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FOREWORD

1W 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 vater quality criteria that accurately reflect the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare that might 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 consideration of comments received from
other Federal agencies, State agencies,.special interest groups, and
individual scientists. Criteria contained in this document replace
any previously published EPA aquatic life criteria for the same pollutant(s).

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.
Criteria presented in this document are such scientific assessments. if
water quality criteria associated with specific stream uses are-adopted
by a State as water quality standards under section 303, they become
enforceable maximum acceptable pollutant concentrations in ambient waters
within that State. Water quality criteria adopted in State water quality
standards could have the same numerical values as criteria developed
under section 304. However, in many situations States might want to adjust
water quality criteria developed under section 304 to reflect localrnironmental conditions and human exposure patterns before incorporation

owater quality standards. It is not until their adoption as part of
1ae water quality standards that criteria become regulatory.

Guidelines to assist 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.

William A. Whittington
Director
Office of Water Regulations and Standards
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Introduct ionl*

S0 Zinc is the fourth most widely used metal in the world (Cammarota
1980), and its major uses are for galvanizing steel, for producing

alloy s, and as an ingredient in rubber and paints. Because zinc(II)

substitutes to some extent for magnesium in the silicate minerals of

igneous rocks, weathering of bedrock gives rise to zinc in surface water.

Zinc always has the oxidation state of +2 in aqueous solution. Zinc(II)

is amphoteric, dissolving in acids to form hydrated Zn(It) cat ions and in

strong bases to form zincate anions, usually Zn(0U)4j2. Complexes of

zinc with the comon ligands of surface waters are soluble in neutral and

acidic solutions, so that zinc is readily transported in most natural

waters and is one of the most mobile of the heavy metals. Concentrations

of zinc in uncontaminated fresh water are typically in the range of 0.5 to

* pg/L (Trefry and Presley 1979), whereas concentrations in clean sea

ler range from 0.002 to 0.1 szg/L and increase with depth (Salomons and

Forstner 1984; Wallace et al. 1983).

Zinc occurs in many forms in natural waters and aquatic sediments.

At pH - 6.0 in fresh water, the dominant forms of dissolved zinc are

the free ion (98%) and zinc sulfate (2), whereas at pH - 9.0, the dominant

forms are the mono-hydroxide ion (78%), zinc carbo'nate (16%), and

the free ion (6%) (Turner et al. 1981). In sea water at pH - 8.1,

the dominant species of soluble zinc are zinc hydroxide (62%), the

free ion (17%), the mono-chloride ion (6.4%), and zinc carbonate (5.8%)

*An understanding of the "Guidelines for Deriving Numerical National WaterSQuality Criteria for the Protection of Aquatic Organisms and Their Uses"
(Stephan et al. 1985), hereafter referred to as the Guidelines, and the
response to public comment (U.S. EPA 1985a) is necessary in order to
understand the following text, tables, and calculations.
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(Zirino and Yamamoto 1972). At pH - 7.0, the percentage of dissolved

zinc present-in sea water as the free aion increases to 50%. In the

presence of dissolved organic materials, particularly humic substances,

the major fraction of dissolved zinc is in the form of zinc-organic

complexes (Lu and Chen 1977).

Zinc can be present in sediments in several forms, including preci-

pitated Zn(OH)2, precipitates with ferric and manganic oxyhydroxides,

insoluble organic complexes, insoluble sulf ides, and residual forms

(Patrick et al. 1977). As sediments change from a reduced to an oxidized

state, more zinc is mobilized and released in a soluble form (Lu and Chen

1977). The bioavailability of different forms of zinc in sediment varies-

substantially and is poorly understood (Luoma and Bryan 1979). Baccini

(1985), Krantzberg and Stokes (1985), and Salomons (1985) reported that

benthic organisms influenced the partitioning of zinc between sediment

and the water column.

Most of the zinc introduced into the aquatic environment is parti-

tioned into sediment by sorption onto hydrous iron and manganese oxides,

clay minerals, and organic materials, (Lu and Chen 1977; Luoma and Bryan

1981; Parker et al. 1982; Warren 1981). Precipitation of the sulfide is

an important control on the mobility of zinc in reducing environments,

and precipitation of the hydroxide, carbonate, and basic sulfate salts can

occur when zinc is present in high concentrations. Formation of complexes

with organic and inorganic ligands can increase the solubility of zinc

and might increase or decrease the tendency for zinc to be sorbed (Salomons

and Forstner 1984).

The tendency of zinc to be sorbed is affected not only by the form

of the zinc and the nature and concentration of the sorbent but also by pH
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and salinity. In a study of heavy metal sorption by two oxides and two.is, zinc was completely removed from -solution when pH exceeded 7, but

little or no zinc was sorbed when pH was below 6. Addition of inorganic

complexing ligands enhanced sorption (Huang et al. 1977). flelz et al.

(1975) and Solomons (1980) found less sorption of zinc to particulate matter

and sediment as salinity increased. This phenomenon was exhibited by many

other metals as well and apparently is due to displacement of the sorbed

zinc ions by alkali and alkaline earth cations, which are abundant in

brackish and saline waters. An increase in pH can increase sorption of

zinc even if salinity increases (Millward and Moore 1982; Solomons 1980).

Watanabe et al. (1985) reported that sorption of zinc was also dependent

on the organic carbon content of river sediments.

Zinc is an essential micronutrient for all living organisms (Leland.Kuwabara 1985). Because zinc is essential, aquatic organisms have

evolved efficient mechanisms for accumulation of zinc from water and

food. The concentration of zinc in tissues of aquatic organisms is far

in excess of that required for various metabolic functions (Wolfe 1970).

Much of the excess zinc is bound to macromolecules or is present as

insoluble metal inclusions in tissues (Simkiss et al. 1982). Inducible

low molecular weight metal-binding proteins, metallothioneins, are thought

to function, in part, in the intracellular sequestration and regulation

of the essential metals zinc and copper CKojima and Kogi 1978; Roesijadi 1981).

Above some theoretical maximum beneficial concentration of zinc in

water, there exists a range of zinc concentrations that is readily tolerated

through each organism's capacity to regulate the uptake, internal distribution,

*excretion of zinc (Weiner and Giesy 1979). This range undoubtedly

varies among individuals, species, and larger phylogenetic groups. In
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addition, this toler ated range probably varies with the 
range of zinc

concentrations to which various Populations have been historically exposed

and acclimated. Thus, biological variability in tolerance of zinc

is probably the result of phylogenetic differences aind historic exposure

patterns, both short-term and geologic in scale.

Paramount to the question of the toxicity of zinc are the physical and

chemical forms of zinc, the toxicity of each form, and the degree of

interconversion among the various forms. Presumably, all forms of zinc

that-can be sorbed or bound by biological tissues are potentially 
toxic.

Most likely, zinc will not be sorbed or bound, unless it is dissolved, 
but

some dissolution of zinc 'can reasonably be expected to occur in the

alimentary canal following ingestion of particulates containing undissolved

zinc., Thus, the toxicity of undissolved zinc to a particular species

probably depends on feeding habits. Therefore, plants and most fish are

probably relatively unaffected by suspended zinc, but many invertebrates

and some fishes might be adversely affected by ingestion of sufficient

quantities of particulates containing zinc.

The toxicity of zinc, as well as other heavy metals, is apparentlyý

influenced by a number of chemical factors including calcium, magnesium,

hardness, pH, and ionic strength. These factors appear to affect the

toxicity Of zinc either by influencing the availability of zinc or by

inhibiting the sorption or binding of available zinc by biological tissues.

In fresh water zinc appears to be less toxic at high hardness for a

variety of reasons, such as:

1) The ions contributing to hardness, primarily calcium and magnesium,

are divalent and compete with zinc, which is also divalent, for

sites of uptake and binding in biological tissues.
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2) Harder waters have higher ionic strengths due to the greater quantity

of charged ions (primarily mono- and divalent cations and anions) in

solution, and these ions electrostatically inhibit the ability of

other ions, such as zinc, to approach the sorption or binding sites

of the organisms. Thus zinc ions have lover activity in harder

waters.

3) Generally, harder waters have higher alkalinities and higher p~s,

resulting in the formation of insoluble, and possible soluble, zinc

carbonate and hydroxide compounds that are not sorbed by many species.

Thus, hardness appears to be the single best water quality characteristic

to reflect the variation in zinc toxicity indu ced by differences in

general water chemistry.

Because of the variety of forms of zinc (Callahan et al. 1979; Hem.;Salomons and Forstner 1984) and lack of definitive information
about their relative toxicities, no available analytical measurement is

known to be ideal for expressing aquatic life criteria for zinc. Previous

aquatic life criteria for zinc (U.S. EPA 1980) were expressed in terms of

total recoverable zinc (U.S. EPA 1.983a), but this measurement is probably

too rigorous in some situations. Acid-soluble zinc (operationally defined

as the zinc that passes through a 0.45 p~m membrane filter after the

sample is acidified to pH - 1.5 to 2.0 with nitric acid) is probably the

best measurement at the present for the following reasons:

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

toxicity of zinc to, and bioaccumulation of zinc by, aquatic organisms.

No test results were rejected just because it was likely that they would

Shave been substantially different if they had been reported in terms
of acid-soluble zinc. For example, re~sults reported in terms of dissolved
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zinc would not have been used if the concentration of precipitated zinc

had been- substantial.

2.O(n samples of ambient water, measurement of acid-soluble zinc will

probably measure all forms of zinc that are toxic to aquatic life or

can be readily converted to toxic forms under natural conditions. In

addition, this measurement probably will not measure several forms,

such as zinc that is. occluded in minerals, clays, and sand or is

strongly sorbed to particulate matter, th-at are not toxic and are not

likely to become toxic under natural conditions. Although this

measurement (and many others) will measure soluble complexed forms

of zinc, such as the EDTA complex of zinc, that probably have low

toxicities to aquatic life, concentrations of these forms probably

are negligible in most ambient water.

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

used to express criteria is likely to be used to measure zinc in

aqueous effluents. Measurement of acid-soluble zinc probably will

be applicable to effluents because it will measure precipitates, such

as carbonate and hydroxide precipitates of zinc, that might exist in

an effluent and dissolve when the effluent is diluted with receiving

water. If desired, dilution of effluent with receiving water before

measurement of acid-soluble zinc might be used to determine whether

the receiving water can decrease the concentration of acid-soluble

zinc because of sorption.

4. The acid-soluble measurement is probably useful for most metals, thus

minimizing the number of samples and procedures that are necessary.

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

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

by'acidification to pH - 1.5 to 2.0, similar to that required for the

total recoverable measurement.

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

of most samples of ambient water probably will not affect the result

substantially.

8. The carbonate system has a much higher buffer capacity from pH - 1.5

to 2.0 than it does from pH - 4 to 9 (Weber and Stum. 1963).

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

affect the result substantially.

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

does the total recoverable measurement..

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

Isoluble zinc, the analysis can be performed using either atomic absorption

spectrophotometric or ICP-atomic emission spectrometric analysis (U.S.

EPA 1983a), as with the total recoverable measurement.

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

soluble measurement has both toxicological and practical advantages. On

the other hand, because no measurement is known to be ideal for expressing

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

aqueous effluents, measurement of both acid-soluble zinc and total

recoverable zinc in ambient water or effluent or both might be useful.

For example, there might be cause for concern if total recoverable zinc

is much above an applicable limit, even though acid-soluble zinc is below

_~the limit.



Unless otherwise noted, all concentrations reported herein from

toxicity and'bioconcentration tests are expected to be essentially equivalent

to acid-soluble zinc concentrations. All concentrations are expressed as

zinc, not as the chemical tested. The criteria presented herein supersede

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

because these new criteria were derived using improved procedures and

additional information. Whenever adequat ely justified, a national criterion

may be replaced by a site-specific criterion (U.S. EPA 1983b), which may

include not only site-specific criterion concentrations (U.S. EPA 1983c),

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

f requencies of allowed excursions (U.S. EPA 1985b).. The latest comprehensive

literature search for information for this-document was conducted in

July, 1986; some more recent information might have been included.

Acute Toxicity to Aquatic Animals

Available data, which are usable according to the Guidelines, on

the acute toxicity of zinc to aquatic animals are presented in Table 1.

Acute values for freshwater invertebrates ranged from 32 to 40,930 Pg/L

.(Table 1), and those for fishes ranged from 66 to 40,900 pg/L, except for

two values that appeared high for the guppy. The two ranges are very

similar and very wide, probably due at least in part to hardness-related

factors.

Although many factors might affect the results of tests of the

toxicity of zinc to aquatic organisms (Sprague 1985), water quality

criteria can quantitatively take into account only factors for which

enough data are available to show that the factor similarly affects the



results of tests with a variety of species. Hardness is often thought of

Shaving*a major effect on the toxicity of zinc in fresh water, although

the observed effect is probably due to one or more of a number of usually

interrelated ions, such as hydroxide, carbonate, calcium, and magnesium.

Hardness (expressed as mg CaC03/L) is used here as a surrogate for the

ions that affect the results of toxicity tests on zinc. An analysis of

covariance (Dixon and Brown 1979; Neter and Wasserman 1974) was performed

using the natural logarithm of the acute value as the dependent variable,

species as the treatment or grouping variable, and the natural logarithm

of hardness as the covariate or independent variable., This analysis of

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

which acute values are available over a range of hardness-such that'the

highest hardness is at least three times the lowest and the highest is

0 laso at least 100 mg/L higher than the lowest. The eight slopes are

etween 0.56 and 1.65 (see end of Table 1) and most are close to the

slope of 1.0 that is expected on the basis that zinc, calcium, magnesium,

and carbonate all have a charge of two. An F-test showed that, under the

assumption of equality of slopes, the probability of obtaining eight

slopes as dissimilar as these is P - 0.77. This was interpreted as

indicating that it is reasonable to assume that the slopes for these

eight species are the same.

Where possible, the pooled slope of 0.8473 was used to adjust the

freshwater acute values in Table 1 to hardness -50 mgIL. Species Mean

Acute Values were calculated as geometric means of the adjusted acute

values. Five of the seven most resistant species (Table 3) were tested

Sa series of experiments reported by Rehwoldt et al. (1971,1972,1973)

using Hudson River water, and high acute, values were obtained in two

9



other tests whose results were placed in Table 6 because the organisms were

not identified to genus. It is not known whether the river water reduced

the toxicity of zinc or if the species were inherently resistant. Rehwoldt

et al. (1971,1972) also reported LC5Os of 6,700 and .6,800 pg/L for the

striped bass, Morone saxatilis. These were considerably higher than the

LC5Os reported by Hughes (1970,1973) and Palawski et al. (1985) for the

same species, although the values reported by Hughes were not used due to

inadequate acclimation of the test organisms.

* Genus Mean Acute Values (GMAVs) at hardness - 50 mg/L (Table 3) were

then calculated as geometric means of the available freshwater Species

Mean Acute Values. The GMAV for Morone was based o nly on the SMAV for

the striped bass because of the probability that the LC5Os reported by

Rehwoldt et al. (1971,1972) were two high for both species in this genus.

Of the 35 genera for which acute values are available,' the most sensitive

genus, Ceriodaphnia, is about 950 times more sensitive than the most

resistant genus, Argia. Acute values are available for more than one

species in each of seven genera and the range of Species Mean Acute

Values within each genus is less than a factor of 3.7. The freshwater

Final Acute Value for zinc at hardness - 50 mg/L was calculated to be

130.1 pg/L using the procedure described in the Guidelines and the Genus

Mean Acute Values in Table 3. This value is above the Species Mean Acute

Value for a cladoceran and for the striped bass, but the results for the

striped bass were not obtained in a flow-through test in-which the

concentrations of test material were measured. Thus, the freshwater

Criterion Maximum Concentration (in pg/L) - e(O.8473[ln(hardness)]+0.8604)

Acute tests considered useful in the derivation of a saltwater

criterion for zinc have been conducted with 26 species of invertebrates
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and 7 species of fish (Table 1). The range of Species Mean Acute Values

lor saltwater invertebrates extends from 195 izgIL for embryos of the

quahog clam, Mercenaria mercenaria, (Calabrese and Nelson 1974) to 320,400

pg/L for adults of the clam Macoma balthica (Bryant et al. 1985). The

range of Species Mean Acute Values for fish is narrower, extending from

191.4 pg/L for larvae of the cabezon, Scorpaenichthys marmoratus, (Dinnel

et al. 1983) to 38,000 ijg/L for juvenile spot, Leiostomus zanthurus

(Hansen 1983). As a general rule, early life stages of saltwater inverte-

brates and fish are more sensitive to zinc than juveniles and adults.

Both temperature and salinity affect the results of acute tests on

zinc. The effect of temperature has been studied with four bivalve

molluscs and one amphipod, whereas the effect of salinity has been studied

with a worm, clam, amphipod, two isopods, and a fish (Table 1). In

Seneral, the LC50 increases as salinity increases (presumably because

complexation by chloride increases) and as temperature decreases. However,

the LC50 for a species also seems to decrease as salinity and temperature

deviate from the optimum for the-species.

Of the 28 genera for which saltwater Genus Mean Acute Values are

available (Table 3), the most sensitive genus, Scorpaenichthys is about

1,700 times more sensitive than the most resistant, Macoma. Clams are

both sensitive and resistant to zinc. Acute values are available for

more than one species in each of five genera and the range of Species

Mean Acute Values within each genus is less than a factor of 5.2. The

saltwater Final Acute Value for zinc was calculated to be 190.2 pg/L,

which is slightly lower than the acute value for the most sensitive

bpecies.



Chronic Toxicity to Aquatic Animals

Although-most of the chronic toxicity tests conducted on zinc with

freshwater species were in soft water ranging in hardness from 25 to 52 mg/L,

Chapman et al. (Manuscript) studied the chronic toxicity of zinc to Daphnis

magna at hardnesses of 52, 104, and 211 mg/L (Table ~2). They found that the

chronic toxicity of zinc decreased when hardness increased from 52 to 104

mgIL. When hardness was further increased to 211 mg/L, the toxicity of

zinc did not change. No other data are available concerning the relationship

between hardness and the chronic toxicity of zinc.

The chronic values for the two species of freshwater invertebrates

ranged from 46.73 to >5,243 pg/L, whereas those for six species of fish

ranged from 36.41 to 854.7. jg/L.

A life-cycle toxicity test has been conducted with the saltwater

mysid, Mysidopsis bahia (Lussier et al. 1985). Survival, days to first

brood, and young/female reproductive day were all affected at 231 Pg/L,

but no effects' were detected at 120 pg/L.

Acute-chronic ratios are available for six freshwater and one saltwater

species. The freshwater Species Mean Acute-Chronic Ratios range from.

0.7027 to 41.20, whereas the saltwater ratio is 2.997 (Table 3). Because

the Final Acute-Chronic Ratio is meant to apply to sensitive species,

which often have'lower acute-chronic ratios than resistant species, it

was calculated as the geometric mean of the ratios for the freshwater

Daphnis magna, chinook salmon, and rainbow trout and the saltwater mysid.

The resulting value of 2.208 is lower than all the other Species Mean

Acute-Chronic Ratios (Table 3). Division of the freshwater and saltwater

Final Acute Values by 2.208 results in freshwater and saltwater Final

Chronic Values of 58.92 ,pg/L (at hardnes s - 50 mg/L) and 86.14 1pg/L,



respectively. In spite of the data on the effect of hardness on theIronic toxicity of zinc to Daphnia magna, the freshwater chronic slope

is assumed to be the same as the acute slope, resulting in a freshwater

Final Chronic Value = e (0 .8473[ln(hardness) 1+0.761 4)

Toxicity to Aquatic Plants

Toxicity tests on zinc have been conducted with 20 species of freshwater

plants, which were affected by zinc concentrations ranging from 30 to

>200,000 pg/L (Table 4). Although tests have been conducted with several.

vascular plants, both the highest and lowest values were obtained with

algae.

Few data are available concerning the effect of hardnese on toxicity

to plants. One study with the diatom, Navicula seminulum, (Academy of

Natural Sciences 1960) tested zinc toxicity at two hardnesses. At

I rdness - 58.46 mgIL, zinc was more toxic, on the average, than in tests

at hardness - 174 mg/L. However, there was overlap in EC5Os between the

hardnesses tested. The toxicity of zinc to alg ae might-be related to the

concentration of phosphate or nitrate (Kuwabara 1985; Rao and Subramanian

1982).

The toxicity of zinc to saltwater plants has been tested with 18

species of phytoplankton and 8 species of macroalgae (Tables 4 and 6).

The diatom, Schroederella schroederi, was the most sensitive phytoplankter,

with a 48-hour EC5O of 19.01 p.g/L. Other species affected at concentrations

less than the Final Chronic Value are Cricosphaera carterae, Isochrysis

gabana, Thalassiosira rotula, Glenodinium halli, and Gymnodinium splendens.

~roalgae were affected at concentrations >100 1pg/L. Therefore, although
ca on most saltwater plants indicate that they will be protected bya



saltwater criterion derived from data on animals, 
some phytoplankters

might be affected under certain environmental conditions.

Bioaccumulatiofl

Six freshwater species were exposed to zinc and had tissue 
concentra-

tions measured after sufficient time to achieve steady-state 
(Table 5).

Bioconcentration factors (BCF) ranged from 51 for the Atlantic salmon

(Farmer et al. 1979) to 1,130 for a mayfly (Nehring 1976). A mean BCF of

100 was obtained in three tests with a clam (Graney et al. 1983), and the

BCF of 106 for a stonefly was much lower than that for the mayfly. Both

the -flagfish and the guppy had BCFs between 400 and 500. Atchinson et al.

(1977)) McIntosh and Bishop (1976), and Murphy et al'. (1978a,b) measured

the concentrations of zinc in several species of fish obtained from a

pond contaminated with zinc. Direct accumulation from water did not

appear to be a major route of uptake of zinc by two species of 
fish in a

lake (Klaverkamp et al. 1983). Cushing and Rose (1970), Gushing and

Watson (1971), *and Gushing et al. (1975) studied the uptake of zinc by

periphyton and fish in microcosms. Van der Werff (1984) found that humic

and fulvic acids reduced the uptake of zinc by an alga.

Bioaccumulation data for zinc are available for six species of saltwater

algae and seven species of saltwater animals (Table 5). Steady-state BCFs

derived from laboratory exposures of saltwater algae for periods of 0.5 to

140 days ranged from 75.5 for the brown macroalga, Laminaria digitata

(Haritonidis et al. 1983) to 10,768 for another brown macroalga, Fucus

serratus- (Young 1975) BCFs based on data derived from field collections

of macroalgae ranged from 1,027 to 2,029 for a third brown macroalga,

Fucus vesiculosus (Foster 1976; Foster and Bale 1975).



BCFs derived from laboratory exposures of saltwater animals forr ods of 14.to 126 days range from 3.692 in the whole body of the

imp, Pandalus montagui (Ray et al. 19*80) to 23,820 in the total

soft tissue of the eastern oyster, Crassostrea v-irginica (Shuster and

Pringle 1968).

For the mummichog, Fundulus heteroclitus, the BCF for both whole

body and scales decreased with increasing concentration in water between

210 and 7,880 1jg/L (Sauer and Watabe 1984). At all concentrations, the

scales had a higher BCF than the whole body. Sequestration of zinc in

scales, which is accompanied by a decrease in scale calcification (Sauer

and Watabe 1984), might be a mechanism of zinc storage or detoxification

in fish. -O'Grady (1981) showed that sea trout, Salmo trutta, mobilized

zinc stored in its scales during the upstream spawning migration.

For both algae and animals, there is a definite trend toward an

I erse relationship between concentration in water and BCF. This is

best exemplified by the data in Table 5 for the brown macroalga, Laminaria

digitata (Bryan 1969) and the mnummichog, Fundulus heteroclitus (Sauer

and Watabe 1984). Seip (1979) developed a mathematical model for the

accumulation of zinc and other metals by the brown macroalga, Ascophyllum

nodosuin. The concentration of zinc in the alga was found to be an approximately

linear function of the mean concentration of zinc in water up to about

100 Pg/L. Because the slope of the curve was less than 1, BCFs tended to

decrease with increasing concentration in water.

No U.S. FDA action level or other maximum acceptable concentration

in tissue is available for zinc, and, therefore, no Final Residue Value

dmn be calculated.



Other Data

A wide variety of other data is presented in Table 6. In a test

on zinc phosphate, growth of a freshwater green alga was inhibited

during a 14-day exposure to 64 iag/L (Garton 1972). growth of Scenedesmus

guadricauda was inhibited during exposure to 1,200 pgIL in river water

(Bringmann and Kuhn 1959a~b). The primary productivity of plankton was

reduced when exposed to 15 jjg/L for 14 days (Marshall et al. 1983).

Several studies have been conducted on the effect of temperature on the

acute toxicity of zinc (Braginskiy and Shcherban 1978; Cairns et al. 1975a,

1978; Pickering and Henderson 1966; See et al. 1974; Smith and Heath 1979).

Except for the rainbow trout and golden shiners, the species-were more

sensitive to zinc at higher temperatures. Snails were more sensitive to

thermal shock after exposure to zinc (Cairns et al. 1976).

Concentrations of dissolved oxygen down to 3.5 mg/L did not affect

the toxicity of zinc to the'bluegill, but lower concentrations did

(Pickering 1968). Anderson (1973) and Anderson and Weber (1975) found that

the acute sensitivity of the guppy to zinc depended on the weight of the

fish. Sabodash (1974) studied the effects of zinc and calcium on surv ival

and growth of larval grass carp.

Most insects-were more resistant to zinc than the other freshwater

species tested. Mayflies, damselflies, stoneflies, and caddisflies had LC5Os

ranging from 1,330 to 58,100 pg/L (Table 6). One midge (Chironomous sp.) had

a 96-hr LC50 of 18,200 p~gIL (Rehwoldt et al. 1973), whereas another (Tanytarsus

dissimilis) had a 10-day LC50 of 36.8 pigIL (Anderson et al. 1980).. The

T. dissimil is value is very low compared to other values obtained with insects.

Although most LC5Os for rainbow tro ut ranged from 2,000 to 5,000

wg/L, Carton (1972) obtained an LC50Oof 90 pg/L in a test on zinc phosphate.
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A 7dayEC50 of 10 pg/L was obtained with embryos and larva of the narrow-

Dthed toad (Dirge 1978; Birge et al. 1979).

Cairns et al. (1975b) and Khangarot (1982) examined the effect of

feeding on the results of acute tests on zinc, whereas McLeay and Munro

(1979) and Sparks et al. (1972b) studied the effects of photoperiod and

shelters, respectively. Brafield and Mattiessen (1976), Hughes (1975), Hughes

and Tort (1985), and Thompson et at. (1983) studied the effect of zinc on

respiration of fishes. Allen et at. (1980) and Muramota (1978) found

that various chelating agents reduced the acute toxicity of zinc. Several

studies examined the use of fishes as biomonitoring organisms for zinc

(Cairns and Walter 1971; Cairns et at. 1973a; Sparks et at. 1972; Waller

and Cairns 1972).

Many studies have examined zinc as a dietary requirement for freshwater

Sants (e.g., Vaughn et at. 1982) and fish (e.g., Barash et al. 1982;

el11 et at. 1984; Dabrowski et at. 1981; Gatlina and Wilson 1983,198 4;

.Jeng and Sun 1981; Ketola 1979; Knox et at.. 1982,1984; Ogino, and Yang

1978,1979; Richardson et at. 1985; Rodgers 1982; Satoh et at. 1983a,b,c;

Takeda and Shi~mma 1977).

Armitage (1980),.Armitage and Blackburn (1985), Austin and Munteanu

(1984), Carlson et at. (1986), Eichenberger (1981), Eichenberger et at.

(1981), Foster (1982a), Harding et at. (1981), Hughes (1985), Lang and

Lang-Dobter (1979), Maas (1978), Meyer (1978), Rice (1977), Rotine and

Boehmke (1981), Ruthven and Cairns (1973), Say and Whitton (1983), Say

et at. (1977), Sheehan and Knight (1985), Shehata and Whitton (1981),

Solbe (1973), Swain and White (1985), Swift (1985), Wehr and Whitton

I 1983b,c), Wentsel and McIntosh (1977), Williams and Mount (1965), Yan



et al. (1985). Yasuno et at. (1985), and Zanetla (1982) investigated

relationships- between the abundance and diversity of freshwater species

and the concentration of zinc in water and sediment.

The detoxification of zinc was studied by Kito et al. (1982), Kiaverkamp

et al. (1985), Ley et al. (1983), Marofante (1962), Pierson (1985a~b),

Roch and McCarter (1984a,b), and Takeda and Shimizu (1982).

Low concentrations of zinc stimulate the rate of growth of saltwater

microalgae. Concentrations equal to or less than 100 ijg/L stimulated growth,

of Nitzchia longissima during exposures lasting one to five days (Subramanian

et al. 1980). Similarly, growth of Skeletonema costatum was both stimulated

by zi nc concentrations equal to or lover than 200 oJg/L during one to five

days of exposure (Subramanian et at. 1980) and reduced by 20% during

exposure for 10 to 14 days to 100 .ig/L zinc (Braek et at. 1976). Wikfors

and Ukeles (1982) reported a 6.7% increase in the growth of Phaeodactylum

tricornutum 'during exposure for 12 days to 4,800 pg/L. Therefore the

difference between beneficial and detrimental concentrations of zinc to

phytoplankton might be small and dependent on the species and exposure.

Stromgren (1979) studied the effect of zinc on growth of five spec-ies

of saltwater mactoalgae. Growth was reduced at 1,400, but not 100,

P.g/l for Ascophyllum nodosum, Fucus serratus, Fucus spiralis, and Pelvetia

canaliculata, and at 7,000, but not 3,500, ,jgfL for Fucus vesiculosus.

Bryan (1969) reported reduced growth of Laminaria digitata during exposure

for 24 days to concentrations as low as 100 pg/L. A concentration

of 250 p.g/L reduced growth of sporophytes of Laminaria hyperboria, whereas

5,000 ,pg/L induced abnormal maturation of gametophytes of the same species

(Hopkins and Kain 1971). Zinc concentrations as low as 8.8 ,Og/L altered

lipid metabolism in Fucus serratus.(Smith and Harwood 1984).
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Two ciliate protozoans exhibited markedly different sensitivities to

Growth of Cristigera sp. was reduced by exposure for four to five

hours to concentrations as low as 50.63 Vig/L (Gray 1974; Gray and Ventill~a

1973), but a concentration of 10,000 pg/L only reduced the growth of

Euplotes vannus by 10% (Persoone and Uyttersprot 1975).

Bryan and Eummerstone (1973) compared the sensitivity of the

polychaete, Nereis diversicolor, from sediments heavily contaminated w~ith

zinc and other metals to that of the same species from clean sediments at

three salinities (Tables 1 and 6). At all three salinities, worms from

the contaminated sediments were less than a factor of two more resistant

to zinc than those from clean sediments. Worms from the contaminated

sediments also had somewhat lower BCFs than worms from clean sediments

when exposed to zinc in the laboratory for.34 days. These results suggest

It acclimation or genetic adaptation of the worms to contaminated

sediments provided only a minor ability to regulate zinc more efficiently

than worms from uncontaminated sediments.

The polychaetes, Ophryotiocha diadema and Ctenodrilus serratus, were

exposed to zinc in partial life-cycle tests that began with adults and

examined effects on survival and reproduction (Reish and Carr 1978).

Population size was reduced 500 pzg/L in both static tests but effects of

zinc were not detected at 100 pag/L.

A variety of responses were observed in mud snails, Nassarius obsoletus,

during exposure for 72 hr to progressively higher concentrations of zinc

(MacInnes and Thurberg 1973). At 2,000 og/L, there was a depression of

oxygen consumption. Locomotor behavior was inhibited at 10,000 pg/L,

Ia d death ensued at 50,000 pg/L. Sim .ilarly, shell deposition by adults

of the blue mussel, Mytilus edulis, was inhibited by 50% following exposure
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for two to sixi days to >60 tjglL (Manley et al. 1984; Stromgren 1982).

The EC50 based on reduced byssal thread production was 1,800 ~Jg/L, whereas

the 7-day LC50 was 5,000 pg/L (Martin et al. 1975). The 72-hr EC50 for

development of mussel embryos to the veliger-stage was between 96 and 314

jjg/L (Dinnel et al. 1983).

Different life stages and developmental processes of gametes, embryos,

and larvae of Pacific oysters have different sensitivities to zinc. The

ability of oyster sperm to fertilize eggs was depressed by 50% after

exposure for 60 min to 443.6 pg/L (Dinnel et al. 1983). The 48-hr LC50

for embryos was 241.5 pgIL (Brereton et al. 1973). Larvae developed

abnormally and grew more slowly than controls at zinc concentrations

between 125 and 500 tpg/L (Brereton et al. 1973), whereas EC5Os for growth

of 6-day-old and 16-day old larvae exposed for four days were 80 and 95

pg/L, respectively (Watling 1982). The 96-hr LC50 for 6-day and 16-day

larvae was -in excess of 100 pgIL, whe reas that for 19-day larvae was between

30 and 35 pg/L (Watling 1982). Significant delay of, and reduction in,

successful settlement was observed after 5 days in 125 1pg/L (Boyden et at. 1975)

and after 20 days in 10 to 20 pg/L-(Watling 1983). Juvenile oyster spot

had a 23-day LC50 of 75 pg/L (Watling 1983).

Exposure to 176 Vag/L for 72 hr caused a 50% reduction in the rate of

calcium uptake by larvae of the clam, Mulinia lateralis, whereas a concen-

tration of 200 pg/L caused 53% .mortality among the clam larvae in the same

time period (Ho and Suboff 1982). The 8 to 10-day LC50 was 195.4 Og/L

for larvae of the quahog clam, Mercenaria mercenaria and growth of survivors

was estimated to be reduced by 38.4% (Calabrese et al. 1977).

At concentrations as low as 250 og/gL, zinc caused significant delays

in molting and development rate of. larvae of the grass shrimp, Palaemonetes
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Puiparticularly under stressful temperature-salinity regimes (McKenney

S9; cKenney-and Neff 1979,1981). Concentrations of 25 to 50 ijg/L

were without effect on the development rate of larvae of the mud crab,

Rhithropanopeus harrisii (Benijts-Claus and Benijts' 1975). However,

in the presence of lead at 25 to 50 Vg/L, these concentrations of zinc

produced a significant delay in the rate of larval development of mud

crabs. Rate of limb regeneration by adults of the fiddler crab, Uca

pugilator, was inhibited at zinc concentrations of 1,000 (Weis 1980).

This inhibitory effect was amplified at low salinities.

Motility of the sperm of the sea urchins, Arbacia punctulata and

Strongylocentrotus purpuratus, was stimulated by brief exposure to zinc

concentrations at or below 1,634 and 654.8 V~g/L, respectively (Timourian and'

Watchmaker 1977; Young and Nelson 1974). At concentrations of 3,269 and

I38 jjg/L, respectively, sperm motility was inhibited. Reduction of. the

ablity of echinoderm sperm to fertilize egg s appeared to be more sensitive

than sperm motility to the toxic effects of zinc (Dinnel et al. 1983).

EC5Os after one hour of exposure of sperm ranged from 28 to 382.8

pig/L. In tests with the sand dollar, Dendraster excentricus, and two sea

urchins, Strongylocentrotus droebachiensis and S. purpuratus, development

to the pluteus stage was less sensitive than fertilization. Waterman (1937)

found that 810 jig/L inhibited gastrulation and that 2,314 pg/L was lethal to

embryos of Arbacia pucuaa

Somasundarum et al. (1984a,b,c,d;1985) identified several developmental

an omalies and histopathological lesions in developing embryos and larvae

of Atlantic herring, Clupea harengus, that were exposed to 50 to 12,000

/ L. Zinc concentrations be low 6,000 pg/L did not affect embryo

volume. Below 2,000 jpg/L, zinc accelerated embryonic development, but
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6,000 Wg/L inhibited development. At zinc concentrations as low as 50

pg/L,-there was a significant increase in the incidence of jaw and .branchial.

abnormalities. Concentrations above 500 pg/L increased the incidence of

vertebral abnormalities. Significant decreases in the size of the otic

capsules and eyes were observed at zinc concentrations higher than 2,000

and 6,000 jjglL, respectively. Ultrastructural changes in brain cells and

somatic musculature were observed in herring larvae that were allowed to

develop for 14 days in sea water containing 50 to 12,000 p~g/L.

In contrast to the toxic effects noted above, Weis et al. (1981)

found that exposure to 10,000 pg/L ameliorated teratogenic effects on

Fundulus heteroclitus exposed to methyl mercury. Also, zinc concentra-

tions of 1,000 pg/L or greater enhanced regeneration of the tail fin and

ameliorated effects of methyl mercury on fin regeneration in adult

mummichogs (Weis and Weis 1980).

Exposure of adult mummichogs to 2,200 pg/L resulted in increased

activity .of the hepatic enzyme aminolevulinic acid dehydrase (Jackim

1973), whereas exposure to 60,000 ijg/L caused 30% mortality and

histopathological lesions in the or-al epithelium of survivors (Eisler and

Gardner 1973). Calcification of the scales of juvenile mummichogs was

inhibited at 760 to 7,100 jpgIL (Sauer and Watabe 1984).

Crustaceans and fish are able to accumulate zinc from both water and

food. For adult green crabs, Carcinus maenas, the BCF for zinc from

water was 130 and the bioaccumulat ion factor (BAF) for zinc from water and

food was 210 (Renfro et al. 1975), but the BAF was not significantly higher.

However the BAF was statistically higher than the BCF with adult mosquito

fish, Gambusia affinis, and juvenile spot, Leiostomus xanthurus (Willis

and Sunda 1984). At 120 days, the.BAF and BCF for uptake of zinc from
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water alone and wlater plus food by mosquito fish were 45 and 8, respectively.

De BAP and BCF for spot after a 28-day exposure were 28 and 3, respec ti .vely.

These results suggest that these fish obtain five to nine times more zinc

from food than from water. It must be recognized,-however, that the relative

magnitude of the contribution from both sources to the concentration of zinc

in saltwater animals will depend on the relative concentrations of zinc

in the water and food. Eisler (1967) and Eisler and Gardner (1973) have

shown that BCFs for adult mummichogs, Fundulus heteroclitus, are inversely

related to the concentration of zinc in the water.

Unused Data

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

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

North.America (e.g., Abbasi and Soni 1986; Ahsanullah and Arnott 1978;

Iudoin and Scoppa 1974; Bengtsson 1974a,b,c,d,e; Carter and Nicholas

1978; Chapman and Dunlop 1981; Dunlop and Chapman 1981; Greenwood and

Fielder 1983; Harrison 1969; Howell 1985; Jones and Wacker 1979; Jones et

al. 1984; Karbe et al. 1975; Khangarot 1981,1984; Khangarot et al. 1982,

1985; Kumar and Pant 1984; Lomte and Jackhar 1982; Lyon et al. 1983;

Martin et al. 1977; Mathur et al. 1981; McFeters et al. 1983; Mecham

and Holliman 1975; Millington and Walker 1983; Milner 1982; Murti and

Shukla 1984; Natarajan 1982; Nazarenko 1970; Pentreath 1973; Sartory and

Lloyd 1976; Sastry and Subhadra 1984; Saxena and Parashari 1983; Seiffer

and Schoof 1967; Shaffi 1979; Shehata and Whitton 1981; Shukla et al.

19,83; Solbe and Flook 1975; Speranza et al. 1977; Srivastava et al. 1985;

W ary and Krantzer 1982; Subhadra'and 
Sastry 1985; Thorp and Lake 1974;

erma et al. 1984; Wagh et al. 1985; White and Rainbow 1982; Willis 1983)



or because the test specices was not obtained in North America and was

not identified veil enough to determine whether it is resident in North

America (e.g., Greichus et al. 1978; Jennett et al. 1981; Pommery et al.. 1985;

Tishinova 1977). Results (e.g., Bagshav et al. 1986; Brown and Ahsanullah

1971) of tests conducted with brine shrimp, Artemia sp., vere not used

because these species are from a unique saltwater environment.

Babich and Stotzky (1985), Biddinger and Gloss (1984), Cairns (1957),

Campbell and Stokes (1985), Connolly (1985), Doudoroff and Katz (1953.),

Duxbury (1985), Eisler (1981), Hartman (1980), Kaiser (1980), LeBlanc

(1984), Lim (1972), Lloyd (1965), Macek and Sleight (1977), Mancini

(1983), McKim (1977), Pagenkopf (1976), Patrick et al. (1968), Phillips

and Russo (1978), Polikarpov (1966), Rai et al. (1981b), Riordan (1976),

Skidmore (1964), Skidmore and Firth (1983), Slooff et al. (1986), Sprague

et al. (1964), Strufe (1964), Taylor et al. (1982), Thomson and MacPhee

(1985), Vernon (.1954), Vymazal (1985), Weatherley et al. (1980), and

Whitton (1970) only contain data that have been published elsewhere.

Results were not used if either the test procedures, test material,

or dilution water was not adequately described (e.g., Back 1983; Bates *et

al. 1981; Baudin 1983a,b; Berg and Brazzell 1975; Biegert and Valkovic

1980; Birge and Just 1973,1975; Bradley and Sprague 1983; Brauwers 1982;

Erkovic-Popovic and Popovic 1977a,b; Brown 1968; Carpenter 1927; Coburn

and Fr iedman 1976; Danil'chenko 1977; Darnall et al. 1986; DiIlling and

Healy 1927; Fleming and Richards 1982; Hutchinson and Sprague 1985;

Ishizaka et al. 1966; Joraensostrorasks and McLaughlin 1974; Knittel.

1980; Labat et al. 1977; Miller et al. 1985; Muramoto 1980: Pavicic 1980;

Petry 1983; Rao and Saxena 1981; Sabodash-1974; See et al. 1974,1975;



~go-Goad and Lazinsky 1981; Tokunago and Kishikawa 1982; Vinot and

went 1984).

Data were not used if zinc was a component of an effluent (e.g.,

Bailey and Liu 1980; Cherry et al. 1979; Fintayson and Ashuchian 1979;

Frazier 1976; Grushko et al. 1980; Guthrie et al. 1977; Jay and Muncy

1979;,Levis 1986; Lu et at. 1975; Nagy-Toth and Barns. 1983; Nehring and

Goetti 1974; Neufeld and Wallach 1984; Newman et at. 1985; O'Conner 1976;

Otadimeji and Wade 1984; Ozlmek 1985; Phillips and Gregory 1980; Rana and

Kumar 1975; Roesijadi et at. 1984; Saunders and Sprague 1967; Sprecht et.

at. 1984; Wang 1982; Whitton et at. 1981; Wong and Tam 1984a,b; Wood

1975), mixture (e.g., Baker and Boldi go 1984; Besser 1985; Biesinger et

at. 1974; Birge et at. 1978; Borgmann 1980; Brown et at. 1969; Cairns and

Scheier 1968; Ceartey 1971; Chang et at. 1981; Christensen et at. 1985;

'itt et at. 1986; Danit'chenko and Stroganov 1975; Davies 1985; Davies

and Woodling 1980; Doudoroff 1956; Doudoroff et at. 1966; Eaton 1973;

Eisler 1977b; Fintayson and Verrue 1980; Giesy et at. 1980; Hedtke and

Puglisi 1980; Henry and Atchison 1979a,b; Hutchinson and Czyrska 1972;

Hutchinson and Sprague 1983; Lubinski and Sparks 1981; Markarian et at.

1980; Marking and Bills*1985; McLeese and Ray 1984; Mutter and Payer

1980; Mus~ka 1977; Patrick and Loutit 1976,1978; Pope 1981; Roch and McCarter

1984c,1986; Roch et at. 1985,1986; Rodgers and Beamish 1983; Sprague 1965;

Stromegren 1980; Vymazat 1984; Wong et al. 1982a,b,1984b), or a sediment

(e.g., Arruda et at. 1983; Broberg 1984; Bryan et at. 1983; Dean 1974;

Krantzberg 1983; Laskowski-Hoke and Prater 1984; Lewis and McIntosh 1984,

6;Luoma and Jenne 1977; Matueg .1984; McMurtry 1984; Munawar et al.

Ws5; Oakden et at. 1984; Ray et at. 1981; Seetye et at. 1982; Wentset

et at. 1977; Wang and Kwan 1981; Wong and.Tam 1984; Wong et al. 1984a).
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Data were not used if the organisms were exposed to zinc by injection

or gavage armi food (e.g., Barash et al. 1982; Baudin 1985; Bell et al.

1984; Cancalon 1982; Cowgill et al. 1985; Dallinger and Wieser 1984;

Dixon and Compher 1977; Gatlin and Wilson 1983',1984; Hibiya and Oguri

1961; Jeng and Sun 1981; Knox et al. 1984; Lyon et at. 1984; Mansouri-

Aliabadi and Sharp 1985; Marafonte 1976;. Ogino and Yang 1978,1979; Patrick

and Loutit 1978; Richardson et at. 1985; Saiki and Mori 1955; Satoh et

al. 1983a,b; Smith-Sonneborfl et at. 1983; Suzuki and Ebihara 1984; Suzuki

and Kawamura 1984; Suzuki et at. 1983,1984; Takeda and Shimua 1977;

Vaughan et at. 1982; Windom et at. 1982; Young 1975).

Adragna and Privitera (1978,1979), Akberali and Earnshaw (1982),

Anderson et at. (1978), Babich et at. (1985,1986a,b), Brown (1976), Burton

and Peterson (1979), Cenini and Turner (1983), Crespo (1984), Crist et

at. (1981), Doyle et at. (1981), Everaarts et al. (1979), Fleming et at.

(1982), George (1983), Hiller and Pe rlmutter (1971), ililtibran (1971),

Kodama et al. (1982a), Nemosok et at. (1984), Rachlin and Perlmutter

(1969), Sirover and Loeb (1976), and Watson and Beamish (1981) only

exposed enzymes, excised or homogenized tissue, or cell cultures.

Results of some laboratory tests were not used because the tests

were conducted in 'distilled or deionized water without addition of appropriate

salts (e.g., Afflect 1952; Carter and Cameron 1973; Eddy and Fraser 1982;

Matthiessen and Brafield 1973; McDonald et at. 1980; Porter and Rakanson

1976; Stary and Kratzer 1982; Stary et at. 1983; Taylor 197.8; Vijayamadhavan

and twai 1975; Wang 1959) or were conducted in chlorinated or "tap" water

(e.g., Goodman 1951; Grande 1966; Haider and Wunder 1983; Hughes and

Adeney 1977; Jones 1935,1938,1939; Matthiessen and Brafield 1977; Rahel



Shcherbanl 1977; Skidmore 1970; Skidmore and Tovell 1972). Dilution

Wr was at too low a pH in tests by Michnowicz and Weaks (1984), whereas

temperature fluctuated too much in the test reported by Mills (1976b).

Allan et at. (1980), Bates et at. (1983), Buikeina 'et al. (1974a,b,

1977), Cairns and Dickson (1970), Fayed and Abd-El-Shafy (1985), Kuwabara

(1985), Mills (1976a,b), Petersen (1982), Rainbow at at. (1980), Ruthven

and Cairns (1973), Say and Whitton (1977), Sullivan et at..(1973), and Zitko

et at. (1973) used dilution water that contained too high a concentration of"

chelating agent or other organic matter. Hukhopadhyay and Konar (1984) used

a phosphate buffer, which might have detoxified zinc, although their LC5Os

for two invertebrate species were quite low after adjustment for hardness.

Benson and Birge (1985), Berglind and Dave (1984.), and Birge et at.

(1983) cultured or acclimated organisms in one water and conducted tests

Sanother. Hughes (1970,1973) did not acclimate organisms for a long enough

time. Tests conducted with too few test organisms (e.g., Applegate et

at. 1957; Gardner 1975; McLeese 1976; Sprague 1964a; Tishinova 1977)

were not used. High control mortalities occurred in tests reported by

Cairns and Scheier (1964) and Hav~as and Hutchinson (1982). The water

quality varied too much during tests conducted by Cairns et at. (1981),

Nehring and Goettl (1974), and Thompson et at. (1980). Toxicity tests

conducted without controls were not used (e.g., Graham et at. 1986).

The 96-hr values reported by Buikema et al. (1974a,b) were subject to

error because of possible reproductive interactions (Buikema et at.

1977). The test organisms were possibly stressed by disease or parasites

*ring tests reported by Boyce and. Yamada (1977), Guth et at. (1977), and

ikanari et al. (1984). Rublou et al. (1954) conducted tests on zinc

leached from galvanized trays. Anudu (19.83), Bradley et al. (1985a,b),
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Cairns (1972), Cairns et al.- (1973a,b) , DeFilippis and Pallaghy (1976),

Duncan and Kiaverkamp (1980), Foster (1962b), LeBlanc (1982), and Wang'

(1986b) conducted studies of acclimation to zinc or used organisms that

.had been exposed or were resistant to zinc.

Biochemical and histological studies were not used (e.g., Anderson

and Sparks 1978; Canalon 1982; Cenini and Turner 1979; Eddy and Talbot 1985;

Kearns and Atchison 1979; Kodama et al. 1982a,b; Nemcsok et al. 1984;

Rachlin et al. 1985; Sailer et al. 1980; Schmitt et al. 1984; Taban et

al. 1982; Thomas et al. 1985; Vijayamadhauan and Iwai 1975; Watson and

Beamish 1980; Watson and McKoewn 1976; Yamamoto et al. 1977).

.Results of chronic tests were not used if the concentration of test

material was not measured (e.g., Winner and Gauss 1986) or if the test

solutions were only renewed once a week (e.g., Crandall and Goodnight

1962,1963). Data on toxicity or accumulation or both from microcosm or

model ecosystem studies were not used if the concentration of zinc in

water decreased'with time (e.g., Bachman 1963; Davis and Negilski 1972).

Results of laboratory bioconcentration tests were not used if the test

was not flow-t~hrough or renewal (e.g., Dean 1974; Evtushenko et al. 1984;

Fayed et al. 198.3; Hughes and Flos 1978; Joyner 1961; Joyner and Eisler 1961;

Lyngby et al. 1982; Skipnes et al. 1975; Sklar 1980; Slater 1961; Young

1977).or if the concentration of zinc in the test solution was not adequately

mueasured (e.g., Mellinger 1972; Hu~nda 19.79,1984; Phillips 1976,1977).

Hardy and Raber (1985) did not measure the concentration of zinc in tissues.

Van Hoof and Van San (1981) found high concentrations of zinc in their

control fish. Harvey (1974) studied depuration, but not uptake, of zinc

by a freshwater clam, and Ferguson and Bubela (1974) studied uptake by

homogenized algal suspensions. The concentration of zinc fluctuated too

much in the tests reported by Kormo'ndy (1965) and O'Grady and Obdullah (1.985).
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Reports of the concentrations of zinc in wild aquatic organisms

kegAbdutllah et al. 1976; Abo-Rady 1979,1983; Adam. et al. 1980,1981;

Amemiya and Nakayama 1984; Anderson 1.977; Anderson et al. 1978; Arnac and

Lassus 1985; Badsha and Goldspink 1982; Bailey and Stokes 1985; Barber

and Trefry 1981; Bohn and Fatti. 1978; Bosserman 1985; Bradley and Morris

1986; Brezina and Arnold 1977; Brooks et al. 1976; Brown 1977; Brown and

Chiow 1977; Burrows and Whitton 1983; Burton and Peterson 1979; Bussey et

al. 1976; Caines et at. 1985; Chapman 1985; Chassard and Balvay 1978;

Coughtrey and Martin 1977; Cover and Within 1982; Covx 1982; Dallinger.

and Kautzky 1985; EIFAC 1977; Elder and Mattrav 1984; Elliott et at.

1981; Elwood et al. 1976; Estabrook et at. 1985; Fetat and Metzer 1978;

Fletcher and King 1978; Fletcher et at. 1975; Franzin and McFarlane 1980;

Frazier 1975; Friant and Koerner 1981; Friant and Sherman 1980; Gale et

1aI. 1973a,b; Giesy and Weiner 1977; Greichus et at. 1978; Guiltizzoni

1980; Hakanson 1984; Harding and Whitton 1978; Heit and Kiusek 1985; Hotm

1980; Howard and Brown 1983; Huggett et al. 19 73; Jeng and Lo 1974;

Johannessan et at. 1983; Jones et at. 1985; Kleinert et at. 1974;

Kole et at. 1978; Korda et at..1977; Lee et at. 1984; Lewis 1980; Label

and Wright 1983; Lord et at. 1977; Lowe et at. 1985; Lucas and Edgington

1970; Lundhotm and Anderason 1985; Maas 1978; McFarlane and Franzin 1978;

McHardy and George 1985; Moreau et al. 1983; Morrison et at. 1985; Nabrzyski

1975; Nabrzyski and Gajewski 1978; Namminga and Within 1977; Ney and

Martin 1985; Hey et at. 1982; Norris and Lake 1984; O'Grady 1981; Paul

and Pittai 1983; Pennington et at. 1982; Percy and Borland 1985; Peverly

1985; Rabe et at. 1977; Ranta et. at..1978; Ray and White 1979; Rehwoldt

Set at. 1976; Romnberg and Refro 1973; Salanki et at. 1982; Sattes and

Bailey 1984; Seagle and Ehlniann 1974; Shearer 1984; Shimina et at. 1984;

29



Shuman et al. 1977; Simpson 1979; Stary et at. 1982; Stokes et al. 1985;

Strufe 1964; Teherani et al. 1979; Tessier et at. 1984; Tisa and Strange

1981; Tsui and McCart 1981; Uthe and Bligh 1971; Van Coillie and Rousseau

1974; Van Loon and Beamish 1977; Villarreal-Trevino et at. 1986; Vinikour

et at. 1980; Wachs 1982; Walker et at. 1975; Wehr and Whitton 1983a~b;

Wehr et al. 1983; Whitton et al. 1981,1982; Wiener and Giesy 1979; Winger

and Andreasen 1985; Wissmar et al. 1982; Young and Blevins 1981, Zadory

1984) were not used to calculate bioaccumulation factors because either

the number of measurements of the concentration in water was too

small or the range of the measured concentrations in water was too large.

Sumary

Acute toxicity values are available for 43 species of freshwater

animals and data for eight species indicate that acute toxicity decreases

as hardness increases. When adjusted to a hardness of 50 mg/L, sensitivities

range from 50.70 4ig/L for Ceriodaphnia reticulata to 88,960 pg/L for a

damselfly. Additional data indicate that toxicity increases as temperature

increases. Chronic toxicity data are available for nine freshwater

species. Chronic values for two invertebrates ranged from 46.73 p.g/L for.

Daphnis magna to >5,243 p.g/L for the caddisfly, Clistoronia magnifica.

Chronic values for 'seven fish species ranged from 36.41 ,ig/L for the flagfish,

Joydanella floridae, to 854.7 pg/L for the brook trout, Salvelinus fontinalis.

Acute-chronic ratios ranged from 0.2614 to 41.20, but the ratios for the

sensitive species were all less than 7.3.

The sensitivity range of freshwater plants to zinc is greater than

that for animals. Growth of the alga, Selenastrum capricornutum, was

inhibited by 30 1pg/L. On the other hand, with several other species of



green algae, 4-day EC509 exceeded 200,000 jagIL. Zinc was found to bioaccumulate

freshwater-animal tissues from 51 to 1,130 times the concentration

present in the water.

Acceptable acute toxicity values f or zinc are. available for 33

species of saltwater animals including 26 invertebrates and 7 fish.

LC5Os range from 191.5 pigIL for cabezon,. Scorpaenichthys marmoratus to

320,400 p.g/L for adults of another clam, Macoma balthica. Early life

stages of saltwater invertebrates and fishes are generally more sensitive

to zinc than juveniles and adults. Temperature has variable and inconsistent

effects on the sensitivity of saltwater invetebrates to zinc. The sensitivity

of saltwater animals to zinc decreases with increasing salinity, but the

magnitude of the effect is species-specific..

A life-cycle test with the mysid, Mysidopsia bahia, found unacceptable

Sffects at 120 pgIL, but not at 231 1jgIL, and the acute-chronic ratio was

2.997. Seven species of saltwater plants were affected at concentrations

ranging from 19 to 10,100 pgIL. Bioaccumulation data for zinc are available

for seven species of saltwater algae and five species of saltwater animals.

Steady-state zinc bioconcentration factors for the twelve species range

from 3.692 t~o 23,820.

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

Ishould not be affected unacceptably if the four-day average concentratiLon

(in W..g/L) of zinc does not exceed the numerical value given by



eO(.8473[ln(hardnels)]+0.7614) more than once every three years on the

average and if the one-hour average concentration (in Wig/L) does not

lexceed the numerical value given by e (O.8473[ln(hardness)]+0.8604) more

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

of 50, 100, and 200 mg/L as CaC03 the four-day average concentrations of

zinc are 59, 110, and 190 Wg/L, respectively, and the one-hour average

concentrations are 65, 120, and 210 o.gIL. If the striped bass is as

sensitive as some data indicate, it will not be protected by this criterion.-

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, s~altwater aquatic organisms and their uses

should not be affected unaccept ably if the four-day average concentration of

zinc does not exceed 86 oJg/L more than once every three years on the

~ verage and if the one-hour average concentration doe s not exceed 95 Wjg/L

more than once every three years on the average.

"Acid-soluble" is probably the best measurement at present for

expressing criteria for metals and the criteria for zinc were developed

on this basis. However, at this time, no EPA approved method for such a

measurement is available to implement criteria for metals through the

regulatory programs of the Agency and the States. The Agency is

considering development and approval of a method for a measurement such

As "acid-soluble." Until one is approved, however, EPA recommends applying

criteria for metals using the total recoverable method. This has two

impacts: (1 certain species of some metals ciannot be me asured because

the total recoverable method cannot distinguish between individual oxidation



states, and (2) in some cases these criteria might be overly protective

when based on the total recoverable method.

*Three years is the Agency's best scientific judgment of the average

amount of time aquatic ecosystems should be 
provided between excursions

(U.S. EPA 1985b). The resiliencies of ecosystems and their abilities 
to

recover differ greatly, however, and site-specific allowed excursion

frequencies may be established if adequate 
justification is provided.

Use of criteria for developing water quality-based permit limits 
and

for designing waste treatment facilities requires selection of an

appropriate vasteload allocation model. Dynamic models are preferred for

the application of these criteria (U.S. EPA 
1985b). Limited data or

other considerations might make their use impractical, 
in whi ch case one

must rely on a steady-state model (U.S. EPA 1986).
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Spec ies

Worm,
Lunbriculus varleqetus

Tubificid worm,
Limnodrllus hoffmeisteri

Worm,
Nals sp.

Snail (embryo),
Amnicola sp.

Snail (adult),
Amnicola sp.

Snail (adult),
SHellsosna canipanulatuii

Snail (adult),
Hot isoma campanulatumn

Snail (adult),
Hot Isama cainpanulatum

Snail (adult),
Hal Isoma campanulatwo

Snail (adult).
Physa gyrina

Snail,
Physa heterostropha

Table 1. Acute TOXicity Of Zinc to Aquatic Amimais

Hardness LC50 Adj usted
(mg/L as or EC5O LC5O or EC5O

Method* chemical CaD)(.age1 (ua/04ss

FRESHWATER SPECIES

S, U Zinc chloride 30 6.300 9,712

S, U Zinc sulfate 100 >2,274 >1,264

5, M -50 18,400t 16,400

S, M 50 20,200t. 20,200

5, N 50) 14,000t 14,000

5, U Zinc sulfate 20 870 1.891
(12.8 00

5, U Zinc sulfate 20 1,270 2,760
(22.8 6C0

S, U Zinc sulfate 100 3,030 1,684
(12.8 C)

5, U Zinc sulfate 100 1,270 705,9
(22.8 *C)

F, M Zinc chloride 36 1.274 1,683

S, U Zinc chloride 45 1,800 1.968
(200C0

species mean
Acute Value

(mga/060

9,712

>1 .264

18,400

16,820

1,578

1.683

Ref erence

Bailey and Liu 1980

Wurtz and Bridges
1961

Rehwoldt at al. 1973

Rehvoldt at ai. 1973

Rohwoidt at al. 1973

Wurtz 1962

Wurtz 1962

Wurtz 1962

Wurtz 1962

Nebehar at al . 1986

Cairns and Scholar
1958b; Academy of Natinral
Scilences 1960



Table 1. nud)

SMeiOS

Snail.

Physa heterastropha

SnaIlI,

Physa heterostropha

Snail,
Physa heterostropha

Snail ( ad uIt) ,
Physa heterostropha

Snail (adult),
w Physa heterostropha

U.J

Snail (young),
Physa heterostropha

Snaii (young),
Physa heterostropha

Snail (young),
Physa haterostropha

Snail (young),
Physa heterostropha

Snail (young),
P hysa heterostropha

Snail (young),
Physa heterostroPha

Asiatic clam (10-21 mm),
Corbicula fiwulnea

methods

S, U

5, U

5, U

Chemical

Zinc chloride

Zinc chloride

Zinc chloride

Z Inc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Z Inc

Zinc

sul fate

sul tate

Sul f ate

sal tate

Sul fate

sul fate

sul fate

sul fate

sul fate

Hard ness
(ag/L as

.4,
(300C)

110
(200C)

1 70
IWO4C

20

100

20
010. 600

20
(I 2.80C)

20
(32.2 'C)

100
010. 6COW

100
01 2.8"C)

100
(32. 2C)

64

LCOO
or ECSO

1,000

6.200

7.100

1,110

3,160

303

434

350

434

1,5 90

1,110.

6 , 0 40 t

Adjusated
LCSOor ECSO

1,*093

Spec Ies Nown
Acute Value

2,198

2.517

2,413

1.756

658.6

943.3

760.8

24 1.2

172.6

617.0

4,900

1,068

4,900

let erence
Cairns and Scholer
1958b; Academy of
Natural Sciences 1960

Cairns and Scheler
1958b; Academy of
Natural Sciences
1960

Cairns and Schoier
1958b; Academy of
Natural Sciences
1960

wurtz and Bridges
1961; Wurtz 1962

Wurtz and Bridges
1961; Wurtz 1962

Wurtz 1962

Wurtz 1962

Wurtz 1962

Wurt: 1962

W .urti 1962

Wurtz 1962

Cherry at atl. 1980;
Rodgers et al. 1980



Table 1. (Continlued)

SMeIOS

Ciadoceran ('24 hr),
Cr qE1d1jgfLa d ub Ia

Cladoceran,
CqrL!od~a2Eh~na reticulate

Ci odoceran,
CqriL apni reticulata

Cladocer an.
Cenldahnla reticulate

Clodoceran,
Daphnia magna

ClIad ocer an ,
Daphnlia mnegrie

Ci adoceran.
Li Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magnia

Cladoceran,
Oaphnia magna

Ci adoceran,
Daphnla magnae

Ci adoceran,
Daphnia DUiex

Cladoceran,
Daphnia DUlex

Method'

A, 14

S, ii

S, U

S, M

S. U

S. U

Si M

S, U

S. 14

S. M

S, .M

F, M

5, 14

S. U

Chemical

Z Inc chlor ide

Zinc chiorlde

Zinc chloride

Zinc chloride

Zinc Chloride

zinc sulfate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc sulfate

Hardness(eg/L 89

52

45

.45

45

45

'4

105

196

130

45

45

LC50orS EM

76

41

32

<71.95

100

280

68

334

525

655

798.9

500-

107

AdjustedLC5O or ECSO

174.1

83.10

44.82

34,99

SpecliesAcute VIe
(usL)

I

108.7

306.1

74.3,

312.9

280.0

205.8

355.5

546.7

117.0

Now
*604 Ref erence

74.1 CartaIsn et at . 1986

Mount and Narberg
1984

Carlson and Roush
1985

50.70 Carlson and Roush
198,

Anderson 1948

Biesinger and
Christensenl 1972

Cairns at al. 1978

Mount and Norberg
1984

Chapman at al.
Manuscr Ipt

Chapman art at .
Manuscript

*Chapman at alt.
Manuscript

35505 Attar aid Maly 1982

Cairns at al.* 1978

252.9 Mount and Norborg
1984



Table at inued)

species

ISO pod (3-7 mm)
ASelIUS _bIcrenata

I sopo,
Aselius Communis-

isopod,
AselluS communis

I sopod (3-7 mml) .
Lircous-a!abamaO

Amphlpod,
qmmangofyx pseudograc I I I s

Amph ipods,
GamnarusSspI.

0anisetfly,
Argia sp.

orVo zo an ,
Pectinatelia magni~fica

Bryoloan.
Lophopodel ia catr

aryozoan,
P I umatelI ia emafLqnta

Methods

F, M

S. ti

S, Ii

F, M

R, U

5, M

S. U

S. U

S. U

S, U

Chemical

Zinc sul fate

Zinc sulfate

Zinc sul fate

Zinc sul fate

Zinc sul fate

zinc Sul fate

Table Hardness
Img/L as

220

20

100

152

so

50

20

190-
220

190-
220

190-
220

LC50or* EC5O

20,11 Ott

12,734

8,755

8 , 3 lstt

19,800

8, t o

40,930

4,310

5,630

5,300

AdjustedLC0o~r ECSO

27,6800

4,* 666

3,265

19,800

8,100

88,960

1,307

1.107

1,601

species no"nAcwte Value

5,731

11,610

3,265

19,800

8.100

88,960

1,307

1,707

1,607

Ref ereffcO
Bosnak and Morgan
198?

Wurtz and Bridges
1961

Wurtz and Br idges
1961

Boseiak and Morgan
1981

Martin and HoldIch
1986

Rehwoidt at al. 1973

Wurtz and Bridges
1961

Pardue and wood 1980

Pardus and wood 1980

Pardue and Wood 1980



Table 1. (Continued)

s pecies

American eel1
AnguIila rotrta

American eel,
AnguIl Ia rostr ata

Coho salmon (yewrIlflq),
Oncorhynchus kisutch

Coho salmon,
Oncorhynchils klsutch

Sockeye salmon (parr),
Oncorhyrichus nerka

Chinook salmon (alevill).
Oncorhynchus tshawytscha

LJ Chinoo .k salmon (Juvenile).
OD Oncorhyrichus tshawVytscha

Chinook salmon
(swim-up aiev In) ,
Oncorhynchu~s tshawytsch

Chinook salmon (parr),
Oncorhyic~hus tshawvtscha

Chinook salmon (smoit),
Oncorhynchus tshawytscha

Cutthroat trout
(f ingeriling),
Salmo clarki

Rainbow trout (Juvenile),
Salmo gaIrdneri

Rainbow trout (Juvenile).
Saimo galrdner I

Rainbow trout (30.5 g),
S a Imo gairdner i

Rainbow trout (22.6 g),
Saimo3gairdner I

method0

5, M

5, N

R, M

F, M

F, M

F, M

F, M

F. M

*Chemical

Zinc nitrate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc sulfate-

Zinc chloride

Zinc chloride

Zinc chloride

Zinc sulfate

zinc sulfate

Zinc sulfate

Zinc suilfate

Zinc sulfate

Hardness
£ug/L as

55

'3

94

25

22

23

21

23

23

23

LCSO
or ECSO

14.,0

14 , 600t

4,600

90,

749

)661 tt

84

97

463

101

7,210

430

430

810

Adjusted
LC50 or EC5O

(ea/L)***

13,380

13,900

2,694

1 ,628

1 .502

species $11snAcute Vol80

15,630

1,628

1,502

175.2

181.3

894.0

1,354

1,451

773.6

662.9

1,249

Rehwoldt et al. 1972

Rehwoldt et al.* 1913

Lonz and McPherson
1976,1911

Chapman and Stevens
1918

Chapman 1975,1978a

Chapman 1975,1976b

Finlayson and Verrue
1982

Chapman 1975.1978b

- Chapman 1975,1978b

446.4 Chapman 1975,1978b

- ~Rabe and Sappingtonl
1910

- siniey et al. 1974

- Siniey et al. 1974

- Goetti et al. 1974

- ~Goettl et al.* 1914



Table 1.

Speciles

Rainbow trout (29.7 g),
Salmo aalrdnerl

Rainbow trout (18.3 g).
Salmo gairdnerl

Rainbow trout (2.0 g),
Salmo, gairdnerl

Rainbow trout (34.6 q),
Saimo oalrdnerl

Rainbow trout (4.9 g),
Saimo, gairdnerl

Rainbow trout (52.1 g),
Salmo gairdnerl

Li Rainbow trout (15.4 g),
kD Salmo oalrdnerl

Rainbow trout (72 g),
Saiu'o qairdnerl

Rainbow trout (Juvenile),
Salmo gairdnerl

Ra inbow, trout (alev In),
Saimo, gairdnerl

Ra inbow trout
(swim-up aly in),
Saimo, galrdnerl

Ra inbow trout (parr),
Salmo galrdnerl

Rainbow trout (smol t),,
Salmo, gairdnerl

Ra inbow trout ( ad ult male),
Saimo qalrdnerl

Method*

F, M

F, M

F, M

F, M

F, M

F, M

F, M

F, M

R, U

F, M

F, M

.Cheoical

'Zinc sulfate

Zinc sulfate

Zinc sul fate

Zinc sulfate

Zinc sulfate

Zinc sul fate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Hardness
(.g/L as

30

312

312

23

22

30

314

102

5

23

23

23

23

83

ILC5O
orECSO

410

4,520

1.190

560

240

830

7,210

.1,000

280

615

93

136.

) 6 5 1 ttt

1.755

Adjuasted
CSO or ESO
WsAPOOs

632.1

958.0

252.2

1,081

481.2

1.*280

1,520

546.6

1.910

1,*574

179.6

262,6

1, 142

Species No"n
Acute Valve

Reference

Goetti et al. 1974,
1976

Goetti et al. 1974,
1976
Goetti et al. 1974,-
1976

Go.ttle at al. 1974
1976

Goetti et at. 1974,
1976

Gootti et at. 1974,
1976

Goetti et al. 1974.
1976

Goetti at at . 1974,
1976

McLeay 1976

Chapman 1975,1978b

Chapman 1975,1978b,

Chapman 1975,1978b

Chapman 1975,1978b

Chapman and Stevens
1978



Table 1. (Continued)

species

Rainbow trout (Juvienile),
Sainio gairdnerl

Rainbow trout (Juvenile),
Salmo galrdneri

Rainbow trout (juvenile),
Salmo gairdnerl

Rainbow trout (juvenile).
Salmo galrdnerl

Rainbow trout (juvenile),
Saimo gairdnerl

Rainbow trout (Juvenlle)s,
Salmo galrdneri

Rainbow trout (fingerling),
4- Salmo.gairdnerl

0
Rainbow trout (fry),
Saimo galrdnerl

Atlantic salmon (parr),
Salmro salar

Brook trout (Juvenile),
Salvelinus fontinails

Brook trout (Juvenile),
Saiveilnus fontinalis

Brook trout (JuVenIle),
Salvelinus fontinails

Brook trout (juvenile),
Salvelinus fontinalls

Brook trout (Juvenile),
Salvulilnus fontinaili

Methods

F, M

F, M

F, M

F, M4

F. M

F, 14

S, 14

F, 14

F, M4

F. M

F. M4

F, M4

F. M4

F, M

Chemical

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zonc sulfate

Zinc sulfate

Zinc chiorld

.Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc suilfate

Hardness
4 g/L as

46.8

47.0

44.4

178

179

170

14

9.2
(pH-7.0)

14

46.8

47.0

44,*4

178

179

0

ILC50
-or ECSO

370

517

756

2,510

2,960

1,910.

560

66

740

1.550

2,120

:2,420

6,140

6,980

Adjusted
LCSO or ECSO

391.3

544.8

836.0

855.9

1I00

677.2

1.647

277.0

2,176

1,*639

2,234

2,676

2,094

2,369

speciesNam"Acute Value

2.176

Reference
Holcohmbe and Andrew
1978

Holcombe and. Andrew
1978

Holcombe and Andrew
1978

Holcombe and Andrew
1918

Holcoumbe and Andrew
1918

Holcombe and Andrew
1978

Spry and Wood 1984

Cus imano at al . 1986

Carson and Carson 1972

Hoicombe and Andrew
1918

Hoicombe and Andrew
1978

Holcombe and Andrew
1978

Hot combe and Andrew
1918

Holcanbe 'and Andrew
1978



Table 1. siud

Species

Brook trout (j wenhie),
Salvel inus tontinai is

Longfin dace (juvenile),
Agosla chrysogaster

Goldfish,
Carassius auratus

Goldfish (1-2 g),
Carasslus auratus

Common carp (<20 on),
CyprInus carplo

Common carp,
CyprInus carplo,

Common carp (2.1 g),
Cyprinus carplo

Golden shiner,
Notemigonus crysol eucas

Fathead minnow (embryo),
Plmephales promelas

Fathead minnow (embryo),
P imephales promeias

Fathead minnow ( fry),
P imephales prome (as

Fathead minnow (1-2 g),
Plmephales promelas

Method*

F, M

R, M

S9 U

5, U

S, M

5, M

R, U

S. U

F, M

F, M

F, M

S, U

Chemical

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc nitrate

Zinc

Z Inc

Zinc

Zinc

Zinc

Zinc

sul fate

sul fate

Sul fte t

Sul fate

sul fate

Sul fa te

Hard m.1V

CCgO 3 )

170

217

50

20

53

19

50

114-
198

174-
198

174-
198

20
(15 OC)

LcSO
or EC50

4,980

7,500

6,440

7.800t

7 ,6 00 t

3.120

6,000

1,820

1,850

870

2,550

Adjuasted.
LCSO or ECSO

1,766

227.8

7,500

14,000

7,424

7,194

7.081

6.000

599.0

608.9

286.3

5,543

Species mesa
Acute Value

(0UILIGes

2,100

227.8

100250

7.233

6,000

Reference

Holcomb~e and Andrew
1978

Lewi s 1978B

Cairns et al *1969

Pickering aid Henderson
1966

Rehwoidt et al. 1971

Rehwoldt et al.* 1972

Khangarot et al.* 1983

Ca irns et ail. 1969

Pickering and Vigor
1965

Pickering and Vigor
1965

Pickering and Vigor
1965

Pickering and Henderson
1966

itinued)



m
Table 1. (Continlued)

spec ies

Fathead minnow (1-2 9)

Pimophales promelas

Fathead minnow (1-2 g),
P imephales prosnelas

Fathead minnow (1-2 g),
P imephales promtels,

Fathead minnow (1-2 g),
Pimophales promoels

Fathead minnow (1-2 g),

Pimephales promelas

Fathead minnow (1-2 g) ,

P IMepales promelas

Fathead minnow (1-2 g) ,
t3 Pimephales promtels

Fathwead minnow (1-2 g) ,
lItephales promoels

Fathead minnow (1-2 g) .
PUmephales promoels

Fathead minnow (1-2 g),
P Imepheles promelas

Fathead minnow (1-2 g).
EIM22hales promoels

Hathvoda chemical-
-, -

F. M

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Hardness
(ogIL as

20

20
(2 5C)

20
(250C)

360
(2 5.C

63

54

97

103

212

208

54

ILCSOor ECSO
W/000-t

2,330

770
(780)

960

33,400

12,500

13,800

18,500

25,000

29,00 0

.5,.500.

13,700

AdjastedLCSO or ECSO

5,064

1.674

2,087

6,271

10,280

12,930

10,550

13.550

8,528

10,610

12,840

species UsesAcute Vaiue

P icker Inga
1966

Pickerinlg a
1966

Pickering a
1966

196t6 96

mount 1966

Mount 1966

mount 1966

Mount 1966

mount 1966

mount 1966

rid Henderson

nd H~enderson

nd Henderson

nd HenderSfl

a

mount 1966



Table I tinued)

SpecI e

Fathead minnow (1-2 g).
Pimephales promelas

Fathead minnow (1-2 g),
Pimepheles promelas

Fathead minnow (1-2 g)v
Pimephales promelas

Fathead minnow (1-2 g),
P imephales promelas

Fathead minnow (1-2 g),
P Imephales ..romelas

Fathead minnow (1-2 g),
Pimephales proela

Fathead minnow (1-2 g),
SPimephales ermels

Fathead minnow (1-2 g),
P imephaiss promjla

Fathead minnow (1-2 g),
Pimephales promelas

Fathead minnow (1-2 9).
P imephales promelas

Fathead minnow (1-2 g),
Plmephales promelas

Fathead minnow (44.6 mm),
Pimephales promelas

Methed* Chemical

F, M

F, M

F, M

F, M

F, M

F, M

F, M

F, M

F, N

F, M

F, M

s, U

Zinc sulfate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sul fate

Zinc sui fate

Zinc sul fate

Table I

Hardness
Eog/I. as
SaWL

63

100

99

186

195

54

49

98

102-

193

216

166

LC50
or* ECSG

6,200

12.500

12,500

19,000

13,600

4,700

5,100

8,100

99,)00

8,200

15,500

7,630- 2,760

Species N...
Acute Values

Reference

Adjusted
LCSOor ECSO

5,097

6,948

7,007

6,242

4,293

4,403

5.188

4,580

5,411

2,611

4,486

Mount

Moun t

Mounit

Motunt

Mounit

Moun t

Moun t

Moun t

Moun t

Moun t

Rach Iin and
Perlmutter 1968

1966

1966

1966

1966

1966

1966

1966

1966

1966

1966

1966



Table 1. (Continued)

S pec ies

Fathead minnow (2-3 g),
P imephales promelas

Fathead minnow (2-3 g)p
P imephalos promelas

Fathead minnow (2-3 g),
PIMOPhaleS Dromelas

Fathead minnow (2-5 g),
P imephales promelas

Fathead minnow (4 wk),
P imephales promelas

Fathead minnow (1-2 g),
Pimephales promelas

Fathead minnow (juvenile),

S Pimephaiss promsias

Fathead minn ow (larva),
Pimephales promelas

Fathead minnow ((24 hr),
Pimephales promelas

Northern squoufI sh
(J uven Ile).
Ptychochol ius oreqonensIs

Northern squawfish
(j wen Ile),
PtychochellIus oreqonensis

White sucker (11.7 9),
Catostomus coawuerson i

Method* Chemilcal

F, M Z Inc Sul fate

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

F, M

F, M

sul fa to

Sul fate

Sul fate

sul fate

Sul fate

Sul fate

chloride

chloride

chloride

Zinc chloride

Zinc chloride

Hardness
I.g/L as

203

203,

203

203

46

45

220

52

20-30

20-30

is

ILCS.
or ECSO

8,400

10,000

12,000

13,000

600

3,100

2,610

396

551

3,498

3.695

2,200

.Adjusted
LCSOor ECSO

2.563

3,051

3,661

3,966

643.9

3,369

743.8

433.0

.533.0

6,404

6,761

5,228

Species "main
Acute Value

3,830

6,580

5,.228

Refearence

Brungs 1969

Brungs 1969

Ormungs 1969

Brungs 1969

Benoit and Holcombe 1978

Judy and Davies 1979

Broderius and Smith
1979

Carlson and Roush 1985

car I sn et al . 1986

Andros and Gorton 1980

Andros and Garton 1980

Duncan and Kiaverkaimp
1983



Table 1. tlInued)

Species

Banded khilllfish ((20 aii),
Funduius diaphanus

Banded kIIIIf Ish,
Fundulus diaphanus

Fiagfish (Juvenie),
Jordanelia floridae

Guppy (M ,o) ,
Poecilia reticulata

Guppy,
Poochia reticulata

Guppy (fry),
Poocilia reticulata

Guppy (adult male),
Poechilla reticulata

Guppy (adult female),
Poeclilla ret iculata

Guppy (adult male),
Poecilia reticulata

Guppy (adult female),
Poecilia reticulata

Southern platyfish
(20.8 mm),
X iphophorus maculatus

White perch (<20 cm),
morone americana

White perch,
-Morone americana

Striped bass (fingerling),,
morone saxatilis

MOthodC

5, M

5, M

F, M

5, U

S, U

5, M

5, M

5, M

S. U

S. U

S. U

Chemical

Zinc nitrate

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Sul fate

Sul fate

Sul late

sul fate

Sul fate

Sul fate

Sul fate

sul fate

Sul fate

Zinc nitrate

Zinc nitrate

Hardness
(mgIL as

53

5'

44

20

120

30

30

30

118

166

53

55

53

or ECSO

19, loot

19, 200t

1,500

1,270

30,000

1.740

5,050

6,400

300,oootttt

278,OOOtttt

12,000

14 ,3 00 t

14,400t

6.7OOt.ttl

Adjuisted
LCSOor ECSO

17.710

1,672

2.760

14.290

2,682

7,785

9,866

4.341

13.610

13,280

species ""M
Acute Value.

17,940

1,672

6,053

4.341

1 .3 ,45ottttt

Ref erence

Rehvoidt at al. 1971

Rehwoidt et-al. 1912

Spehar 1976a,b

Pickering and Henderson
1966

Cairns et al. 1969

Pierson 1981

Pierson 1981

Pierson 1981

49alad Saxuan

J mga ad Saxona

Rachi In and Perimutter
1968

Rehwoldt at al.* 1971

Rehwoidt at al.* 1972

Rehwoldt st ai'. 1971



Table 1. (Contlnuedl

Striped bass,
Moron. saxatlils

Striped bass (63 d),
Morone saxat ills

Striped bass (63 d),
Morons saxatilii

PumIpkinseed ('20 cim) ,

Lepomis_1ibbosus

Pum~pkIn seed ,
Lepomis gibbosus

Blueqili (3.5-3.9 g),
Lepo mis macrochirus

Bp.il 353. ~
Lepomis macrochirus

Biuegiil (3.5-3.9 g),
Lepomis macrochirus

Biuegiii (3.5-3.9 g),
Lepomuis Macrochirus

Biuegili (2.5-3.9 g),

LepomIs macrochirus

Bluegill (0.96 g),
Lepomi s Macrochirus

Bluegiii (2.80 9),
Lepool s macroch irus

Methoo

5, M

5, U

S, U

S, M

5, M

5, U

S, U

5, U

so U

S, U

Chemical

Zinc chloride

Zinc chloride

Zinc nitrate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chlor ide

Zinc chloride

Zinc chloride

Zinc chloride

Hardness(mg/L as
aC~0u)-

55

40

285

53

55

45

(18 OC)

45

(3060

110

170
(306C)

45

45

45

LC50 Adjusted
or ECSO LSoo or EC50

6,800t'ttt

120 145.0

430 98.40

20,000t 19,040

20,100t 18,540

4,200 4,592

3.500

12,900-

12,500

8,020

3,573

3,453

Spec IAcute
Jp*** Refere"Ce

- Rehwoldl at al.
1972

-Pa I suski et al . 1985

119.4 Paleaski 9t al. 1985

- RehwOidt @t al. 1971

6.1790 Rehwoldt St a1. 1912

- Cairns and Scholar
1951, 1968; Academy ol
Natural Sciences 1960

- Cairns and Scholar
1951; Academy of Natur
Sciences 1960

Cairns and Scholar
1951; Academy of Natul
Sciences 1960

- Cairns and Scholar
1957; Academy at Natu
Sciences 1960

- Cairns and Scholar
1958a; Academy of Nat
Sciences 1960

- Cairns and Scheier
1959

- Cairns and Schelar
1959

3.827

4 ,574

4,432

8,769

3,907

3,775

IMEMEM

I



auble.T lCootlnued)

Speies

Bluegill (54.26 g),
LponIsmacroch irus

Bluegill (1-2 g),
Lpmsmacroch Irus

Bluegill (1-2 g),
Lpmsmacrochirus

Bluegiii (1-2 g),
Lepomis macrochirus

Blueqill (1-2 g).
Lepomi s mocrochirus

Bluegill (1-2 g).
Leponmls macrochirus

.8BluegIll (1-2 g),
LepomlS macrochirus,

81 ueg ill,
Lepomis nacrochirus

Bl1ueggIlIl,
Lepooais macrochirus

Mozambique tliapla (18 g),
Tilaple mossamblca

F, M4

S, U

S. U

S. U

5, U

S, U

S. U

F, 84

F, 84

5, U

Chemical

Zinc chloride

Z Inc

Z Inc

Zinc

Z Inc

Z Inc

Z Inc

Z Inc

Zinc

Zinc

Sul fate

Sul fate

Sul fate

sul fate

chlor ide

Sul fate

Sui fate

Sul fate

chlIor Ide

Hardness
(mg/L as
CaCOS)

45

20
0I 59C)

20
(25C)

20
(2 5 C)

20
(2 5 C)

20
(250C)

360
(250C)

46

46

115

LC50
or* ECSO

3,314

6,440

5,460

4,850

5,820

5,310

40,*900

9.900

12,100

1 ,6 0 0 tt

Adjusted
LCSOor EC50

3,623

14,000

11,870

10,540

12,650

11,670

7,679

10,620

12,0990

790.0

Species N.se
Acute Volve

5,937

790.00

Reference

Cairns and Scholar
1959

Pickering and Henderso
1966

Pickering and lHenderso
1966

Pickering and Henderso
1966

Pickering and Henderso
1966

Pickering and Henderso
1966

Pickering and Henderso
1966

Ca irns at al. 1971

Cairns et al. 1971

Qureshi and Saksoen
1980



Table 1. (Continued)

SpecI as Method* Chealcal

Zinc

Z I nc

Z inc

Zinc

Zinc

Zinc

Polychaete worm (juvenile),
Neanthes arenaceodentata

Polychaete worm (adult).
Neanthes areanceodentata

Polychante worm (adult),
Nerels dlversicolor

Poiychaete worim (adult),
Nerels dIversicolor

Polychaete worm (adult),
Nereis dlverticolor

Polychaete worm (adult),
4- Nerels virens

Polychaete worm (adult),
Ophryotrocha diademna

Polychaete wormn (adult),
Ctenodrl lus serratus

Polychaete worm (larva),
Capiteila capitata

Polychaete worm (adult),
Capltella capitata

Mud snail (adult),
Nassarilus obsoletus

Blue Mussel,
Mytllus edulis planulatus

Blue mussel,
Myt~lus edulls pianulatus

Blue mussel,
Mytilus edulls planulatus

sulI f ate

sulIfaite

sul f ate

sulI fate

sul fate

chloride

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Sal I InIty
(g/kql

SALTWATER SPECIES

0.35

3.5

11.5

20

20

34
(21 OW

(1800)

(I a C)

LC50
or EC50

900

1,800

1,500

11,000

55,000

8,100

1,400

7,*100

1,700

3,500

50,000

2,500

3,600

4,300

Species mean
Acute Value

1,213

9,682

8,100

1 ,400

7,100

2.439

50,000

3,93 4

Ref erence

Reish et al. 1916

Relsh at al. 1976

Bryan and Hummerston,
1973

Bryan and Hummerston
1913

Bryan and Hummerston
1913

Eilser and Hennekey
1977

Reish mid Carr 1918

Reish and Carr 1918

Reish at al. 1916

Reish et al. 1976

Eilser mid Hennekey
1971

Ahsanul lah 1976

Ahsanul lah 1976

Ahsanul lah 1976



Table w tinued)

S pecles

Pacific oyster (embryo),
Crassostrea 212.a.

Pacific oyster (embryo),
Crassostrea gia

Eastern oyster (embryo),
Crassostrea virginica

Eastern oyster (embryo),
Crassostrea viroinica

Eastern oyster (embryo),
Crassostrea v irginica

Eastern oyster (embryo) ,
Crassostrea virqInica

Clam (adult),
S Macoma baithIca

Clam (adult),
Macama baithica

Clam (adult),
Macama baithica

Clam (adult),
Macama baithIca

Clam (adult).
Macoma balthlca

Clam (adult),
Macoma baithIca

Clas (adult),
Macama baithica

Merthd'

S, M

S, M

S. U

S, U

S. U

S. U

5, U

5, U

S, U

S, U

S, U

S, U

S, U

Chemnical

Zinc chloride

Zinc

Zinc

Z Inc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

Zinc

chloride

Chloride

chilor ide

Chloride

chloride

sul fate

sul fate

sul fate

sul fate

sul fate

sul fate

sul fate

Soln emt 1
(p/ka)

30

25

26

26
(25 C)

26
(30 90

15
115 OC)

25
(5 80

35
0 ON

15
(10 ON

25
(1000)

35
(1090)

15
(15 C)

LCSO
or ECSO

263.5**"'

206.5

310

205.7

324.5

229.6

140,000

700,000

750,000

210,000

900000

950,000

60,000

Species No".
Acute Valve

233.3

262.*5

NelIson 1972

DInnel at al. 1983

Calabrese et al. 1973

Ihclnnes and Calabrese
1978

Macinnes and Calabrese
1978

Macinnes, and Calabrese
1978

Bryant et al.* 1985

Bryan t et al.* 1985

Bryant et al . 1985

Bryant et al.* 1985

Bryant et al . 1985

Or yont et al . 1985

Bryant *t al . 1985



Table 1. (Coqotinued)

Clara (adult),
Macoma baithica

Clam (adult),
Macoma balthica

Quahog clam (embryo),
Mercenarla mercenarla

Soft-shell clam~ (adult),
Mya arenarla

Soft-shell clam (adult).
Maarenarla

Squid (larva),
Loligo opalescens

Copepod (adult),
Eurytefnora atfinis

Copepod (adult),
Acartia clausi

Copepod (adult),
Acartla tonsa

Copepod (adult),
Nitocra spinipes

Mysid (juvenile),
IMysidopsis bahia

Mysld (juvenile),
lMysldopsis bahia

Mysid (juvenile),
Mysidopsis bahia

Method*

S, U

S, U

S. U

5, .U

5, U

S, 14

5, U

5, U

S, U

5, U

S, N

S, 14

F, M4

Chemical

Zinc sulfate

Zinc

Zinc

Zinc

Zi nc

Zi nc

Zinc

Zinc

Zi nc

Zinc

Zinc

Zinc

ZI nc:

sul f ate

chloride

chlIor ide

chloride

chloride

chloride

chloride

chloride

chlior ide

chloride

chloride

chloride

Sol inity
(g/k gI

25
0 5 C)

35
(1500)

25

20

30

30

30

30

30

7

30

30

50

LC50
or EC50

180,000

250,000

195

7,700

5,200

>1,.920

4,014

1 ,507

294.*2

1,450

520.8

547.*2

499

Species Noan
Acute Value

320,400

19,

6,328

>1 ,920

4.014

1,.507

294.*2

1,450

499

Reference

Bryant or l .. 1985

Bryant at al. 1985

Calabrese and Nolsc
1974

Eilser and Hennekey~
1977

Eilser 1971.

01innel at al1. 1983

Lussier and Cardin
1985

Lussior airi Cardin
1985

Lussler and Cardin
1985

Bengtsson 1978

Lussier and Gentile
1985

Lussier and Gentile
1985

Lussier ot al . 1985



Continued)

PMysld (juvenile),
Mysidopsis bigelowi

Amphipod (adult),
Corophium volutator

Amphipod (adult),
Corophiurn volutator

Amphipod (adult),
Coroph Iurn volutator

Amphipod (adult),
Corophiurn volutator

Amphipod (adult),
Corophiurn volutotor

Amphipod (adult),
Corophiurn volutator

Amphipod (adult),
Corophlum volutator

APiphlPod (adult),
Corophiurn volutator

Amiphipod (adult),
Corophlwum volutator

Amphlpod (adult),
Corophlwia volutator

Amph Ipod ( ad ult) ,
Corophiin volutator

Amphipod (adult),
Corophlum volutato.-

methods

S, M

S. U

5, U

S. U

S. U

5, U

5, U

S. U

S, U

S, U

S, U

S, U

S, 1i

Chemical

Zinc chloride

Zinc sulfate

Z Inc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Sal In Sty
(p/kg)

30

5
(5 60

10
0590

15
(5 60

25
(5COW

35
(5 OW)

5
(0 'C)

10
0060)

15
(10OC)

25
(10 ON

35
(10 OC)

5
(15 OCW

10
(15 OC)

LC50
or EC50

591.3

Species mans
Acute Value

591.3

1,000

4.600

6,500

12,000

16,000

1,600

8, 500

11,000

15,000

1.100

3,200

Reference

Lussler and Gentile
1 985

Bryant et al . 1985

Bryant at al. 1985

Bryant at al. 1985

Bryant at al . 1985

Bryant at al . 1985

Bryant

Bryant

Bryant

Bryant at ai.

Bryant at al.

Bryant at al.

Bryant .et al.

1985

1985

1985

1985

1985

1985

1985



Table 1. (Contlaued)

Spec I s.

Amphipod (adult),
Corophiufn volutator

Afphlpod (adult) ,
Corophiwn volutator

PAuphipod (adult),
Coropiilum volutator

Lobster I(adult),.
Homarus americanus

Lobster (larva).
Homarus americanus

Lobster (larva),
Homarus anaricanus

Lobster ( l arva),
un Hoenarus americaflus
r~j

Lobster ( larva),
Homarus amorIcanus

Harm It crab ( ad ult) ,
Pagurus longicarpus

Dunqeness crab ( larva),
Cancer magister

Green crab ( larva),
Carcinus maenas

Starfish (adult),
Asterias forbosil

Muaml~chog (adult),
Fundulus hoteroci Itus

Munmichog (adult),
Fundulus heteroci Itus

methods

S. U

S, U

s, U

F, U.

S, U

S, U

S, U

S, U

S, U

5, M

S. U

S. U

s, U

5, U

Chemical

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc sulfate

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc chloride

Zinc sulfate

Zinc chloride

Zinc

Z inc

chlor ide

chloride

Solliaity

(15 60

25
(1500C

35
0I500

30

30

30

30

20

30

20

6.1

24

LCOO
or ECSO

3,*400

4,*400

3,600

48, 00t

575

574,5

362.5

175

400

586.1

1,000

39,000

17.500

31.500

Species No"m
Acute Valwe

4,683

380.5

400

586.1

1,000

39,000

Reference

Bryant et al.* 1985

Bryant .t al. 1985

Bryant et al.* 1985

Haya et al.* 1983

Johnson 1985

Johnson 1985

Johnson 1985

Johnson 1985

Eilser and Hennelkey
1977

Dinnel St al . 1983

Connor 1972

Eilier and Hennekey
1977

Dorfman 1977

Dorfman 1977



(Continued)

Species

Muimilchog (adult),
Fundulus heterci itus

IHummichoq (adult),
Fundulus heteroci itus

Mlummichog (adult),
Fundulus heterclitus

Mumm Ichog ( larva) ,
Fundulus heterociltus

Atlantic sliverside
(2-wk larva),
Men idla men idla

Atlantic silverside
(newly hatched larva),

Ln Menidla menidla

Atlantic sliverside
(newly hatched larva),
Menidia menidla

Atlantic sliverside
(newly hatched larva),
Men Id a inenidia

Atlantic sliverside
(newly hatched larva),
Men idia men idla

Tidewater sliversids
(j uvenilie),
Menidia peninsulas

Str iped bass (63 day),
Morons saxatlills

Spot (juvenile),
Lelostomus xanthurus

Method*

S, U

S, U

S, U

S. U

S, U

S. U

S, U

S, U

S, U

5, U

S, U

S, U

Chemical

Zinc sulfate

Zinc sulfate

Zinc chloride

Zinc chloride

Zinc chioride

Zinc chloride

Zinc chioride

Zinc chloride

Zinc chloride

Zinc sulfate

Zinc chloride

Zinc sulfate

Selaliity
(glkg)

6.0

22.9

20

30

31,2

30

30.2

LC50
or EC50
(mgAL)*

32,000

27,500

60,000

83,040

4,960

4,170

3,703

3,060

2,728

5.600

38,000

Species Neon
Acute Val"e

Reference

Dorfman 1971

Dorfman 1977

El siar
1 977

36.630

3,640

5,600

38,000

and Hennekey

Card in 1985

Card in 1985

Card in 1985

Cardin 1985

Card in 1985

Card in 1985

Hansen 1983

Palauski et al.
1985

Hanson 1983



Table 1. ICo~tntiud)

species

Cabezon ( larva),
Scorpaen lchthys marmoratus

Winter flounder ( larva) ,
P seudopi euronectes amer Icanus

Winter flounder (larva),
Pseudopleuroflectes amer icanus

Ilethodw

5, M

S, U

S. U

Chemical

Zinc chloride

Zinc chloride

Zinc chloride

Sol In Ity

27

30

30

LC50
or EC50

191.41

18.201

4,922

Species NIeonAcute Value

191.4

9,467

Reference
Dinnel et al.* 1983

Card in 1985

Card in 1985

* S - static; R arenewal; F a flow-through; M = measured; U = measured.

fil Results are expressed as zinc, not as the chemicai.

11 a Freshwater LCSOs and EC5Os were adjusted to hardness a 50 mg/I using the pooled slope of 0.8195 (see text). when the hardness Is

given as a range, the geometric mean of the limits of the range was used as the hardness.

0*4 Freshwater Species We~an Acute Values were calculated at hardness - 50 mg/I.

SCalculated by probit analysis of the authors' data.

In river water or stream water.

tt Average of values calculated using two different metho .ds.

tt Value not used In calculation of slope or Species Mean Acute Value because this was a "greater than" value and a number of other

values are available for thi s species.

ttt Value not used In calculation of slope or Species Moan Acute Value because value appeared to be high In comparison with other values

available for this species.

ttt Not used In calculation of Genus Moan Acute Value (see text).

to Value not used In calculation of Species Mean Acute Value because data are available for a-more sensitive life stage.



Table 1. (ContiMUed)

species

Physa heterostro

Daphnia mnagna

Rainbow trout

Brook trout

Fathead minnow

Guppy

Striped bass

Bluog iii

All of above

Results of Covariance Analysis Of Freshwater Acute Toxicity versus Hardnoss

n Slope Standard Deviation 95S Confidence Limits. D

pha 12 0.9296 0.2590 0.3521, 1.50711

7 1.2549 0.4026 0.2206, 2.2892

25 -0.8755 0.1152 0.6370, 1.1140

6 0.8179 0.1243 0.4731, 1.1627

36 0.8310 0.2217 0.3802, 1.2818

5 1.6441 0.4432 0.2323, 3.0559

2 0.6500 - . , -

16 0.5603 0.1461 0,2467, 0.839

109 0.84736* 0,0866 0.6754, 1.0192

we"ee of Freedom
10

5

23

4

34

3

0

14

100

o Standard deviation and confidence limits cannot be calculated because degrees of freedom -0.

SP - 0..77 for equal ity of slopes.



Specieos Test*

Cl ad acer an,
DaphnIa magna

Cl adoceran,
Daphnia magnaA

ClI ad ocer an ,
Daphnia magna

Ci adoceran,
Daphnia man

Caddisti y,
ClIstoronla magnifica

Sockeye salmon,
Oncorhynchus nerka

Chinook salmon,
Oncorhynchus tshawytscha

Rainbow trout,
Saimo gairdnerl

Rainbow trout,
Solmo gairdnerl

Brook troutI
Snivel inus lontinalis

Fathead minnow,
P inephales promelas

Fl agfi sh.
Jordaneila fioridae

Guppy,
Poeclila reticulata

Table 2. Chronic Toxicity of Zinc to Aquatic Animals

Hardness
(mg/i. as Limits Chronic Value

Chemical C!23 6/1-110 (Pg/L)

FRESHWATER SPECIES

Zinc 45 <14 0,3 t (140.3
chloride

Zinc 52 97-190 135.5
chloride

Zinc 104 43-52 47.29
chloride

Zinc 211 42-52 46.73
chloride

Zinc 31 .>5,243tt >5.243
chloride

Zinc 32-37 ),4t 242
chloride

Zinc 25 270-510 371,1
chloride

Zinc 26 140-547 276.7
sul fate

Zinc 25 444-819 603.0
chloride

Zinc 45,9 534-1,368 854,7
sul fate

Zinc 46 78-145 106.3
sul fate

Zinc 44 26-51 36.41
sul fate

Zinc 30 <173t (173
sul fate

Reference

Blesinger et al.
1 986

Chapman at at.
Manuscript

Chapman et al.
Manuscript

Chapman et at.
Manuscript

Nebeker et at.
1984

Chapman 19180

Chapman 1915

Sinley at at. 1974

Ca irns et at. 1982

HolIcoube St ai . 1979

Benoit and Holcombe
1978

Spehar 1976aDb

Pierson 1981



Table 2. (Continued)

species

lys id,
Ilysidopsis bahia

Test* Chemical.

LC Zinc
chlor ide

Hardness
(.ig/ as

Ca0 3 )

SALTWATER SPECIES

30ttt

Limits Chromic Value
(pQ/L)** (pea/)

120-231 166.*5

Reference

Lussier at Ml.
1985

LC a life-cycle or partial life-cycle; ELS - early life-stage.

SResults are based on measured concentrations of zinc.

t Unacceptable effects occurred at all concentrations tested.

ttThe highest concentration tested did not cause unacceptable effects.

tt SalIIn Ity (q/ kq) , not hardness.



Table 2. (Continued)

Acute-Chrenic Ratio

Hardness
(mg/L as Acute Value Chronic Value

Species C!EoL 1#0111 uPfLu Iu Ke 1

Cl adoceran, 52-n54 334 135.8 2.459

Daphnia mnagna

Cladoceran, 104-105 525 47.29 11.10

Daphnli agna

C Iad oc eran, 196-211 655 46.73 14,02

Daphnia magna

Sockeye salmon, 32-37 1.470 >242 <6,074

Onchohynchus nerka

Chinook salmon 23-25 97-701B 371.1 0.261~

Oncorhynchus tshawytscha 1.889

Rainbow trout, 25-26 430 276.7 1.554

Salmo gairdnerl

Brook trout, 45.9 1,996*0 854.7 2.335

Salveilnus fontlnalls

Fathead minnow, 46 600 106.3 5.644

Pimephales promelas

Flag flsh, 44 1.500 36,41 41,20

Jordanella floridae

My sid, 3000 499 166.5 2,997

Mysidopsis bohia

Ranqe of values given In Chapman 41975,1978a) for juveniles.

'Geometric mean of three values In Table I from Hoicombe and Andrew (1978).

*~Salinity (g/kg).

4-



Table 3. Ranked Genus Olean Acut,

Genus emom
Acute Value

Rank' (.pi'L) 1 Species

88,960

19,800

18,400

11,940

16,820

13,650

10 560

10,250

9,712

8, 157

wess with Species Ofean Acutep-Chronic Ratios

Species mean Species Mnan
Acute Value Acute-Chronic

____________, Rationeas

FRESHWATER SPECIES

Damsel fly,
Argai sp.

An phi pod,
Crangonyx pseudogracil li

Worm,
Nals sp.

Banded killifish,
Fundulus diaphanus

Snail,
Amnnccia sp.

American eel ,
Anguillia rostrata

Pumpklnseed,
Lepomis gibbosus

Bluegill1,
Lepomls macrochirus

Gold f ish,
Carassius auratus

Worm,
Lumbriculus varlegatus

Isopod,
Asellus bicrenata

Isopod.
Asellus communis

88,960

19,800

18,400

17,940

16,820

13,630

18,790

5,957

10,250

9,712

5,751

11,610



Table 3. (Continued)

Genus Nmes
Acute Value

(eq/I.)"

8.100

7,233

6,580

6,053

6,000

5,228

4,900

4,341

3,850

3,265

2,100

1.707

Rank"

25

24

23

Species "No
Acute, Value

tog/0604

a .1to
Species

Am ph Ipod,
Gammarus sp.

Common ca-pt

Cyprinus carplo

Northern squawfish,
Ptychochei ius oregonensis

Guppy,
Poeclila reticulata

.Golden shiner.
Notemigonus crysoleucas

White sucker,

Catostomus conuuersoni

Asiatic clami,
Corbicula fluminea

Southern platyfish,
)C phophorus maculatus

Fathead minnow,
P imephaiss promeeas

Isopod,
Lirceus aiabamae

Brook trout,
Saivelinus fontinalli

Bryozoan,
Lophopodel ia carter I

species IIIe.
Acuste-Ch'?OS Ie

Rat IO41*

7,2533

6,580

6,053

6,000

5,228

4,900

4.341

3,830

3,265

2.100

1.707

2.335

5.644



Table 3. lContlrnud)

Genus Plian
Acute Value

1,6 72

1,607

1.578

1.353

1.307

>1 ,264

1,225

1.030

5 790.0

Rank*

13

12

Species "Noi
Acute Value

1.672

Spec Ie$ Mmmin
Acute-Clues IC

Rat io""

41.20Fl aq fI sh,
Jordanelia fiorldae

Bryo oan,
Phiuatel is rostrata

Snail.
Heilsoma campanulatum

Snail,
Physa gyrina

Snail,
Physa heterostropha

Br yozoan,
Pectineteila magnitica

Tubiticid worm,
I imnodri lus hot tmeisteri

Ra inbow trout,
Salmo gairdneri

Atlantic salmon,
Salmo salar

Coho salmon,
Oncorhynchus k Isutch

Sockeye salmon,
Oncorhynchus nerka

Chinook salmon,
Oncorhynchus tshawvtscha

Mozambique tilapia,
T I IaLia .iossaiub Ica

689.3 1.*554

2, 176

1,628

1,502

446.4

<6.074

0. 7027t

790.*0

1,607

1,578

1.683

1,088

1,307

>1 .2640'



Table 3. (Continued)

Genus mea
Acute Value

227.8

119.4

93.95

species

Cl adoceran,
Oaphnla magna

C Iadoceran.
DaPhnla Pulex

Lonqfin dae,
Agosla chrysogaster

Str Iped bass,
Morona saxatilis

Cladoceran,
Cerlodaphnia dubla

Cladoceran,
Ceriodaphnia reticulata

Species MenAcute Value
IpPa/Odd

355.5

species No"a
Acute-Chron ic

Ratcin*&"

*1.26

252.9

227.8

119.4

114.1

50.70

Rank*

4

3

2

1



Table 3. (Continued)

Genus menan Species "Noe Species NNWa
Acute Value Acute Value Acute,-Chrosic

Rank' (Pg/Li"16 Species (pAI)SO RatI""

SALTWATER SPECIES

28 320,400 Clami, 320,400-
Macoma baithica

27 50,000 Mud snail, 50,000 -

Nassarlus obsoistus

26 39,000 Starfish, 39,000 -
Asterlas forbosil

25 38,000 Spot, 38,000 -

Lalostomlus xanthurus,

24 36,630 IMummlchog, 36,630 -

Fundulus heterociltus

23 9,467 Winter flounder, 9,467 -

Pseudoplauronectes americanus

22 7,106 Polychaste worm, 7.100 -

Ctenodrllus worm

21 6,328 Soft-shell clam, 6,328 -

Mya arenarla

20 4,683 Aauphlpod, 4,683 -

Corophiuim volutator

19 4,515 Atlantic silverside, 3,640 -

Manidla manidla

Tidewater sliverside, 5,600 -

menidia peninsula*



Table 3. (Coetlnued)

RankO

18

16

is

14.

13*

12

11

10

9

a

Genus Mean
Acute Value

8,856

3,934

2,439

>1, 920

1,450

1,400

1, 213

1,000

665.9

586.1

*species ISOn
Acute Volve

9,682

species no"n
AcUte-ChronIC

Ratio****
Species

Pol ychaete worm,
Heroes dlverslcolor

Pal ychasetwo rm,
Neroes virens

Copepod,
Eurytemora affinis

Blue mussel,
Mytils edulls

Poiychaete worm
Capitol Ia capitata

Squid,

Lollgo opalescens

Copepod, -

Nitocra splinpes

Polychaste worm,

ophryotrocha d ladema

Polychaste worm
N eanthes arenaceodentata

Green crab,
Carcinus masnus

Copepod,
Acartla clausi

Copepod,
Acartla tonsa

Dungeness crab,
Cancer mag lster

8.100

4,074

3,934

2,439

:4,920

1,450

1.400

1 ,273

1,000

1,507

294.2

586.1



Table 3. (Continued)

Genus Neon Species "eam Spec Ies Meam
Acute Value Acute Value Acute-Chronic

Ronk* (uq/L)* (mu/L)9AP RatlONS1

7 543.2 Mysld, 499 2.997
Mysldopsis bahia

Mysid, 591.3 -

Mysidoopsis bigelowl

6 430 Striped bass, 430-
Morons saxatlills

5 400 Hermit crab, 400
Pagurus longicarpus

4 380.5 Lobster, 380.5-
Hamarus americanus

3 241.5 Pacific oyster, 233.3
Crassostrea glgas

011
I.-,'Eastern oyster, 262.5-

Crassostree vIrqinIca

2 195 Quahog clam, 195-
Mercenarla mercenaria

1 191.4 Cabezon, 191.4-
S corpasn ichthys marmoratus

Ranked fron most resistant to most sensitive based on Genus Mean Acute Value.
inclusion of "greater than" values does not necessarily Imply a true ranking.
but does aliow use of all genera for which usefui data are available so that
the Final Acute Value Is not ,ainecesarily lowered.

"Freshwater Genus Mean Acute Values are at hardness -! 50 agL..

'~From Table 1; freshwater values are at hardness a 50 mg/I..

S From Table 2.

t Geometric mean of range given In Table 2.,

tt Geometric mean of three values In Table 2.



Table 3. (Continued)

Fresh water

Final Acute Value - 130.1 pg/I (at hardness = 50 mg/I)

Criterion Maximum Concentration - (130.1 pg/I) / 2 - 65.05 pg/I (at hardness 50 mg/I)

Pooled Slope - 0.8473 (seer Table 1)

in(Crlterlon Maximum Intercept) - in(65.05) - [slope x in(50))

m4.175 - (0.8473 x 3.91 20) - 0.8604

Criterion Maximum Concentration - (0.84713 ln(hardness)1'0.8 60 4 )

Final Acuter-Chronic Ratio -2.208 (see text)+

Final Chronic Value - (130.1 pg/I) / 2.208 a 58.92 pig/I (at hardness - 50 mg/I)

Assumed Chronic Slope - 0.8473 (see text)

In(Flnal Chronic Intercept) a ln(58.92) - [slope x MOM0)
0%
C7% a 4.076 - (0.8473 x 3.9120) -0.7614

Final Chronic Value a(.43l*arns)4.64

Salt water

Final Acute Value - 190.2 pig/I

( Criterion Maximum Concentration = (190.2 pig/I) / 2 -95.10 pg/L

Final Acute-Chronic Ratio n 2.208 (see text)

Final Chronic Value a(190.2 pig/I) / 2.208 a 86.14 pg/I



81iue-green alga,
Chroococcus par is

Green alga,
Chiamnydomonas variabiiis

Green alga,
Chiaduydomonas sp

Green -alga,
Chioreila pyrenoidosa

Green alga,
Chiorelia saccharophila

Green aiga,
Chioreila Salina

Green aiga,
Chiorelia vuigaris

Green alga,
Chiorelia vuigaris

Green aiga,
Chiorelia vuigaris

Green aiga,
Scenedesnus guadr icauda

Green aiga,
Scenedesmus puadricauda

Green alga,
Selenastrum capr icornutum

Green alga,
Sci enastrum capr icornutum

Chemical

Zinc
Sul fate

Zinc
Sui f ate

Zinc
sui fate

Zinc
chior Ide

Zinc
sul fate

Zinc
sul fate

Zinc
chlior ide

Zi nc
chloride

Zinc
Sui fate

Zinc
Sui fate

Zinc
ch i or ide

Zinc
chiori[do

Table 4. TowlTfjiý of Zinc to Aquatic Plants

Hardness
(mg/L as Duration
C!M03) (days)- Effect

FRESHWATER SPECIES

-10 Red uced grc

- 6 30% reductl
division ra

68 10 Red uced grc

- 4 LC50

- 4 EC50

- 4 LC50

- 4 EC50
(growth)

- 15 EC50
(growth)

- 33 EC50
(cell dlvis

68 5 Reduced gro

- 4 LC50

- 7 incipient
Inhibition

-14 EC95
(growth)

)wt

Ion
'to

wt

lo

vtt

row

Concentrat lam

h >4 00

In 503

hi 15,000

>2 00, 000

7,100

>200,000

2,400

11,990-
23,9800

5,100

I 20,000

>200, 000

rth 30

40,4

Reference

Les and Wal ker 1984

Bates et al.* 1983

Cairns et al. 1978

Wong et ail. 1979

RachlIin art ai . 1982

Wong et ai . 1979

Rachi In and Farran
1974

Rai at ai. 11961a

Rosko and Rachl In
1971

Ca irns at al. 1978

Wong at al.* 1979

Bartlett at al. 1914

Greene at ail. 1975



Table 4. (Continlued)

Green alga,
.Selenastrumi capricornt'S~uA

Green alga,
.Seienastrum capr icornutuig

D iatomu,
Cyclteilla meneqhiniana

D iatom,
Navicula Incerta

Di atomu,
Novicula seminuiwi'

Diatom,
Navicula seminulum

Diatom,
Navicula seminulumf

Di atomn,
Navicula seminuluml

Di atom,
Navicula semInuiuia

Diatom,
Navicula seminulum

Diatom,
Nitzschia iinearis

Duckweed,
Lom enla9L

Duc kweed,
Lomna minor

Duckweed,
Lemna minor

Hardness
(mg/I as

C!EOS)Chemical

Z inc

chlIor ide

Z inc
sul fate

Zinc
chlor ide

58
(22C)

58
(28 C)

58
(30 C)

174
(22 C)

174
(28 C)

114
(30 OC)I

294,*6
Zinc
c hior I do

Zinc
sul fate

Zinc
sul fate

Durat ion(days)

14-2 1

5

4

5

5

5

5

5

5

5

70

28

Conc*%trat ioe
Effect - (p m e -in

EC95 68
(growth)

ECSO 50.9
(biomass)

Reduced 20,000
growth

EC50 10,000

EC50 4,290
(growth)

EC50 1,590
(growth)

EC50 1,320
(growth)

EC50 4.050
(growth)

EC50 2,310
(growth)

EC50 3,220
(growth)

LC50 4.300

Did not re- 654
duce biomass

EC50 61,100
(tissue damage
and death)

EC50 10,000
(growth)

Reference
Greene et al. 1915

Turbak at al. 1986

Cairns et al. 1918

Rachi in at al. 1983

Academy of Natural
Sciences 1960

Academy of Natural
Sciences 1960

Academy at Natural
Sciences 1960

Academy of Natural
Sciences 1960

Academy of Natural
Sciences 1960

Academy of Naturai
Sciences 1960

Patr ick at ai. 1968

Van der Werff and
Pruyt 1902

Brown and Rattigan
1979

Wang 1986a



Table 4. (Continued)

Species

Duckweed,
SpIrodela polyrhiza

Macrophyte,
CallitrIche Diataycarpa

Eurasian watermiltoil,
Myrlophyl lum spicatum

Macro ph yte.
Elodea canadensis

IMacroph yte,
Elodea nuttallili

Chemical

Z inc
sul fate

Z Inc
sul fate

Zinc
sui fate

Z Inc
sut fate

Hardness
(WgL as Durat ion

(days) Effect

70 D Id not r e-
duce biomass

73 Did not re-
duce biomass

32 EC50
(root weight)

28 EC50
(tissue damage
and death)

73 Old not re-
duce biomass

Comecetrrt loa

654

654

21,600

22,500

654

Ref erence

Van der Wart f and
Pruyt 1982

Van dir Wart f and
Pr uyt 1982

Stanley 1974

Brown and Rattigan
1979

Van dir Werf f and
Pruyt 1982

Diatom,
Navicula incerta

Diatom,
Nitzschia ciosteriumi

Di atom,
Nitzschia closterl um

Di atom,
Schrooderei Ia schroederi

Dinoflaqel iate,
Gymnod inlu I urn en

Dinofiagel late,
Procentrum micans

SALTWATER SPECIES

4 ECSO
(growth)

Zinc
chilor ide

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

32*'*

32**

4 EC50
(growth)

4 EC5O'*
(growth)

4 EC50
(growth)

4 EC50
(growth)

4 EC50
(growth)

10,100

271

360

19 .oit

3,7116

3 19 .1t

Rachiin at al. 1983

Rosko and Rachlin
1975

Rosko and RachlIin
1975

Kayser 19177

Kayser 1977

Kayser 1977



Table 4. (Continued)

Coccol ithophor Id,
Cricosphaera carteras

Giant kelp (young fronds),
Macrocyst is pyr if era

Hiard mess
(mg/L as
C!221 )chemical

Z Inc
sul fate

Ouratiom
(days)

4

E ffect

EC50
(growth)

EC50
(photosyn-
thetic rate)

oacentrat ioe

16.69**

10,000

Ref ereece
Stillwell 1977

Ciendennling end
North 1959

aO~ncentration of zinc, not the chemical.

SWith chelating agent.

SSalinity (9/kg), not hardness.

t-Calculated from author's data.



Asiatic clam,
(1-3 yri,
Carbicula fluignina

Asiatic clan,
(1-3 yr),
Corbicula fluminea

Asiatic cilam,
(1-3 yr).
Corbicula tluminea

MayflIy,
Ephemerella grandis

Stoneil y,
Pteronarcys caltfornica

Atlantic salmon,
Sainmo salar

F Iaq filsh,
Jordanelia florida.

Guppy,
Poech I Ia rot iculata

Guppy.
PoecIlia reticulate

Guppy.
Poecilia reticulata

Table 5. Bloaccwuiuatlon of Zinc by Aquatic Organisms

Hardness
Concentration (mg/L as Duration

Chemical In water (pg/L)* CNOSY (days) Tissue

FRESHWATrER SPECIES

Zinc 218 58.3 28 Soft
Sul fate

Zinc

Sui fate

Zinc
sulI fate

Zinc
Sui fate

Zinc
Sui fate

Z inc
sul fate

Zi nc
Sul fate

Zi nc
sul fate

Zinc
sul fate

Zinc
Sul fate

58.3

30-70

30-70

12-24

45

30

30

30

28 Sof t
tissue

28 soft
ti ssue

14 whole
body

14 Whole
body

80 Whole
body

100 Whole
body

134 Whole9
body

134 Whole
body

134 Whole
body

OCF or
OAF** Refearences

126.2'* Graney at ai. 1963

71.6** Graney et al. 1983

102.2*** Graney et al. 1983

1,*1 30

106

51

417.3**

477.*8
534.9

492.8
965.5

466.3
512.4

Nehring 1976

Nehring 1976

Farmer et al . 1979

Spehar at al. 1918

Pierson 1981

Pierson 1981

Pierson 1981



Table 5. (Continlued)

Specie

Gr een alga,

Dia tom,
Thalas~sioSirasetuad~ofanca

Brown nmacroalga,
AscoDphylI nlum SU

Broodl fuacroalgap
Fucus serratus

Brownb macroalga,
FucuS vesiculOSUS

Brown1 macroalqa.
Fucuss vesicuIOSUS

Brovin macroalga,
Lamnra digitata

Peer I Anklea (adul t),p
LiIttorifla obtusata

Eastern oyster (adult),
Cras~sostrfta 1irgiflica

Eastern oyster (adul t).p
Cra~ssostrsa vlrgifllca

Soft-shellI clam (adult).
Ilya arei'aria

Soft-shell Clam (adult).
Mya areriarla

C~oncentrat Ion
Chemical In water (,mg/L)

Zinc
chlIorid e

Z Inc
chloride

Zinc
chlor Ide

SolIn ity Dumration(p/kal (deiftl

SALTWATER SPECIES

7.2-98,000-

7.2-98,000-

11.3-

5.21-11.9

1113

Zinc
Sul fate

Zinc
chlar ide

Zinc
chi or Ids

Zinc
chlor ide

Zinc
chlor ide

Zinc
chior ide

2.4-500

11

Wholue

cells

0.5*0*e Whole
cells

*0000 Whole
plant

140 Whole
plIant

*000* Whole0
plant

**so* Whole0
plant

3K3031tt Growth
region
above
stlpe

50 Soft
tissue

soft
tissue

tissue

50 Sof t

49 Sof t
tissue

BAF or

M0,00

12,000

l 1.3 1841 e6.t

2,029
(5)

1,027*P

75,5-
295 .0"**

670t

23, 820

11, 640

65t

135t

Fisher at al. 1984

Fisher at al. 19834

Foster 1916

young 1975

Morris and Bale
1915

Foster 1916

Bryan 1969

young 1975

Schuster and
Pringle 1968

Schuster and
Pringle 1968

Pringle at al.
1968

Schuster and
Pringle 1968



S. (Continued)

species

Barnacle (adult),
Balanus balanoideS

Shrimp (adult).

Pandalus montagul

mummichog (Juven Ile) ,
Fundulus heteroclitUS

mummichoq (juvenile) ,

Fundulus heterocI itus

mumimichog (juvenile),

Fundulus heteroclituS

Mummichog (juvenile).

FunduluS heteroclIitus

mumviichog (juvenile),
Fundulus heterociltUS

Mummichog (juvenile),

Concentration
Chemical in water (PSagA

Zinc
chior ide

Zinc
chior ide

Zinc
chlor ide

Zinc
chlor Ide

Zinc
chlor Ide

Zinc
ch Ior Ida

Zinc
chlor Ide

SalIIn ity
(a/kg)

18.6

65

Duration
(days) Tissue

30 Soft
t Issue

14 Whole
body

BF corBAFIO

9 5 1. 6 t

Ref orence
Wh Ite and WalIker
1981

Vaotal.

56 Scales 4,5~t

56 whole
body

18.l0t~'tt

56 Scales 4.1~t

56 Whole
body

15.80 Dtt

Me a7e48

56 Scales 2.0~t
7,880

7.*880 56 whole0
body

Measured concentration of zinc.

elBoconcentration factors (BCFs) and bioaccumulation factors (BAFs) are based on measured concentrations of zinc In

water and In tissue. Number of exposure concen trations from which the geometric mean factor was calculated Is given

In parentheses udien it Is greater than 1.

'~Factor was converted from dry weight to wet weight basis.

'~Steady-state reached.

SField study.

t Calculated from authors' data or qraph.

tt Steady-state not reached.

Ct oncentration of zinc was the same In exposed and control animals.

4.467tttt



Table 6. Other Data on Effects of Zinc on Aquatic Organisms

Hardness
(malL as

Species

Green aiga,
Chiorelia vulgaris

Green alga,
Seienastrum capr icornutum

Grown alga,.
Seinnastrum capricornutumf

Green aiga,
Chioreila vulgais

Greow alga,
Pod lastrum tetras

Green alga,
Scenedesmus guadrIcauda

Pen phyton,
Mixed species

Watorweed,
E iodea (Anachar is)
can ad enTls

Mo2ss,
Fontinails antipyretica

Bacterilum,
Escherichia coii

Bacterilum,
Escherichia coili

Mixed hetertrophic
bacteria

Mixed heterotrophic
bacteria

Z Inc
sul fate

Z Inc
phosphate

Zinc
sul fate

Zinc
suilfate

Zinc
sul fate

Zinc
sulfate

Zinc
suilfate

Zinc
chloride

Zinc
suilfate

Zinc
suilfate

Zinc
chloride

Zinc
chloride

Chemicali!W)
con

Duration

FRESHVATER SPECIES

I hr

14 days

4 hr

3 wk

3 wk

96 hr

3 wk**

1 day

1-6 days

30 mmn

0.5 hr

3 days

33% reduction
In surv ivai

Inhibited growth

EC50 (axygen
product ion)

BCF-210

BCF=l33

Incipient In-
hibition (river
water)

eAF-i ,lO0-!6,304

EC50 (oxygen)
product ion)

Red uc ed pho to-
synthesis

EC50 (Inhibition
of TDH activity)

Incipient
Inhibition

No significant
mortality

Reduced growth

E t fact '
centrat ioo

100,000

64

1,000

1,066-1,400
(1,200)

8,100

100

653,7

1,400-2,300

1,000

50

Ref erence

Agrawal 19834

Garton 1972

Hendricks 1978

Coleman et al. 1971

Coleman et alt. 1971

Br lngmann and Kuhn
1959a,b

Johnson et al . 1978

Brown and Rattigan

1979

Weiss et al. 1985

Cenci et al. 1985

Bringmann end Kuhn
1959 a

Albright et ai.
1972

Albright and Wilson
1974



ont inued)

Species

Bac ter I oan,
Nitrobacter sp. and
WNiFtosomnas s p.

Protozoan,
Micoremaheterostoma

Protozoan,
Paramecium caudatum

Eug lone,
Eugiena viridis

Plankton.
Mixed species

Zoopi ankton,
Mixed species

Roti fer,
Ln PhIlodIna acuticornis

Worm,
A eolIosoma haly

Tubiticid worm,
Tubifex tubifox

Tubiticid worm,
Tubifox tubifex

Tubificid worm,
Tubifex tubitex and
Lim-nodSrilTus-h-oT fmesterl

Chemical

Zinc
sul fate

Zinc
sui fate

Zinc
sui fate

Zinc
chlior ide

Zinc
sul fate

Zinc
sul fate

Zinc
sul fa te

Zinc
chlIor ide

Zinc
sui fate

Hardness
(mg/I as

Duratien Effect

4 hr EC50

25 hr Incipient
Inhibition

Coecentrat cto
-(ua/L )*

100,000

1. 5 hr Reduced vital ity 3,500

3 wk BOF-144

2 wk Reduced pr leery 15
productivity

3 wk Reduced crustacean 100
density and diversity

45

45

34.2

224

48 hr LC 50(5 C)
(1000
(1 500
(20 *C)
(2 5C)

48 hr LC50 (5SC)
(tO0C0
(1500C
(200'C)
(25 C)

48 hr LC50

48 hr LC50

24 hr LC50

1,550
1,300

780
600
500

18,100
17,600
15,600
15,000
13,500

2,980

130,000

46,000

Reference

Williamson and
NelIson 1985

Br ingmann and Kuhn
1959b

MllIs 1976a

ColIeman at al . 1971

Marshall et al. 1983

Marshall I t al.* 1981

Ca irns et al. 1978

Ca irns et al. 1978

Brkov lo-Popov ic and
RipovIc 1977a

Qureshi et al. 1980

Whitley 1968



Table 6. lContlnued)

Snail,
Goniobasis I ivescens

Snail ,
INitocris sp.

Sna il,
Lymnaea einarginata

Snail (adult),
Physa gyrina

Snail,

Ciadoceran,
Ceriodaphnia dubia

C I ad oc or an,
Cerlodaphnia dubla

Ciadoceran M( hr),
Ceriodaphnia reticulata

Chealcal

Z Inc
sul fate

Zinc
sui fate

Z Inc
sui fate

Zinc
chlor Ide

Zinc
sul fate

Z Inc
chlor Ide

Zinc
chior Ida

Z Inc
chlor ide

Hardnmess
(mg/L as
C~gD3 )-

137-171

45

137-171

36

137-171

36

36
36
68
82
90

353
376
392
362
392

Durat ion

48 hr

48 hr

hr-

days

hr

days

hr
hr
hr
fir
hr

Wv

Effect

IC 50

LC 50 (5 OW
(0060
(1 500
(20 *C)
(2 5C)

LC50

W ef fect
LC50

LC50

chron ic val'
(river watei

a:C50 (immob
zation; riv
water)

EC50 (high
sol Ids)

coeeatratlbe
49/011

13,500

4,800
4,600
2,800
1,900
1 ,650

4.150

570
771

4,400

ue 167
0

11i 164
or 149

222
366
255

224
114
96

264
195

Reference

Cairns at al. 1976

Ca irns at at. 1978

Cairns at al. 1976

Nebeker at at . 1986

CaiOrns at at. 1976

Car Ison at at . 1986

Car Ison at al . 1986

Carl son and Roush
1985



Tabl ont inued)

Species

Clodoceran (adult),

Daphnla galeata mendotae

Cladoceran (young),
Daphnia galeata nendotae

Ci adoceran,
Oaphnla magna

Cl adcer an,
Daphnia magna

Cl odoceran,
OaphnIa magna

Ci adoceran,
Daphnia magna

Ci adoceran,
Daphnia magna

Cl adoceran,
Daphnia magna

Ciadoceran (3-5 days),
Baphnia magna

Ciadoceran (adult),
Oaphnia magna

Cl adoceran,
OaphnIa umagna

Chemical

Hard ness
(mg/i as
C!QO&) Duratilon

2 wk

2 wk

Z Inc
sul fate

Z inc
sul fate

Zinc
chloride

Z Inc
chloride

Z Inc
chlor Ide

Z Inc
chlor ide

Z Inc
sul fate

Z Inc
sul fate

Z Inc
sul fate

16 hr

48 hr

45.3

45.3

45.3

288

48 hr

21 days

21 days

24 hr

72 hr

7 2 hr

48 hr

E f feet

BCF=9,400

BCF-6, 333

BCF .9,933
BCF-6, 933

EC50
( immobilI Ization)

EC50
(river water)

EC 50
(immob II Izat Ion)
(fed)

(I mmobIlI Iza tIon)

16% reproductive
Impairment

EC50
(swimming)

LC5o(100C)
(1 500
(25*C)
(5000

LC50(100C)
(15,C)
(25C)
(3000

LC50(50C)
(100C)
(1500)
(20*C)

bacentrat ion
40/00 Reference

15 Marshall et al. 1983
30
60

15 Marshall et al. 1983
30

(19,440 Anderson 1944

1,800 BrIngmann and Kuhin
1959a,b

280 Bioslnger and
Christensen 1972

158 Blesinger and
Christensen 1972

70 Biesinger and
Christensen 1972

14,000 BrIngmann and Kuhn
1977

5,050
1,096

565
14.0

1,316
1,100
1,010

5.0

2.300
1,700
1,100

560

Brag Inskly and
Shcherban 1978

Brag inskiy and
Shcherban 1978

Cairns et al. 1978

Table



Table 6. (Continued)

Ci adocer an,
OaphnIa magna

Cl adoceran,
DaphnIa PUleX

Cl adocor an
Bosmlna longirostris

Cl ad ocor an,
Eubosmina coregoni

Copepod (adult),
Tropocykops Draslnus

Crayfish' (adult),
Orconectes virills

MayflIy,
Cloeon dipterum

M~ayfly (naiad),
Ephemereila grandis

M~ayflIy,
Ephemerella subvaria

Damsel fly,'
Unidenti fled

Stonefly (naiad),
Pteronarcys cal ifornica

Stonetl y,
Acroneurla lycoras

Caddisfi y,
Hydropsyche betten i

chemical

Z Inc
sul fate

Z Inc
sul fate

Hardness
(mg/L as

130-160

45

Durat ion

50-70 days

48 hr

2 wk

2 wk

Zinc
chloride

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
Sul fate

Zi nc
Sul fate

Zinc
Sul fate

Zinc
Sul fate

48 hr

days

hr

30-70

54

50

30-70

50

52

14 days

10. days

96 hr

14 days

14 days

I I days

Effect

Reduced
long ev ity

1C50(5*C)
(0060
(1560C
(250C)

BCE- 11,930
BCE* 6,300
BCE- 5,183

BCE-i 0,870
BUE- 6,833
BCF- 3,867

EC50
(motility)

LC50

I.C50(1OC)
(1500C
(25WO
(300C0

LC50

LC50

I'C50

LC50

LC50

LC50

Cecn-Ptrat 106

100

1,600
1,200

940
280

15
30
60

15
30
60

52
264

2,934

84,000

35,710
6,920
2.846
1,330

>9,200

16,000

26,200

>1 3,900

32,000

32,000

Reference

Winner 1981

Cairns at al. 1978'

Marshall .1 al. 1983

Marshall at al. 19833

Lalande and Pinel-
Aliloul 1986

Miranda 1986

Braglnskiy and
Shcherban 1978

Nehr Ing 1916

Warnick and Bell
1969

Rehwoldt et al. 1973

Nehring 1976

Warnlck and BellI
1969

Warnic k and Boll1
1 969



Table tt I ued)

S poclet

Cadd Ist fIy,
Un Identl fled

P.osqul~to (pupa),
Aedes aegypt I

Midge,
Chironomous sp.

Mildge (embryo to 3rd Instar),
Tanytarsus disslmlils

Coho salmon (fry).
Oncorliynchus klsutch

Coho salmon (2.9 g),
Oncorhynchus klsutch

*Sockeye salmon (ley In)
,0 (acclimated to zinc),

Oncorhy nchus nerka

Sockeye salmon (alev In)
(acclimated to zinc),
Oncorhynchus nerka

Sockeye salmon (alevin),
Oncorhynchus norka

Sockeye salmon,
Oncorhynchus nerka

Rainbow trout,
Salmo galrdnerl

Ra Inbow trout
(7.62 cmt),
Salmo cialrdnerl

Rainbow trout
07.62 cii).
Salmo, galrdnerl

Rainbow trout I(flngerl inq),
-Salmo galrdneri

Chemical

Hardness
llog/ as
C!90 Duration

96 hr

72 hrZinc
sul fate

Zinc
chlor ide

Zinc
sul fate

Z inc
chloride

Zinc
chlor Ida

ZInc
chlor Ide

Zinc
chlor Ide

Zinc
chlor ide

Z inc
sul fate

Z Inc
sul fate

Zinc
sul fate

Zinc
sul fate

50

46.8

3-10

30.5

20-84

320

15-20

320

320

96 hr

10 days

24 hr

1.75 hr

96 hr

115 hr

115 hr

3 mo

285 min
180 min
162 min

7 days

3 days

48 hr-

Effect

LC50

20% mortal ity
30% mortality

LC50

LC50

Decrease wId~te
blood cellIs

N:) effect on
olfaction

LAC50

LC50

LC50

Coecentret Ion

58,100

500
5,0(00

18,200

36.8

500

654

1,663

>630

None (adult to
smolt)

LT 50

LC50 (fed)

LC50 (fed)

LC50

10,000
11,000
11.500

560

3,500

3,860

Reference

Rehwoldt et al. 1973

Abbasi et al. 1985

Rehwoldt et al.* 1973

Anderson et al. 1980

M4cLeay 1975

Reluiberg and Schreck
1986

Chapman 1976a

Chapman 1976Ba

Chapman 1978a

Chapman 1978a

LlIoyd 1960

Lloyd 1961a,b

Lloyd 1961a~b

Herbert and Shurben
1 964

Table



Table 6. (Continued)

Specieas

Rainbow trout,
Salmo gairdnerl

Rainbow trout,
Salmo galrdner I

Ra inbow trout (3-4 mo) ,
Saimo gairdnerl

Ra inbow trout I(yew]l Ing) ,
Saimo gairdnerl

Rainbow trout
(46.7-125.5 g),
Salmo gairdnerl

Ra inbow trout ( 13.7 g) ,
Salmo cialrdnerl

S Rainbow trout,
Salnmo gairdnerl

Rainbow trout (1 yr),
Saima gairdnerl

Rainbow trout (100.9 g),
Soln2 gairdner I

Rainbow trout (fry),
Salmo gairdnerl

Rainbow trout (anbryo),
Saimno galrdnerl

Rainbow trout (finqerling
to adult),
Salinfo gairdnerl

Rainbow trout (15-17.5 cm),
Salmo gairdnerl

Rainbow trout,
Saima gaalrdnerl

Ra inbow trout (200 mm) ,
Sauna gairdnerl

Chemical

Z Inc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
SuI fate

Z inc
Sul fate

Zinc
sul fate

Zinc
phosphate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
Sul fate

Zinc
sul fate

Hardnmess
(og/L as

44

320

320

320

290

290

13-15

240

51

20

25

333

504

51-68

98

Duration

48 Ir

48 Ir

48 hr

48 hr

5 days

days

m in

96 hr

5 days

22 mo

48 hr

48 hr

10 days

Concentratilon

LC50 (high 910
sodium chloride)

LC50 (low D.0.) 2,400

LC50 2.460

LC50 5,000

11350 4,600

Damaged gills

Avoidance

LC50

Tissue hyPOXIa

LC50

LC50

LC 10

LC50

Decreased blood

poý a nd pHI

LC50

800

5.6

4.000

40,000

90

135

1,055

4,760

1.430

800

Reference
Herbert and Sh urben
1964

Herbert and Shurben
1964

Herbert and VanDylce
1964

Herbert and Waketorld
1964

Ball 1967

Brown et al.* 1968

Sprague 1968

Brown and Dalton 1970

Burton et al.* 1972b

Garton 1972

Sinley et al.* 1974

Sinley et al.* 1974

Solbe 1974

Sellers at al. 1975

Goettl at al . 1976



TDb* (Continued)

Spec Ies

Rainbow trout,
Salnol!Lairdneri.

Rainbow trout (yearling),
Saimo gairdnerl

Rainbow trout (2 mo).
Salmo gairdneri

Rainbow trout,
Saino gairdneri

Rainbow trout
(eiribryo, Ilwva),
Saimo gairdneri

Rainbow trout,
Saimo gairdneri

Rainbow trout
(80-120 g),
Saimo gairdnerl

Rainbow trout (50 g),
Saimo gairdnerl

Rainbow trout,
Salmo galrdnerl

Rainbow trout
(juvenile),
Saimo gairdneri

Rainbow trout
(j uvenilie),
Salmo gairdneri

Rainbow trout
(fingerling),
Saimo gairdneri

Chemical

Zinc
Sul f ate

Zinc
sulIfate

Zinc
acetate

zinc
sul fate

Zinc
chlIor ide

Zinc
chloride

Zinc
sul fate

Z inc
suilfate

Zinc
chlor ide

Zinc
sul fate

Zi nc
su I fate

Hardness
(mg/i as

104
(92-110)

112

18.7

6.0-6.5

14
(pH-6.0)

Duration Effect

5.1-10.5
hr-

85 days

96 hr

24 hr

28 days

40 min

30 days

72 hr

96 hr

9 days

42 days

96 hr

increased
lactic acid

Inhibited
growth

LC50

LC50(5C)

(30*0

deformi ty)

94% avoidance

increased glil
enz ymfes

LC50

Circulatorr

Hyperglycemia

Damaged
hepatocytes

LC50

concentration
(pgfLP Reference

1,~120

550

2,800
1.,560
29100

1 ,060
(1,120)

Watson and Mc~eownl
1916

Hale 19177

Cairns et ai. 1978

Blrge 1978; Blrge et
al. 1978,1980,1981

47 Black and Birge
1980a~b

290

2,000

1,250

352

Watson and Beauish
1980

Lovegrove and Eddy
1982

Tuurala and Soivio
1982

Wagner and Mc~%eown
1982

431.5 Leland 1983

Spry and Wood 1984



Table 6. (Continued)

Rainbow trout (gamete),
Salmo gairdneri

Rainbow trout (2.7-3.3 q),
Sal so galderl

Rainbow trout (embryo),,
Salmo galrdnerl

Rainbow trout (embryo
with capsule removed),
Saimo gairdnerl

ChemicalI

Z I nc
sul fate

Hardness
(mg/I as

385
(pI4 6.99)

30.5

390
(PH=5.49)

32.5
(pH-5.49)

389
(PH-7.00)

385
(pH-6.99)

388
(pllul.02 )

Zinc
n Itrate

Duration

40 m In

9.4 hr

10.4 hr

11.5 hr

16.0 hr

6.3 hr

9.4 hr

12.9 fir

10
9
20
18
18
i8
20
36

> 168

14
is
36
30
37
58
70

),168
>168

Z Inc 30
n itrate

coeceestrat lem
Effect 1109/0

Reduction In 20,000

survival; no
effect on
fert ilizat ion

LT50

LT 50

hr. LT 50
hr
hr
hr
hr
hr
hr
hr
hr

19.100

5,180

18,900

5,570

26,900

19,100

13,800

14,000
13,000
12,000
11,000
10,000
9,000
8,000
6,000
2,000

14,000
13,000
12,000
11,000
10,000
9,000
8,000
6,000
2,000

Ref erence

13i1 lard
1985

and Roubaud

Bradley and Sprague
1985

Rosubough 1985

Rombough 1985



TablW(Continued)

Species

Rainbow trout (5 days
post fertil IIza tion),
Saimo gairdnerl

Rainbow trout (10 days
post fertilization),
Salmo gairdneri

Ra inbow trout (15 days
post fertilization),
Salmo gaiardnerl

Rainbow trout (22 days
post fertilization),
Saimo galrdnerl

Rainbow trout (29 days
post fertilllzation),

Rainbow trout (56 days
post fertilization),
Sairno galrdnerl

Rainbow trout (2 days
post hatch),
Salmo galrdnerl

Rainbow trout (7 days
past hatch),
Salmo, galrdnerl

Atlantic salmon (parr),
Salmo salar

Atlantic salmon (7.38 q),
Saimo salar

Atlantic saimon,
Salmo saiar

Chemical

Z inc

s~ul fate

Zinc
sul fate

Z inc

sul fate

Zinc

sul fate

Zinc

sul fate

Zinc

sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Hardness
Iing/L as

87.7

87.7

87.7

87.7

87,*7

87,7

14

Duratioo

48 hr

48 hr

48 hr

48 hr

48 hr

48 hr

48 hr

48 hr

4 hr

23-25 hr

Effect

LC50

LC50

Lc50

LC50

LC50

LC50

LC50

LC50

EC50 (avolda

LT 50

Inc Ipient
lethal level

n

Coacentrat ioe
(malL)

24,000

<I ,000

9,100

7,000

4,300

9,200

3,200

3,400

ce) 49,88

9541,41

150-1,000

Ref erence

Shazill and Pascoe
1986

Shazill and Pascoe
I1986

Shazili and Pascoe
1986

Shazili and Pascoe
1986

Shazill and Pascoe

1986

Shazill and Pascoe
1986

Shazili and Pascoe

1986

ShazIll and Pascoe
1986

Sprague 1964b

Zitko and Carson 1976

Zltko and Carson 1977



Table 6. (Costlnued)

Species

Atlantic salmon
(j uvenilie),
Saimo solar

Chemical

Zinc
Sul fate

Hard ness
(mg/L as

M11) Duration Effect

12.1-24.4 21 days LC50

Coacentrat ion

1,450
1,600

510
1,460
340
350

Ref erence

farmer et al . 1979

Atiantic salmon (yearling),
Salmo solar

Goldfish (5-5 g),
Carassius auratus

Goldf ish ( Immature),
Corassius auratus

Gold f ish
(embryo, larva),
Carassius auratus

Goldfish,
Carassius auratus

Common carp (embryo),
Cyprinus carplo

Common carp (350-400 g),
Cyprinus carplo

Common carp (2.1 g),
Cyprinus carpio

Golden shiner,
Notenilgonus crysoleucas

Z Inc 14
Sul fate

>168
58

15.6
9.4
2.6

1-4 hr

7 days

7 days

24 hr

Z Inc
sul fate

Zinc
Sul fate

Zinc
chloride

Zinc
sul fate

Z Inc
Sul fate

Zinc
chlor ide

Zinc
Sul fate

Zinc
Sul fate

2 hr

48 hr

24 hr

LT50

LT50

Hi stolIog ical
d amage

300
410
650

1,060
4,190

f 00,000

2,000

EC50 (death and 2,540
deformity)

LC5O (5 C)
(0 5 C)
(300C)

EC50 (hatch)

ODT, GPT and
Lol unafafected

LC50

LCSO(59c)
(15*0C
(3 0 *C)

103,00040,000
24,000

14,420

4.797

7,280

11,400
7,760
8,330

Spraguen and Ramsay
1965

EllIIs 1937

Bromage and Fuchs
1976

Birge 1978

Cairns at al. 1978

Kapur and Yadav 1982

Nemcsok and Boross
1982

Khangarot et al. 1984

Cairns at al. 1918



Table oat inued)

Species

Fathead minnow (1-2 g),
P imephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
I(adul t),
P imaphales promelas

Fathead minnow,
I(Iarva) ,
Pimephales promela

Fathead minnow ( larva),
Pimephales promelas

Fathead minnow ('24 hr),
co Pimephales promeass
Un

Channel catfish,
(fingerlinq),
ictalurus punctatijs

Channel catfish,
(embryo, larva),
ictalurus punctatus

Channel catfish,
( fingerl Ing) ,
I ctaliurus punctatus

Guppy (5 so),
Poeclilla reticulata

Guppy.
Poecilia reticulata

Chemical

Z Inc
acetate

Zinc
sulftate

Zinc
chlor ide

Z inc
chloride

Zinc
chlor Ide

Z Inc
sui fate

Zinc
chlor ide

Zinc
sui fate

Zinc
sul fate

Zinc
sul fate

Hardness
(mg/L as

20

203

103
254-271

392

48

36
55
68
82
90

206-236

90

313

concentration
Duration Effect In)

96 hr LC50 880

10 mo EC83 (fecundity) I80

96 hr LC5O (Fish fromu 6.140
pond conteal nated 5,960
with heavy metals)

96 hr LC50 (high sol Ids) <2,660
<2,930

7 days Reduced growth 125

96 hr 1C50 (river inter) 393
440
556
655
801

40 hr Decreased blood 12,000
osmolarity

5 days increased
albanism

14 days LD50 (high 8,200
alkalilaity)

4 so Reduced repro- 880
duction

96 hr 1.050 (high
sol Ids)

54,950

Reference
Pickering and
Henderson 1966

Brungs 1969

Birge et al. 1983

Carlson and Roush
1985

Norberg and Moun~t
1985

Carlson at al. 11986

Lewis and Lewis 19711

Westerman and Birge
1918

Reed .t al . 1980

Itw lovo and Beatty
1919

Khangarot 1981



Table 6. (Continued)

Species

Guppy (184 mg),
Poocilia reticulata

Guppy (fry),
Poecilia reticulata

Striped bass (embryo),
Morons saxatilis

Striped bass (fry),
Morons saxatilils

Biueqill (2.5-3.9 g),
Lepoe'ls nacro-chirus

Bluegill,
Leponmls macrochirus

Bluegill1 (ftry),
Lepomis macrochirus

Bluegill (18.1 g),
Lpopmis macrochirus

Bluegill (59.97 g),
Lepomis macrochlrus

81 ueq iii,
Lepomis macrochirus

Bluegill (Ju~venile),
Lepomis macrochirus

Bluegill (fry),
Lepomis macrochirus

Chemical

Z Inc
Sui fate

Zinc
Sui fate

Zi nc
chlor ide

Zinc
sul fate

Z Inc
sul fate

Z Inc
sul fate

Z Inc
sul fate

Zinc
Sul fate

Zinc
chloride

Zinc
Sul fate

Hardness
(mg/l. as

260

30

137

137

44.3

370

51

Duratilon

48 hr

167.5 hr

20-25 hr

48 hr

96 hr

20 days

3 days

12
4.7

1-24

24

40 min

14 days

coecentretlo
Effect pA

LC50 75,000

LC50 1.450

LCSO 1,850

LC50 1,180

LC50 (periodic 4,900

low 0.0.)

LC50(D0-1.91) 7,200
(D0-2.12) 7,500
(00-3.46) 10,700
(00-3.29) 10.500
(00-5.50) 12,000
(00-5.53) 10,700

Lethal 235

LT50(20*C) 32,000
(306C) 32,000

increased cough 3,000
response

I.CS5C)0 23.000
0 SOW 19,100
(3000 8,850

13S avoidance 43,700

LC50 (high 11,000
alkalinity)

Ref erence
Khangarot et al. 1981

Pierson 1981

0'Rear 1971

O'Rear 1971

Cairns and Schelar
1958a; Academy of
Natural Sciences 1960

Picker Ing 1968

Cairns and Sparks
1971; Sparks et al.
1972b,

Burton et al. 1972a

Sparks et al. 1972a

Ca irns et al . 1978

Black and Birge 1980

Reed at al. 1980



Tabiat inued)

Largem~outh bass
(emibryo, larva),
MIcropterus salmoides

Largemlouth bass (juven ile),
Micropterus saimoidos

Largemouth bass
(emnbryo, larva),

Mirotefjus saimoides

Largemouth boss
I I Inqerl Ing).
141cropterus salmoides

Narrow-mouthed toad
(embryo, iarva),
Gastrophryne Caroi inensIs

COl marbled salamander
(embryo, larva),
Amytm opacum

Chemical

Z Inc

chloride

Zinc
sul fate

Zinc
chloride

Zinc
sul fate

Zinc
chilor ide

Zi nc
chloride

Hardness
(mg/I as

93- 105

112

313

195

93-1 05

Durwat Ion

8 days

40 min

9 days

14 days

7 days

8 days

Effect

deformity)

57S avoidance

EC50 (death and
deformity)

LC50 (high

aikal inity)

EC50 (death

and deformity)

EC50 (death
and deformity)

Concentratiorn
(palL)* Refe*remce

5,160

7,050

5, 180

8,000

Birge et al. 1978

Biack and Blrge 1980

Black and Birge 1980

Reed et al . 1980

10 Birge 1918; Birge et
al. 1979

2,380 Birge et al.* 1978

Tabi



Table 6. (Continued)

Species

Green alga,
Carterla sp.

Green algla,
Chiamydomonas SD.

Green alga,
Ounallella euchiora

Green alga,
Dunallella euchlora

Green alga,
Ounall181 a-salina

Green alga,
Ounallella tertlolecta

Green alga.
Ounallella trertlolecta

Green alga,
Dunaliella tertiolecta

Green alga,
Nanochlor Is atonius

Golden-brown alga,
i sochrysis galbana

Sal lIn ty
Chemical (g/kg!)

6ZInc

6ZInc

Zinc.
chlIor ide

Zinc
sul fate

6ZInc

Zinc
sul fate

Z Inc
sul fate

Z Inc
chloride

6ZInc

Golden-brown alga,
isochrysis galbana

Golden-brown alga,
Isochrysis galbana

42

12
16
20
28

7
12
16
20
28
37

12
16
20
28

Duration,

SALTWATER SPECIES

7 days

7 days

12 days

12 days

7 days

15 min

15 min

72 hr-

7 days

48 hr
(16 'C)

48 hr
(200C)

48 hr
(280'C)

EfIfe*at

BCF - 2.184"*0

BCF a 16.1200'

EC50 (growth)

EC50 (growth)

BCF a 43.88"'*

W ef fect on
potassliss re-
tent ion

EC50 (oxygen
product ion)

EC50 (growth)

BCV ***

Reduced chlorophyll
a about 65%

Reduced chlorophyll
a about 65%

Reduced chlorophyll
a about 65%

Concentratloft

>33,600

3 7 , 22 0t

6.538

65.380

13,000

2.000
430
810

1,200

4,400
1,300

74
520
too

2,300

1,000
3,000

800
3,000

Ref erence

Styron et al.
1916

Styron et al.
1916

Wikfors and Ukeles
1982

Wikfors and Ukeles
1982

Sty ron at al.
1976

Ovornell 1975

Overnell 1976

Fisher et al. 1984

Styron et al.
1976

Wilson and Freeberg
1980

Wilson and Freeberg
1980

Wilson and Freeberg
1980



Tab'l!.

Speies

(Continued)

Golden-brown alga,
isochrysis gaibana

Golden-brown alga,
isochrysis gaibana

Golden-brown alga,
Monochrysls lutheri

Golden-brown alga,
Monochrysls lutheri

Goldenr-brown alga,
Monochrysis lutheri

Di atom,
Achnanthes beie

Diatom,
cc Nltzschia longissima

10
Diatom,
Phedcyu tr icornuturm

Di1atots,
Phapoodactylum tricornutum

Di1atoia,
Phaeodacty lum tricornutum

Diatom.
Phaeodactylum tricornutum

Diatom,
Phaeodactylum tricornutum

Diatom,
Phe~ctylum trlicarnutum

Diatom,
Phaeoactylm trlicornutum

Chemical

Z inc
chlor ide

Zi I c
sui f ate

Zinc
sulI fate

Zinc
chlIor ide

Zi nc
sulI fate

65Inc:

Z Inc:
sulI fate

Z I nc
chlIor Ida

Zinc
chloride

Z i nc
chlIor ide

Zinc
sulI fate
65Z1 inc

Zinc
sulI f ate

Zi nc
chlor ide

Sal In Ity
(9/kq) Duration

- 12 days

-12

-15

days

min

- 12 days

- 12 days

40 7 days

30 1-5 days

- 11-15 days

- 13 days

- 14 days

- 15min

37 1 days

25 10-14 days

- 12 days

E f fect

ECSO (growth)

EC50 (growth)

EC5O (reducted
oxygen pror-
duct ion)

EC50 (growth)

EC50 (growth)

BCF - 0.04**

Stimulated growth

23% reduction
In growth

UC ,00'

8Cr 873*4111,

No effect on
oxygen evolution

BCF -16.12**

19% reduction

In growth

EC50 (growth)

Concentration

>33,600

33,100?

1,.308-i1,961

>33.600

31,010t

(100

25.000

250

10,000

>65,380

3,000

>33,600

Reference

Wikfors and Ukeles
1982

Wikfors and Ukeles
1982

Overneli 1976

Wikfors and Ukeles
1982

Wikfors and Ukeies
1982

Styron at al.
1916

Subramanlan et al.
1980

Jensen art al . 1974

Jensen at al.
1914

Jensen et al.
1974

Overnell 1976

St ron et al.

Break St al. 1980

Wlkfors and Ukeles
1982



Table 6. (Continued)

S pecies

oDiatorn,
Phaeodactylumf tricornutuim

oDiatomn,
Skeletonerna costatum

Di atom,
Skeletonarna costatum

5k. Ietonerna costatum~

Di atorn,
Skeistonerna costatumf

Diatorn,
Skeletonema costaturn

Diatom,
SkelIetonerna costatuin

Diatom,
Skeletoflba costatuim

Diatom,
Skeletonorna costatum

Diatom,
Skeletonema costatumf

Diatom,
Skeletonerna costatuun

Diatom,
Thalassiosira pseudonana

Diatom,

Thalassioslra pseudonana

Diatom,
Thalassiosira pseudonana

Chemical

Z Inc
sul fate

Zinc
chloride

Zinc
ch Ior Ida

Zinc
chlor ide

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
sul fate

Zinc
chlor ide

Zinc
chlor ide

Zinc
chlor ide

Zinc
chlor ide

Zinc
chlor Ide

Sal lI Ity
fg/kg)_ Duration Effect

f2 days

- 13

- 12

-10-14

-10-14

- 15

days

days

days

days

days

mln

10-14 days

1-3 days

- 3 days

- 3 days

- 11-15 days

- 13 days

- 15 days

74.2% reduction
In growth

BF- 4D,000 "Af1 t

230 reduction
In growth

EGS0 (growth)

EC50 (growth)

?'b ef fect on
oxygen evolut ion

20% reduction
In growth

Stimulated growth

Altered cytoplas-
mic morphology

BCF a 765

41.1 reduction
In growth

BCF a U *0

B& - 5* *I

Co~contrat ice

48a/,000 Rfrec
WIkfors and Ukeles1982

Jensen et al.
1914

Jensen at al.
1974

50 Jensen at al.* 1974

192.9t1

17 5 , 6 t

>6 5,380

100

(200

265

500

Braek et al.* 1976

Braek et al.* 1976

Overnell 1976

Broek et al.* 1980

Subramanian et al.
1980

Smith 1983

Sm ith 1983

Jensen et al.* 1974

Jensen et al.
1 974

Jensen et al.
1974

40,000



Table 6. (Continlued)

Speciles

Di atomi,
Thalassiosira 21soudonafla

Di atom,
Tholassiosira pseudonafla

oDia tomi
Thalasslosira pseudonana

D ia tomi,
Thalassioslra rotula

Phytoploflktofl (diatom)

Olnotlbqel late,
AmpidftldIiumf c rier

Dinotlagel late,
Amphidifiumi carter I

chemical

Zinc

Sul fate

Zinc
chlor ide

Zinc
sul fate

Zinc
sul fate

Zinc
Sul fate

o inof Iagel late,
Glanodinwum haill

Dinoflagellate,
Gyrnnodlriiua splendens

Dino tlIagel l ate,
Gymnod nium splendens

SalIn ity

14

Duratione

10-14 days

2 days
(12*0C
(16 'C)
(20 C)
(24 C)
(28 OC)

12 hr

5 days

v*

- 10-14 days

- 10-14 days

28 2 days

14 2 daysC
(30 OC)

28 2 days
(160'C)
(20C)
(24 *C)
(280C)
(30 *C)

Ef fect

EGS0 (growth)

Reduced chlorophyll
a about 65%

EC50 (growth)

EC50 (growth)

Bam 0 113

EC50 (growth)

No significant
effect on growth;
Inhibited growth
In presence of 50
mg copper/L

Reduced chlorophyll
a about 65S

Reduced chlorophyll
A about 65%

Rod ucead chlorophyll
a about 65%

coecefltretion

470 , 8 t

(100
170

(100
(100
200

823.1

2 5. 8 0 t

559 . 2 t

200

Reference

Braek et al. 1976

Wilson and Freeberg
1980

Fisher et al. 1984

Kayser 1977

Martin and Knauer
1912

Braek St al.* 1976

Braek et al.* 1916

20 wil1son1980

W I I son
700 19a0

1,400

wi I son
392 1980
240
Ito
120
300

Freeberg

Freeberg

and Freeberg



Table 6. (Continued)

Species

DinoflIaqel late,
Scrippsilella faeroense

Brown macroalga,
Ascophyllum nodosum.

Brown macroalga,
Ascophyl luau nodosum

Brown macroalga,
Fucus serratus

Brown macroalga.
Fucus serratus

Brown macroalga,
Fucus spiralis

B~rown macroalga,
Fucus vesiculosis

Brown macroalqa,
Fucus veSICUloslS

Brown macroalga,
Laminar Ia digi.t.at

Brown macroalga,
Laminarla hyperboria

Brown macroalga,
Laminarla hyperboria

Brown nacroalga,
Pelvetla canaliculata

Green macroalga,
Ulva lactuca

Green macroalga,
Ulva lactuca

Sal laity
Chemical (a/kg)

Zinc 32
sul fate

Zinc
chloride

Zinc
chloride

Zinc
chlor Ide

Zinc
chlIor ide

Zinc
Chloride

Zinc
Sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
chlor Ide

Zinc
chlor Ide

Zinc
chlIor Ide

Duration

50 days

10 days

10 days

I hr

10 days

1O days

24 days

8-tO days

1 days

10 days

6 d ays

6 days

Effect

33% reduction
In cell nunbers

BAF n t,60340t

Decreased growth;
no effect at 100 vg/L

Decreased growth;
no effect at 100 sagA.

Altered lipid
metabol ism

Decreased growth;
no effect at 100 sag/L

BAF - 162Ot

Decreased growth;
no effect at 2,900 sag/I

Reduced growth

Reduced growth of
sporophytes

Abnormal maturation
of gametophytes

Decreased. growth;
no effect at 100 sag/L

255*l O

BCF 5* 5*0

Coecentret lee
(00/00

10,000

250

1,400

> 8.8

1,400

7.000

>100

250

5,000

1,400

65.38

6.538

Ref erence

Kayser 1977

fil juus at al.

Stroagren 1979

Strosagren 1979

Smith and Harwood
1984

Strcuugren 1979

Melhuus et al.
1918

Stroagren 1979

Bryan 1969

Hopkins and Kaln 1971

Hopkins and Kaln 1971

Strougren 1979

Harltonidls et
al. 1983

Haritonidis et
al. 1983



(Continued)

Species

Red macroalqa,
Gracilarla verrucosa

Red macroaiqa,
Gracilaria verrucosa

Red macroalqia,
Gracilarla verrucosa

CI Iliate protozoan.
CrIstigera sp.

CilIlate protozoan,
Euplotes vannus

CI Iliate protozoan,
Euplotes vannus

Poiychaete worm (juvenile),
Neanthes areinaceodentata

Poiychaete worm (adult),
Neanthes arenaceodentata

Polycheete worm (adult), ttt
Nerois diversicolor

Poiychaeto worm (adult),t
Nereis diversicolor

Polychasto worm (adult),
Ophryotrocha d ladema

Sal Inity
Chemical (g/kg) Duratice

Zinc
chlor ide

Zinc
chloride

Zi nc
chlor ide

Zinc
sul fate

Zinc
chloride

Zinc
chloride

Zinc
sul fate

Zinc
sul fate

sul fate

Zuate

6 d ays

6 days

0 SN
17.5

17.5

6 days

4-5 hr

48 hr

48 hr

28 days

28 d ays

96 hr

34 days

48 hrZ inc
chloride

Effect

BCF - l750-

0UF a - 250

BCF a .20*1

Red uced growth

10% reduction
In growth

100% reduction In
In growth

LC50

LC50

BC !2j

19.71
15.47
3.314
2.867
1 .274
1.204

LC50

Coecentration
W/1.11

65.38

653,*8

6,538

50.63

10. 000

100,000

1,400

1:9~88
94,000

18:888
25,000
25.000

100,000
100,000
250,000
250,000.

330-1,000

Rotf rece

Har Iton Id Is et
al . 1983

Haritonidis et
al . 1983

Har Iton Id Is et
al. 1983

Gray and Ventlilla
1973; Gray 1974

Per soone and
Uyttersprot 1975

Persoone and
lUyttersprot 1975

Reish et al. 1976

Reish et al. 1976

ffueri~no1973

fran and
or lestone 1973

Parker 1984



Table 6. (Continued)

Polychaetea worm,
Ophryotrocha d ladema

Polychaete worm,
Ctenodri lus serratus

Polychaete worm (larva),
Cai2t!lla cap itata

Polychaete worm (adult),
Capital Ia .2jSitat

Mud snail (ad ult) ,
Nassar Bus obsoletus

Mud snail (adult),
Nassar Bus, obsoletus

Mud snail (ad ult),
Nassarlus obsoletus

Blue mussel (adult),
Mytilus edulis

Blue mussel (adult),
IMytilus edulls

Blue mussel (adult).
Mytilus, edulls,

Blue mussel (adult),
Mytllus edulls,

Chemical

Zinc
sul fate

Z Inc

sul fate

Z Inc
sul fate

Z Inc
sul fate

Zinc
chlor ide

Zinc
chloride

Zinc
chlor ide

Zinc
sul fate

Zinc
sul fate

Zinc
chlor ide

Zinc
chlIor ide

Sal Inity
(g/kg) Duration

21 days

21 days

>16 days

28 days

72 hr

72 hr

72 hr

7 days

7 d ays,

Approxc.
10 days
6 days
4 days

14 days

Coecentret Ioe
EffectGA

Chronic value;*** 223.6
(acutep-chronlc rat lo*
6.261)

Chronic value;*1* 223.6
(acute-chronic ratio
31.75)

Abnormal develop- 50-100
ment

LC50 1,250

Depressed ociygen Z.2,000
conswupt Ion

Inhibited loconotor 10,000
behav ior

Mortal ity 50,000

LIC50 >5,000

EC5O (byssal thread 1,800
product ion)

LT50
(1000 3,000
IWOC 3,000
(220C) 3,000

Reduced resgs- 800-1,000
tance to thermal
shock

Reference

Reish and Carr 1978

ReISh and Carr 1978

Relsh et al. 1974

Reish at al. 1976

Macinnes and Thurberg
1973

Macinnes and Thurberg
1913

Macinnes and Thurberg
1973

Martin .t al.* 1975

Martin et al.* 1975

Cotter et al., 1982

Cotter at al.* 1982



Table 6. (Continued)

Species

Blue mussel (adult),
Mytilus edulis

Blue mussel (embryo),
iMytilus edulis

Blue mussel (adult),
Mytilus edulls

Pacific oyster (larva),
Crassostrea gia

Pacific oyster (embryo),
Crassostrea gigas

Pacific oyster (larva),
Crassostrea gigas

PacIf ic' oyster
(6-day larva),

'0 Crassostrea gigas
LJn

Pacific oyster
(6-day larva),
Crassostrea _qLgas

Pacific oyster
(16-day larva),
Crassostrea gigas

Pacific oyster
(16-day l arva),
Crassostrea gigas

Pacticic oyster (sperm),
Crassostrea gigas

Pacific oyster
(19-day larva),
Crassostrea gigas

Sal IIn Ity
Chemical (a/kg)_

Zinc 53.1
chloride

Zinc 30
chloride

Duration

2-6 days

72 hr

3 days

Zinc
sut fate

Zinc
sul fate

Zinc
sut fate

Zinc
ch Ior Ode

Zinc
chlor Ide

Zinc
chi or Ide

Zinc
chlor ide

Zinc
chlor Ide

6 days

2 days

5 days

4 days

4 days

4 days

4 days

60 ami

20 days

Effect

E050 (shell growth)

EC50 (development)
to vel iger)

Red ucead shell
deposit ion

Abnormal development
and decreased growth

LC50

Delayed and reduced

larval settlement

EC50 (growth)

LJC5O

E050 (growth)

LC50

EC50 (fertil Ization)
success)

Reduced larval
settlement

Coecentrat Ion

60

>96<'31t4

>200

> 125

2 4 1. 5 t

125

Reference

Stromgren 1982

Dinnel et at . 1983

Manley et al. 1984

arereton et atl. 1973

Brereton et al.
1973

Boyden et atl. 1975

80 Wattling 1982

>1 00 Wattling 1982

95 Watling 1982

>1 00

443.6

10-20

Wattling 1982

Dinnel at al.* 1983

Wattling 1983



Table 6. (Continued)

Species

Pacific oyster
(19-day larva),
Crassostrea gigas

Pacific oyster (juvenile)#
Crassostrea gigas

Cleim (larva),
lMu~lnla lateralis

Clam, (larva),
IMuilnia lateralis

Quahog cimon (larva),
Mercenar Ia mercenar Ia

Copepod' (aduit) ,
Paracalanus Darvus

Copepod (adult),
10 Pseudodiaptomfus coronatus

0'%

Copepod (adult),
Acartia clausi

Copepod (adult).
Acartia simplex

Copepod (adult),
Scutelidlul' sp.

Zooplanktofl (copepod
anid euphausid)

Barnacle (adult),
Balanus balanoldeS

Barnacle (adult).I
Balanus balanoldes

chemical

Z inc
chlIor ide

Zinc
chlor Ide

Zinc
chlor ide

Zinc
chlor Ide

Zinc
chlor Ids

Zinc
chlor ide

Zinc
chlor Ide

Zinc
chlor Ide

Zinc
nitrate

Zinc
n Itrate

Sol lIn ty
(0/ka)

34

Duration

6 days

23 days

72 hr

12 hr

8-10 days

24 hr

72 hr

72 hr

24 hr

24 hr

GB

2 days

5 days

Effect,

EcSo (lIarv al

settl Ing)

LC50

531 mortal ity

EC5o (uptake of
calic um)

LC50

LC50

LC50

LC5O

LC50

LC50

OF 6 1,70

LC9O.

LC90

COecentrot lee

30-35

715

200

176

195.4

1,5 80

3,150

707.1

1,860

1,090

32,000

8,000

Refegrence
Watl ing 1983

WatliIng 1983

Ho and Zubkoff 1982

Ho mnd Zubhof f 1982

Caiabrese et al. 1971

Arnott and Ahsanuilflh
1979

Lussler mid Card in
1985

Lussier and Card in
1985

Arnott and Ahsanullah
1919

Arnott and Ahsanuiiah
1919

Martin mid Knauer
1972

Clarke 1941

Clarke 1947



6. (Continued)

Species

I so pod (adul t),
ldotea baitica

I so pod (adult),
ldotea baltica

Isopod (adul t) ,
ldotea baltica

I so pod (ad ult) ,
idotea beltica

Ilospod (ad ult) ,
idotea baitica

I sopod (ad ult),
Jaero aibifrons

lospod (adult).
Joera aiblfrons

isopod (adult),
Jasra albifrons

Isopod (adult),
Jaera albifrons

Grass shrimp (larva),
Paiaemonetes .2uaA2

SalIn ity
Chemical (9/k9)_

Zinc
Sul fate

Z Inc
Sul fate

Zinc
sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
Sul fate

Zinc
sul fate

Zinc
Sul fate

Zinc
chloriOde

13.6
20.4
27.*2

34.0

27.2-34.0

13.6
20.4
27.*2
34.0

34,*0

13.6.
20.4
27.2
34.0

13.6
20.4
27.2
34.0

3.4

17-34

3-31

Duration

48 hr
80 hr
70 hr

120 hr

120 hr

120 hr

120 hr

120 hr

120 hr

120 hr

35 days

Effect

LT 50

Coecentrat lee

10,0000

40% mortality

No effect on osmo-
regulatory ability

LTSO0

Af fected osmo-
regulatory ability

80% mortal ity
300 mortality

6% mortal ity
16% mortality

84% mortal ity
44% mortality
40% mortal ity
22$ mortal ity.

Affected osano-
regulatory ability

Ntb effect on osmo-
regulatory ability

Ibrtal ity rel ated
to salinity and
temperature; altered
development rates

10,000

10,000

20,000

20.000

10,000

20.000

20,0000

20,000

Refeorence

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Jones 1975

Mc~enney 1979;
McKenney and Neff
1979, 1981



Table 6. (Continued)

Species

Pink shrimp (adult),
Pandalus montagul

American lobster (adult),
Homarus amerIcanus

American lobster (adult),
H-omarus amerjcanus

Green crab (adult),
Carcinus maenas

Greow crab (adult),
Carcinus maenas

Green crab (adult),
Carcinus naenas

Green crab (adult),
Carcinus maenas

Mud crab (larva),
RhIthropanopeus harrisi I

Mudi crab (larva),
Rhithropanopeus harrisi I

Fiddler crab (adult),
Uca pugliator

Starfish (adult),
Asterlas forbesli

Chemical Saliit

Zinc-
sul fate

Durat ion~

48 hr

96 hrZinc
sul fate

Zinc
sui fate

Zinc
sul f ate

Zinc
sul fate
65Z Inc
chloride
65Z Inc
Ch lor ide

Zinc
chior ide

Zinc
ch i or ide

Zinc
chloride

Z Inc
sul fate

96 hr

48 hr

46 hr

3 iso

3 mo

20 13-18 days

20 13-18 days

15 and
30

21 days

24 hr

Ef fect

LC50

£oncentrot ioo
(.aA)o

4 , 5 03 t

No significant effects 62,000
an adenylate energy
charge; significant
decreases In activity
of NaA(-ATPase and
residual AlPase In gills

aCt: a 20.56 (gill)t

LC50

LC50

25,000-
62 .000

14,500

Approx.~
8, 100t

BCt: a 130

BAF w 210

No sIgnifican delay
In development rate

Significant delay In
development In combin-
ation wi th 25-50 ,g
I ead/L

Inhibited lI mb re-
generatilon; effect
greater at lower
sal inities

Loss of equilibrium

25-50

25-50

'1,'000

2,212

Ref erence

Portman 1968

Haya et al. 1983

Haya et al.* 1983

Connor 1972

Porhman 1968

Renfro et al.
1975

Ron fro et at.
1975

Hen ii ts-C I aus and
Oailjts 1975

Denljts-Claus and
Oenijts 1975

Weis 1980

Galtsoff and
Loosanoff 1937



.(Continued)

Species

Sand dot I ar (sperm)*
Dendraster excentricus

Sand dollar (embryo),
Dondraster excontrIcus

Sea urchin (embryo),
Arbacia punctulata

Sea urchin (embryo),
Arbacla punctulata

Sea urchin (embryo),
Arbacia pntlt

Sea urchin (embryo),
Arbacia punctulata

Sea urchin (embryo),
'0 Arbacia punctulata

Sea urchin (qamete),
Arbacla punctulata

Sea urchin (qamote),
Arbacia punctulata

Green sea urchin (sperm),
Stonyocenrotus

Green sea urchin (embryo),

droebachenis -_

Red sea urchin (sperm),

Sal linty
Chemical fg/kg)

Zinc 27
chilor ide

Zinc
chloride

Zinc
chior ide

Zinc
chlfor ide

Zinc
sul fate

Z Inc
sul fate

Zinc
acetate

Zinc
chloride

Zinc
chloride

Zinc
chlIor ide

Zinc
chloride

Zinc
chloride

Dur-at ion

60 min

72 hr

21-42 hr

21-42 hr

21-4 2 hr-

21-42 hr-

21 -4 2 hr

4-12 min

4-12 m I

60 m In

5 days

60 min

Effect

EC50 (forthi-
zat ion success)

6)50 (development
to piuteus stage)

Inhibited gastru-
lation

Mortal ity and
Inhibition of
gastrul ation

Inhibited gastru-
lation

Mortality and
Inhibition of
gastr ulat ion

Inhibited gastru-
lation

Stimulated sperm
motility

Reduced sperm
motility

EC50 ( fert IlII-
zation success)

EC50 (deveiopment
to p1 uteus stage

EC50 (fertlil-
zation success)

Coacenfraotlee
49/A0 " Refereuice

28 Dinnel et ail. 1983

580-820

1,199

3,998

810

2,314

3.564

1,634

3,269

147.6
382.8

>26,6<00,6

313.3

Dinnel ot al.* 1983

Waterman 1937

Waterman 1937

Waterman 1 937

Waterman 1937

Waterman 1937

Young and Nelson 1914

Young and Nelson 1974

Dinnel et al. 1983

Dinnol et~al. 1983

Dinnel et al . 1983



Table 6. (Continued)

Spec Ies

Purple sea urchin (gamete),

Strongyioetrtus.

Purple saturcisgmt)

Purple sea urchin (gamete),
Strong yiocentrotus,

Purple sea urchin (spmeer),
Strongylocentrotus.

Purple sea urchin (sermby),
Strongylocentrtus.

Atrlantic errhing (embryo),

Clurpeathregu

Atlantic herring (embryo),
Clupea harengus

Atlantic herring (embryo),
Clupea harengus

Atlantic herring (embryo)

Clupea harengus

Atlantic herring (labrvao

Clupea harengus

Atlantic herring (larva),
Clupea harengus

Atlantic herring (larva),
Ciupea harengus

Sal inIty
chemical ..2ikal Duration

- 100-400 min

0-100 min

100o-400 m I

Zinc
chloride

Zi nc
chilor ide

Zi nc
sulI fate

Zi nc
Sul late

Zinc
Sul fate

Zinc
sul fate

Zi nc
sul fate

Zi nc
Sul f ate

Zinc
su I fate

60 min

5 days

17 days

17 days

17 days

27 days

27 days

27 days

27 days

Effect

Enhanced Sperm

motility

No effect on

sperm motility

Inhibited sperm

motility

EC50 (fertili-

zation success)

EC50 (development

to piuteus stage)

Reduced embryo
volIume

Faster yolk
utilization

Slower development
rate

Jaw and branch lal
abnormal ities

Vertebral
abnormal ities

Decrease In size
of otic. capsul

Decrease in eye/
body length ratio

concentration
(tig/L) Reference

653.8 Timourlan and
Watchmaker 1911

6,538

6,538

206.1
261 .8

23.*1

,,2,000

>100

6,000

>50

>500

>2 ,000

L6,000

Timourian and
Watchmaker 19177

Timour Ian and
Watchmaker 1977

Dinnel et al. 1983

DI nnel ert al. 1983

Somasundaram et al.
1984 a

Sonasundarsi' at al.
1984a

Somasundarum at al.
1984 a

Sornasundaram at al.
1984 a

Somasundaram art al.
1984 a

Somasundaram at al.
1984 a

Somasundaram at al.
1984 a



. (Continued)

Species

Atlantic herring (larva),
Ciupsa harengus

Coho salmon (sperm),
Oncorhynchus kistuch

Rainbow trout (yearling),
Salmo, galrdneri

Atlantic salmon (smolt),
Saimo salar

i4Lmm chog (adult),
Fundulus hoterocl itus

iMummichog (adult),
Fundulus heterocilitus

Mummichog (adult),
Fundulus heteroci itus

Mummichog (adult),
Fundulus heteroclltus

Mwmmichog (adult),
Fundulus heterocl itus

Mwumlichoq (adult),
Fundulus hoteroci itus

Sol lIn ty
Chemical (a/kga)

Zinc 21
Sul fate

Z Inc
chior Ide

Zinc
Sul fate

Zinc
Sul fate

Z Inc
chloride

Zinc
chloride

Zinc
chloride

Zinc
chloride

Zinc
chlIor ide

Zinc
chlor Ids

5.8
11.5
16.3
24.1I

5.8
11.5
16.3
24.1

Duration

14 days

60 m I

48 hr

48 hr

192 hr

48 hr

48 hr

96 hr

96 hr

96 hr

E ffact

UI frastructural
changes In brain
cellIs and somatlIc
muscle tissues

EC50 (fertili -
zation success)

LC50

LC50

100% survival

100% mortal ity

BMa 763*

(fish that died
during .cposur.)

8CF n 561*o

Ef 1 8 .8 3 6 1 .I*t

30% mortal ity;
histopatholog ical
lesions in oral
epithel Dus

Conceetret ioe

>500

1,200

27,00
64,000t

3 4: 00 0t

32, 000t
27.000t

43,000

157,000

157,000

36,000

60,000

60.000

Ref ereec

Souuasundaram at al,
1984c,d

Dinnel et al. 1983

Herbert and
Wakeford 1964

Herbert and
Wakeford 1964

Eisler 1967

Eisler 1967

Eisler 1967

Eisler and
Gardner 1973

Eisler and
Gardner 1973

Eisier and
Gardner 1973



Table 6. (Continued)

Species

mtwnichoq (adult),
FunduluS heteroci itus

mmwmlchoq (adult).
Fundulus heterociltus

IMiummichog (embryo),I
Fundulus heterociltus

lMuumichog (juvenile),
Fundulus heteroci itus

Muiwuichog (Juvenile),
Fundulus heteroclltus

Mosquitoflsh (adult),
Gambusla afflnis

Mosqultofish (adult).
Gambusla aft mis

Spot ( Juvenile).,
Isiostomus xanthurus

Spot ( juvenIle ),.
Lelostomus xanthurus

Sal In ity
Cheincal (9/kg)

Zinc-
chloride

Zinc IG-30
chloride

Zinc 30
chloride

Zinc 25
chloride

Zinc 30
chloride

tttt 30

tttt 30

tttt 30

tttt 30

Duratloin

14 days

14 days

96 hr

70 days

56 days

120 days

120 days

28 days

28 days

Cmeeetrat ion
Effect (g)

increased activity 2,200
of l iver enzyme

Enhanced regeneration >1,000
of tall fin and
eamel lorated ef fects
of methyl mercury

AmeI lorated terato- 10,000
genic effects of
methyl mercury

Inhibited scale 760-
calcification 1,100

BCF = 33.91-240.0 210-
(scale6s) 7,880

YVM -atJtn 650

YAF of45t %take 650
frs food w ater)

M 268Wt 1%l~tak) 650

Reference

Jackim 1973

Weis and Weis 1980

Weis et al. 1981

Sauer and Watabe 1984

Sauer and Watabe 1984

Vu1Mas1fl

9WI188

A Concentration of zinc, not the chemical.

' Field study.

'' onverted from dry weight to wet weight basis.

"~Static test; concentrations not measured.

t Derived from authors' data or qraph.

tt Geometric mean of data from four stations, but concentrations in water varied widely.

t Animals obtained from sediment heavily contaminated with zinc.

tttNitrilotrlacetic acid (NTA) was used t3 buffer the concentration of zinc Ions.


