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Introduction®

Nickel is one of the most common of the metals occurring in surface
waters (Forstner 1984; Hutchinson et al. 1975; Kopp and Kroner 1967;
Martin and Knauer 1972; Mathis and Cummings 1973; McCabe et al. 1970; Portman
1972; Solbe 1973; Trollope and Evans 1976; Young 1982). Although nickel
can exist in o;idatiou states of -1, 0, +1, +2, +3, and +4, under usual
conditions in surface waters the divalent cation greatly predominates
and is generally considered the most toxic. Alkalinity, hardness, salinity,
pH, temperature, and such complexing agents as humic acids influence the
oxidation state, toxicity, and availability of the nickel in aquatic
gcosystems.

_Natural sources of the nickel in surface waters include weathering
of rocks, inflow of particulate matter, and precipitation. Anthropogenic
sources of nickel include the burning of coal and other fossil fuels and
discharges from such industries as electroplating and émelting; Although
fly ash can contain as much as 960 .g/g (Swaine 1980), lake restoration
projects have experimented with the use of fly ash to remove nutrients.

Mechanisms of nickel toxicity are varied and complex (Mustak 1980),
and, as with other heavy metals, significant effects occur at cell membranes
and membranous tissues, such as gills. 1In fish, hematological effects
such as hyperglycemia, lymphopenia, and erythrocytosis have been reported
in association with nickel intoxication (Agrawal et al. 1979; Chaudhry

1984; Chaudhry and Nath 1985; Chaudry and Nath 1985; Gill and Pant 1981).

* An understanding of the "Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses"
(Stephan et al. 1985), hereafter referred to as the Guidelines, and the
response to public comment (U.S. EPA 1985a) is necessary in order to
understand the following text, tables, and calculations.



Because of the variety of forms of aickel (Callahan et al. 1979;
Nriagu 1980) and lack of definitive information about their relative
toxicities, no available analytical measurement is known to be ideal for
expressing aquatic life criteria for nickel. Previous aquatic life
criteria for nickel (U.S. EPA 1980) were expressed in terms of total
recoverable nickel (U.S. EPA 1983a), but this measurement is probably too
rigorous in some situatioms. Acid-soluble nickel (operationally defined
as the nickel that passes through a 0.45 pm membrane filter after the
sample is acidified to pH = 1.5 to 2.0 with nitric acid) is probably the
best measurement at present for the following reasons:

1. This measurement is compatible with nearly all available data
concerning toxicity of nickel to, and bioaccumulation of nickel by,
aquatic organisms. No test results were rejected just because it was
likely that they would have been substantially different if they had
been reportéd in terms of acid-soluble nickel. For example, results
reported in terms of dissolved nickel would not have been used 1f the
concentratidn of precipitated nickel had been substantial.

2. On samples of ambient water, measurement of acid-soluble nickel will
probably measure all forms of nickel that are toxic to aquatic'life or
can be readily coanverted to toxic forms undar natural conditioms. In
addition, this_measuremen:'probably will not measure several forms, such
as nickel that is occluded in minerals, clays, and sand or is strongly
sorbed to particulate matter, that are not toxic and are not likely
to become toxic under natural conditioms. Although this measurement
(and many others) will measure soluble complexed forms of nickel,

such as the EDTA complex of nickel, that probably have low toxicities



to aquatic life, concentrations of these forms probably are negligible

in most ambient water.

Although water quality criteria apply to ambient water, the measurement

used to express criteria is likely to be used to measure nickel in aqueous

effluents. Measurement of acid-soluble nickel probably will be applicable

to effluents because it will measure precipitates, such as carbonate
and hydroxide precipitates of nickel, 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 nickel might be used to determine whether the receiving
water can decrease the concentration of acid-soluble nickel because

of sorption.

Thé acid-soluble measurement is probably useful for most metals, thus
minimizing the number of samples and procedures that are necessary.

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

of collection, as does the dissolved measurement.

The only treatmenc raquired 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.

Durations of 10 minutes to 24 hours between acidification and filtration
of most samples of ambient water probably will not affect the result
substantially.

The carbonate system has a much higher buffer Eapacity from pH = 1.5 to
2.0 than it does from pH = 4 to 9 (Weber and Stumm 1963).

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

affect the result substantially.



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

11. After acidification and filtration of the sample to isolate the acid-
soluble nickel, 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 nickel 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 nickel or for measuring nickel in ambient water
or aqueous effluents, measurement of both acid-soluble nickel and total
recoverable nickel in ambient water or effluent or both might be useful.

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

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

below the limit.

Unless otherwise noted, all concentrations reported herein are expected
to be essentially equivalent to acid-soluble nickel concentrations. All
concentrations are expressed as nickel, not as the chemical tested. The
criteria presented herein supersede previous natiomal aquatic life water
quality criteria for nigkel (U.S. EPA 1976,1980) because these new
criteria were derived using improved procedures and additional information.
Whenever adequately justified, a natiomal criterion may be replaced by a
site-specific criterion (U.S. EPA 1983b), which may include not ocnly
site-specific criterion concentrations (U.S. EPA 1983c), but also site-specific
durations of averaging periods and site-specific frequencies of allowed
excursions (U.S. EPA 1985b). The latest comprehensive literaturelseatch
for information for this document was conducted in July, 1986; some more recent

information might have been included.
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Acute Toxicity to Aquatic Animals

Lind et al. (Manuscript) conducted studies on the effects of both

hardness and TOC on the acute toxicity of nickel to both Daphnia pulicaria

and the fathead minnow (Table 6). With both species, nardness was the

only significantly correlated parameter. Nebeker et al. (1985) reported
that rainbow trout were more sensitive when l2-months old than when 3-months
old. Rehwoldt et al. (1973) observed that embryos were more sensitive

than adult snails.

Many factors might affect the results of tests of the toxicity of
nickel to aquatic organisms (Sprague 1985), 'but water quality criteria
can quantitatively take into account such factors only if 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 "as having
a major effect on the toxicity of nickel in fresh water, although the
observed effect is probably due to one or more of a aumber of usually
interrelatad ions, such as hydroxide, carbonate, calcium, and magnesium.
Hardness (expressed as mg CaCO3/L) is used here as a surrogate for the
ions that affect the results of toxicity tests on uiukel; An -analysis
of covariance (Dixon and Brown 1979; Neter and Wasserman 1974) was performed
using the natural logarithm of the acute value as the depe;dent variable,
species as the treatment or grouping variable, and the natural logarithm
of hafdness as the covariate or independent variable. This analysis of
covariance model was fit to the data in Table | for the four 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
also at least 100 mg/L higher than the lowest. The four slopes are

between 0.69 and 1.19 (see end of Table 1) and are close to the slope
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of 1.0 that is expected on the basis that nickel, 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 four slopes
as dissimilar as these is P = 0.26. This was interpreted as indicating
that it is not unreasonable to assume that the slopes for these four species
are the same.

Where possible, the pooled slopé of 0.8460 was used to adjust the
acute values in Table 1 to hardness = 50 mg/L. Species Mean Acute Values
were ca}culated as geometric means of the adjusted acute values. Genus Mean
Acute Vélues at hardness = 50 mg/L were then:calculated as geometric
means of the available freshwater Species Mean Acute Values (Table 3).
Of the eighteen genera for which freshwater acute values are available,
the most seasitive genus, Daphnia, was 29 times more sensitiyve than the
most resistant, Fundulus. The freshwgtef Final Acute Value for nickel at
hardness = 50 mg/L was calculated to be 1,578 ug/L using the pro;edure
described in the Guidelines and the Genus Mean Acute Values in Table 3.

Thus, the freshwater Criterion Maximum Concentratioa (in ag/L) =

(0.8460[1ln(hardness)}+3.3612)
e .

The acute toxicity of nickel to saltwater organisms has been determined
with 18 species of invertebrates and &4 species of fish (Table 1). The
LCS50s and ECSOs for invertebrates range from 151.7 ug/L for juveniles of

the mysid, Heteromysis formosa (Gentile et al. 1982) to 1,100,000 ug/L for

late juvenile to adult stages of the clam, Macoma balthica (Bryant et al.

1985). Fish are not as sensitive or as resistant to nickel. The 96-hr
LC50s range from 7,958 ag/L for larval stages of the Atlantic silverside,

Menidia menidia (Cardin 1985) to 350,000 ug/L for adult stages of the

mummichog, Fundulus heteroclitus (Eisler and Hennekey 1977).
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Although data are limited, relationships might exist between both
salinity and temperature and the toxicity of nickel to some saltwater species.
For example, the LC50 for the mummichog is 55,000 ug/L at a salinity of
6.9 g/kg, and 175,000 pg/L at a salinity of 21.6 g/kg (Dorfman 1977). 1In

a series of tests with the amphipod, Corophium volutator (Bryant et al.

1985), the LC50 increased with salinity at 5°C, 10°C, and 15°C. At
salinities of 5, 10, and 15 g/kg, temperature did not seem to affect the
LC50, but at salinities of 25 and 35 g/kg, the LC50 decreased as temperature
increased. Bryant et al. ﬂ1985) found similar effects of salinity and

temperature on nickel toxicity with the clam, Macoma balthica (Table 6).

Regressions of toxicity on salinity for the above data show strong correlatioms.
However, analysis of covariance reveals that the slopes for the individual
species are too dissimilar (P < 0.05) to justify expressing nickel toxicity
as a function of salinity.
Of the twenty saltwater genera for which acute values are available,
the most sensitive genus, Heteromysis, was over 2,000 times more sensitive
than the most resistant, Mya (Table 3). Acute values are available for
more than one species in each of three genera, and the range of Species
Mean Acute Values within each genus is less than a factor of 4.8. Genus
Mean Acute Values for the four most sensit;ve genera, Hete;omzsis,

Mercenaria, Mysidopsis, and Crassostrea, were within a factor of 7.8 even

though the acute tests were conducted with juveniles of the crustaceans

and with embryos of the bivalves. The saltwater Final Acute Value was
calculated to be 149.2 ag/L, which is very close to the acute value for the

most sensitive tested saltwater species.



Chronic Toxicity to Aquatic Animals

Data are available on the freshwater chronic toxicity of nickel to
a cladoceran, a caddisfly, and two species of fish (Table 2). Nebeker
et al. (1985) conducted two early life-stage tests beginning with rainbow
trout embryos 4 hours after fertilization and one early life-stage test
beginning with trout embryos 25 days after fertilization. In the first
test, weight was significantly reduced by all tested conceatratious
including the loﬁest of 35 pyg/L. In the second test, weight was significantly
reduced by 62 and 431 ug/L, but not by 35, 134, and 238 ug/L, whereas
survival was reduced only at nickel cﬁncentrations of 134 ug/L and nigher.
In the third test, weight was significantly reduced at 431 ug/L and
higher, but the reduction in survival was significant only at 1,680 ug/L
and higher. . 2

Lazareva (1985) conducted a life-cycle test over successive generations

with Daphnia magna and observed little change in sensitivity. Although survival

time was the most sensitive parameter in one test, growth was coasistently
affected at a concentration of 10 ug/L. Lazareva predicted that 5 ug/L
would affect the productivity of populations of Daphnia magna.

The influence of hardness on chronic toxicic} of nickel was investigated
by Chapman et al. (Manuscript). In life-cycle tests with ﬁéghnia magna,
they observed an increase in chronic value with increased hardness.

Least squares regression of ln[chronic value] on lal[hardness] produced a
slope of 2.3007 with wide confidence limits (Table 2). A similar
regression with data for the fathead minnow prodﬁced a slope of 0.5706,
but confidence limits could not be calculated because only two points were

available for use in the regression. - An F-test showed that, under the



assumption of equality of slopes, the probability of obtaining two
slopes as dissimilar as these is P = 0.19. This was interpreted as
indicating that it is not unreasonable to assume that the two slopes are
the same. The pooled slope is 1.3418 with 95% confidence limits of
-1.3922 and 4.0760. The confidence limits on the pooled acute slope are
well within the confidence limits on the pooled chronic slope.

The mysid, Mysidopsis bahia, is the only saltwater species with which

an acceptable chronic test has been conducted on nickel (Table 2).
Chronic exposure to nickel reduced survival and number of young at 14l
4g/L and above but not at 61 ug/L and lower (Lussier et al. 1985). Thus
the chronic value for nickel with this species is 92.74 .g/L and the
acute-chronic ratio is 5.478. |

The three available species mean acute-chronic ratios range from 5.478 to
35.58 and were all determined with species that are acutely sensitive to
nickel (Table 3). The Final Acute-Chronic Ratio of 17.99 was calculated
as the geometric mean of the three ratios. Division of the freshwater
Final Acute Value by the Final Acute-Chronic Ratio results in a freshwater
Final Chronic Value of 87.72 ug/L at hardnegs = 50 mg/L. Some data
(Tables 2 and 6) concerning the chronic toxicity of aickel to rainbow
trout indicate that embryos and larvae of this species migﬁt be affected
at this concentration, whereas other data (Table 2) indicate that embryos
and larvae of the species might not be adversely affected. Use of an
acute-chronic ratio that is independent of hardness is equivalent to
assuming that the chronic slope is equal to the acute sloPe.- Thus the
= e(0.8&60[Ln(hardness)]"-l.&&fb)

freshwater Final Chronic Value (in Jg/L)

This value might not protect Daphnia magna in soft water.



Division of the saltwater Final Acute Value by 17.99 results in a
saltwater Final Chronic Value of 8.293 ug/L, which is about a factor of eleven
lower than the only chronic value that has been determined with a saltwater
species. Three of the four acutely most sensitive saltwater species are
in the same family as the species with which the saltwater acute-chronic
ratio was determined. In addition, two other sensitive specles are bivalve
molluscs for which the acute values were obtained from tests on embryos

and larvae.

Toxicity to Aquatic Plants

Data on the toxicity of nickel to aquatic plants are found in Table 4.
Nickel concentrations resulting in a 40-60% reduction in growth of fresh-
water algae range from 50 ug/L for the green alga, Scenedesmus acuminatz,

to 5,000 pg/L for the green algae, Aakistrodesmus falcatus and Chlorococcum

sp. Wang and Wood (1984) indicate that toxicity of nickel to plants is
pH dependent. Although lack of hardness values makes comparisons difficulc,
generél comparison of data in Table 4 with chronic toxicity data in Table 2
suggests that nickel concentrations high enough to produce chroaic effects
on freshwater animals will also have detariorative effects on éreshwaner
algal populations. _ =

Patrick et al. (1975) found that nickel decreased diatom diversity
and caused a shift to green and blue-green algae. In their field study,
Spencer and Greene (1981) also found an increase in blue-green algae.
Using EDTA to manipulate Nit+2 concennrations; Spencer and Nichols
(1983) reported algal growth to be inversely related to free divalent

nickel and independent of total nickel concentrationms.
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Watras et al. (1985) reported a BCF with Daphnia magna of l1.6. Their study
indicated that uptake of nickel directly from the water was much greater
than uptake from food. They also suggested that little biomagnification
occurs within the association of the cladoceran and algae. Jennett et

al. (1982) examined physical and biological variables affecting uptake by
algae. Although their study did not demonstrate that steady-state was
attained, Taylor and Crowder (1983,1984) studied differential uptake of
nickel by various portions of an emergent aquatic plant, the cattail.

A field study with measured nickel concentrations in a stream produced

average BCF of 803 for wild rainbow trout (Salmo gairdneri) (Dallinger

and Kautzky 1985).
Data on biocaccumulation of nickel by saltwater organisms are available
for two species of algae and two species of bivalves (Table 5).- BCFs for

algae collected from the field are 675 for the rockweed, Fucus vesiculosis,

and 458.3 for Ascophvllum nodosum (Foster 1976). BCFs for bivalves

exposed for 9 days in the laboratory were 472.7 and 328.6 for the blue mussel
and 458.1 and 261.8 for the Eastern oyster (Zarovogian and Johnson 1984).

No U.S. FDA action level or other maximum acceptable conceantration in
tissue is available for nickel, and, therefore, no Final Residue Value

can be calculated.

Other Data

Data in Table 6 suggest a high toxicity to nickel in the single-celled
organisms. Bringmaan and Kuhn (1959a,b;1977a;1979;1980a,b;1981)
reported that concentrations of 2.5 to 1,500 ug/L resulted in incipient
inhibition of algae, bacteria, and protozoans. Babich and Stotzky (1983)

observed delayed effects after a 24-hr exposure.
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Willford (1966) reported 48-hr LC50s for six fishes tested in the
same water. Although the fish differed in size, neither this nor taxonomic
differences produced a clear trend in relative toxicity. Blaylock and
Frank (1979) observed LC50s for carp larva at 3 and 10.5 days to be 8,460
and 750 ag/L, respectively. Birge and coworkers obtained 28-day EC50s of
50, 60, and 90 ug/L with embyros and larvae of rainbow trout and a 7=
day EC50 of 50 .g/L with embryos and larvae of the narrow-mouthed toad.

Shaw and Brown (1971) studied the effect of nickel on laboratory
fortilization of rainbow trout eggs. They did not find a statistically
significant effect at 1000 wg/L (hardness = 260 to 280 mg/L) and noted a
stimulation in developmeat after fertilization compared to controls.

Whitley and Sikora (1970) and Brkovic-Popovic and Popovic (1977b)
studied effects on respiration in tubificid worms. Influence of aickel
on thermal resistance of salmonids was examined by Becker aad Rolford
(1980). The effect of comﬁlexing ageats on toxicity of nickel to carp’
was studied by Muramoto (1983). Smith-Sonneborn et al. (1983) studied
the toxicity of nickel dust particles ingested by Paramecium. Anderson
(1973) and Anderson aad Weber (1975) derived an expression relatiag body
size to sensitivity of the guppy.

In a field study, Havas and Hutchinson (1982) worked with acidified
and control ponds and suggested that the lowered pH increased the concen-
trations of heavy metals such as aickel and stressed resident aquatic
invertebrates. Keller and Pitblado (1984) and Yan ét al. (1985) compared
ambient nickel coancentrations to aquatic community dynamics.

Available data that were not used directly in the derivation of
saltwater criterioa for nickel (Table 6) do not indicate a need to lower
the criterion. In addition to affecting survival of saltwater animals,

13



nickel affects growth, development, reproduction, and biochemical responses.
A 19% reduction in growth of juvenile Pacific oysters, Crassostrea gigas,
exposed to 10 ug/L for 14 days at a salinity of 34 g/kg was reported by
Watling (1983). The ecological significance of this reduction is unknown,
but after l4 days in clean water size was similar to that of tne controls.
Petrich and Reish (1979) found that 100 to 500 ug/L suppressed reproduction

of a polychaete, Ctenodrilus serratus. Zaroogian et al. (1982) showed a

significant reduction in ATP activity in the adductor muscle of the blue
mussel, but not the Eastern oystér, after a 10-week exposure to 10 .g/L.

Abnormal development of embryos of the sea urchins, Arbacia punctulata and

Lvcechinus pictus, occurred at several concentrations of nickel (Timourian

and Watchmaker 1972; Waterman 1937), and concentrations as low as 58.69

ug/L depressed sperm motility in gametes of the purple urchin, Strongylocentrotﬁé

purpuratus (Timourian and Watchmaker 1977).

Unused Data

Some data on the.effects of nickel on aquatic organisms were not used
because the studies were conducted with species that are not residenc in North
America (e.g., Ahsanullah 1982; Ballester and Castellvi 1979; Baudouin
and Scoopa 1974; Kanai and Wakﬁbayashi_1984; Khangarot et al. 1982: McFeters
et al. 1983; Saxena and Parashari 1983; Srivastava et al. 1985: Van Hoof and
Nauwelaers 1984; Verma et al. 1981; Wilson 1983). Results (e.g., Kissa
et al. 1984) of tests conducted with brine shrimp, Artemia sp., were aot
used because these species are from a unique saltwater environment.
Data were also not used if nickel was a component of a mixture (e.g.,
Alman and Bager 1984; Anderson 1983; Besser 1985; Cowgill et al. 1986,

Doudoroff 1956; Doudoroff et al. 1966: Eisler 1977b; Hutchinson and
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Sprague 1983,1986: Lopez-Avila et al. 1985; Markarian et al. 198G: Muska
1978; Muska and Weber 1977a,b; Phelps et al. 1981; Suloway et al. 1983;
Stratton and Corke 1979b; Vymazal 1984; Weinstein and Aaderson 1978; Woag
and Beaver 1980; Wong et al. 1978,1982), an effluent (e.g., Abbe 1932;
Blaise and Couture 1984; Cherry et al. 1979; Jay and Muncy 1979; Lewis
1986) or sediments (e.g., Malueg et al. 1984; Seeleye et al. 1982).

Babich and Stotzky (1985), Biddinger and Gloss (1984), Birge and
Black (1980), Chapman et al. (1968), Doudoroff and Katz (1953), Eisler
(1981),.Jenkins (1980), Kaiser (1980), LeBlanc (1984), McKim (1977),
Phillips and Russo (1978), Rai et -al. (1981), Thompson et al. (1972),
and U.S. EPA (1975) only contain data that have been published elsewhere.
Christensen et al. (1985) reported computer simulated data only.

Data were not used if the organisms were exposed to nickel in food (e.g.,
Cowgill et al. 1985: Mansouri-Aliabadi and Sharp 1985; Winéom et al.
1982). Results were aot used if the test procedures were not adequately
described (e.g., Bean and Harris 1977; Braginskiy and Shcherban 1978;
Brown 1968; Jones 1939; Petqkhov and Ninonenko 1982; See et al. 1974,1975;
Shcherban 1977; Sirover and Loeb 1976; Soeder and Engelmann 1984; Wang et
al. 1984). The 96-hr values reported by Buikema et al. (1974a,b) were
subject to error because of possible reproductive interactions (Buikema
et al. 1977). Michnowicz and Weaks (1984) conducted tests at too low a
pH. Babich et al. (1986) only exposed 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., Jones 1935; MacDonald et al. 1980; Shaw and Grushkin 1957)
or were conducted in chlorinated or '"tap" water (e.g., Grande and Andersen
1983; Janauer 1985). Dilution waters in studies by Mann and Fyfe (1984)

15



and Stratton and Corke (1979a) contained excessive amounts of EDTA. Stokes
(1975) and Whitton and Shehata (1982) used algae frum waters containing
high concentrations of nickel. The data of Gerhards and Weller (1977) on
accumulation of nickel by algae were not used because the test concentrations
of nickel adversely affected the growth of the algae. Dugan (1975)
reported results in uptake studies only as counts of radio-labeled nickel.
Bringmann and Kuhn (1982) cultured Daphnia magna in one water and
conducted tests in another. Tests conducted with too few test organisms
(e.g., Applegate et al. i957; Tarzwell and Henderson 1960) were not used.
Reports of the concentrations of nickel in wild aquatic organisms
(e.g., Abo-Rady 1979; Amemiya and Nakayama 1984; Bailey and Stokes 1985;
Bosserman 1985; Bradley and Morris 1986; Brezina and Arnold 1977; Bryan
et al. 1983; Chapman 1985; Chassard-Bouchard and Balvay 1978: Duastan et
al. 1980; Eisler et al. 19Y78: Gordon et al. 1980; Guilizzoni 1980; Héll
et al. 1978; Heit and Klasek 1985; Jenkins 1980; Kawamata et al. 1983;
La Touche and Mix 1982; McDermott et al. 1976; McHardy and George 1985;
Martin 1979; Mathis and Cummings 1973; Mears and Eisler 1977; O'Conner
1976; Ozimek 1985: Parsons et al. 1972; Peaniagton et al. 19825 Pulich
1980; Reynolds 1979: Stokes et al. 1985; Tong et al. 1974; Trollope and
Evans 1976; Uthe and Bligh 1971; Van Coille and Rousseau 15?4; Wachs 1982:
Wehr and Whitton 1983; Wren et al. 1983) were not used to calculate
bioaccumulatioa factors due to the absence or insufficieat number of

measurements of nickel in water.

Summar
Acute values with twenty-one freshwater species in 18 genera range

from 1,101 ug/L for a cladoceraan to 43,240 ug/L for a fish. Fishes and
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invertebrates are both spread throughout the range of semsitivity. Acute
values with four species are significantly correlated with hardness.

Data are available concerning the chronic toxicity of nickel to two
invertebrates and two fishes in fresh water. Data available for two
species indicate that chronic toxicity decreases as hardness increases.

The measured chronic values ranged from 14.77 ug/L with Daphnia magna

in soft water to 526.7 ug/L with the fathead minnow in hard water. Five
acute-chronic ratios are available for two species in soft and hard water
and range from 14 to 122,

Nickel appears to be quite toxic to freshwater algae, with concentrations
as low as 50 pg/L producing significant inhibition. Bioconcentration
factors for nickel range from 0.8 for fish muscle to 193 for a cladoceran.

Acute values for twenty-three saltwater species in twenty genera range from
151.7 ug/L with juveniles of a mysid to 1,100,000 .g/L with juveniles and adults
of a clam. The acute values for the four species of fish range from 7,598 to
350,000 .g/L. The agute toxicity of nickel appears to be related to salinity,
but the form of the relationship appears to be species-dependenc.

Mysidopsis bahia is the only saltwater species with which an acceptable

chronic test has been conducted on nickel. Chronic exposure to l4l. ug/L
and greater resulted in reduced survival and reproduction. The measured

acute-chronic ratio was 5.478.

Bioconcentration factors in salt water range from 261.8 with a oyster

to 675 with a brown alga.

National Criteria

The procedures described in the "Guidelines for Deriviang Numerical

National Water Quality Criteria for the Protection of Aquatic Organisms

1.7



and Their Uses" indicate that, except possibly where a locally important
species is very sensitive, freshwater aquatic organisms and thelr uses
should not be affected unacceptably if the four-day average concentration
(in 4g/L) of nickel does not exceed the numerical value given by
e(0.8460[1n(hardness)]+l.1645) more than once every three years on the
average and if the one-hour average concentration (in 4g/L) does not

exceed the numerical value given by e(O.BhGO[ln(hardaess)}+3.3612) mer

e
than once every three years on the average. For example, at hardnesses
of 50, 100, and 200 mg/L as CaCOj the four-day average concentrations of
nickel are 88, 160, and 280 ug/L, respectively, and the one-hour average
concentrations are 790, 1400, and 2500 ug/L.

The procedures described in the "Ggidelines for Deriving Numerical
National Water Quality Criteria for the Protection of Aquatic Organisms
and Their Uses" indicate that, except possibly where a locally important
species is very sensitive, saltwater aquatic organisms and tﬁeir uses
should not be affected uaacceptébly if the four-day avérage concentration
of nickel does not exceed 8.3 ug/L more than once every three years ova the
average and if the one-hour average concentration does not exceed 75 Hdg/L
more than once every three years on the average.

"Acid-soluble" is probably the best measurement at pre;ent for expressing
criteria for metals and the criteria for anickel were developed on this
basis. However, at this time, no EPA approved method for such a measurement
is available to implement criteria for metals throuéh 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

18



species of some metals cannot be measured because the total racoverable
method cannot distinguish between individual oxidation scates, and (2) in
some cases these criteria might be overly protective when based on the
total recoverable method.

Three vears 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
frgquencies may be established if adequate justification is providad.

Use of critaria Eor:developing=water quality-based permit limits and
for designing waste treatment facilities requires selection of an appropriate
wasteload 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:imoractical, in which case one must rely on a steady-state

model (U.S. EPA 1986).
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