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Abstract Although nickel (Ni) frequently enters into water,
documents on speciation of the metal and its toxicity to fresh-
water organisms are scanty. Laboratory experiments, made in
this study, with 1.0–5.0 mg/L of Ni revealed that Ni was not
quickly removed from water. Application of cubic regression
followed by classical optimization technique showed that
maximum reduction time (T) of Ni in water ranged between
60 to 65 h. Ninety-six hours of LC50 value of Ni to crustacean
Diaptomus forbesi, fish Cyprinus carpio, and worm
Branchiura sowerbyi was respectively 5.43, 14.70, and
19.73 mg/L. Normalizing the lethal values and plotting them
against time, it was observed that C. carpio was more sensi-
tive than D. forbesi, which was not reflected in the 96-h LC50

values. However, sensitivity of these organisms to Ni was
better explained by power regression equation (M = aNib),
which exhibited that mortality (M) of D. forbesi and B.
sowerbyi increased slowly between 24 to 72 h, increasing
sharply at 96 h, while mortality ofC. carpio increased steadily
every 24 till 96 h. Experiment with 1.0 mg/L of Ni in outdoor
vats showed that crustacean zooplankton and worms

accumulated high concentration of Ni, while only gut and
liver tissues of fish C. carpio accumulated trace and moder-
ately high concentration of Ni, respectively. It is assumed that
toxicity of Ni to fish is mediated primarily through gill.
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Introduction

As compared to other toxic metals, evidence on pollution
of water by nickel (Ni) and its effects on aquatic organisms
are limited. However, the metal frequently enters into nat-
ural bodies of water through the effluents discharged from
several industries like alloys, electroplating, battery, coal
combustion, ore refining (WHO 2005; Cempel and Nikel
2006; Munoz and Costa 2012), and many other anthropo-
genic sources. As a result, Ni contamination of water is
gradually increasing resulting in increasing exposure of
living organisms to this metal (Munoz and Costa 2012).
Average concentration of Ni in water vary between 2.58
and 11.87 μg/L in India (Anonymous 2014), while global-
ly, it ranges between 1.0 and 10.0 μg/L though the value
may be as high as 1000 μg/L in contaminated water (Eisler
1998; Zhou et al. 2016).

Although Ni is considered as an essential micronutrient,
essentiality of the element to aquatic organisms is not
established (Muyssen et al. 2004). Accordingly, the presence
of Ni even in low concentration may be hazardous to aquatic
organisms. Though systemic studies on Ni toxicity to aquatic
organisms are relatively poor (Hoang et al. 2004), a few liter-
ature on acute and chronic toxicity of Ni to fish (Luca et al.
2007; Svecevicius 2010; Shafiq et al. 2012) and aquatic in-
vertebrates (Mohammed et al. 2010; Buttino et al. 2011;
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Niyogi et al. 2014; Zhou et al. 2016) are available. Ninety-six
hours of LC50 values of Ni to some freshwater fish varied
between 19.3 to 61.2 mg/L (Svecevicius 2010). The
physico-chemical parameters of water like pH, hardness, al-
kalinity, and dissolved solid could modify toxicity of nickel to
fish (Pyle et al. 2002, Hoang et al. 2004). Exposure to 1 mM
nickel chloride for 1 h at pH 7.4 and temperature 25 °C af-
fected cellular metabolism of erythrocyte in rainbow trout
(Luca et al. 2007). The carp fish Cirrhina mrigala showed
reduction in growth when exposed to sublethal concentrations
of Ni in water (21.93–29.43 mg/L) along with dietary level of
Ni (79.11–88.80 μg/g) for 12 weeks (Shafiq et al. 2012).
Nickel has also been found to induce nephrotoxicity, hepato-
toxicity, and teratogenesis in invertebrates and vertebrates
(Haber et al. 2000; Denkhaus and Salnikow 2002; Vijayavel
et al. 2009; De Forest and Schlekat 2013). Exposure to
5.7 mg/L Ni for 10–30 days caused severe damage in the
histology of gill of the carp fish Hypophthalmichthys molitrix
(Athikesavan et al. 2006). Marine crustaceans have been
found to be highly sensitive to Ni (Mohammed et al. 2010;
Buttino et al. 2011). More than 94% of nauplii of the calanoid
copepod Acartia tonsa died at 0.4 mg/L Ni (Zhou et al. 2016).
Common freshwater pulmonate snail Lymnea stagnalis is also
highly sensitive to chronic exposure of Ni, EC50 for growth
varying between 1.3 and 4.4 μg/L (Schlekat et al. 2010).

The main objectives of the present study are to determine
persistence of Ni in water with respect to time after treatment
of water with environmentally relevant concentrations of Ni,
lethal concentration of Ni to selected species of crustacea,
oligochaet worms, and fish and pattern of bioaccumulation
of Ni in these aquatic organisms through experiments con-
ducted in outdoor earthen vats. We used quadratic and cubic
regression in an attempt to explain the non-linear variation in
concentration of Ni in water with respect to time and correlate
acute toxicity of Ni to aquatic organisms with the change in
concentration of the metal in water. Deposition of Cu in water
was best explained by cubic regression, while mortality of
organisms with respect to time could be explained by linear
regression (Ghosh et al. 2016). Various regression equations
are used to explain variation of toxicants on living organisms
with respect to several independent variables. But judgment to
choose the type of regression depends on the best-fitted curve
and corresponding R2 value.

Materials and methods

Experimental design

Three experiments were conducted, two in the laboratory and
one in outdoor earthen vats. Experiments to study the pattern
of Ni deposition in water and acute toxicity bioassays for fish
were made in the laboratory in 20-L glass aquaria each

containing 10 L of water. Acute toxicity bioassays for crusta-
cean and oligochaet worms were carried out in 300 ml beakers
each holding 250 ml of water. Experiments on bioaccumula-
tion of Ni were made in outdoor earthen vats (0.098 m3 space
each). Deep tube-well water stored in an overhead tank (dis-
solved oxygen 7.50 ± 0.30 mg/L; free CO2 0.30 ± 0.01 mg/L,
pH 7 15 ± 0.12, alkalinity 125 ± 12 mg/L as CaCO3 and
hardness 150 ± 8.0 mg/L as CaCO3) was used as test medium
for all the experiments. The test vials were arranged as per
randomized block design so that there were three replicates
for each of the concentrations of Ni and control tested. Nickel
(II) sulfate hexahydrate (NiSO4, 6H2O; Purity ≥ 97.0%) salt
procured from MERCK (Mumbai, India) was used for Ni
treatment. The salt was dissolved in double distilled water to
make a stock solution of 1000 mg/L Ni. Necessary amount
from this stock solution was added to the test water to achieve
desired concentration of Ni.

Experiments on deposition of Ni

Based on concentrations of Ni determined in natural freshwa-
ter bodies in India and assumptions of actual discharges from
the sources, three concentrations of Ni (1.0, 2.0, and 5.0 mg/L)
were used for experiments on deposition of Ni. The aquaria
were filled with water and kept undisturbed for 24 h before
making the above treatments and a control with appropriate
replications as mentioned above. Water samples were collect-
ed by siphoning from mid depth of each aquarium after 1, 6,
12, 24, 48, 72, and 96 h of treatment for the determination of
Ni. The water samples were filtered and the filtrates were
digested by strong nitric acid following the procedures of
APHA (1995). The digested samples were diluted with double
distilled water. A blank was prepared from double distilled
water using the above method. Levels of Ni in the digested
samples were determined in flame atomic absorption spectro-
photometer (AAS) (Spectra AA 240, Agilent Technologies)
against the blank after calibration with Varian standards of
known concentrations.

Fig. 1 Change in the concentration of Ni with respect to time (actual
observation)

Environ Sci Pollut Res (2018) 25:3588–3595 3589



The data generated were used to fit quadratic and cubic
regression using the method of least square, and results were
compared to recognize the best one that govern the variation
of Ni concentration against time for each treatment. After
selection of best-fit regression equation, the classical optimi-
zation technique was applied to determine the optimal rate of
change of Ni concentration with respect to time and identify
time at which variation was maximum.

Acute toxicity bioassay

The 96-h static bioassays were conducted following the pro-
cedure of APHA (1995) to determine LC50 values of Ni for
the crustacean Diaptomus forbesi, oligochaet worms
Branchiura sowerbyi and the teleost fish Cyprinus carpio.
The crustaceans and the worms were collected from the local
unpolluted water bodies and fingerlings of the fish C. carpio
(L = 3.47 ± 0.28 cm; W = 525 ± 30 mg) were procured from a
local fish farm. The test organisms were acclimatized in the
laboratory conditions for 96 h and were stocked at 10 individ-
uals of crustacean or worms in 300 ml beaker and at 5 indi-
viduals of fish in 20 L aquarium. For control and each treat-
ment of Ni, three replicates were maintained. After 1 h of
treatment, water samples were collected from each test vial
to determine actual concentration of Ni in water by AAS.
Mortality of the organisms was recorded every 24 h and dead
organisms were removed immediately. Lethal concentration at
which 50% animals died (LC50) was calculated by computer
programme of probit analysis (EPAVer. 1.5) based on probit
analysis of Finney (1971). The mortality patterns of the test
organisms were also evaluated by normalizing the lethal
values and plotting them against time. Finally, power

regressions were calculated to get a comparative view about
the mortality rate with respect to Ni concentration.

Experiments on bioaccumulation of Ni

Six outdoor earthen vats were used for this experiment. Each
vat was filled with 60 L of water and 5 kg of uncontaminated
soil (pH 7.2 ± 0.2, organic carbon 1.72 ± 0.10%, available N
12.23 ± 0.22mg/100 g, available P 7.25 ± 0.05mg/100 g). The
vats were then stocked with sufficient quantity of crustacean
zooplankton and oligochaet worms collected from unpolluted
sources and were conditioned for 15 days for the planktons
and worms to grow. Three vats were then treated with 1.0 mg/
L of Ni and three vats were kept as controls. The concentration
of Ni selected for this experiment was approximately 20% of
the LC50 value of Ni for D. forbesi, the most sensitive species
tested in the present study. Samples of water were carefully
collected from each vat after 96 h of exposure by high density
polyethylene (HDPE) bucket and passed through a plankton
net made up of bolting silk no. 25 (mesh size 64 μm) to collect
the crustacean zooplankton. Sediment samples were collected
from each vat by a hand dredger and were spayed in a plastic
tray to collect worms. Sediment samples were then dried to
constant weight in oven at 98 ± 2 °C. Collected samples were
preserved by the methods described by Guhathakurta and
Kaviraj (2004). Each vat was then stocked with ten fingerlings
of the carp fish C. carpio and was kept in the vat for another
96 h. Fish samples were collected after 96 h of exposure, i.e.,
192 h of the whole experiment. All samples collected from the

Table 3 Concentrations of Ni in different tissues of fish exposed to Ni
(1.0 mg/L)

Tissue Control (96 h) Treatment (192 h)

Muscle ND ND

Kidney ND ND

Gill 2.35 ± 0.25 8.21 ± 0.58

Gut ND 1.34 ± 0.04

Liver ND ND

ND not detectable

Table 2 Concentration of Ni in water, sediment, crustacean plankton,
and oligochaet worms after 96 h of treatment with 1.0 mg/L Ni

Water
(mg/L)

Sediment
(mg/kg)

Plankton
(μg/g)

Worms
(μg/g)

Control 0.04 ± 0.00 16.84 ± 0.57 2.05 ± 0.13 41.57 ± 0.02

Treated 0.11 ± 0.01 22.09 ± 0.48 69.46 ± 0.18 1200.08 ± 0.07

Table 1 LC50 value of nickel
(mg/L) with 95% confidence limit
in parenthesis for three aquatic
organisms for four different
exposure periods

Exposure period

Test specimens 24 h 48 h 72 h 96 h

Diaptomus forbesi
(Crustacea)

8.91 (7.69–10.27) 7.62 (6.39–9.00) 6.71 (5.58–7.77) 5.43 (4.48–6.24)

Branchiura sowerbyi
(Oligochaeta)

26.64 (24.39–29.67) 24.28 (22.19–26.31) 22.33 (20.23–24.37) 19.73 (18.09–21.30)

Cyprinus carpio
(Teleostomi)

38.76 (32.04–47.76) 27.88 (21.91–33.91) 24.08 (16.27–30.23) 14.70 (9.13–20.34)
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experimental vats were immediately digested or preserved for
the determination of Ni.

Water samples were digested in strong nitric acid as de-
scribed above. The sediment soils were digested in nitric acid
and hydrochloric acid (Guhathakurta and Kaviraj 2000). Fish
samples were dissected to collect gill, liver, gut, kidney, and
muscle tissues. The tissues were digested in nitric acid,
sulphuric acid, and perchloric acid (Guhathakurta and
Kaviraj 2004). Ni in the digested samples was determined in
AAS using blank and standards as described above. Precision
and accuracy of the analytical methods were checked by anal-
yses of a standard reference material of Ni in aqueous solution
(NIST, SRM no. 3136) and soil samples spiked by Ni (Nafde
et al. 1998). Adopted analytical procedures yielded 96 ± 2%
recovery of Ni from the SRM and spiked samples tested.
Detection limit of Ni in the instrument was found at 0.01 mg/L.

Results

Deposition of Ni in water

Deposition of Ni in water with respect to time has been pre-
sented in Fig. 1. Dissolved Ni in water decreased slowly with
the period of exposure. The concentration of Ni after 96 h of

exposure was 0.65, 1.29, and 4.12 mg/L respectively for the
treatments 1.0, 2.0, and 5.0 mg/L thereby showing reduction
of only 17.64, 35.02, and 34.90% of Ni in water after 96 h in
respective treatment.

Acute toxicity

LC50 values of Ni with 95% confidence limit for the three
species of aquatic organisms have been presented in Table 1.
The values were determined based on nominal concentration
of Ni. Ninety-six hours of LC50 values of Ni for the three test
organisms ranged from 5.43 to 19.73 mg/L. The crustaceanD.
forbesi was most susceptible followed by the fish C. carpio
and the oligochaet worm B. sowerbyi.

Bioaccumulation of Ni

Concentration of Ni in water, sediment, crustacean plankton,
and oligochaet worms after 96 h of treatment with 1.0 mg/LNi
in water is shown in Table 2. Although reduction of Ni in
water after 96 h of treatment was more than that observed in
laboratory aquaria, the crustacean plankton accumulated high
concentration of Ni. Deposition of Ni in sediment was rather
low and the bottom organism B. sowerbyi also accumulated
moderate amount of Ni. Accumulation of Ni in different

Fig. 2 Quadratic and cubic regression of Ni concentration against time

Table 4 Quadratic and cubic
regression between concentration
of Ni in water and time of
observation for each exposure
concentration

Ni Quadratic regression R2 Cubic regression R2

(Ni = a + bT + cT2) (Ni = a + bT + cT2 + dT3)

1.0 mg/L Ni = 0.985 – 0.178 T + 0.024 T2 0.980 Ni = 1.007 – 0.277 T + 0.090 T2 – 0.011T3 0.997
2.0 mg/L Ni = 1.978 – 0.324 T + 0.041 T2 0.977 Ni = 2.024 – 0.528 T + 0.176 T2 – 0.022T3 0.995
5.0 mg/L Ni = 4.971 – 0.396 T + 0.048 T2 0.971 Ni = 5.037 – 0.689 T + 0.243 T2 – 0.032T3 0.996
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tissues is shown in Table 3. In control fish, Ni was detected in
low quantity only in gill tissues. After 96 h of treatment with
1.0 mg/L, Ni was detected at moderately high concentration in
gill and at trace concentration in gut. Concentration of Ni in
liver, kidney, and muscle tissues was below detection limit of
the instrument.

Discussion

Deposition of Ni

Heavy metals do not persist in water for long and settle down
quickly over sediment. This was evident from the experiments
with heavy metals like Cd and Cu which showed 72 to 97%
reduction from their initial concentration after 96 h of expo-
sure (Ghosal and Kaviraj 2002; Ghosh et al. 2016). Results of
the present study indicate that Ni remains in water for relative-
ly longer period. Only 17 to 35% reduction in the concentra-
tion of Ni in water was found after 96 h of exposure to 1.0 to
5.0 mg/L Ni. We applied quadratic and cubic regression equa-
tions between concentration of Ni in water and time of obser-
vation to explain the pattern of deposition of Ni in water
(Table 4). The curves drawn from these equations (Fig. 2) as
well as the R2 value (Table 4) exhibited that the cubic regres-
sion was best fitted for representing the contamination pattern.

Now, differentiating the cubic regression equation
(Table 4), the rate of change of Ni in water (dNi/dT) was
computed, and by using classical optimization technique, the
time required for maximum reduction (T) of Ni in water was
derived for each treatment (Table 5). It was revealed that the
time required for maximum reduction of Ni ranged between
60 to 65 h. The higher the concentration of Ni, the lower was
the time required for maximum reduction.

Speciation of metal in water varies frommetal to metal and
is influenced by several physical, chemical, and biological
factors (Brown and Markich 2000; Paquin et al. 2000,
2002). Speciation of Ni in water is also dependent upon the
solubility of the salt of Ni, pH of water, and presence of or-
ganic ligands in water (FAO 1984). Most of the salts of Ni,
except nickel sulphide, is highly soluble in water and precip-
itates less. Ni also forms stable complexes with amino acids,
ethylenediaminetetraacetic acid (EDTA), nitrilotriacetic acid

(NTA), etc. (FAO 1984). However, the presence of these or-
ganic ligands in the laboratory aquariumwater is negligible. In
the present study, pH of the experimental water was also near
neutral (7.15 ± 0.12). Figure 3 demonstrates that even under
such condition, Ni precipitated less and only 17 to 35% reduc-
tion in the concentration of Ni in water was revealed.

Acute toxicity

Ninety-six hours of LC50 value ofC. carpio as observed in the
present study is close to that of rainbow trout Onchorhynchus
mykiss (Brix et al. 2004; Svecevicius 2010), but lower than
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Fig. 3 Concentration of Ni in water (normalized) against time

Table 5 Classical optimization to determine the rate of change of Ni in
water

Ni (mg/L) dNi/dT T (h)

1.0 − 0.277 + 0.18 T − 0.033 T2 65.45

2.0 – 0.528 + 0.352 T – 0.066T2 64.00

5.0 − 0.689 + 0.486 T − 0.096 T2 60.75
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Fig. 4 Change in lethal values of Ni (normalized) with respect to time
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those of three spined stickle back Gasterosteus aculeatus,
roach Rutilus rutilus, perch Perca fluviatilis, and dace
Leuciscus leuciscus (Svecevicius 2010). Physiological differ-
ences between species render differences in their susceptibility
to metals. It was observed in the present study that suscepti-
bility of Ni to C. carpio changed sharply with time.
Svecevicius (2010) also observed that susceptibility of rain-
bow trout changed with exposure duration, though change in
susceptibility to G. aculeatus, R. rutilus, P. fluviatilis, and L.
leuciscus did not exhibit such time-dependent change in sus-
ceptibility to Ni. Hoang et al. (2004) observed that the suscep-
tibility of fathead minnow Pimephales promelas to Ni
changed with age of the fish as well as with hardness, alkalin-
ity, pH, and natural organic matter of water.

Mechanism of toxicity of Ni to aquatic organisms is not
completely known. Respiratory trouble resulting from dam-
ages in gill is probably the primary reason for toxicity of Ni to
fish (Pane et al. 2004; Athikesavan et al. 2006). Oxidative
damages to DNA and proteins and inhibition of cellular anti-
oxidant defenses have been observed in fish exposed to Ni
(Eisler 1998). Oxidative stress has also been observed in
erythrocytes of rainbow trout exposed to 1 mM nickel chlo-
ride for 1 h at pH 7.40 and 25 °C (Luca et al. 2007).

Results of the present study indicated that the freshwater
crustaceanD. forbesiwas most sensitive to Ni followed by the
carp fishC. carpio and the oligochaet wormB. sowerbyi. Hunt
et al. (2002) also observed marine crustaceanMysidopsis intii
as more sensitive (96 h LC50 = 0.15 mg/L) to Ni than the
marine fish Atherinops affinis (96 h LC50 = 26.56 mg/L).

Hatching success of the marine calanoid copepod Acartia
tonsa was reduced only in 0.63 mg/L NiCl2, while significant
mortality of their nauplii was found only in 0.1 mg/L of NiCl2
(Zhou et al. 2016). In the present study, B. sowerbyiwas found
least sensitive to Ni among the three animals tested. Toxicity
of a metal to aquatic organisms is dependent on the pattern of
its speciation in water and bioavailability to aquatic organ-
isms. Precipitation, adsorption, and complexion of metals to
inorganic and organic compounds present in water influence
speciation and bioavailability of metals in water. B. sowerbyi
was found more sensitive to cadmium than the fish C. carpio
when water was free of compost manure (Ghosal and Kaviraj
2002). But sensitivity changed with the increase in concentra-
tion of compost manure added, and finally, the sensitivity was
reversed after addition of a certain level of compost manure. In
our experiment with copper, we observed that initially B.
sowerbyi was more sensitive to Cu than the copepod D.
forbesi and the fish C. carpio. But sensitivity changed with
time, and after 96 h, the worm became least sensitive to copper
(Ghosh et al. 2016). Results of the present study revealed that
Ni precipitated slowly over sediment thereby making the met-
al biologically less available to the bottom organism B.
sowerbyi. In order to compare the susceptibility of the three
test organisms to Ni, we first normalized the lethal values of
Ni and then plotted against time (Fig. 4). It was observed that
lethal values of Ni sharply decreased with the increase of time
for the fish C. carpio, while the lethal values decreased mod-
erately for the crustacean D. forbesi and slowly for the worm
B. sowerbyi. The curve indicated that C. carpio was more

Table 6 Power regression
equation between mortality (M)
and concentration of Ni
(M = aNib)

Exposure (h) C. carpio B. sowerbyi D. forbesi

24 0.110Ni1.616 (R2 = 0.995) 0.002Ni3.068 (R2 = 0.995) 0.419Ni2.084 (R2 = 0.990)

48 0.918Ni1.137 (R2 = 0.990) 0.008Ni2.701 (R2 = 0.990) 1.159Ni1.766 (R2 = 0.994)

72 3.559Ni0.809 (R2 = 0.950) 0.003Ni3.002 (R2 = 0.950) 2.396Ni1.503 (R2 = 0.995)

96 6.108Ni0.723 (R2 = 0.946) 0.007Ni2.868 (R2 = 0.946) 3.240Ni1.520 (R2 = 0.978)

C. carpio D. forbesi B. sowerbyi
Fig. 5 Power regression curves of mortality of aquatic organisms against the concentration of Ni (24h = ---; 48 h =      ;

…… 72 h ; = 
__ 

96 h = 
__

)
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sensitive than D. forbesi, which was not reflected in the 96 h
LC50 values. Further, we computed power regression equa-
tions (M = aNib), where M was mortality of the test organisms
and Ni was the concentration of Ni treated (Table 6). The
corresponding power regression curves (Fig. 5) plotted from
the equation for each species separately revealed that Ni-
induced mortality pattern varied from species to species and
depended on exposure period. Mortality increased with the
increase of exposure period. But for D. forbesi and B.
sowerbyi, mortality increased slowly between 24 to 72 h,
thereafter increased sharply at 96 h. In contrast to this, mor-
tality of the fish C. carpio exposed to Ni steadily increased
every 24 h during the exposure period.

Bioaccumulation of Ni

Rate of removal of Ni from water after 96 h of treatment in
outdoor earthen vat experiment was more than that of labora-
tory experiment. The environment in outdoor vats was differ-
ent from that of laboratory aquaria. The bottoms of the vats
were filled with soil and plenty of planktons grew in the vats
which together contributed to increase in concentration of par-
ticulate matters in water. Particulate matters tend to absorb and
remove Ni from water (Cempel and Nikel 2006). The zoo-
plankton accumulated high concentration of Ni in the present
study. This was possible due to retention of Ni in water as
observed in the laboratory experiment without any plankton
organisms. Oligochaet worms also accumulated high concen-
tration of Ni. Interestingly, Ni was detected only in gill in
moderately high concentration. In liver, kidney, and muscle,
Ni concentration could not be detected, while in gut, Ni was
detected in trace quantity, indicating that accumulation of Ni
through food chain was negligible. Fish harvested from
Karasu River, Turkey, also exhibited trace amount of Ni in
gill, liver, and muscle although moderate to high concentra-
tion of Ni (37 to 88 μg/L) was recorded in the river water
(Kalkan et al. 2015). Average level of Ni in fish harvested
from Persian Gulf was 0.059 μg/g dry weight, and it was
assumed that there was little risk in consumption of such fish
at the rate of 4–7 kg/d by adult man (Malakootian et al. 2016).

Conclusions

It is concluded from this study that Ni is not quickly precipi-
tated once it enters into water. Cubic regression is a powerful
tool to explain the deposition of Ni in water. As Ni persists in
water for long period, pelagic organisms like crustacean zoo-
plankton remain at risk to exposure of Ni. However, sensitiv-
ity of aquatic organisms to Ni is better explained by power
regression between mortality of organisms and concentration
of Ni in water as compared to 96 h LC50 value. The gill of the
fish Cyprinus carpio is a sensitive tissue and can accumulate

high concentration of Ni from water when the fish is exposed
to 1.0 mg/L of Ni. But transfer of Ni from gill to liver, kidney,
and muscle tissues of the fish is too little to detect within 96 h
of exposure. Gut also accumulates trace amount of Ni within
this period, indicating that transfer of Ni through gut wall is
also negligible within 96 h. It is assumed from this study that
toxicity of Ni to fish is mediated primarily through the gill
tissues.
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