
Introduction

Nickel is widely used in industry and is a common
aquatic pollutant [1]. In natural waters Ni2+ is the dominant
chemical species [2-4]. In aquatic ecosystems nickel inter-
acts with numerous inorganic and organic compounds and
occurs as soluble salts adsorbed onto substances of differ-
ent chemical origin [2-4]. Some of these interactions are
additive or synergistic in producing adverse effects, and
some are antagonistic [4].

The presence of four heavy metals (copper, zinc, nick-
el, and hexavalent chromium) has been identified as indi-
cators of poor water quality [5]. The toxicity of nickel to
aquatic life was intensively investigated during previous
decades, and a considerable amount of experimental data
has been compiled and reviewed [2-4]. Data on nickel tox-
icity to fish are still scarce and most are from North
American fishes often using a single species. Moreover,
data on sensitivity of European fish species to nickel are
almost totally lacking. 

Toxicity testing with a single fish species is inade-
quate for evaluation pollutant hazard to the environment
and does not allow for identification of pollutant selective
toxicity. In order to obtain information on pollutant toxi-
city range, species with generally different susceptibili-
ties or metabolic activities should be used, including
those easily available and common in the area where the
toxicant may occur. Therefore, comparative toxicity stud-
ies should be developed to identify species that produce
results suitable to the evaluation of ecotoxicity of the pol-
lutant under study [6]. Furthermore, the same fish species
in distinct geographical regions may show different sen-
sitivity to the same pollutant. That is why data obtained
in different regions can hardly be extrapolated to local
conditions.

Several physico-chemical factors of water are known
that modify nickel toxicity to fish. Acute lethality of nick-
el increases with decreasing water pH and decreases as
hardness, alkalinity and total suspended solids increases
[7, 8].

The purpose of this study is by means of acute lethali-
ty tests to estimate the comparative sensitivity to nickel of
five common freshwater fish species.
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Experimental Procedures

Toxicity tests were conducted on the following fish
species: rainbow trout Oncorhynchus mykiss (Walbaum), a
species commonly used for aquatic toxicity testing; three-
spined stickleback Gasterosteus aculeatus L.; roach Rutilus
rutilus (L.); perch Perca fluviatilis L. and dace Leuciscus
leuciscus (L.). 

Species were chosen because they are common in the
European region, and represent systematically and ecologi-
cally different fish groups.

Rainbow trout were obtained from Žeimena Hatchery
(Švenčionys District, Lithuania). The other species were
collected in reference sites of the Neris River, using a drag-
net of 6 mm mesh. Length and weight data of fishes used in
toxicity tests are presented in Table 1. 

The test fish were acclimated to laboratory conditions
for one week prior to testing. The fish were kept in flow-
through holding tanks supplied with aerated deep-well
water (minimum flow rate 1 l per 1 g of their wet body mass
per day), under natural illumination and were fed live feed
(Chironomus sp.) daily in the morning; the total amount
was about 1% of their wet body mass per day. The day
before and during the tests the fish were not fed.

Reagent grade nickel sulphate (NiSO4·7H2O)
(REAKHIM Company, Russia) was used as the toxicant.
Stock solution was prepared by dissolving a necessary
amount of nickel sulphate in distilled water, the final con-
centration being recalculated according to the amount of
heavy metal ion.

Deep-well water was used for dilution. Its chemical
characteristics are given in Table 2.

The tests were conducted under flow-through condi-
tions. The system included 6 tanks of 30-liter volume and
the same number of proportional diluters according to the
Mount and Brungs [9] design. Test fishes were exposed to a
series of nominal concentrations ranging from 18.0 to 100
mg/l of nickel with five treatments and one control. The fac-
tor of dilution was 0.75, and 400 ml of the solution was
added to each tank every 3 minutes. The testing was started
in clean water, 10 fish being placed into each tank for accli-
mation. In order not to stress the fish, the concentration of
toxicant in tanks was increased gradually, 50% test concen-
tration being reached within 3.8 hours and full toxicant con-
centration within 18.8 hours. Each test had two replicates.

Mortality observations were made at 24-hour intervals.
Dead fish were removed, weighed individually (after being
lightly blotted dry), and measured (total length) at the time
of mortality observation. Fish still living at the conclusion
of a test were sacrificed, weighed and measured at that
time. No mortality was observed among control fish. 
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Fish species
Total length (mm) Weight (g)

Range Mean ± SEM Range Mean ± SEM 

Rainbow trout 70 - 90 82 ± 0.69 3.8 – 9.4 6.0 ± 0.18

Three-spined stickleback 45 - 57 51 ± 0.30 0.8 – 1.7 1.2 ± 0.03

Roach 70 - 90 79 ± 0.60 2.7 – 6.5 4.3 ± 0.12

Perch 55 - 75 64 ± 0.69 1.7 – 3.5 2.5 ± 0.06

Dace 52 - 62 57 ± 0.33 1.1 – 1.9 1.4 ± 0.03

Table 1. Length and weight of test fishes*.

*Number of fish for each species = 120.

pH 8.0 (7.9 – 8.1)

Dissolved oxygen 9.0 (8.0 – 10.0)

Temperature 11.0 (10.5 – 11.5)

Hardness (as CaCO3) 284 (271 – 296)

Alkalinity (as HCO3̄) 244 (232 – 256)

Suspended solids 2.7

BOD 0.000

Mg2+ 16.0

Ca2+ 64.0

SO4
2- 15.0

NO2̄ 0.000

NO3̄ 0.000

PO4
3- 0.032

Cl¯ 1.9

Phenols 0.000

Oil hydrocarbons 0.000

Fe 0.56

Mn 43.7

Zn 0.0101

Cu 0.00252

Cr 0.00056

Ni 0.00072

Cd 0.00004

Pb 0.00000

Table 2. Chemical and physical characteristics of the dilution
water (All values are in mg/l, unless otherwise noted).



The amount of oxygen in the tanks as well as tempera-
ture and pH were measured every 24 hours with a hand-
held multi-meter (WTW Multi 340i/SET, Germany). 

At the end of each test water samples were taken from
the tanks, acidified with nitric acid, and total amount of
nickel was measured with an atomic absorption spec-
trophotometer (SHIMADZU AA-6800, Japan), either with
the flame (Detection lower limit ≤ 0.006 ppm Cu) or
graphite furnace (Detection lower limit ≤ 0.03 ppb Mn)
techniques using proprietary software. Each sample was
analyzed 3 times. Mean measured concentrations were
within 5% of target (Table 3).

Median-Lethal-Concentration (LC50) values and their
95% confidence intervals were estimated using the
trimmed Spearman-Karber method [10]. 

Results and Discussion

The data obtained (Table 4) showed that the calculated
96-hour LC50 values of the five fish species tested vary
within the range of 19.3-61.2 mg Ni/l. No sharp boundary
between lethal and non-lethal nickel concentrations has
been found. The lowest 96-hour LC50 was found for rain-
bow trout and the highest one for dace. The 95% confi-
dence intervals of 96-hour LC50 for perch and for roach
were close and overlapped. Rainbow trout was from 1.75 to
3.17 times more sensitive to nickel than the other test
species based on 96-hour LC50 data. 

According to sensitivity to nickel, the species tested
may be arranged in the following sensitivity order: rainbow
trout > three-spined stickleback > perch = roach > dace.

Exposure duration evidently influenced the value of
LC50 only in rainbow trout. The greatest differences were
observed between 48-hour and 96-hour values and amount-
ed to 2.4, while in other species this ratio ranged from 1.2
in perch to 1.4 in three-spined stickleback. 72-hour and 96-
hour values were quite close. Their ratio varied within a
very small range, from 1.1 to 1.2, while this ratio in rain-
bow trout was highest at 1.5.

The 96-hour LC50 reported here are similar to previ-
ously published data on other fish species. US EPA [3]
reported Species Mean Acute Value (SMAV) of nickel to
fish ranging from 12.2 mg/l for American eel (Anguilla ros-
trata) to 43.3 mg/l for banded killifish (Fundulus
diaphaus), and of 13.4 mg/l for rainbow trout at the esti-
mated water hardness correction of 50 mg/l as CaCO3.
Rainbow trout in this study were shown to be less sensitive
than those in previous studies. For example, Nebeker et al.

[11] reported a 96-hour LC50 of 10.0 mg Ni/l for larval
rainbow trout in water with a hardness of 33.0 mg/l as
CaCO3. In contrast, Brix et al. [12] recently reported a 96-
hour LC50 value of 20.8 mg Ni/l for juvenile rainbow trout
in water with a hardness of 91.0 mg/l as CaCO3 and dis-
solved organic carbon of 0.8 mg/l.
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Nominal 
concentration

18 24 32 42 56 75 100

Measured 
concentration*

17.19 ± 0.51 22.96 ± 0.55 30.72 ± 0.82 39.90 ± 0.95 58.52 ± 1.45 72.01 ± 1.87 104.82 ± 2.31

Table 3. Nickel concentration scale (mg/l) used in toxicity tests.

*Mean ± SEM; number of measurements = 10.

Exposure duration
(hours)

LC50 (mg Ni/l)
95% confidence

interval (mg Ni/l)

Rainbow trout

24 > 56 –

48 46.4 30.3 – 71.1

72 28.0 24.6 – 31.8

96 19.3 15.0 – 24.9

Three-spined stickleback

24 > 75 –

48 45.7 42.3 – 49.5

72 37.7 35.3 – 40.3

96 33.7 31.3 – 36.3

Perch

24 64.8 59.8 – 70.2

48 56.2 51.8 – 70.0

72 52.4 47.7 – 57.5

96 48.1 43.4 – 53.2

Roach

24 > 100 –

48 67.6 60.7 – 75.3

72 56.1 50.5 – 62.4

96 48.7 43.3 – 54.9

Dace

24 > 100 –

48 77.2 71.6 – 83.1

72 68.7 63.2 – 74.7

96 61.2 56.1 – 66.8

Table 4. Calculated LC50 as total nickel values for fish species
tested in toxicity tests.



The mechanism of the toxic effect of nickel is partly
understood. Eisler [4] summarized data on the toxic mode of
action of nickel and concluded that toxic and carcinogenic
effects of nickel compounds are associated with nickel-medi-
ated oxidative damage to DNA and proteins and to inhibition
of cellular antioxidant defenses. Signs of nickel poisoning in
fishes include surfacing, rapid mouth and opercular move-
ments and, prior to death, convulsions and loss of equilibri-
um. Destruction of the gill lamellae by ionic nickel decreas-
es the ventilation rate and may cause blood hypoxia and
death. Other signs of nickel poisoning in fishes include
decreased concentrations of glycogen in muscle and liver
with simultaneous increases in levels of lactic acid and glu-
cose in blood, depressed hydrogen peroxide production in
tissues and a reduction in superoxide dismutase, and contrac-
tions of vascular smooth muscle signs similar to those asso-
ciated with hypertension in mammals. Recent investigations
confirmed that toxic effect of nickel is related to effects on
respiration rather than ionoregulatory disruption [13, 12].

In a previous study perch demonstrated the same sensi-
tivity to hexavalent chromium as rainbow trout [14]. It was
suggested that perch is a promising species for which fur-
ther research into its sensitivity to pollutants is needed, as
rainbow trout could be replaced by it in standard toxicity
tests. In this study rainbow trout sensitivity to nickel was
highest and significantly differed from other test species,
while perch dropped to the third-fourth place of the sensi-
tivity order.

Different tolerances may be due to physiologic differ-
ences and species-specific effects in salmonids. This once
more confirms the suggestion about how important it is to
use species with generally different susceptibilities or meta-
bolic activities in toxicity tests simultaneously in order to
get information on pollutant-selective toxicity, the range of
pollutant toxicity, and, finally, to evaluate the hazard of pol-
lutant to environment.

In this study only fish mortality as a biological endpoint
of interest was investigated. Those are basic data which
could be useful in further studies into nickel sublethal
effects to fish or in determining or revising water-quality
guidelines for the protection of aquatic biota, as well as in
solving practical problems of aquatic toxicology, e. g. in
choosing the most suitable test-objects for bioassay testing
of waters polluted with nickel and other heavy metals.
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