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ABSTRACT

Aguatic toxicity studies were performed on two important coal-derived
contaminants, silver and nickel. Silver was investigated with regard to
metal-induced tolerance in laboratory populations of the fathead minnow
(Pimephales promelas). Fish were exposed to acute silver concentrations fol-

lowing acclimation to sublethal exposures of this metal. Based on median
lethal times {L750), animals which had received 14 days prior exposure to
1.5 and 15 pg Ag/L were three to four times more resistant to silver than
were previously unexposed organisms. This metal-induced resistance was not
a sustained response. After organisms which had been acclimated to 15 pg/L
had been transferred to clean water for two weeks, LT50 values determined
with these animals were statistically indistinguishable from those calculated
with non-acclimated control fish. With respect to nickel, a 32-day
continuous-flow test was performed with the fathead minnow. Nickel was
administered in duplicate at six exposure concentrations ranging from 0.038
to 0.733 mg/L in medium-hard water (100 mg CaCO3/L). Animal test responses
included mortality, teratogenesis, and growth. Based on frequencies of
mortality after 32 days of continuous exposure, significant effects were re-
corded at a nickel concentration of 0.120 mg/L, and the no observed effect
concentration (NOEC) was determined to be 0.057 mg Ni/L.

DESCRIPTORS: Aquatic Environment; Aquatic Populations; Toxins; Fish;
Fish Toxins; Mortality; Silver; Nickel
IDENTIFIERS: Teratogenesis; Coal-Derived Contaminants
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CHAPTER 1

INTRODUCTION

As one consequence of industrialization, numerous and varied
environmental problems have been created by the release of heavy metals to
aquatic resources. The continued occurrence of acid deposition (1) and the
widespread atmospheric contamination by heavy metals (2, 3) indicate that
future problems will involve diffuse sources. Propects for further con-
tamination of water resources stem from our increased dependence on coal
and other fossil fuels as national energy sources. Freshwater systems
constitute the major repositories for most coal-derived compounds, which
include upwards of 60 inorganic aquatic poliutants (4). Unlike certain
petroleum hydrocarbons that are subject to biodegradation, metals are per-
sistent in the environment. The present project was undertaken to investi-
gate the aquatic toxicity of two heavy metals (i.e., Ag, Ni), characterized
as important environmental contaminants which result in part from increased
and more diversified utilization of coal. In addition, both metals have
appeared on the U.S. Environmental Protection Agency's Tist of priority pol-
lutants (5).

Initial studies were performed using silver and focused on two principal
objectives. The first was to determine if and to what extent fish adapt to
chronic metal exposure, and the second was to ascertain the degree to which
animals maintain acclimation-induced changes in metal tolerance. To achieve
the first objective, populations of fathead minnows {Pimephales promelas)
were acclimated to silver at two sublethal exposure concentrations and sub-
sequently subjected to 96-h toxicity testing with the same metal. The level
of acute toxicity observed with these animals was compared to that obtained
with fish maintained in uncontaminated control water. To accomplish the
second objective, fish which had been exposed to sublethal silver concen-
trations were deacclimated in control water and then used in acute toxicity
tests with silver. This work was an important extension of similarly-

oriented research performed earlier in our laboratory on other metallic
contaminants (i.e., Cd, Cu, Zn; 6). The extent to which fish can acclimate



to chronic exposure to heavy metals has not been fully investigated. These
studies are deemed essential, as resulting changes in tolerance may be of
considerable importance in hazard assessment, particularly when applied to
energy technologies and the development of site-specific criteria for
aquatic life.

The second phase of this project involved determining a no observed
effect concentration (NOEC} for nickel administered to sensitive life-cycle
stages of fish. To accomplish this objective, an extensive 32-day con-
tinuous-flow test was performed on eggs and early larvae of the fathead
minnow. Test responses included mortality, teratogenesis, and growth of
newly hatched organisms. This study was conducted to aid in establishing a
numerical criterion for nickel with respect to chronic effects on aquatic
biota.



CHAPTER II

RESEARCH PROCEDYRES
Selection of animal species

A1l toxicity tests described in this study were performed using the
fathead minnow, Pimephales promelas. This species is an important component

in aquatic food chains (7) and has a wide distribution throughout the central
and northeastern United States (8). In addition, the fathead minnow has been
used extensively in aquatic toxicity testing (9). Juvenile fish for the
silver acclimation studies and freshly fertilized embryos for the early life
stage tests on nickel were obtained from the EPA Aguatic Toxicology Labora-
tory, Newtown, Ohio.

Selection of toxicants

Nickel and silver were selected for study in this investigation due to
their occurrence in coal and flyash effluents (Table 1) and for their impor-
tance as environmental contaminants. Both metals have been designated by
the U.S. Environmental Protection Agency as priority pollutants (5).
Analytical standards and toxicant stock solutions used for testing were based
on metal content and prepared from reagent-grade nickelous chloride
(N1C12-6H20) or certified ACS grade silver nitrate (AgNOB). These compounds
were obtained from the J.T. Baker Chemical Company and from the Fisher
Scientific Company, respectively.

Acclimation experiments with silver on juvenile stages of the minnow

Studies were conducted to investigate the differing degrees of silver
tolerance exhibited by juvenile stages of fathead minnows following acclima-
tion to sublethal silver concentrations for varying periods of time. Fish
were held in charcoal-filtered tap water for a minimum of two weeks prior to
silver exposure. General characteristics for this water, given as mean
values * standard deviations, were 7.6 + 0.2 for pH, 7.6 + 0.3 mg/L for
dissolved oxygen, 342 + 82 umhos/cm for conductivity, 141 + 13 mg CaCO4/L



for hardness, and 85 + 10 mg CaCO4/L for alkalinity. The above analyses
were performed at 2- to 3-day intervals during acclimation, using a
Corning pH meter (model 110), YSI oxygen meter (model 51A), Radiometer
Conductivity meter (model DCM 2E), the EDTA titrimetric procedure (10},
and the methyl orange titrimetric procedure {10), respectively.

Following the hoiding period, separate populations of fathead minnows
were exposed to 0, 1.5 and 15 ug Ag/L for 14 days in 200-liter fiberglass
tanks. A continuous flow of charcoal-filtered tap water was supplied to
each tank. Silver solutions were prepared in deionized water, acidified
to pH of 2, and delivered to acclimation tanks via Sage syringe pumps
(Model 355) fitted with double-ground glass syringes. Exposure levels were
regulated by varying the concentration of toxicant delivered from the syringe
pump. Dilution water flow rates were monitored using Gilmont flow meters
and timed volumetric measurements. The flow rate was set at 9 L/h, giving
one voiume addition every 24 hr. The loading capacity of the acclimation
tanks was under the 1imit of 1 g fish/L water as recommended by ASTM (11).
Fish were fed during acclimation and maintained on a 16~-h 1ight/8-h dark
photoperiod. Water temperature, as measured by a mercury thermometer,
ranged between 20.5 and 23.0°C.

After 0, 7, and 14 days, fish were removed from each acclimation and
control tank and used in static 96-hr toxicity tests with silver. Five
toxicant concentrations (i.e., 15, 25, 30, 40, 50 ug Ag/L) and a control
were used in each acute test. The acute test chamber consisted of a 20-liter
glass aquarium divided into two subchambers by a chemically inert, perforated
plastic screen. This chamber was designed to allow the acute administration
of identical silver exposure concentrations to two separate groups of
animals from different acclimation conditions. Moderate aeration was provided
to each chamber, and temperature was maintained at 22 + 2°C. Silver was added
to each test chamber at the initiation of the 96-h experiment, and exposure
concentrations for subsequent analysis of dose-response data were based on
measurements taken at this time. The stability of silver in the dilution
water was monitored throughout all acute toxicity tests. Based on analyses
performed on a Perkin-Elmer atomic absorption spectrophotometer (model 503)
equipped with a graphite furnace (model HGA 2100), exposure levels were with-
in 5% of the calculated concentrations at time 0 and decreased by about 50%
after 96h.



Fish not included in the acute toxicity tests, but which had been
acclimated to subiethal silver concentrations for 14 days, were then ex-
posed to clean dilution water only. Seven and 14 days after termination
of silver exposure, these organisms were used in acute tests with silver
in order to determine if any loss of tolerance occurred with time.
Mortality data from the 96-h acute tests were used to calculate median
lethal concentrations (LC50) and median lethal times (LT50), following the
methods of Finney (12} and Litchfield (13), respectively. Statistical
comparisons between the LC50 or LT50 values were accomplished using the
procedures of Sprague and Fogels (14).

Fathead minnow early life stage test with nickel

A 32-day early 1ife stage test with the fathead minnow was performed
on nickel, closely following the procedures outlined by ASTM (15), Mount
(16), and Stephan (17). Further details of these methods are given below.
Test system. Tests were performed using a continuous-flow system similar to
that described previously (18, 19). The experiment was conducted in a
temperature-regulated environmental room, and photoperiod was maintained at
16-Tight and 8-dark h/day. Graduated flow from a syringe pump (Sage model
355) was used to administer nickel to mixing chambers situated ahead of the
exposure chambers. Reconstituted dilution water, as described below, was
delivered from aerated Nalgene carboys to the mixing chambers by regulated
flow from a peristaltic pump (Brinkmann model IP 12). Solutions from the
syringe and peristaltic pump channels were mixed by magnetic stirrers and
delivered from the mixing units to the test chambers at a rate of 200 mL/h
under moderate positive pressure. Exposure levels were regulated by varying
concentrations of toxicant delivered from the syringe pump. Flow rates from
both syringe and peristaltic pumps were monitored using timed volumetric
measurements.
Test conditions. Tests were performed using six nickel exposure concentra-
tions, with controls. All tests were performed in duplicate. Initially, 35
eggs were placed in a  500-ml. Pyrex exposure chamber. Construction and
design of this test chamber have been described in earlier publications

(18, 19). The eggs were examined daily and dead organisms removed according-
ly. Hatching of most animals began 4 days after initiation of the test and
was completed by the fifth day. One-day-old larvae were then transferred from



each egg exposure chamber to a corresponding one-liter Pyrex beaker. A
glass inlet tube was positioned approximately 4 ¢m above the bottom of
each container, and an effluent siphon was situated 3 cm below the top.

At the time of fish transfer, the feeding regime was initiated. For the
first 9 days posthatching, fish in each container were fed 1ive, newly-
hatched brine shrimp 4 times per day at 4-h intervals. Beginning on the
tenth day, the frequency of feeding was reduced to 3 times daily. Feeding
was terminated 24 h prior to the end of the experiment. The chambers were
cleaned of accumulated debris by suction every second day. The experiment
was terminated 32 days after the introduction of fertilized eggs (i.e.,
~28 days posthatching). Wet weight and standard length were determined on
each Tive fish at the end of the experiment.

Reconstituted dilution water was prepared by adding reagent-grade salts
(i.e., NaHC03, CaSO4-2H20, MgSO4, KC1) to distilled deionized water. This
water was formulated to meet the medium-hard water criteria (i.e., hardness,
100 mg CaCO3/L), as described by Peltierand Weber (20). Water quality
characteristics were monitored in all exposure chambers at 2-to 3-day inter-
vals, employing the procedures described above, and test conditions are
summarized in Table 2. Exposure concentrations for nickel were analyzed
every 3 days from each chamber, using a Perkin-Elmer atomic absorption
spectrophotometer equipped with a graphite furnace. Test responses (i.e.,
mortality, wet weight, standard length) were analyzed for statistical
significance using the single-factor ANOVA/least-squares means test (21).



Table 1. Concentrations_of toxic elements in coal and ash

pond effluent. ]

Element (J;?tg) Ash P?;g/Eiquent
ATuminum 4300 - 30400 1.4 - 7.2
Arsenic 0.5 - 106 0.005 - 0.038
Barium 33 - 150 0.1 - 0.3
Beryllium 0.2 - 31 <0.01 - 0.01
Cadmium 0.1 - 65 0.001 - 0.037
Chromium 0.3 - 610 0.004 - 0.067
Copper 1.8 - 185 0.01 - 0.31
Lead 4 - 218 0.01 - 0.06
Magnesium 100 - 2500 0.4 - 14
Manganese 6 - 181 0.01 - 0.58
Mercury 0.01 - 1.6 0.0002 - 0.038
Nickel : 0.4 - 104 0.05 - 1.1
Selenium 0.4 - 7.7 0.002 - 0.065
Silver 0.03 - 0.19 <0.01 - 0.01
Zinc 15 - 5600 0.03 - 1.51

1
(24).

Data taken from Chu, et al. (22}, Pellizzari (23),

Torrey



Table 2. Test conditions observed during a continuous-flow
early life stage test with fathead minnows exposed

to nickel.

Mean + S.D. n
Temperature (°C) 25.1 + 0.3 476
Dissolved oxygen (mg/L) 6.7 + 1.2 196
pH 7.4 + 0.2 203
Alkalinity (mg/L as CaCO3) 54.6 + 8.2 203
Hardness (mg/L as CaCOB) 102.6 + 8.8 203
Conductivity (umhos/cm) 304.0 + 27.7 196




CHAPTER III

RESULTS AND DISCUSSION

Results are presented below for the two principal segments of this
project, involving fish acclimation studies with silver and a fish early
Tife stage experiment with nickel.

Acclimation-induced responses to silver by the fathead minnow

Studies were undertaken to investigate the extent of silver tolerance
exhibited by laboratory populations of fathead minnows following 7 and 14
days of acclimation to two different sublethal silver concentrations.
Survival frequencies during the entire 14-day period were 100%, 95%, and
96% for acclimation concentrations of 0, 1.5, and 15 ug Ag/L, respectively.
Measured values ranged from 0.71 to 1.25 ug/L for the 1.5 pg/L nominal
concentration and from 10.29 to 15.29 ug/L for the 15 pg/L nominal exposure
tevel. However, for discussion purposes nominal concentrations will be used
in describing experimental results.

As described under Research Procedures, 96-h acute toxicity tests were
performed with silver on populations of fish which had had no previous ex-
posure to silver and to fish pre-exposed to silver for 7 and 14 days. These
tests were conducted to provide an indication of acclimation-induced toler-
ance. According to Duncan and Klaverkamp (25), tolerance is defined as the
ability of aq/prganism to survive a specific set of environmental conditions
indefinitely and was determined in the present study by comparing median
lethal concentrations (LC50). Resistance is described by the same investi-
gators as the ability of an organism to survive for a limited period of time
under conditions that would eventually cause death and was determined by
comparing median lethal times (LT50). Pretreatment with 15 pg Ag/L resulted
in a significant increase in acclimation-induced tolerance to silver.

After 14 days of exposure to this acclimation concentration, the

96-h LC50 value (i.e., 46.4 ug/L) was significantly greater than that
determined with previously unexposed control animals (i.e. 37.2 ug/L;

Table 3). Acclimation-induced responses were even more apparent when com-
parisons were performed using LT50 values (Table 4). A significant increase
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Table 3. Acute toxicity of silver, expressed as LC50 values, to fathead minnows acclimated and
deacclimated to silver.

Calculated Percent 96-h LC50 (ug Ag/L) with 95% Confidence Limits Given Parenthetical]y]
Acclimation Survival of
Concentration Acclimated . Acclimation Period (days) Deacclimation Period (days)
* (ug Ag/L) Population { 0 7 7 7

0 100 30.0 36.6 37.2 18.3 36.0

(28.4-32.4)  (31.3-44.3) (23.3-43.4) (11.2-22.9) (29.5-39.9)

1.5 95 (--) 42.6 4.3 24.5 (--)
(35.4-63.8)  (25.8-50.1) (22.8-37.1)

15 96 (--) 45.6 46.4* 29.1* 31.0
(34.8-59.8) (12.5-53.6) (9.5-30.6) (--)

]Asterisk denotes values that are statistically different (p<0.05) from controls, as determined by

Sprague and Fogels (14).
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Table 4. Acute toxicity of silver, expressed as LT50 values, to fathead minnows acclimated and
deacclimated to silver.

Ca]cglatgd Percent 96-h LC50 (ng Ag/L) with 95% Confidence Limits Given Parenthetica]]_y1
Cgﬁﬁl;ﬁi:;?gn gg£¥};glegf Acclimation Period (days% Deacclimation Period (days)
{ug Ag/L) Poputation 0 7 14 7 14
0 100 18.0 16.0 4.5 8.3 14.0
(~-) (13.3-19.3) (3.0-6.8) (6.8-10.8) (11.4-17.2)
1.5 95 (--) 18.5 15.1% 9.4 {(--)

(11.6-29.4)  (8.5-26.7) (4.5-19.8)

15 96 (--) 24.5% 17.5* 16.0* 12.0
(21.7-27.7)  (14.1-21.7) (11.7-21.9) (8.9-17.5)

1Asterisk denotes values that are statistically different (p<0.05) from controls, as determined by
Sprague and Fogels (14).

2Ca]cu]ation of LT50's were based on a nominal exposure concentration of 50 pg Ag/L at this time and
on 40 ug Ag/L at other time periods.



in fish resistance to silver was observed for the acclimation concentration
of 1.5 ug/L after 14 days and for the 15 ug/L exposure level after both

7 and 14 days. For the latter, the LT50 value was approximately 4 times
greater than that observed for control animals.

The acclimation-induced tolerance/resistance to silver did not appear
to be a sustained response. For example, when fish which had been exposed
to silver at 15 pg/L for 14 days were returned to control water for 2 weeks,
both LC50 and LT50 values were no longer significantly greater than those
calculated with controls (Tables 3, 4). Moreover, at the Tower acclimation
concentration of 1.5 pg/L, resistance of fish to silver was lost after only
one week in control water {Table 4).

The trends in increasing tolerance/resistance with the period of
sublethal exposure to silver are illustrated in Figures 1 and 2. As given
in these figures, a ratio was established between the LC50 or LT50 values
determined in tests with acclimated animals and LC50's or LT50's calculated
with organisms having no previous exposure to silver. At both the 1.5 pg/L
(Figure 1) and 15.0 ug/L {(Figure 2) exposure concentrations, acclimation
time correlated inversely with acute toxicity. Furthermore, significantly
less acute toxicity was observed for organisms exposed to the higher of the
two acclimation concentrations. However, as noted above, acclimation-induced
tolerance/resistance generally decreased rapidly after the discontinuation of
sublethal exposure. In earlier acclimation studies on cadmium and copper
with the same species of fish, similar results were observed (6, 26).

There is some evidence that genetic factors rather than sublethal
toxicant exposures may be responsible for organismal tolerance/resistance to
environmental contaminants. For example, ]aboratbry populations of fathead
minnows demonstrated a greater toxic response to hydrogen sulfide than did
natural populations, although neither group had any previous exposure to
this compound (27). The relaxation of normal selection pressures in cultured
populations and resuitant declines in vigor may be attributed to the greater
susceptibility of laboratory populations to toxicant stress. Nevertheless,
in the present investigation, acclimation-induced tolerance or resistance by
fathead minnows to silver was demonstrated under laboratory conditions. In
addition, fish lost their acquired tolerance to silver after transfer to
control water. This may indicate that there is a biological mechanism in
the fish which functions to mitigate the toxic effects of metals and that a

12
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or LTgg value calculated with acclimated and deacclimated fish to the
LCgp or LTgg calculated with non-acclimated control animals. Signifi-
cant differences from controls are indicated by the letter "a".



minimum level of metal is required to activate that mechanism. Several
earlier investigations have demonstrated that exposure of fish to low
concentrations of metal stimulates the synthesis of metallothionein, a
protein which binds with metals to produce an inactive complex (26, 28-31).

With respect to water resource considerations, the adaptation by
certain fish to heavy metals (e.g., Ag, Cd, Cu) can be viewed as bene-
ficial. For example, in the case of an episodic discharge, biological
adaptation to a contaminant or a mixture of contaminants might provide
protection for some species. Conversely, the presence of tolerant organisms
may create possible deleterious effects to the total environment through
their potential for increased bioconcentration of toxicants (6, 26). In
addition, natural variations in the assimilative capacity of organisms may
favor the more tolerant species and, therefore, result in an ecological
imbalance. Underestimating the impact of environmental contaminants un-
doubtedly will result in unacceptable and costly ecological degradation. On
the other hand, overestimating potential hazards will place an undue economic
burden on the implementation of new technologies. A better understanding of
the concept of acclimation-induced tolerance or resistance is essential if
accurate assessments on the effects of environmental pollutants are to be
achieved.

Effects of nickel on early life stages of the fathead minnow

Eggs and larvae of the fathead minnow were exposed to nickel in a 32-day
continuous-flow test to estimate a no-effect concentration for this metal to
fish early life stages. This experiment was performed in duplicate at six
exposure concentrations selected to produce a geometric series in which any
given concentration was at least 50% of the next higher concentration. The
continuous-flow system provided good reproducibility and accuracy of nickel
exposure concentrations. With only cone exception, actual mean nickel concen-
trations averaged for both replicates were within 5 to 10% of the calculated
values (Table 5).

Mortality of fathead minnow embryos determined at hatching for both
replicates ranged from 4% to 17% at nickel concentrations of 0.038 to 0.733
mg/L (Table 6). Although populations were examined daily for dead larvae,
mortality data were reported here at 11, 18, 25, and 32 days after the
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Table 5.

Mean exposure concentrations of nickel in a continuous-flow
early life stage test with fathead minnows.

Calculated Actual
Replicate Concentration Concentration

(mg/1) {mg/1) S.D. n

I 0.04 0.037 0.018 11
0.07 0.044 0.012 11

0.13 0.124 0.016 11

0.22 0.233 0.023 11

0.40 0.456 0.045 IR

0.71 0.789 0.089 11

II 0.04 0.039 0.009 11
0.07 0.069 0.01 i1

0.13 0.116 0.025 11

0.22 0.239 0.026 11

0.40 0.390 0.083 11

0.71 0.676 0.061 11

I &1II 0.04 0.038 0.014 22
0.07 0.057 0.012 22

0.13 0.120 0.021 22

0.22 0.236 0.025 22

0.40 0.423 0.064 22

0.71 0.733 0.075 22

1

Control chambers were sampled at regular intervals and

were always below the detection 1imit of 0.005 mg/1.

nickel concentrations
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Table 6. Toxicity of nickel to fathead minnows in a continuous-flow early Tife stage test.

Percentage of Dead Organisms

Actual ]
Replicate Conc?nt;?gion Day 0 Day 4-5 Day 11 Day 18 Day 25 Day 32
mng
I Control 0 3 6 9 9 11
0.037 0 6 11 11 11 11
0.044 0 6 9 9 9 g
0.124 0 ) 1 14 17 20
0.233 0 23 54 54 54 60
0.456 0 14 46 60 60 66
0.789 0 20 57 80 89 89
II Control 0 3 b 9 9 9
0.039 0 3 6 9 9 9
0.069 0 3 6 6 9 9
0.116 0 3 3 11 14 17
0.239 0 9 31 34 43 46
0.390 0 g 31 57 66 66
0.676 0 14 40 66 80 89
1 &11 Control 0 3 6 9 9 10
0.038 0 4 9 10 10 10
0.057 0 4 7 7 9 g
0.120 0 4 7 13 16 19
0.236 0 16 43 44 49 53
0.423 0 1" 39 59 63 66
0.733 0 17 49 73 84 89

]Surviva] was calculated at hatching which began on Day 4 and was completed by Day 5.



initiation of the test, following procedures of Mount (16) and Stephan (17}.
Based on the sample size of 70 for both replicates at each concentration,
mortality frequencies after 32 days were 10, 19, 53, 66, and 89% at 0.038,
0.120, 0.236, 0.423, and 0.733 mg Ni/L, respectively (Table 6).

Data from each duplicate test were combined and statistically analyzed
to determine the lowest nickel concentrations which produced significant
frequencies of mortality at hatching and after 32 days of continuous ex-
posure. In addition, analyses were performed on the frequencies of mortality
plus surviving terata at both time periods (Table 7). Terata were defined as
organisms affected by grossly anomalous defects likely to result in eventual
mortality (19). By comparing the frequencies at 32 days for mortality with
data for mortality plus terata, it is evident that most anomalous organisms
had died by the end of the test (Table 7). Significant effect levels
(p<0.05) were determined to be 0.236 and 0.120 mg Ni/L at hatching and 32
days, respectively.

In addition to the above responses, the effects of nickel on growth of .
fathead minnow larvae were examined. Both wet weight and standard length
measurements were determined on all Tive organisms after 32 days of exposure
(Tables 8, 9). Taking combined replicates, mean wet weights ranged from
0.1216 g for control organisms to 0.0948 g for fish subjected to 0.733 mg
Ni/L (Table 8). No significant reductions in weight were observed at any
exposure concentration (p<0.05%). Mean standard length values varied from
19.4 mm for controls to 17.6 mm for fish exposed to 0.733 mg Ni/L, and the
latter concentration. was found to produce a statistically significant effect
(p<0.01).

In summary, the highest no observed effect concentration (NOEC) for
nickel was 0.057 mg/L, when based on frequencies of mortality plus live
terata after 32 days of continuous exposure to early life stages eof the fat-
head minnow. This value compared closely to the tower end of the maximum
acceptable toxicant concentration range (0.068-0.132 mg Ni/L) estimated for
fathead minnows exposed in water having a hardness of 20 mg CaCO3/L (32, 33).
Using the same species, Lind, et al. in U.S. EPA (34) determined a chronic vaiue for
nickel of 0.109 mg/L in soft water (i.e., 45 mg CaCOB/L). Thus, it appears
from the above data that nickel concentrations of 0.050 to 0.100 mg/L may not signif-
icantly impair the reproduction of warmwater fish species residing in soft
to medium-hard waters.
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Coal ash effluents, some of which contain nickel in excess of 1.0 mg/L
(Table 1}, could pose a potential threat to the propagation of certain
aquatic biota (34). Whether or not fish populations can acquire a toler-
ance to nickel similar to that observed for silver and other heavy metals
(6, 26) remains uncertain. Because of its importance as an aquatic con-
taminant in water resources (34, 35), nickel appears to be a prime
candidate for further studies designed to investigate acclimation-induced

responses in fish.
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Table 7. Statistical analysis of response frequencies observed in nickel early-life stage
toxicity tests with fathead minnows.

Observation Actual Percent Statistical] Percent Statistical]
Time Concentration Mortality Significance Mortality + Terata Significance

(mg/1}

At hatching Control 3 - 3 -
0.038 4 ns 7 ns
0.057 4 ns 7 ns
0.120 4 ns 7 ns
0.236 16 <0.05 34 <0.05
0.423 11 ns 27 <0.05
0.733 17 <0.05 46 <0.05

At 32 days Control 10 - 10 -
0.038 10 ns T1 ns
0.057 9 ns 11 ns
0.120 19 <0.056 19 <0.05
0.236 53 <(.05 54 <0.05
0.423 66 <0.05 66 <0.05

0.733 89 <0.05 89 <0.05

]Statistica] analyses were performed using a single-factor ANOVA/least-squares means test (21)

for combined replicates.
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Table 8. Statistical analysis of wet weight data calculated for

fathead minnows exposed to nickel in a continuous-flow
early life stage toxicity test.

Actual Mean §ta§1§tica1]
Concentration Wet Weight S.D. Significance
(mg/L) (g/fish)
Control 0.1216 0.0317 -
0.038 0.1179 0.0340 ns
0.057 0.1215 0.0388 ns
0.120 0.1130 0.0324 ns
0.236 0.1059 0.0197 ns
0.423 0.1044 - 0.0276 ns
0.733 0.0948 0.0211 ns

]Statistical analyses were performed using a single-factor ANQVA/

least-squares means test (21) for combined replicates.
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Table 9. Statistical analysis of standard length data calculated for
fathead minnows exposed to nickel in a continuous-fiow
early life stage toxicity tests.

Actual Mean Statistical
Concentration Standard Length S.D0. Significance

(mg/L) (mm/fish)

Control 19.39 1.78 -
0.038 19.12 1.96 ns
0.057 19.33 2.08 | ns
0.720 18.99 1.77 ns
0.236 18.38 0.91 ns
0.423 18.25 1.42 ns

0.733 17.56 1.49 <0.0]

1Statistica] analyses were performed using a single-factor ANQVA/

least-squares means test (21) for combined replicates.



CHAPTER 1V

CONCLUSIONS

Aquatic toxicity studies were undertaken to observe the responses of
laboratory populations of fathead minnows to acutely toxic concentrations
of silver, following acclimation to two sublethal exposures of this metal
(i.e., 1.5 and 15 ug/L). On the basis of 96-h LC50 values, animals which
had received 14-days prior exposure to 15 pg Ag/L were significantly more
tolerant to silver than were previously unexposed organisms. Based on
median lethal times (LT50), populations of organisms which had been exposed
to 1.5 ug Ag/L for 14 days were significantly more resistant to silver than
were control fish. Following exposure to the higher acclimation concentra-
tion of 15 pg Ag/L, fish developed significant resistance after only 7
days. The increased tolerance and resistance of organisms acclimated to
sublethal silver concentrations point to the induction of an adaptive
mechanism sufficient to mitigate the toxic effects of exposure to subsequently
higher levels of metal.

After the acclimated fish were placed in uncontaminated water for 14
days, subsequent LT50's and LC50's were not significantly different from the
lethal values calculated for control organisms. Thus, the metal-induced
tolerance was not a sustained response.

With respect to natural water resources, the adaptation by certain fish
to héavy metals may be viewed as a beneficial, protective occurrence. How-
ever, tolerant organisms may create possible deleterious effects through theijr
potential for increased bioconcentration of toxicants. A better understanding
of the concept of acclimation-induced responses is essential to achieve
accurate assessments of the effects of environmental contaminants.

The second phase of this project involved the determination of a no ob-
served effect concentration (NOEC) for nickel administered to sensitive 1ife-
cycle stages of fish. To accomplish this, a 32-day continuous-flow eariy life
stage test wasperformed with the fathead minnow in medium-hard water (100 mg
C3C03/L)- Nickel was administered at mean exposure concentrations of 0.038,
0.057, 0.120, 0.236, 0.423, and 0.733 mg/L, and mortality, teratogenesis, and
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growth were used to assess toxic effects. The most sensitive endpoint was
mortality of test organisms after 32 days of continuous exposure, and
significant responses were observed at a nickel concentration of 0.120 mg/L.
The NOEC was determined to be 0.057 mg/L. Based on this value and other chronic
toxicity data, a nickel criterion in the range of 50 to 100 ug/L would most
likely be protective in soft to medium hard water for the fathead and other
piscine species of similar sensitivity. This range is in agreement with the
freshwafer values for nickel recommended by the U.S. EPA (34}. However, the
reproductive potential of other, more sensitive species such as the rainbow
trout (35), certain amphibians (34), and certain invertebrates (34) may be
affected at concentrations below 50 pg/L. Further studies with nickel,
including those relating to acclimation-induced responses, would seem to be
desirable, especially with respect to the establishment of site-specific
criteria or effluent Timitations for this metal.
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