performed ofcen enough over a wide enough geographical area, measure-
menc of free cyanide (ASTM, 1984; Broderius, 1981) should be adequate for
monitoring cyanide in a body of water. lHowever, because dissociation of
several metallocyanide complexes is very dependent on pH in the range charc
commonly occurs in many wacer bodies, a measurement such as (a) free cyanide
at the lowest pH occurring in the receiving wacer or (b) cyanide amenable to

chlorination or total cyanide (U.S. EPA, 1983a) is probably more appropriate



if only a few measurements are made on a water body and whenever measuremencs
are made on an effluenc. Dilucion of an effluent wich receiving water before
measuring cyanide should demonscrace whecher the receiving water can decrease
the cyanide of concern because of sorprion or complexacion. Some
measuremencts of tocal cyanide in che receiving wacer or effluent or both are
desirable because if ctotal cyanide is much higher chan free cyanide or
cyanide amenable co chlorinacion, the importance of release of cyanide from
mecallocyanide complexes by photolysis should receive consideracion.

All cyanide concentrations reported herein are in terms of free cyanide
expressed as CN. Thus, daca reporced in the original liceracure in cerms of
free cvanide expressed as CN did noct have to be adjusted. However, when free
cyanide was expressed as HCN, KCN, etc., che resulcs were adjusced using the
molecular weights of the compound and CN. When daca were reported in che
original licterature in terms of HCN, racher than in terms of free cyanide,

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

mol. wc. CN
mol. wr. HCN

(ug of free cyanide as CN/L) = (ug of HCN/L) (1 + IOPH-pKHCN) x

2347.2

T + 273.16 (Izacc, ec al. 1962)

where pKycy = 1.3440 +

and T = degrees Celsius. The criteria presented herein supersede previous
aquacic life water qualicty criceria for cyanide (U.S. EPA, 1976, 1980)
because these new crirteria were derived using improved procedures and
addictional information. Whenever adequarely jusctified, a natiomal cricerion
may be replaced by a site-specific cricerion (U.S. EPA, 1983b), which may
include nor only sice-specific cricerion concencrations (U.S. EPA, 1983c¢),
but also site-specific duracions of averaging periods and site-specific

frequencies of allowed exceedences (U.S. EPA, 1985). The lacest literature



search for informacion for this document was conducced in May, 1984; some

newer information was also used.

Acute Toxicity to Aquaric Animals

Most of the invercebrate species tested were considerably more resiscant

than fishes, buc Daphnia sp. and Gammarus pseudolimnaeus were comparable co

fishes in sensicivity. On cthe octher hand, about half of che tescs wich
invertebrate species were scacic and che test concentrations were noc
measured, whereas many of the tests with fish were flow-through cescs in
which free cyanide concentractions were measured (Table 1).

Cercain life stages and species of fish appear to be more sensicive to
cyanide than ochers. Embryos, sac fry, and warmwater species tended to be
the most resistant. Free cyanide concencracions from about 50 t£o 200 .g/L
eventually were facral to juveniles of most of the more sensitive fish
species, with concentracions much above 200 ug/L being rapidly fatal to mosc
juvenile fish. Thus, chere is a relatively narrow range of species
sensicivity for fish. A comparison of acute coxicicy values for fishes
(Table 1) supporcs cthe conclusion (Doudoroff, 1976) chat results of stacic
toxicicy tescs cend to be somewhar higher than vresults of renewal ot
flowchrough tescs of equal, fairly prolonged duracion.

The coxicity of cyanide increases wich reduction in dissolved oxygen
below the saturation level (Doudoroff, 1976; Smich, et al., 1978) and che
resiscances of fishes to cyanide solucions thac are rapidly lechal decreases
wicth an increase in remperature. Long-term lechality cescs, however, have
demonstrated thact juvenile fishes are more sensitive ro cyanide with a

reduction in cemperature (Doudoroff, 1980; Leduc, et al. 1982; Smich, ec al.

oS



1978). No pronounced relationship has been observed between the acute ctoxic-

ty of cyanide to fishes and alkalinity, hardness, or pH below abouc 8.3.

e

Genus Mean Acucre Values (Table 3) were calculaced as cthe geomecrric means

of che available Species Mean Acuce Values (Table 1). Dacta are available for

times more sensicive than che most resistanc, Tanytarsus (Table 3). a
freshwater Final Acuce Value of 62.68 ug/L was calculated from the Genus Mean
Acucte Values using cthe calculaction procedure described in the Guidelines.
However, the Species Mean Acucte Value for the important rainbow ctrouc is
44.73 ug/L. Because chis value is based on the resulcs of flow-cthrough cescts
in which che concencracions were measured, it replaces the calculated
freshwater Final Acute Value (Table 3). Ac low ctemperatures acute effects on
rainbow ctrout have been observed (Xovacs, 1979; Kovacs and Leduc, 1982b) ac
concencractions below the Final Acucte Value (Table 1).

Data are available on che acute ctoxicicty of cyanide to salcwacer species
in three fish genera and five invertebrace genera (Tables 1 and 3). Species
Mean Acute Values for invertebrates ranged from 4.893 .g/L for larvae of the

rock crab, Cancer irroratus, to over 10,000 ug/L for larvae of the common

Aclancic slippershell, Crepidula fornicacta. C. irroracus is six times more

sensitive to cyanide cthan the next most sensitive species, che calanoid

copepod, Acartia tonsa. Acute values for fishes oaly ranged from 59 ug/L to

372 ug/L. Only cthe genus Mysidopsis contained more than one species and the
Species Mean Acute Values were within a factor of 1.1. The saltwater Final

Acucte Value calculacted from cthe Genus Mean Acuce Values in Table 3 is 2.030

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

most sensicive of che nine species for which acute values are available.
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Chronic Toxicity to Aquatic Animals

The long-term survival and growth of various freshwacer fish species
were observed to be substanctially reduced acr free cyanide concentracions of
about 20 co 50 ug/L (Tables 2 and 5). Based on reduced long-term survival in
an early life-scage test wich che bluegill, and reduced reproduction by che
brook trout and fathead minnow in a partial life-cycle and life-cycle tesc,
che chronic values were 13.57, 7.849, and 16.39 ug/L, respectively. Life-
cycle ctescs (Table 2) have been conducted with cwo freshwater invertebrares.

The chronic values were 34,06 ug/L for the isopod, Asellus communis, and

18.33 ug/L for cthe amphipod, Gammarus pseudolimnaeus.

Four of the freshwacer acute-chronic ractios are becween 7 and 11,
whereas the one for the resistanct isopod is 68.29 (Tables 2 and 3). It seems
reasonable co use the geometric mean of the four as cthe freshwater Final
Acute-Chronic Ratio. Division of the Final Acute Value by cthe Final Acucte-
Chronic Racio resulus in a freshwacer Final Chronic Value of 5.221 .g/L
(Table 3).

Daca are avallahle on the chronic toxicity of cyanide to the salcwacer

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

early life-scage test with the sheepshead minnow, C. variegarus, showed chat
growch was not significantly reduced at a cyanide concentration of 462 ug/L.
Survival, however, was significantly reduced at cyanide concentrations >45
4g/L but not act <29 ug/L. Thus, the chronic value for sheepshead minnow is
36.12 pg/L. A life-cycle cest with the mysid, M. bahia, showed cthat growth
and survival were not affecced at cyanide concencrations <43 ug/L. Acute
toxicity, however, occurred ac 113 ug/L. The chronic limics for chis species
were defined, therefore, as 43 and 113 ug/L. The geometric mean of these

limics results in a chroaic value of 69.71 ug/L.
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The two acute-chronic ratios available from cescs wich salcwater species
are 8.306 and 1.621 (Table 3), but both of these species are relacively
resistant to cyanide and che acute values in those racios were obrtained with
juveniles of the fish and mysid. On che octher hand, che acute value for che
sensitive rock crab was obrained using larvae of char species. Thus, chis
acute value for the rock crab is probably a beccer indicacion of che chronic
sensitivicty of this species than would be obrained by dividing chis acuce
value by an acute-chronic ratio. Therefore, it seems reasonable to secr che
saltwacer Final Chronic Value equal to the Criterion Maximum Conceatration of
1.015 ug/L (Table 3). Division of cthe geometric mean of che two salcwacer
acute-chrounic ractios incto the Species Mean Acuce Values of all saltwacer
species except cthe rock crab resulcs in values that are at least 1.6 times

greacter than chis Final Chronic Value.

Toxicity to Aquatic Plants

Data on the roxicicty of free cyanide to freshwacer and salcwacter planc
species are presenced in Table 4. Bocth freshwacer and salcwacer plancs show
a wide range of sensicivicies to cyanide, and che salcwacer red macroalga,

Champia parvula, is extremely sensicive to cyanide poisoning wich growth and

reproductive effects occurring act 1l to 25 ug/L. Adverse effects of cyanide
on plants are unlikely, however, ar concentracions which do not cause chronic

effects on mosct freshwater and salctwater 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

decectrable levels of cyanide in four species of fish from a Mississippi lake.
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Murachi, et al. (1978) and Holden and Marsden (1964) measured che
concencraction of cyanide in various tissues of fish exposed to very rapidly
lechal cyanide levels. It is obvious from such experiments that cyanide does
penetrate aquatic organisms but bioaccumulacion cannot be demonstraced

because it is readily merabolized.

Other Data

Embryos of the fathead minnow are possibly slighcly less sensitive co
cyanide than fry and juveniles, whereas embryos of yellow perch are aboutr as
sensicive as fry, buc less sensitive cthan juveniles (Tables 1 and 5)
{(Broderius, et al. 1977; Smich, et al. 1978). Several auchors (Broderius,
1970; Dixon and Leduc, 1981l; Kovacs, 1979; Kovacs and Leduc, 1982a; Leduc,
1977, 1978; Leduc and Chan, 1975; Lesniak, 1977; McCracken and Leduc, 1980;
Neil, 1957; Oseid and Smicth, 1979; Ruby, ec al. 1979) reporced adverse
effects due co cyanide conceancracions as low as 10 ag/L. In anocher sctudy,
Kimball, ec al. (1978) reported that no reproduccion occurred among adulc
bluegills when exposed for 289 days to the lowest concencration tesced (5.2
4g of HCN/L = 5.4 ug of free cyanide as CN/L}. During chis period, however,
only a tocal of 13 spawnings occurred in two conctrols and no concencration-
effect relactionship was observed. Because of reservations regarding che
spawning dacta, cthe chronic value for che bluegill was based on long-term fry
survival. On the ocher hand, the most sensitive adverse effecc of cyanide om

bocth the fathead winnow and brook crout was reduced reproduccion.

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

because rhe scudies were conducted with species that are noct resident in

8



Norch America (Abram, 1964; Brockway, 1963; Cosca, 1966; Lomce and Jadhav,
1982; Woker and Wuhrmann, 1950). Dacta were not used if cyanide was a
component of a complex cyanide (Doudoroff, 1976) or an effluenc (Lloyd and
Jordan, 1964; Shelford, 1917).

Some data were not used because che results were only presenced
graphically (Downing, 1954; Renn, 1955; Smich and Heach, 1979). Scudies
conducted using inadequate dilution water (Jones, 1941) or wichout concrols
(Bridges, 1958; Cosca, 1965a,b,c) were also not used. Bringmann and Kuhn

(1982) culctured Daphnia magna in one water but conducted cests in anocher

wacer. Data in some papers were not used because either the testc condicions
were not clearly stated (Burdick and Lipschuecrz, 1950; Ishio, 1965; Lewis and
Tarrant, 1960; Whiccingham, 1952) or the test procedures were considered
inadequate (Lund, 1918; Moore and Kin, 1968; Summerfelc and Lewis, 1967;
Washburn, 1948). The 96-hr values reporced by Buikema, et al. (1977) were

subject co error because of possible reproducctive interaccions.

Summar

Data on che acute toxicity of free cyanide (che sum of cyanide present
as HCN and CN~, expressed as CN) are available for a wide variety of
freshwacer species that are involved in diverse communicy funccions. The
acute sensiciviries ranged from 44.73 ug/L to 2,490 ug/L, buct all of cthe
species with acucte sensicivities above 400 ug/L were invercebrates. A
long-term survival, and a partial and life-cycle cesc wich fish gave chronic
values of 13.57, 7.849, and 16.39 ug/L, respeccively. Chronic values for two
freshwater inverctebracte species were 18.33 and 34.06 ug/L. Freshwacer plants

were affected at cyanide concentrations ranging from 30 ug/L to 26,000 .g/L.



The acute toxicicy of free cyanide to saltwacter species ranged from
4.893 ug/L to >10,000 pg/L and invertebractes were bocth the most and least
sensicive species. Long-term survival in an early life-stage cest wich che
sheepshead minnow gave a chronic value of 36.12 ug/L. Long~term survival in
a mysid life-cycle test resulced in a chronic value of 69.71 ug/L. Tescs

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

4g/L, buc ocher species were affected at concentracions up co 3,000 .g/L.

Nacional Criteria

The procedures described in the "Guidelines for Deriving Numerical
Nacional Water Quality Criceria for the Proceccion of Aquactic Organisms and
Their Uses'" indicace that, except possibly where a locally important species
is very sensitive, freshwacter aquatic organisms and cheir uses should not be
affected unaccepcably if che four-day average concentraction of cyanide does
not exceed 5.2 ig/L more than once every three vears on cthe average and if
the one-hour average concentracion does not exceed 22 Jag/L more than once
every three years on the average.

The procedures described in cthe "Guidelines for Deriving Numerical
Nacional Wacer Qualicy Criceria for the Procteccion of Aquacic Organisms and
Their Uses" indicate chat, except possibly where a locally importanc species
18 very sensicive, saltwater aquatic organisms and cheir uses should not be
affected unacceprably if the one-hour average concentration of cyanide does
not exceed 1.0 .ug/L more than once every cthree years on the average.

EPA believes cthat a measurement such as free cyanide would provide a
more scientifically correct basis upon which to escablish criceria for
cyanide. The criceria were developed on this basis. However, ac this time,

no EPA approved mechods for such a measurement are available to implemenc che
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cricteria through the regulactory programs of the Agency and cthe Scates. The
Agency is considering developmenc and approval of methods for 2 measurement
such as free cyanide. Until available, however, EPA recommends applying che
criceria using the total cyanide mechod. These cricteria may be overly
protective when based on the coctal cyanide mechod.

The recommended exceedence frequency of cthree years is the Agency's best
scienctific judgmenc of che average amount of cime it will take an unscressed
system to recover from a pollucion event in which exposure to cyanide exceeds
the criterion. Stressed systems, for example, one in which several oucfalls
occur in a limiced area, would be expecced to require more time for recovery.
The resilience of ecosystems and their abilicy to recover differ greacrly,
however, and site-specific criceria may be escablished if adequarce
juscificacion is provided.

The use of criceria in designing waste treacment facilities requires che
selecrion of an appropriacte wasteload allocation model. Dynamic models are
preferred for the applicacion of these criceria. LUimiced data or ocher
faccors may make their use impractical, in which case one should rely on a
steady-scace model. The Agency recommends the incerim use of 1Q5 or 1Q10 for
Criterion Maximum Concentration (CMC) design flow and 7Q5 or 7Ql0 for che
Criterion Continuous Concentration (CCC) design flow in sceady-scace models
for unstressed and stressed syscems respeccively. These mactcers are
discussed in more detail in the Technical Support Documenc for Water

Quality-Based Toxics Control (U.S. EPA, 1985).
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Table 1,

Specles

Snall,
Physa heterostropha

Cladoceran,
Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,

Daphnia pulex

Cladoceran,
Daphnia pulex

Isopod,
Asallus communis

Amphipod,
Gammarus pseudol imnaeus

Stonetly,
Ptaronarcys dorsata

Midge,
Tanytarsus dissimilis

Ralnbow trout (try),
Salmo gairdner|

Rainbow trout ( juvenile),

Salmo galrdnerli

Rainbow trout ( juvenitle),

Satmo gairdner|

Ralinbow trout ( juvenile),

Salmo gairdner|

Rainbow trout ( juvenile),

Salmo qairdner |

Acute Toxlclity of Cyanide to Aquatic Animals

LC50 Species Msan
or EC50 Acute Value
Method® tug/L)"® (ug/L)%®
FRESHWATER SPECIES

S, u 432 432

S, U <1,800 -

S, u 160 160

S, U 83 -

S, M 110 95.55
FT, M 2,326 2,326
FT, M 167 167
FT, M 426 426

S, M 2,490 2,490

s, U %) -

s, u 97 -

S, u 46,3 -

S, u 52,1 -

5, U 54,14 -

12

Reference

Calrns & Scheier, 1958;
Patrick, et af, 1968
Anderson, 1946
Dowden 8 Bennett,
1965

Les, 1976

Calrns, ot al. 1978
Oseld & Smith, 1979
Oseld & Smith, 1979
Calt & Brooke, 1982
Call, et al, 1983
Bills, et al, 1977
Skibba, 1981
Marking, et al, 1984

Marking, et al, 1984

Marking, et al!. 1984



Table 1. (Continued)

LC50 Species Mean

or EC50 Acute Value
Species Method® (ug/L)"® (ug/L) e Refsrence
Rainbow trout ( juvenlle), S, U 62,1 - Marking, et al, 1984
Saimo galrdner|
Rainbow trout (juveniie), S, U 4.8 - Marking, et al, 1984
Saimo galrdneri
Rainbow trout { juvaniie}, Y, M 57 - Smith, of ai, 1978;
Salmo qairdner| Broderius & Smith, 1979
Rainbow trout ( juveniie), FT, M 27 - Kovacs, 1979; Kovacs &
Saimo gairdneri teduc, 19620
Rainbow troui { juveniie), FT, M 40 - Kovacs, i979; Kovacs &
Saimo galrdneri Leduc, 1982b
Rainbow trout ( juvenlie), FT, M 65 44,73 Kovacs, 1979; Kovacs &
Salmo galrdneri Leduc, 1982b
Atlantlc salmon { juvenlle), R, M 90 90 Tryland and Grande,
Salmo salar 1983
Brook trout (sac fry), FT, M [O5u*s - Smith, et al, 1978
Salvelinus fontinalls
Brook trout (sac fry), T, M 342%n - Smith, ot al, 1978
Salvellnus fontinalls
Brook trout (sac fry), FT, M SQyunx - Smith, et al, 1978
Salvellnus fontinalls
Brook trout (sac fry), T, M 252%0% - Smith, et al, 1978
Salvel inus fontinalls
Brook trout (swimup fry), FT7, M 84 - Smith, et al, 1978
Salvelinus tfontinalls
Arook trouft (swim-up try), FI, M 54 .4 - Smith, et al. 1978
Salvel inus tontinaiis
Brook trout (swim-up fry), FT, M 86,5 - Smith, ot al, 1978

Salvalinus tontinalls

13



Table 1, {(Continued)

LC50 Speclies Mean
or EC50 Acute VYalue

Specles Method® (pg/L)®" (ug/L) e Retference

Brook trout (swim-up fry), FT, M 104 - Smith, ot al, 1978
Salvellnus tontinalls

Brook trout (swlmup fry), FT, M 90.3 - Smith, ot al, 1978
Salvellaus fontinalis

Brook trout ( juvenlle}, FT, ™ 73.5 - Smith, et al, 1978
Salvellinus fontinalls

B8rook trout (Juvenlle), FT, M 83 - Smith, et al. 1978
Salvellnus fontinalls

8rook trout (juvenile), FT, M 75 - Smith, et al. 1978
Salvellnus fontinaiis

Brook trout ( juvenlile), FT, ™ 86 .4 - Smith, et ai. 1978
Salvellnus fontinalls

Brook frout { juvenlle), FT, M 31.9 - Smith, et al, 1978
Salvellinus tontinalls

Brook trout { juvanile), FT, M 99 - Smith, et al, 1978
Salvellnus tontinalis

Brook trout ( juvenite), FT, M 9.7 - Smith, et al, 1978
Saivellinus tontinalis

Brook trout ( juvenile), FT, M 112 - Smlth, et at, 1978
Salvelinus tontinalis

Rrook trout ( juvenllie), FT, ™ 52 - Smith, et al, 1978
Salvellinus tontinalis

Brook trout ( juvenlile), FT, ™ 60.2 - Smith, et al, 1978
Salvellnus fontinalis

Brook trout ( juvenile), FT, M 66,8 - Smith, et al, 1978
Salvellnus fontinalls

Brook trout ( juveanlle), FI, M 71 .4 - Smith, ot al, 1978

Salvellnus tontinalis

14



Table 1, (Continued)

Specles

Brook trout { juvenile),
Salvelinus fontinails

Brook trout (Juvenlile),
Salvellnus fontinalls

Brook trout (adult),
Salvel inus fontinalis

Goldflsh (juvenile),
Carasslius auratus

Fathead minnow ( juvenlie),
P imephales promelas

Fathead minnow,
Plmephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow (fry),
Pimephales promeias

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry},
Pimaphales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow (fry),
Pimephales promelas

Fathead minnow ( juvenile),
Pimephales promelas

Fathead minnow (juvenlle),
Plmephales promelas

LC50
or EC50
Mathod* (ug/LI**
FT, M 97
FT, 143
2 156
T, 318
S, 230
S, 350
S, 230
T, 120
T, 98,7
FT, 81.8
T, 110
FT, 116
FT, 119
FT, 126

15

Specles Mean
Acute Value

(pg/L)on

Reference

85.80

318

Smith, et al, 1978

Smith, et al. 1978

Cardwell, et al,

1976

Cardwel 1, ot al,

1976

bDoudoroff, 1956

Henderson,

1961

Henderson,

1961

Smith, et

Smith, et

Smith, et

smith, et

Smith, et

Smith, et

Smith, et

et

ot

al .

at,

al,

al,

al,

al,

1978

1978

1978

1978

1978

1978

1978



Table 1. (Continued)

Specles

fFathead minnow { juvenile),
Pimephales promeias

Fathead minnow (juvenilie),
Pimephales promelas

Fathead minnow (juvenlie),
P imephales promelas

Fathead minnow { juvenilie},
Plmephales promelas

fFathead minnow { juvenlle),
Pimephales promelas

Fathead minnow (juvenile),
P imephales promelas

Fathead mlnanow (juvenlile),
P imephales promalas

Fathead minnow ( juveniie),
P Imephales promelas

Fathead minnow { juvenlie),
P Imephales promelas

fathead minnow { juvenile),
Pimephales promelas

Fathead minnow { juvenllie),
Pimephales promelas

Fathead minnow { juveniie),
Pimephales promelas

Fathead mianow ( juvenile),
Pimephafes promelas

Fathead minnow (juveniiel,
Pimephales promelas

LC50

or EC50
Method® (ug/L) "%
FT, M 81.5
FT, M 124
FT, M 137
FT, M 131
FT, M 105
FT, M 119
FT, M 131
FT, M 122
FT, M 61
FT, M 188
FT, M 175
FT, M 163
FT, M 169
FT, M 120

Specles Mean
Acute Value

(ug/L)®®

Reference

16

Smith, et

Smith, et

Broder lus

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

Smith, et

al. 1978

al. 1978;

& Smith, 1979

al, 1978

at, 1978

al. 1978

al. 1978

al, 1978

al. 1978

al, 1978

al. 1978

al, 1978

al, 1978

al, 1978

Broder ius, et al,

1977



Table 1, (Continued)

Specles

Fathead minnow (juvenile),
Pimephales promelas

Fathead minnow (juv...ile),
Pimephales promelas

Fathead minnow { juveniie),
Plimephales promelas

Guppy (aduit),
Poecllla retlculata

Bluegiil (juvenlle),
Lepomis macrochlrus

Blueqlit,
Lepomis macrochlrus

Bluegllil,
Lepomls macrochirus

Bluegilt,
Lepomls macrochlrus

Blueqill (juvenltie),
Lepomls macrochirus

Blueqglll (juvenllal,
Lepomls macrochlrus

Blueglitl (fry),
Lepomls macrochirus

Blueglill (fry),
Lepomls macrochlrus

Bluegllt (try),
Lepomis macrochirus

Blueglll (fry),
Lepomis macrochlrus

LCS0 Species Mean
or EC50 Acute Value
Method® (ug/L)%® (ug/L)**
FT, M 13 -
FT, M 128 -
FT, M 128 125.1
FT, M 147 147
S, u 180 -
S, M 220 -
S, M 180 -
S, M 230 -
S, M 150 -
S, M 160 -
FT, M 364NN -
FT, M 232u%% -
FT, M 279uas -
FT, M 273088 -

17

Reterence

Broderius, et al,
1977

Broderius, et al,
1977

Broderius, ot al.
1977

Anderson & Weber,
1975

Calrns & Scheler,
1968; Patrick, et
1968

Cairns & Scheler,
1959

Cairns & Scheler,
1959

Cairns & Scheier,
1959

Henderson, et al.
1961

Calrns & Scheler,
1963

Smith, et al, 1978
Smith, et al, 1978

Smith, et al, 1978

Smith, et al, 1978

1958,
al.



Table |, {(Contlinued)

Species

Blueqilt (juvenile),
Lapomis macrochlrus

Biuegilt (Juvenlle),
Lepomls macrochlrus

Bluegli}l {juvenlle),
Lepomis macrochirus

Blueqill (juvenile),
Lepomis macrochlrus

Blueglit (juvenitle),
L.epomis macrochirus

Blueglll (juvenlile),
Lepomis macrochirus

Biuegll) (juvenile),
Lepomls macrochirus

Blueqill (juvenitiel,
Lepomls macrochirus

Blueqil) (juvenile),
Lepomls macrochirus

Largemouth bass
(juvenile),
Micropterus saimoides

Black crapple,
Pomoxls nlgromaculatus

Yel low perch (embryo),
Perca flavescans

Yellow perch (fry),
Perca t)avescens

Yol low parch (try),
Perca flavescens

LCS0
or EC50
Method*® (pg/L)*®
FT, M 81
T, M 85.7
T, M 74
FT, M 100
FT, M 107
FT, H 99
T, M 13
FT, M 121
FT, M 126
FT, M 102
FT, M 102
FT, M 28|uen
T, M 28pn 2
FT, M 350nen

Specles Mean
Acute Value
("QL) [ 1]

Reference

99.28

102

102

18

Smith, et

Smith, at

Smith, ot

Smith, et

Smith, et

Smlth, et

Smlth, et

Smith, et

Smith, et

Smlth, et

Smith, et

Smith, et

Smith, et

Smith, et

al.

al .

al.

at.

al.

al.

al,

at.,

1978

1973

1978

1978

1978

1978

19178

1978

1978

1979

1979

1978

1978

1978



Table 1, (Contlnued)

Species

Yel tow perch { juvenite),

Perca flavesceas

Yel tow perch { juvenile),

Perca flavescens

Yel low perch { juvenile),

Perca flavescens

Yel low perch ( juvenlle),

Perca tlavescens

Yel tow perch { juvenile),

Parca flavescens

Yol low perch { juvenile),

Perca flavescens

Common Atlantlc
stippershell,
Crepldula fornlcata

Copepod ,

Acartla clausl

Mysid,
Mysidopslis bahla

Mysid,
Mysldopsis bahia

Mysld,

Mysidopsis bigelowl
]

Amphipod,
Ampslisca abdita

Amphipod,
Ampelisca abdita

Method®

FT,

FT,

FT,

FT,

FT,

S,

M

LCS0 Species Mean
or EC50 Acute Value
(ug/L)%® (ug/L)®® Reference
88.9 - Smith, et al.
93 - smith, et al,
74,7 - Smith, et al,
94 .7 - Smith, et al,
101 - Smith, et al.
107 92 .64 Smith, et al,

SALTWATER SPECIES

>10,000

30

93

113

124

1,220

1,150

19

>10,000

30

13

124

1978

1978

1978

1978

1978

1978

Gardner & Nslson,

1981

Gentile, 1980

Gentile, 1980

Lussler, ot al,

Manuscr lpt
Gentlile, 1980
Scott, et al.
Manuscript

Scott, et al,
Manuscript



Table t, (Contlnued)

LC50 Specles Mean

or EC50 Acute Value
Specles Method® (ug/L) " (ugL)e® Reference
Amphipod, S, u 704 995.9 Scott, et al,
Ampellsca abdita Manuscr ipt
Rock crab (larva), FT, M 4,2 - Johns & Gentile, 1981
Cancer Irroratus
Rock crab (larva}, FT, M 5.7 4,893 Johns & Gentile, 1981
Cancer Irroratus
Sheepshead mlnnow, fT, M 300 300 Schimmel, et ai, 198}
Cyprinodon variegatus
Atlantic siiverside, FT, M 59 59 Gardaner & Berry, 1981
Menidla menlidla
Winter flounder, S, U 312 372 Cardin, 1980
Pseudop | suronectas

amer [ canus

* 5 = statlc, R = renewal, FT = tlow-through, U = unmeasured, M = measured,
%% Results are expressed as free cyanide as (N,

WRENOY used In calculations because data are avalliable tor a more sensitive ilte stage.
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Table 2. Chronlc Toxicity of Cyanide to Aquatic Animals

Limlts Chronlic Value
Specles Test® (ug/L) %" (ug/L)*

Reference

FRESHWATER SPECIES

I sopod, Lc 29-40
Asel lus communis

Amphipod, Lc 16-21
Gammarus pseudol Imnaeus

Brook frout, LC 5.6-11,0
Satvel lnus fontlnalis

Fathead minnow, LC 13,.3-20,2
Pimephales promelas

Blueqgill, ELS 9,3-19.8
Lepomis macrochirus

SALTWATER SPECIES

Mysid, Lc 43-113
Mysidopsis bahla

Sheepshead minnow, ELS 29-45
Cyprinodon varilegatus

34,06

18.33

1.849

16 .39

13,57

69.71

36.12

Oselid & Smith, 1979

Oseld & Smith, 1979

Koenst, et al, 1977

Lind, et al, 1977

Kimball, et al, 1978

Lussler, ot al.,
Manuscript

Schimmel, et al, 1981

* {C = life cycle or partilal lite cycle; ELS = early life staqe,

®**Results are expressed as free cyanlde as CN,

Acute-Chronlc Ratio

Acute Value

Chronic Value

Specles (ugn) (ug/L) Ratlo
Isopod, 2,326 34,06 68,29
Asellus communls

Amphipod, 167 18,33 9.111

Gammarus pseudol Imnaeus
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Table 2. (Continued)

Acute~Chronic Ratlo

Acute Value Chronlic Value
Specles {ug/L} {ug/L) Ratlo
Brook trout, B3 14nun 7.849 10,59
Salvel lnus fontlinalis
fathead minnow, 125, nuan 16 .39 7.633
Pimephales promeias
Bluegill, 99 28k wuns 13,57 71.316
Lepomis macrochlirus
Mysid, 113 69,71 1.621
Myslidopsls bahla
Sheepshead mlnnow, 300 36,12 8.306

Cyprinodon varlegqatus

s#e¢  Gaometric mean of 19 values from Smith, et al, (1978) In
Tabie 1,

wnst  ceometric mean of 24 values from Smith, et al, (1978) and
Broderius, et al. (1977) in Table 1,

anna¥ Gaometric mean of 9 values trom Smlth, et al, (1978) In
Table 1,
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratlos

Genus Mean Specles Mean Specles Mean
Acute Value Acute Value Acute~Chronic
Rank® (ug/L) Specles (ug/L) Ratio
FRESHWATER SPECIES

15 2,490 Midge, 2,490 -
Tanytarsus dissimllis

14 2,326 Isopod, 2,326 68,29
Asel lus communis

13 432 Snall, 432 -
Physa heterostropha

12 426 Stonetfly, 426 ~
Pteronarcys dorsata

1" 318 Goldtlish, 318 -
Carasslus auratus

10 167 Amphipod, 167 9.1
Gammarus pseudol Imnaeus

9 147 Guppy, 147 -
Poecliiia reticulata

8 125.1 Fathead minnow, 125.1 7.633
P imephales promelas

7 123.6 Cladoceran, 160 -
Daphnia magna
Cladoceran, 95.55 -
Daphnia pulex

6 102 Larqgemouth bass, 102 -

Micropterus salmoldes

5 102 Black crappie, 102 -
Pomoxls nigromaculatus

4 99,28 Blueqli |, 99.28 7.316
Lepomls macrochirus
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Tabie 3. (Contlaued)

Genus Mean Specles Mean Species Mean
Acute Valve Acute Value Acute~Chronic
Rank® {ug/L) Specles (pg/L) Ratlo
3 92,64 Yol low perch, 92,64 -

Parca tlavescens

2 85,80 Brook trout, 85,80 10,59
Salvelinus fontinalis

1 63.45 Ralnbow trout, 44 .13 -
Salmo qalrdner |

Atlantic salmon, 90,00 -
Saimo salar

SALTWATER SPECIES

8 >10,000 Common Atlantic >10,000 -
sl ippershel ),
Crepldula tornicata

7 995.9 Amphipod, 995.9 -
Ampelisca abdita

6 372 winter fiounder, 372 -
Pseudop leuronectes

amer | canus

S 300 Sheapshead minnow, 300 8.306
Cyprinodon varlegatus

4 118.4 Mysid, 113 1,621
Mysidopsis bahla

Mysid, 124 -
Mysidopsis bigelowl

3 59 Atlantic silverside, 59 -
Menldla menidia

2 30 Copepod, 30 -
Acartia clausi

| 4,893 Rock crab, 4,893 -
Cancer Irroratus
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Teble 35, (Continued)

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

fFresh water

Final Acute Value = 62,68 ug/L (calculated trom Genus Mean Acute Values)
Final Acute Value = 44,73 ug/L (lowered to protect rainbow trout - see text)
Criterlon Maximum Concentration = (44,73 uq/L) / 2 = 22,36 ug/L

Final Acute-Chronic Ratio = 8,568 (see text)
Final Chronic Value = (44,73 ug/L) / 8,568 = 5,221 ug/L

Salt water
Final Acute Value = 2,030 uq/L
Criterion Maximum Concentration = (2,030 pg/L) / 2 = 1,015 ug/L

Final Chronic Vatlue = 1,015 ug/L (see text)
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Table 4.

Specles

Blue-qreen alga,
Microcystls aeruglnosa

Blue alga,
Microcystls aeruginosa

Green alqga,
Scenedesmus quadrlcauda

Dlatom,
Navicula seminuium

Voivocales,

Chlamydomones sp.

Duckweed,
Lemna glbba G3

Euraslan watermilfoil,
Myriophytlium spicatum

Graen alga,
Prototheca zoptl

Green alga,
Chilorella sp.

Red alga,
Champla parvula

Red alqa,
Champla parvula

Red alga,
Champla parvula

Eftect

FRESHWATER SPECIES

Toxicity ot Cyanlde to Aquatic Plants

90% kit

Incipient
Inhibltion

inciplent
inhibition

50% reduction In
division

No effect on mean

or maximum growth
rate

Decreased
potassium uptake

32~day ECSO
{(root waight)

SALTWATER SPECIES

Respiration
Inhiblition

Enzyme Inhibltion

Reduced tetrasporo~
phyfe growth

Reduced tetraspor-
angla production

Reduced temale
growth

26

1"

Fitzqgeraid, et al,

Br ingmann, 1975;
Br ingmann & Kuhn,

Bringmann & Kuhn,

Academy of Natural

Calirns, et al. 1978

Kondo & Tsudzuki,

Webster & Hackett,

Neison & Tolbert,

Steale & Thursby,

Resul t
(ug/L)* Reterence
8,000
1952
75
1976, 1978a,b
30
1977a, 1978a,b,
1979, 1980b
277-491
Sciences, 1960
10-100
26,000
1980
22,400 Stanlay, 1974
3,000
1965
30,000
1970
16
1983
25

Steale & Thursby,
1983

Steele & Thursby,
1983



Table 4, (Continued)

Resul t
Species Eftfect (ug/L)® Reference
Red atga, Stopped sexual " Steale & Thursby,
Champla parvula reproduction 1983

¥ Results are expressed as free cyanide as CN,
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Table 5.

Species

Green alga,
Scenedesmus quadricauda

Bacterla,
Escherichia coll

Bacteria,
Pseudomonas putlda

Protozoan,
Entosiphon sulcatum

Protozoan,
Microregma heterostoma

Protozoan,
Chlilomonas paramecium

Protozoan,
Uronema parduez!

Rotiter,
Phiiodina acuticornls

worm,
Aeolosoma headleyl

Snalif,
Goniobasis |ivescens

Snall,
Nitocrls sp.

96

16

72

28

48

20

48

48

48

48

Duratlion

hr

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

Ettect

FRESHWATER SPECIES

Inciplent
inhibition

tnclplent
inhibitlon

Inciplent
Inhibitlon

Inciplent
inhlblition

Inclpient
inhibltion

Inciplent
Iinhibltion

inciplent
inhibition

LC50

LCS50 ( 5 C)
(10 C)
(15 C)
(20 C)
(25 C)

LC50

LcsSo ( 5 C)
(1o ¢)
(s ¢)
20 C)
(25 C)

28

Result
(ug/L)®

Other Dats on Eftects ot Cyanide on Aquatic Organisms

Reterence

160

400-800

40

1,200

270

20,000~
145,000

10,000

9,000
120,000
160, 000
160,000

760,000

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

Bringmann & Kuhn,
1959a,b

Br ingmann & Kuhn,
1959a

Br Ingmann & Kuhn, 1976,
1977a, 1979, 1980b

Bringmann, 1978;
Bringmann & Kuhn, 1979,
1980b, 1981

Bringmann & Kuhn, 1959b
Br Ingmann, et al, 1980,
1981

Br ingmann & Kuhn, 1980a,
1981
Calrns, et al, 1978

Calrns, ot al. 1978

Calrns, et al. 1976

Cairns, ot al, 1978



Table 5. (Contlinued)

Spectes

Snall,
Lymnaea emarglinata

Snall (embryo),
Lymnaea sp.

Snall,
Physa heterostropha

Snall,

Physa Infegra

Cladoceran,
Daphnia magna

Cladoceran,

Daphnia magna

Cladoceran,

Dapbnia pulex

Ampnipod,
Gammarus pseudol imnaeus

Mayfly,
Stenonema rubrum

Caddistly (larva),
Hydropsyche sp.

Midge,
Tanytarsus dissimills

Coho salmon,
Oncorhynchus klsutch

Coho saimon { juvenile),
Oncorhynchus klsutch

48

96

48

48

24

a8

98

48

48

48

Duratlon

hrs

hrs

hrs

hrs

hrs

hrs

hrs

days

hrs

hrs

hrs

hrs

days

Ettact

LC50
LCS50

LCS0 (periodlc
low 0,0,)

LCS0
EC50
LCS0

tes50 ¢ 5 C)
(10 C}
(15 C)
(25 C)

Compatition with
Asellus affects
HCN toxiclty

LC50
LCS50
EC50
Swimming speed

reduced

Reduction In
growth

29

Result
(ug/L)*

Reference

3,300

52,000

190

1,350

woﬂl

530

330
330
180

500

2,000

<880

10

17

Calrns, ot al, 1976
Dowden & Bennett,

1965

Calrns & Scheler, 1958
Calrns, et al, 1976
Bringmann & Kuhn,
1959a,b

Br ingmann & Kuhn, 1977b

Cairns, ot al, 1978

Oseld & Smith, 1979

Roback, 1965

Roback, 1965

Call, ot al, 1979

Brodar fus, 1970

Leduc, 1966



Table 5. (Contlinued)

Specles Duration
Chinook saimon ( juvenile), 64 days
Oncorhynchus tshawytscha

Ralinbow frout ( Juveniiel), 250 min
Saimo galrdneri

Rainbow trout (adult}, 2 min
Saimo galrdnerl

Ralabow trout (adult), 8 min
Saimo galrdner|

Ralnbow trout (adult), 12 min
Saimo gqairdnerl|

Ralnbow trout (adult), 12 min
Salmo galrdnerl

Ralinbow trout (aduit), 24 min
Salmo galrdneri

Rainbow trout {adult), 72 min
Satmo qalrdnerl!

Ralnbow trout (adult), 90 min
Salmo galrdner|

Ralnbow trout (adult), 2,525 min
Salmo galrdneri

Rainbow trout (adult), 1,617 min
Salmo gairdner|

Ralnbow trout (aduit), 3,600 min
Saimo galrdner |

Ralnbow trout (adult), 4,441 min
Saimo qairdner!

Rainbow trout, 48 trs

Salmo galirdnerl

Eftect

21% reduction In
blomass

Approximate median

survival

time

Mean survival time

Mean

Mean

Mean

Mean

Meaan

Mean

Mean

Mean

Mean

Mean

LC50

survivaf

survival

survival

survival

survival

survival

survival

survival

survival

survival

30

time

time

time

time

time

time

time

time

time

time

Resu)t
(ug/L)*®
20
200
2,000
300
250
200
180
160

140

100

70

68

Reference

Neqllski, 1973

Dep, Sci, ind, Res.,

1956

Her bert
1952

Harbert
1952

Herbert
1952

Her bert
1952

Her bert
1952

Harbert
1952

Harbert
1952

Herbert
1952

Herbert
1952

Herbert
1952

Her bert
1952

Brown,

& Merkens,

& Merkens,

& Merkens,

& Merkens,

8 Merkens,

& Merkens,

& Merkens,

&4 Merkens,

& Merkens,

& Merkens,

& Merkens,

1968



Table 5, (Continued)

Species

Ralnbow trout ( juvenlle),
Saimo galrdneri

Rainbow trout ( juvenile},
Salmo galrdneri

Rainbow trout ( juvenlie),
Salmo galrdneri

Ralnbow trout (juvenile),
Salmo galrdneri

Ralnbow trout { juvenile),
Salma qalrdneri

Rafnbow trout (yearling),
Salmo galrdner]

Ralnbow trout (yearling),
Saimo qgalrdneri

Rainbow trout (yearling),
Salmo galrdner]

Rainbow trout ( juvenlle),
Saimo galrdner]

Ralnbow trout (yearlling),
Salmo galrdneri

Rainbow trout ( juvenlle),
Salmo gairdnerl

Ralnbow trout (juvenilel,
Saimo galrdneri

Ralnbow trout (yeariing),
Salmo galrdner|

18

21

21

21

28

20

18

Duration

days

days

days

days

days

days

days

days

days

days

days

days

days

Result

Effect (sg/L)®
Welght gain reduced 9.6
Increased respira 9.6
tlon rate
Liver damage 9.6
{necrobiosis)
Reduction in fat 19
content
Higher relative 9,6
body water content
65% reduction In 19
walight qaln
758 reduction In 19
swimming abllity
Higher relative 19
body water content
Altered blood chloride 9,6
and osmolarity
Abnormal oocyte 9.6
development
Production ot dividing 9.6
spermatogonia
reduced by 13%
Production ot dividing 29
spermatoqonia
reduced by 50%
Serum calclum reduced; 9,6
hepatosomatic Indices 19

declined

31

Reterence

Dixon & Leduc, 1981

Dixon & Leduc, 1981

Dixon & Leduc, 1981

Dixon & Leduc, 1981

Dixon & Leduc, 1981

Speyer, 1975

Speyer, 1975

Speyer, 1975

Leduc & Chan, 1975

Lesniak, 1977;

Lesalak & Ruby, 1982

Ruby, et al, 1979

Ruby, et al, 1979

Costa & Ruby, 1984



Table 5. (Continued)

Specles

Ralnbow trout (juvenlile),
Salmo gairdneri

Rainbow trout (juvenile),
Saimo qalrdner|

Rainbow trout (juvenile),
Salmo galrdner|

Ralinbow trout (juvenile),
Saimo galrdner|

Rainbow trout (jJuvenile),
Salmo galrdner|

Rainbow trout (juvenile),
Saimo gairdner|

Rainbow trout (juvenile),
Saimo galirdner|

Rainbow trout (juvenile),
Salmo gairdner|

Ralnbow trout (juvenlle),
Saimo galirdnerl

24

21

21

144

20

20

20

Duratlon

hrs

days

days

hrs

days

days

days

days

days

Reference

Resuit
Eftect (ug/L)®
LCS0 ¢ 5 C) 90
(12 C) 98
(8 C) 92
No effect on dry 33
welight galn
Kidney damage 33
1.C50 93
Reductlon in 4.8-43
swimming ablilty
(6-18 C)

Threshold concen-
tration (6~18 C) tor
reduction ot

relative:

wat weight gain 9.6-29
dry weight gain <4 .,8-29
fat qaln <4 ,8-24
Increase In 4,8-43

retative water
confent (6~18 C}

No effect on wet 9.6
or dry welght rela-

tive growth rate or

tat welght change

for 8 g fish torced

to swim at 12 cm/sec

and 10 C

Increased food maln- 13
fenance requirements,
decreased wet and

dry welight retative

growth rate and fat

weight change tor 18

q tish forced to swim

at 12 cm/sec and 10 C

32

Calrns, ot al,. 1978

Dixon & Sprague,
1981

Dixon & Spraque,
1981

Dixon & Sprague,
1981

Kovacs, 1979; Kovacs &
Leduc, 1982a

Kovacs, 1979; Kovacs &
Leduc, 1982a

Kovacs, 1979; Kovacs &
teduc, 1982a

McCracken & Leduc,
1980

McCracken & Leduc,
1980



Table 5, {(Continued)

Specles

Ralnbow trout ( juvenlle),
Salmo galrdner|

Atlantic salmon (larva),
Salmo salar

Atiantlc salmon (smolt),
Salmo salar

B8rown trout (fry),
Salmo trutta

Brown trout (try),
Salmo trutta

Brown trout {(fry),
Salmo trutta

Brown trout (fry),
Salmo trutta

Brown frout ( juvenile),
Salmo trutta

Brown trout ( juvenile),
Saimo trutta
22 ho Trulfs

Brown frout { juvenile),
Salmo trutta

Brown trout { juvenile),
Salmo trutta

8rook trout (fry),
Salvelinus fontinalis

Brook trout (fry),
Salvallnus fontinalis

Brook trout (fry),
Salvelinus fontinalls

Duration

20 days

58 days

24 hrs

8.2 min

8.9 min

8.2 min

140 min

6.58 min

30.1 min

5 hrs

15,2 min

10.8 min

Eftfect
Necreasad wet weight
gain tor 27 g tlish
torced to swim at 12
cm/sec and 10 C

Abnormal embryo and
larval development

LCSO (10 mg D.0./L)
(3.5 mg D.0./L)

Death

Death

Death

Death

Geometric mean
timo to death

Geometric mean
time to death

Geometr |Cc mean
time to death

Oxygen uptake
Inhlbl ted
Neath

Death

Death

33

Resul t
(ug/L)* Reference
9.6 McCracken & Leduc,
1980
9.6 Leduc, 1978
70 Alabaster, et al.
23 1983
8,030 Karsten, 1934
4,140 Karsten, 1934
2,070 Karsten, 1934
217 Karsten, 1934
1,006 Burdick, et al, 1958
510 Burdick, et al., 1958
320 Burdick, er al, 1958
25 Carter, 1962
8,640 Karsten, 1934
4,290 Karsten, 1934
2,130 Karsten, 1934



Table 5.

(Contlnued)

Specles
o ity

Brook trout (fry),
Salvellnus fontinalis

Brook frout (fry),
Saivelinus fontinalis

Arook trout (fry},
Salvellinus fontinalils

Brook frout (fry),
Salval inus tontinalis

Brook #rout (fry),
Salvellnus fontinalis

Brook trout ( juvenile),
Salvelinus tontinalls

B8rook trout ( juvenilie),
Saivellnus fontinalis

Brook trout ( juvenlie),
Salvelinus tontinalis

Brook trout ( juveallel,
Salvellnus tontinalis

Goldfish ( juvenilie),
Carassius auratus

Goldflish ( juventle),
Carassius auratus

Golden shiner (juvenite),
Notemigonus crysoleucas

Fathead minnow,
Pimephales promelas

Fathead minnow (juvenile),
Pimephales promelas

130

27

3,6

40

25,9

336

24

24

48

hrs

days

days

days

min

days

hrs

hrs

hrs

hrs

days

Death

1008 survival

Death

No death

75% reduction In
swimming endurance

Reduced growth

LC50

Le50 ( 5 C)
(15 C)
(30 C)

Lcs0 € 5 C)
(15 C)
(30 C)

LC50

LC50

34

20

80

50

10

33

261

3,250
280
540
300

240

120

Karsten, 1934

Karsten, 1934

Neli, 1957
Nell, 1957
Nell, 1957

Koenst, et al, 1977

Cardwell, ot al, 1976

Calrns, et al, 1978

Calrns, ot al, 1978

Black, et al., 1957

Cardwoll, of al,
1976



Table 5. (Continued)

Specles

Fathead minnow ( juvenile),
Pimephales promelas

Fathead minnow ( juvenile),
Plimephales promslas

Fathead minnow (juvenile),
P imephales promelas

Fathead minnow {embryo),
Pimephailes promelas

Fathead minnow (embryo),
PlImephales promelas

Fathead minnow (embryo),
Plimephales promalas

Fathead minnow (embryo),
Pimephales promelas

Fathead minnow {embryo),
Plimephales promelas

Fathead minnow (embryo),
Pimephales promelas

Fathead minnow (embryo),
P imephales promeias

Blacknose dace,
Rhinichthys atratulus

Channel cattish ( juvenite),

lctalurus punctatus

Channel cattish { juvenlle),

fctalurus punctatus

Flaqtish,
Jordanella tlorldae

10

28

24

24

10

exposure

Duration

days

days

days

brs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

hrs

days

Ettect
LCS0
Reduced increase In
length

Reduced increase In
ilength and welight
LC50

Lcs0

LCS0

LCS0

LCS0

LCS0

LC50

LC50

LCS0

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

Reduced tecundlty
and hatching

35

Result
(ug/L)®

Reference

114

35

62

347

212

201

123

186

200

206

220

161

200
3t0
230

63

Cardwall, ot al.
1976

Lind, ot al, 1977
Lind, ot al, 1977
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Smith, et al, 1978
Lipschuetz & Cooper,

1955

Cardwel l, ot ail,
1976

Calrns, et al, 1978

Cheng & Ruby, 1981



Table 5. {(Continued)

Specles

Mosqul tofish,
Gambusia atfinis

Guppy {juvenile),
Poecliiia reticulata

Threespine stickleback,
Gasterosteus aculfeatus

Threespine stickleback
{adul t),
Gasterosteus aculeatus

Threespine stickleback
{adul t),
Gasterosteus aculeatus

Threespine stickleback
(adult),
Gasterosteus aculeatus

Bluegit! (juvenite),
tLepomis macrochirus

Bluegli!l!l (juveniie),
Lepomis macrochlrus

Bluagll) (juvenliie),
Lepomis macrochirus

Bluegitl (juvenile),
Lepomis macrochirus

Rluegil) (juvenile),
Lepomls macrochlirus

Blueglill (juveniiel,
Lepomis macrochlrus

Blueqill (juvenlie),
Lepomls macrochirus

Ouration

96 hrs

120 nrs

90 min

824 min

642 min

412 min

202 min

260 min

351 min

258 min

352 min

655 min

48 hrs

Efttect

LCS50 (high
turbldity)

Threshold
concentration

Depressed raesplra-
tlon rate to 32%
of normal

Median survival
time

Med lan survival
time

Medlan survival
time

Med lan survival
time

Med lan survival
time

Mad lan survival
time

Med fan survlival
time

Med lan survival
time

Med lan survival
time

LCS0

36

Wallen, et al, 1957

Chen & Selleck, 1969

Result

(ug/L)® Retference
640
236

1,040 Jones, 19417

134 Broder tus, 1973
170 Broder lus, 1973
237 Broder lus, 1973
198 Broderlus, 1973
194 Broderius, 1973
165 Broderlus, 1973
165 Broder lus, 1973
144 Broderlus, 1975
127 Broderius, 1973
134

Cardwel |, et al,
1976



Yable 5.

Specles

Blueqliil (juvenliie),
Lepomis macrochlrus

Bluegill {Jjuvenlle),
Lepomls macrochirus

Bluegill (juvenile),
Lepomis macrochlirus

Rlueglil (Juvenile),
Lepomis macrochirus

Blueglill {(juvenlie},
Lepomls macrochlirus

Blueglil (juvenile),
Lepomis macrochlrus

Blueqill (juvenllse)},
Lepomls macrochlrus

Blueqlll (juvenile),
Lepomls macrochlrus

Blueqglitt (adult),
Lepomls macrochlrus

Blueqltil (adult),
Lepomis macrochlrus

Blueqlll (adult),
Lepomis macrochlrus

Smal imouth bass
(Juvenlle),

Micropterus dolomleul

(Contlinued)

Smal Imouth bass
(juvenlile),

Mlcropterus dolomieul

Ouration

48

50

91

129

100

72

24

48

289

289

7.8

12,4

hrs

min

min

min

min

hrs

hrs

hrs

hrs

days

days

min

min

Effect
LC50
Hed ian resistance
1 ime

Median resistance
time

Medfan reslstance
time

Med tan resistance
time

LC50

tcs0 ¢ 5 C)
(15 C)
(30 C)

LCS0 (perlodic
tow D.0,)

LC50

Survival reduced

No reproduction

Geometric mean
time to death

Geometr ic mean
time to death

37

Result
(ug/L)®

280

960

720

540

170

154

240
160
190

48

67,8

5.4

1,900

1,430

Reterence

Turnbul l, et al.,
1954

Doudorof f, et al,
1966

Doudoroft, et al,
1966

Doudoroff, et al,
1966

Doudorott, et al,
1966

Doudoroff, et al,
1966

Calrns, et al, 1978

Calrns & Scheler,
1958

Cairns, et al, 1965
Kimbaill, et al, 1978

Kimball, et al, 1978

Burdick, et al, 1958

Burdick, et al, 1958



Table 5, (Continued)

Specles

Smalimouth bass
(Juvenile),
Micropterus dolomleul

Smal Imouth bass
(Jjuvenile),
Ml cropterus dolomleul

Smalimouth bass
(juvenite),
Micropterus dolomieul

Smal Imouth bass
(juvenlle),
Mlcropterus dolomleul

Smalimouth bass
(juvenile),
Micropterus dolomleul

Smal lmouth bass
(juvenile),
Micropterus dolomieul

Largemouth bass
(juvenile),
Micropterus salmoldes

Largemouth bass ( juvenile),

Micropterus saimoldes

Oyster,
Crassostrea sp.

Oyster,
Crassosfrea sp.

Duration

15.4 min

30,6 min

42,8 min

80.5 min

122 min

290 min

2 days

24 hrs

10 min

3 hrs

Ettect
Geometric mean

time to death

Geometric mean
time to death

Geomatric mean
time to death

Geometric mean
time to death

Geometric mean
time to death

Geometric mean
time to death

Signlticant
lncreases In
opercular rate

Aftected opercular
rhythm

SALTWATER SPECIES

Suppressed
cllilary activity

Inhibl ted
citlary activity

38

755

478

358

245

175

40

10

150

30,000

Retference

Burdick, et

Burdick, et

Burdick, et

Burdick, et

Burdick, et

Burdick, et

al.

ai,

al,

1958

1958

1958

1958

1958

1958

Morgan & Kuhn, 1974

Morgan, 1979

Usukl, 1956

Usuki, 1956



Yable 5. (Continued)

Result
Specles Duration Eftect (ug/L)*® Reference
Atiantic salmon, 24 hrs LC50 20-75 Alabaster, et al,
Salmo salar 1983
Pinfish, 24 hrs LC50 69 Daugherty & Garrett,
Lagodon rhomboldes 1951

* Results are expressed as free cyanide as CN.

"in rlver water,

39
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