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FOREWORD

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217),
requires the Administrator of the Environmental Protection Agency to
publish criteria for water quality accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects
on health and welfare which may be expected from the presence of
pollutants in any body of water, including ground water. Proposed water
quality criteria for the 65 toxic pollutants listed under section 307
(a)(1l) of the Clean Water Act were developed and a notice of their
availability was published for public comment on March 15, 1979 (44 FR
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628) .
This document is a revision of those proposed criteria based upon a
consideration of comments received from other Federal Agencies, State
agencies, special interest groups, and individual scientists. The
criteria contained in this document replace any previously published EPA
criteria for the 65 pollutants. This criterion document is also
published in satisifaction of paragraph 11 of the Settlement Agreement
in Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120
(0.D0.C.1I976), modified, 12 ERC 1833 (D.D.C. 1I879).

The term "water quality criteria" is used in two sections of the
Clean Water Act, section 304 (a)(l) 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 ef-
fects. The criteria presented in this publication are such scientific
assessments.  Such water quality criteria associated with specific
stream uses when adopted as State water quality standards under section
303 become enforceable maximum acceptable levels of a pollutant in
ambient waters. The water quality criteria adopted in the State water
quality standards could have the same numerical Timits as the criteria
developed under section 304. However, in many situations States may want
to adjust water quality criteria developed under section 304 to reflect
local environmental conditions and human exposure patterns before
incorporation into water quality standards. It is not until their
adoption as part of the State water guality standards that the criteria
become regulatory.

Guidelines to assist the States in the modification of criteria
presented in this document, in the development of water quality
standards, and in other water-relatad programs of this Agency, are being
developed by EPA.

STEVEN SCHATZOW
Deputy Assistant Administrator
Office of Water Regulations and Standards
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CRITERTA DOCUMENT
ZINC

CRITERIA
Aquatic Life

For total recoverable zinc the criterion to protect freshwater aquatic
1ife as derived using the Guidelines is 47 ug/1 as a 24-hour average and the
concentration (in ug/1) should not exceed the numerical value given by
(0.83[In(hardness)]+1.95) ¢ any time. For example, at hardnesses of 50,
100, and 200 mg/1 as CaCO3 the concentration of total recoverable zinc
should not exceed 180, 320, and 570 ug/1 at any time.

For total recoverable zinc the criterion to protect saltwater aquatic
1ife as derived using the Guidelines is 58 wug/1 as a 24-hour average and the

concentration should not exceed 170 ug/1 at any time.

Human Health

Sufficient data are not available for zinc to derive a level which would
protect against the potential toxicity of this compound. Using available
organoleptic data, for controlling undesirable taste and odor quality of
ambient water, the estimated level is 5 mg/1. It should be recognized that
organoleptic data as a basis for establishing a water quality criteria have
limitations and have no demonstrated relationship to potential adverse human

health effects.

vi



INTRODUCTION

Zinc is a bluish-white metal which dissolves readily in strong acids.
[ts principal uses include electroplating and the production of alloys.
Zinc is never found free in nature, but occurs as the sulfide, oxide, or
carbonate (Lange, 1956).

Zinc has an atomic number of 30 and its atomic weight is 65.38 (Weast,
1977). The chemistry of zinc is similar to that of cadmium, which is di-
rectly below it in the periodic table (Cotton and Wilkinson, 1972). In
aqueous solution, zinc always has a valence of +2, and it exhibits amphoter-
ic propertiers, dissolving in acids to form hydrated Zn(II) cations and in
strong bhases to form zincate anions [probably Zn(OH)Ezj. Compounds of
zinc with the common 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. The geochemistry of zinc
in surface water has been extensively reviewed by Hem (1972). Since the
divalent zinc ion does substitute to some extent for magnesium in the sili-
cate minerals of igneous rocks, weathering of this zinc-containing bedrock
gives rise to n*2 in solution whereupon the hydrated cation remains domi-
nant to pH values of about 9. Zinc forms complexes with a variety of organ-
ic and inorganic ligands, but these compounds are sufficiently soluble to
prevent their becoming a limiting factor for the solubility of the small
concentrations of zinc found in most aquatic environments. Adsorption on
clay minerals, hydrous oxides, and organic matter is a more probable Timit-
ing mechanism.

Most of the zinc introduced into the aquatic environment is partitioned

into the sediments by sorption onto hydrous iron and manganese oxides, clay



minerals, and organic materials. Precipitation of the sulfide is an impor-
tant control on the mobility of zinc in reducing environments, and precipi-
tation of the hydroxide, carbonate, or basic sulfate can occur where zinc is
present in high concentrations. Formation of complexes with organic and
inorganic ligands can increase the solubility of zinc and probably increases
the tendency for zinc to be adsorbed.

Sorption of zinc by hydrous metal oxides, clay minerals, and organic
materials is probably the dominant fate of zinc in the aquatic environment.
The tendency of zinc to be sorbed is affected not only by the nature and
concentration of the sorbent but by pH and salinity as well. In a study of
heavy metal adsorption by two oxides and two soils, zinc was completely re-
moved from solution when pH exceeded 7; below pH 6, Tittle or no zinc was
adsorbed. Addition of inorganic complexing ligands enhanced the affinity
for adsorption (Huang, et al. 1977).

Helz, et al. (1975) found that zinc is desorbed from sediments as salin-
ity increases. This phenomenon, which is exhibited by many of the other
metals as well, is apparently due to displacement of the adsorbed zinc ions
by alkali and alkaline earth cations which are abundant in brackish and
saline waters. In summary, sorption is the dominant fate process affecting
zinc, and it results in enrichment of suspended and bed sediments relative
to the water column. Variables affecting the mobility of zinc include the
concentration and composition of suspended and bed sediments, dissolved and
particulate iron and manganese concentrations, pH, salinity, concentration

of complexing ligands, and the concentration of zinc.
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Aquatic Life Toxicology*

INTRODUCTION

Acute toxicity tests have been conducted with thirty species of fresh-
water animals, and the median toxicity values range from 90 to 58,100 ug/1.
Chronic tests with six species have resulted in chronic values from 47 to
852 ug/1. With nine different plant species the results ranged from 30 to
67,700 ug/1.

The zinc data base for saltwater organisms includes the results of acute
toxicity tests with twenty-one species of invertebrates and three species of
fishes. Zinc was acutely toxic to the mummichog at 83,000 ug/1 and at 166
ug/1 to the hard-shelled clam. A chronic value of 166 ug/1 1is available
from a life-cycle test with .a mysid shrimp, and residue data are reported
for five species of algae and nine species of invertebrates. Decreased
growth of various plants was reported at concentrations ranging from 50 to
25,000 ug/1.

Zinc is a common trace constituent of natural waters and is a required
trace element in the metabolism of most organisms. The uptake of zinc from
the environment, either via ingestion or absorption, must exceed some mini-
mum rate in order for an organism to function properly. Whether any waters
are deficient in zinc content from the standpoint of the existing biota is
not clear, but the question is probably moot with regard to water quality
criteria for zinc.

Above some theoretical minimum concentration of zinc in water, there

exists a range of zinc concentrations which is readily tolerated through

*The reader is referred to the Guidelines for Deriving Water Quality Crite-
ria for the Protection of Aquatic Life and Its Uses in order to better un-
derstand the following discussion and recommendation. The following tables
contain the appropriate data that were found in the literature, and at the
bottom of each table are calculations for deriving various measures of tox-
icity as described in the Guidelines.
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each organism's capacity to regulate the uptake, internal distribution, and
excretion of zinc. This range undoubtedly varies among individuals, spe-
cies, and larger phylogenetic groups. In addition, this ability, and hence
the tolerated range, probably varies with the range of zinc concentrations
to which the various populations have been historically exposed and acclim-
ated. Thus, biological variability in zinc tolerance should be expected to
occur based on phylogenetic differences and historic exposure patterns, both
short-term and geologic in scale.

Compounding the problem of defining biologically safe zinc concentra-
tions is the occurrence of many different forms of zinc in surface waters.
Zinc can occur in both suspended and dissolved forms. Dissolved zinc may
occur as the free (hydrated) zinc ion or d&s dissolved complexes and com-
pounds with varying degrees of stability and toxicity. Some forms of sus-
pended (undissolved) zinc may be readily dissolved following minor changes
in water chemistry. Other suspended zinc may be reversibly sorbed onto sus-
pended solids or, conversely, almost irreversibly included in suspended
mineral particles.

Paramount to the question of zinc toxicity are the physical and chemical
state of the zinc, the toxicity of each form of the zinc, and the degree of
interconversion to be expected among the various forms. All zinc forms are
presumably nontoxic unless they can be sorbed or bound by biological mate-
rials. Conversely, all zinc forms are potentially toxic if they can be
sorbed or bound by biological tissues. Most likely, zinc will not be sorbed
or bound unless it is dissolved, but some solution of the zinc may reason-
ably be expected to occur in the alimentary canal following ingestion of
particulates containing undissolved zinc. Thus, the toxicity of undissolved

zinc to any organism probably depends on feeding habits, with the result
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that plants and most fish would presumably be relatively unaffected by sus-
pended zinc, but many invertebrates could be adversely affected by ingestion
of sufficient quantities of particulates containing zinc.

A complex array of data concerning an assortment of toxic responses to
zinc is one result of the physical, chemical, and biological variability de-
scribed. However, by evaluating the toxicity on a species-by-species basis
and by considering several water chemistry parameters, the information can
be simplified.

The toxicity of zinc, as well as other heavy metals, is reported to be
influenced by a number of chemical factors including calcium, magnesium,
hardness, pH, and ionic strength. These factors appear to affect the toxic-
ity of zinc either by influencing the proportion of available zinc or by in-
hibiting the sorption or binding of available zinc by biological tissues.
In freshwater, zinc appears to be less toxic at high hardness levels 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 up-
take and binding in biological tissues;

2) Harder waters have higher ionic strengths due to the greater gquanti-
ty of charged ions (primarily mono- and divalent cations and anions) in
solution, and these ions electrostatically inhibit the ability of other ions
(including zinc) to approach the absorption or binding sites of the organ-
isms. Basically, zinc ions have lower activity in harder waters; and

3) Generally, harder waters have higher alkalinities and higher pH
values. Insoluble, and possibly soluble, zinc carbonate and hydroxide com-

pounds can form which are not sorbed by many organisms. Changes in



hardness, pH, and alkalinity will cause corresponding changes in the
toxicity of the zinc in the water.

Hardness, on the other hand, may have scant relationship to the amount
of zinc sorbed to or included in particulate material or bound to organic
chemicals. Nevertheless, hardness appears to be the single best chemical
parameter to reflect the variation in zinc toxicity induced by differences
in general water chemistry.

However, water quality criteria for freshwater developed with hardness
as the sole physical-chemical variable may be lower than ambient total zinc
levels in some surface waters of the United States. This may result, in
part, from the current inmability to correlate quantitatively the effects on
zinc toxicity of physical-chemical factors other than hardness and those
factors such as jonic strength, pH, and alkalinity which are qualitatively
related to hardness. Alternatively, where zinc levels exceed criteria, the
zinc may be harming the biota, or the biota may have evolved as a zinc-re-
sistant population. The actual situation must be evaluated based on the
biological, chemical, and physical factors just discussed.

Of the analytical measurements currently available, a water quality cri-
terion for zinc is probably best stated in terms of total recoverable zinc,
because of the variety of forms of zinc that can exist in bodies of water
and the various chemical and toxicological properties of these forms. The
forms of zinc that are commonly found in bodies of water and are not meas-
ured by the total recoverable procedure, such as the zinc that is a part of
minerals, clays, and sand, probably are forms that are less toxic to aquatic
life and probably will not be converted to the more toxic forms very readily
under natural conditions. On the other hand, forms of zinc that are common-

1y found in bodies of water and are measured by the total recoverable pro-
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cedure, such as the free ion, and the hydroxide, carbonate, and sulfate
salts, probably are forms that are more toxic to aquatic life or can be con-
verted to the more toxic forms under natural conditions.

Because the criteria are derived on the basis of tests conducted on sol-
uble inorganic salts of zinc, the total zinc and total recoverable zinc con-
centrations in the tests would probably be about the same and a variety of
analytical procedures would produce about the same results. Except as
noted, all concentrations reported herein are expected to be essentially
equivalent to total recoverable zinc concentrations. All concentrations are
expressed as zinc, not as the compound.

EFFECTS

Acute Toxicity

Zinc produces acute toxicity to freshwater organisms over a range of
concentrations from 90 to 58,100 ug/1 (Table 1). The range of acute median
effect concentrations is similar for freshwater fish and invertebrates, with
ranges of 90 to 40,900 and 100 to 58,100 wng/1, respectively. A portion of
this range is due to hardness related factors, and the remainder is due to
species differences and other biological and physical-chemical factors.

Within the larger data sets for individual fish species, especially
those for rainbow trout and fathead minnow, the lower LCSO values at a
given hardness were obtained using younger, smaller fish. Also, acute tox-

icity tests conducted by Cairns, et al. (1978) with both Daphnia magna and

Daphnia pulex at 5, 10, 15, 20 and 25°C (Tables 1 and 6) showed that acute

toxicity increased as temperature increased. The value at 20°C in Table 1
was used in the calculation of the species mean acute intercept because
acute and chronic tests with daphnids are usually conducted at this

temperature.
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An exponential equation was used to describe the observed relationship
of the acute toxicity of zinc to hardness in freshwater. Least squares re-
gression of the natural logarithms of the acute values on the natural loga-
rithms of hardness was used to calculate slopes for 10 species (Table 1).
Five of the slopes were significant, two were not significant, and the other
three could not be tested because only two values were available. The a-
rithmetic mean (0.83) of the five significant slopes was used with the geo-
metric mean toxicity value and hardness for each species to obtain a loga-
rithmic intercept for each of the 29 freshwater species for which acute val-
ues are available for zinc. The species mean acute intercept, calculated as
the exponential of the logarithmic intercept, was used to compare the rela-
tive acute sensitivities (Table 3).

Interestingly, all tests with 10 of the 12 species reported to be more
resistant than bluegill (Table 3) were tested in several series of experi-
ments reported by Rehwoldt, et al. (1971, 1972, 1973) conducted in Hudson
River water. Whether the water reduced the toxicity of the zinc or whether
the species tested were really more resistant cannot be determined. Many of
the invertebrates tested by Rehwoldt and his co-workers are known to be gen-
erally resistant to heavy metals, so species resistance is a likely explana-
tion. One species tested by Rehwoldt, et al. (1971, 1972), the striped
béss, was rather sensitive to zinc, but other investigators obtained acute
values which were quite a bit lower for this species.

A freshwater Final Species Acute Intercept of 7.02 ug/1 was obtained for
zinc using the species mean acute intercepts listed in Table 3 and the cal-
culation procedures described in the Guidelines. Thus the Final Acute Equa-
tion is e(0.83[1n(hardness)] + 1.95)

Acute toxicity data for zinc are available for 21 species of saltwater

invertebrates (Table 1) and represent more than two orders of magnitude dif-
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ference in sensitivity. Larval molluscs were the most sensitive inverte-
brates with acute values for an oyster of 310 ug/1 and for the hard shelled
clam of 166 ug/1. Acute values for adult molluscs ranged from 2,500 for the
blue mussel to 7,700 for the soft-shelled clam. Zinc was acutely toxic to

saltwater polychaetes over the range from 900 ug/1 for Neanthes arenaceoden-

tata to 55,000 for Nereis diversicolor. The decapod crustaceans had 96-hour

LC50 values of 175 and 1,000 ug/1 for the lobster and crab, respectively.
The reported acute values for copepods ranged from 290 ug/1 for Acartia

tonsa to 4,090 ug/1 for Eurytemora affinis. Results from tests with two my-

sid shrimp showed similar values; 498 ug/1 for Mysidopsis bahia and 591 ug/1

for Mysidopsis bigelowi.

The data base for saltwater fishes contains nine values for three spec-
ies of fish and three taxonomic families (Table 1). The acute values range
from 2,730 for larval Atlantic silversides to 83,000 for larval mummichog.
Saltwater fish were generally more resistant to acute zinc poisoning than
saltwater invertebrates, although there were cases of individual overlap.

The saltwater Final Acute Value for zinc, derived from the Species Mean
Acute Values listed in Table 3 using the calculations procedures described
in the Guidelines, is 173 ug/1.

Chronic Toxicity

Chronic toxicity tests have been conducted with six species of fresh-
water organisms (Table 2). Chronic values for five species of fish ranged

from 47 ug/1 for flagfish (Jordanella floridae) to 852 ug/1 for brook trout

(Salvelinus fontinalis). No tests of the chronic toxicity of zinc to fish

have been conducted in hard water. Four chronic toxicity tests are reported

for Daphnia magna, with chronic values ranging from 47 to 136 ug/l. Sur-

prisingly, the chronic toxicity of zinc to this daphnid appears to increase

B-7



with increasing hardness, a phenomenon which may be attributable to inges-

tion of precipitated zinc by Daphnia magna in hard water tests.

The 10-month chronic toxicity test conducted by Brungs (1969) provided
evidence that the chronic value for the fathead minnow in hard water would
be below 180 ug/1 (Table 6). In light of the 106 ug/1 chronic value ob-
tained by Benoit and Holcombe (1978) in soft water, this strongly suggests
that the chronic toxicity of zinc to fish may also be relatively unaffected
by hardness. Thus, the available toxicity data indicate that hardness ef-
fects are much less dramatic for the chronic toxicity of zinc than for acute
toxicity, and that the slope of the hardness-toxicity regression may be near
zero or even negative for some species.

The only chronic data reported (Table 2) for a saltwater species exposed

to zinc are those for the mysid shrimp, Mysidopsis bahia (U.S. EPA, 1980).

In this flow-through life cycle test the number of spawns recorded at 231
ug/1 was significantly (p<0.05) fewer than at 120 ug/1, but the number of
spawns at 59 and 120 ug/1 were not statistically significantly different
from those in the control. Brood size was significantly.(p<0.05) reduced at
231 ug/1 but not at Tower concentrations. Based upon reproductive data, the
lower and upper chronic endpoints were 120 amd 231 ug/1, respectively, which
results in a chronic value of 166 ug/1 (Table 3).

The acute-chronic ratios derived from the nine chronic tests with zinc
in freshwater show a rather wide range (Table 2). Some of the range is due
to the differing acute values for different life stages of the same spe-
cies. Additional variation is due to differences in water quality, but in
soft water the values range from less than 1 to 32. It appears that 3 would
be a reasonable estimate of an acute-chronic ratio for zinc in freshwater,

and this agrees with the only value available in saltwater.
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An acute-chronic ratio of 3 used with the freshwater Final Acute Equa-
tion (Table 3) would result in a freshwater Final Chronic Equation of
e(0.83[1n(harness)] * 0'85). However, this would result in a Final
Chronic Value of 55 ug/1 at a hardness of 45 and in higher values at higher
hardnesses. Because 47 ug/1 is the chronic value for both a sensitive in-
vertebrate in hard water and a medium sensitive fish in soft water, it would
appear reasonable to set the freshwater Final Chronic Value at 47 pg/1 for
all hardnesses. This is also supported by the data suggesting that in-
creasing hardness does not decrease the chronic toxicity of zinc like it
decreases the acute toxicity of zinc.

The saltwater Final Acute Value of 173 ug/1 divided by an acute-chronic
ratio of 3 results in a saltwater Final Chronic Value of 57.7 ug/1 (Table 3).

Plant Effects

Results of zinc toxicity tests with nine species of freshwater plants
are listed in Table 4. Zinc concentrations from 30 to 21,600 ug/1 have been
shown to reduce the growth of various plant species. Algae appear to be

more sensitive to zinc than macrophytes, with Selenastrum capricornutum the

most sensitive of the tested algal species. Selenastrum sensitivity to zinc
is greater in softer waters (Greene, et al. 1975), but the range of hardness
values tested was limited (4 to 15 mg/1 as CaC03). The significance of
short-term growth inhibition in algae has not been established; however, the
existence of growth inhibition at low zinc levels should be considered of
potential ecological importance.

Data for the toxic effects of zinc to 13 species of saltwater plants are
also Tisted in Table 4. The growth of kelp was inhibited at 100 ng/1 for

Laminaria digitata (Bryan, 1969) and 250 ug/1 for Laminaria hyperiborea
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(Hopkins and Kain, 1971). The giant kelp, Macrocystis pyrifera, was rela-

tively insensitive to the effects of zinc on photosynthesis with an ECsq
of 10,000 ng/1.
Microalgae had a wide range of sensitivities to zinc. Growth inhibition

was reported at 25,000 ug/1 for the diatom, Phaeodactylum tricornutum (Jen-

sen, et al. 1974), for Skeletonema costatum and Thalassiosira pseudonana at

200 ug/1 (Braek, et al. 1976), at 100 ug/1 for Gymnodinium splendens and

Thalassiosira rotula (Kayser, 1977), and at 50 ug/1 for Schroederella

schroederi (Kayser, 1977).

No freshwater or saltwater Final Plant Value is possible because zinc
concentrations were not measured in any of the toxicity tests with plants.
Residues

Table 5 contains bioconcentration factors for zinc determined with two
freshwater fish species and two freshwater invertebrate species. The fac-
tors for fish were 51 and 432, and those for invertebrate species were 107
and 1,130.

Bioconcentration factors also have been determined for three species of
macroalgae and six species of saltwater invertebrates (Table 5), but no data
are available for saltwater fishes. The accumulation of zinc by macroalgae

varied from a high of 16,600 times ambient for Fucus serratus (Young, 1975)

to 1,530 times above ambient for Enteromorpha prolifera (Munda, 1979).

Among invertebrate species bioconcentration factors ranged from 20 for the

polychaete Nereis diversicolor (Bryan and Hummerstone, 1973) to 16,700 for

the oyster Crassostrea virginica (Shuster and Pringle, 1969).

Bioconcentration factors varied considerably among the different species
of bivalve molluscs; 43 was obtained with the soft-shell clam (Eisler,
1976b), 500 with the mussel (Pentreath, 1973) and 16,700 with the oyster

(Shuster and Pringle, 1969). Bryan (1966) reported zinc accumulation in
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crab muscle resulting in a bioconcentration factor of 8,800. Because of the
variation between species and phyla it is difficult to identify specific
trends between bioconcentration and phylogenetic position. Bioconcentration
factors for invertebrate species are generally 500 or less except for the

crab and oyster.

A Final Residue Value cannot be calculated for either fresh or saltwater
because no maximum permissible tissue concentration is available.

Miscellaneous

Table 6 contains other data concerning the effects of zinc on freshwater
organisms. Sprague (1968) found that rainbow trout would avoid a zinc con-
centration of 5.6 ug/1 in a laboratory behavior test in water with a hard-
ness of 14 mg/1 as CaCO3, but the ecological significance of Tlaboratory
avoidance behavior is not known. Sprague (1964b) and Sprague, et al. (1965)
emphasized that laboratory avoidance thresholds are probably low estimates,
because territorial or migrational motivations would be expected to cause
higher thresholds for avoidance in nature. In addition, acclimation to zinc
could substantially alter avoidance behavior.

Significant avoidance behavior probably will not occur in nature at zinc
concentrations below those required for acute and chronic protection for the
most sensitive freshwater organisms. Acclimation and territorial and migra-
tory urges would probably counteract mild aversion to waters containing low
zinc concentrations. However, the possibility that a sensitive, nonaccli-
mated species would at least temporarily avoid a body of water with an ap-
parently acceptable zinc concentration cannot be ruled out on the basis of
existing data.

Anderson, et al. (1980) reported an average LCgy value of 37 ug/1

(range 26 to 54 ug/1) for the chironomid Tanytarsus dissimilis following

10-day exposure of the embryonic, hatching, and molting stages. Growth of

B-11



surviving larvae was not significantly affected. Because of the duration
and nature of the test and the short life-span of the chironomid tested,
this test should probably be considered equivalent to the early life stage
test with fish. The sensitivity of this species is further support for a
freshwater Final Chronic Value of 47 ug/1.

The data for saltwater aquatic life in Tables 1 and 6 indicate that zinc
causes increasing cumulative mortality with increasing time of exposure past
96 hours. Eisler and Hennekey (1977) reported a significant increase in
zinc mortality to the mummichog, sandworm, soft-shell clam, and mudsnail
when exposures were extended from 4 to 7 days. Benijts-Claus and Benijts
(1975) reported delayed development of crab larvae after 16 days exposure at
50 ug/1, indicating cumulative mortality to macrocrustaceans.

Data in Table 6 also indicate a relationship between salinity and acute
toxicity. Herbert and Wakeford (1964) reported a decrease in the sensitivi-
ty of Atlantic salmon (smolt) and yearling rainbow trout to the acute “tox-
icity of zinc at salinities of 3, 7, and 14 g/kg but an increase in sensi-
tivity at 26 g/kg salinity. The relationship therefore was not linear over
the range of salinities tested. Jones (1975) reported a linear increase in
mortality with decreasing salinities for both the marine isopod, Idotea

baltica and the euryhaline isopod, Jaera albifrons.

Molluscan larvae as a taxa are generally more sensitive than the inver—
tebrates to zinc toxicity. Brereton, et al. (1973) reported that reduced
development and inhibition of substrate attachment occurred at 125 ug/1 with
the Pacific oyster, and Nelson (1972) reported that abnormal shell
development occurred at 70 ug/T.

Summary
Zinc is an essential trace element which can be toxic at higher concen-

trations. The acute toxicity of zinc to aquatic organisms is affected Ly
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hardness, but the chronic toxicity apparently is not. The range of acute
values for freshwater organisms is from 90 to 38,100 ug/1 and is similar for
fish and invertebrates. Results from chronic toxicity tests indicate a
range of chronic values from 47 to 852 ug/1. Of the nine reported chronic
toxicity tests, five are tests with fish in soft water and four are tests

with Daphnia magna at hardnesses from 45 to 211 mg/1 as CaC03. Chronic

zinc toxicity 1is relatively unaffected by hardness, with zinc possibly
becoming more toxic in harder waters. Data from two tests with fathead min-
nows confirm the apparent inability of hardness to reduce the chronic tox-
jcity of zinc. A chronic value of 47 ug/1 was obtained with both a sensi-

tive invertebrate (Daphnia magna) in hard water and a medium sensitive fish

(flagfish) in soft water. In addition, a 10-day LCSO of 37 ug/1 was
obtained with a midge.

Although most plants appear to be insensitive to zinc, some values with
one species were below 47 ug/1, but other values for the same species were
much higher. Data on bioconcentration indicates that concentrations of zinc
which do not harm sensitive freshwater organisms will not harm consumers of
aquatic organisms. The possibility of avoidance of zinc at low concentra-
tions is suggested by laboratory behavior tests with fish, but the quaniti-
tative extrapolation-of these results to field situation is apparently not
justified,

The saltwater acute values for zinc and fishes ranged from 2,730 ug/1
for larval Atlantic silversides to 83,000 for larval mummichog. Acute va-
lues for the invertebrate species ranged from 166 for clam larvae to 55,000
for adult polychaetes. The one chronic study conducted with the mysid
shrimp produced a chronic value of 166 ug/l1 resulting in an acutechronic
ratio of 3.0. Plant studies with macroalgae reported growth inhibition at

100 ug/1 for Laminaria digitata. Microalgae had a wide range of sensitivi-
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ties to zinc with the lowest value being 50 wug/1 for Schroederella

schroederi. Bioconcentration factors were generally less than 500 for the
commercially important species of invertebrates except for the factors of
16,700 and 8,800 for an oyster and crab, respectively. Zinc mortality is
cumulative for exposures beyond four days. The effect of salinity on zinc
toxicity appears to be non-linear with fishes and linear with invertebrate
species.
CRITERIA

For total recoverable zinc the criterion to protect freshwater
aquatic life as derived using the Guidelines is 47 ug/1 as a 24-hour
average, and the concentration (in ug/1) should not exceed the numerical

(0.83[ In(hardness)]+1.95) at any time. For example, at

value given by e
hardnesses of 50, 100, and 200 mg/1 as CaC0; the concentration of total
recoverable zinc should not exceed 180, 320, and 570 ug/1 at any time.

For total recoverable zinc the cirterion to protect saltwater aquatic
life as derived using the Guidelines is 58 ug/1 as a 24-hour average, and

the concentration should not exceed 170 ug/1 at any time.
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Mammalian Toxicology and Human Health Effects

INTRODUCTION

More than 100 years ago it was shown that zinc was essential

for the growth of Aspergillus niger. It was then shown that it

was an essential metal for plant life. 1In the 1930's, the essen-
tiality of zinc for the growth of rats was shown. 2Zinc has for a
long time been regarded as an essential element for human beings
but not until the 1960's was it shown that zinc deficiency coculd
cause a certain syndrome and that therapy with zinc salts could
alleviate or even cure the symptoms of zinc deficiency. During
the recent past some other disease states including congenital
diseases have been related to zinc. Zinc therapy has attracted
the interest of clinicians. The evergrowing interest in the
metabolism of zinec and the relationship between zinc and certain
diseases has, during the last decades, been reflected in a large
number of reviews and bocks (Brewer and Prasad, 1577: Halsted, et
al. 1974; National Research Council, 1978; Pories, et al. 1974;
Prasad, 1966, 1976, 1978; Sandstead, 1973, 1975;: Vallee, 1959;
Underwood, 1977). The National Research Council (NRC) report con-
tains 1,855 references and gives information not only on metabo-
lism and essentiality of zinc for human beings but also much in-
formation on occurrence of zinc, analytical methods, and human
health hazards from excessive exposure to zinc. Since this docu-
ment relies to a large extent on the NRC report, reference will be
given to chapters or page numbers in that report whenever it is

qguoted in this or following sections.



The information given will rely mainly on the previously men-
tioned references and specific references will only be given when
there is information which might add to the understanding of the
metabolism and health effects of zinc, especially in humans.

EXPOSURE

Ingestion from Water

The National Research Council (1978) (Chapter 2 pp. 25-28 and
Chapter 11 pp. 269-271) summarized available data on =zinc in
drinking water and concluded that generally the concentrations
were well below 5 mg/l. In a study by the U.S. Department of
Health, Education and Welfare (U.S. DHEW, 1970) 2,595 water sam-
ples were tested and of them eight had zinc concentrations above
the 5 mg/l level. The highest concentration found was 13 mg/l.
The average zinc concentration was 0.19 mg/l. In water leaving
treatment plants, Craun and McCabe (1975) found that all samples
contained less than 5 mg/l of zinc, but that in cities with soft
acidic water the concentrations increased in the distribution
system. Tapwater could thus have concentrations around 5 mg/l.
In a study by U.S. EPA (1975) it was found that in 591 water sam-
ples all had zinc concentrations below 4 mg/l.

Uncontaminated fresh water generally contains zinc at less
than 0.01 mg/l1 (NRC, 1978). Analysis of filtered surface waters
in the U.S. revealed that of 714 samples only 7 had concentrations
exceeding 1 mg/1l and that 607 (85 percent) had concentrations be-

low 0.1 mg/1l (Durum, et al. 1971).
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TABLE 2

Zinc Concentrations in the Urine of Swedish Peoplet

Standard Zinc,
Number of Zinc, Average (a)* Deviation Calculated
Group Persons (mg/qg of creatinine) (a)* Average (mg/24 hr)
Men, non-smokers
(age in years)
2 to 9 4 0.86 0.23 0.33
17 to 19 10 0.38 0.19 0.71
20 to 29 10 0.32 0.13 0.59
30 to 39 10 0.29 0.10 0.49
40 to 49 16 025 0.16 0.39
50 to 59 15 0.32 0.09 0.45
60 to 69 9 0.27 0.17 0.35
70 to 79 11 0.40 0.18 0.46
80 to 89 9 0.35 0.12 0.35
Men, smokers
(age in years)
40 to 49 5 0.35 0.19 0.55
50 to 59 5 0.39 0.09 0.55
66 1 0.32 - 0.41
75 1 0.27 - 0.31
Women, non-smokers
(age in years)
3 4 1.23 0.21 0.37
40 to 49 10 0.23 0.17 0.20
50 to 59 10 0.47 0.38 0.34

tSource: Elinder, et al., 1978.
*a, arithmetic averages,
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