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Abstract  

For animals, although, nickel is a nutritionally essential 
trace metal but can be dangerous when the maximum 
tolerable limits are exceeded. So an attempt has been 
made in the present research to study its 
bioaccumulation in different tissues of fresh water fish, 
Cirrhina mrigala exposed to sublethal concentrations of 
nickel for 20, 40 and 60 days. The fish were kept in 
different aquaria for different exposures and one 
aquarium was kept unstressed as control. The first batch 
of fish was sacrificed after 20 days of exposure to sub 
lethal dose of nickel and the second after 40 days and so 
on. Tissues from liver, intestine, muscle, gills and 
kidneys were collected and then digested for AAS to 
determine the concentration of nickel accumulated in 
these tissues. The order of accumulation of nickel in 
different tissues of Cirrhina mrigala was intestine > 
liver > kidney > gill > muscle. This suggest that intestine 
is the prime site of accumulation with highest 
persistence which is followed by liver, kidney, gills and 
muscles in the test fish throughout the exposure period.  
The results indicate the effect of heavy metal on the 
aquatic life of fresh water fish. Hence a scientific 
method is essential to detoxify the aquatic ecosystems. 
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Introduction 

Human population explosion and excessive 
anthropogenic activities like urbanisation, 
industrialization and agricultural processes 
have contributed to the contamination of 
aquatic systems. The disposal of industrial 
effluents is becoming a major problem 
(ATSDR, 1999). Heavy metals constitute a 
core group of aquatic pollutants and additional 
concentrations of these metals accumulate in 
the aquatic ecosystems as a result of land based 
activities (Vutukuru S.S, 2003). The toxic 
metals are held to be the most dangerous, since 
continuous exposure of aquatic organisms to 
their low concentration may result in 
bioaccumulation and transfer to man through 
food web (Gaspic et al., 2007). Heavy metals 
from natural and anthropogenic sources are 
continuously released into aquatic ecosystems 
and they are a serious threat because of their 
toxicity, long persistence, bioaccumulation and 
biomagnification in the food chain (Eisler, 
1988).   
 

Nickel is ubiquitous trace metal and occurs in 
soil, water, air, and in the biosphere. It is 
emitted into the environment from both natural 
and man-made sources. Once released to the 
environment, nickel readily forms complexes 
with many ligands, making it more mobile than 
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most heavy metals (Prathiban et al., 2011). 
Most nickel is used for the production of 
stainless steel. Nickel metal and its alloys are 
used widely in the metallurgical, chemical and 
food processing industries, especially as 
catalysts and pigments (Grandjean, P., 1984; 
Clarkson, T.W., 1988). Ni is also used 
extensively in electroplating as nickel sulphate 
and nickel hydroxide is used in nickel–
cadmium batteries (Nanda and Behera, 1996). 
Metal mining, smelting, refining, and 
processing along with fuel combustion and 
waste incineration activities release 
siagnificant amounts of nickel (Ni) into 
freshwater habitats through atmospheric 
deposition and in liquid effluents and leachates 
(Chau and Kulikovsky-Cordeiro, 1995). 

Humans may be exposed to nickel by breathing 
air, drinking water, eating food or smoking 
cigarettes. Skin contact with nickel-
contaminated soil or water may also result in 
nickel exposure. In small quantities nickel is 
essential, but when the uptake is too high it can 
be a danger to human health. An uptake of too 
large quantities of nickel results in higher 
chances of development of lung cancer, nose 
cancer, larynx cancer and prostate cancer, 
sickness and dizziness after exposure to nickel 
gas, lung embolism, respiratory failure, birth 
defects, asthma and chronic bronchitis, allergic 
reactions such as skin rashes, mainly from 
jewellery, heart disorders. Nickel fumes are 
respiratory irritants and may cause 
pneumonitis. Exposure to nickel and its 
compounds may result in the development of a 
dermatitis known as “nickel itch” in sensitized 
individuals. 

Fishes are sensitive to contaminants of the 
water and pollutants may damage certain 
physiological and biochemical processes when 

they enter the organs of the fish (Tulasi et al., 
1992). The fishes which are largely being used 
for the assessment of the quality of the aquatic 
environment can act as bioindicator of 
environmental pollution (Dautrempuits et al, 
2004). Fish residing in polluted freshwater 
systems are exposed to Ni, primarily, through 
the ingestion of contaminated food and 
sediments (Dallinger and Kautzky, 1985). 
 
In fresh water fish, heavy metal uptake takes 
place mainly through three routes, namely 
gills, skin and also from food via intestinal 
wall (Karlsson-Norgran and Runn, 1985). On 
the other hand, the water retention capacity of 
the fish is dependent on the metal assimilation 
and excretion capacities of fish concerned (Rao 
and Patnaik, 1999). According to Ferard et al 
(1983) aquatic organisms take up heavy metals 
and concentrate them to amounts considerably 
higher than those found in environment. 
Therefore, it is important to find the pathways 
of accumulation of heavy metals and their 
affinity to different tissues. The unsafe 
concentrations of heavy metal pollution in our 
aquatic systems and their negative impact on 
fish necessitated to plan and conduct this 
research project i.e. bioaccumulation of  nickel 
in the tissues of fresh water teleost fish, 
Cirrhina mrigala.  
 

Materials and Methods 

1. Collection and Acclimatization of Fish 
 
The fish, Cirrhina mrigala were purchased 
from the local fish market having an average 
length 12±3 cm and wt 200 ±2 gms The fish 
were then kept in different aquaria for 
conduction of various experiments. The fishes 
were acclimatized to laboratory conditions in 
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aquaria for a few days. In one aquarium the 
fish were kept as control specimens given the 
same food and environment as that of the 
experimental fish except that they were not 
given the dose of heavy metal compound. To 
observe the chronic effects of Nickel, sublethal 
dose (1/10 concentration of 96 hr LC50) of the 
heavy metal compound, nickel chloride (NiCl2) 
was given for 20, 40, and 60 days.  
 
2. Tissue Collection and Digestion for AAS  
The first batch of fishes was sacrificed after 20 
days of exposure to sub lethal dose of nickel 
and the second after 40 days and so on. Tissues 
from liver, intestine, muscle, gills and kidneys 
were collected and weighed quickly 1 gm each 
and digested to prepare a clear solution by 
leaving it in 5 ml mixture of nitric acid and 
sulphuric acid and perchloric acid in ratio of 
1:1:1. The samples were put in kdjeldal flask at 
125 degree centigrade for few days and adding 
nitric acid very slowly at intervals till the 
brown fumes of sulphuric acid ceased and the 
volume of the residue was made to 50 ml by 
addition of distilled water (Finney, D.J., 1978).  
 
3. Sample Analysis by Atomic Absorbtion 
Spectroscopy 
Atomic absorption Spectroscopy is an optical 
technique based on characteristic pattern of 
emission or absorption of light by atom or 
molecules and suitable for estimation of most 
metals (Curry et al, 1969). Atomic absorption 
measurements were carried out and the 
calculations were made (Lindsay, W.L. and 
Norwell, W. A., 1978).  
The analyzed concentration expressed as the % 
of the metal is calculated from the following 
formula 

 X=m x100/M 

X- Standard for the weight of the metal in the 
sample 

m- Mass in microgram of the metal per 
millilitre of the solution (obtained from 
reading) 

M- Mass in microgram per ml of the sample in 
the test solution. 

Result and Discussion 

Heavy metal Nickel(Ni) was analysed in 
different tissues like liver, gills, kidney, 
intestine and muscle of fresh water fish, 
Cirrhina mrigala exposed for 20, 40 and 60 
days to salt of nickel (Table 1). In the present 
study, the fish kept under control (without 
exposure) were also found to have 
accumulated heavy metals in their tissues. This 
suggests heavy metal contamination of aquatic 
systems from which fish were procured. After 
60 days of chronic exposure of sublethal 
concentration of nickel chloride, the order of 
accumulation of nickel in different tissues of 
Cirrhina mrigala was Intestine > liver > 
kidney > gill > muscle. The nickel content was 
higher in the intestine than the other organs 
tested. This suggest  that intestine is the prime 
site of accumulation with highest persistence 
which is followed by liver, kidney, gills and 
muscles in the test fish throughout the 
exposure period. 

In the present investigation the liver tissue of 
the exposed fish always contained a 
significantly higher level of Ni residue as 
compared to the control fish. The concentration 
of Ni in liver kept on increasing with period of 
exposure. After 20 days the concentration was 
1.12µg/g and became almost double. after 40 
days (2.20µg/g) and increased to 3.38µg/g 
after 60 days. The liver plays an important role 
in accumulation and detoxification of heavy  
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TISSUES CONTROL 20 DAYS 40 DAYS 60 DAYS 
LIVER 0.79±0.02 1.12±0.09 2.20±0.13 3.38±1.18 
KIDNEY 1.30±0.04 2.07±0.15 2.25±0.05 2.79±1.10 
INTESTINE 1.29±0.06 1.95±0.10 2.75±0.07 3.58±1.20 
GILL 0.08±0.01 1.17±0.09 2.62±0.15 2.15±1.15 
MUSCLE 0.62±0.12 0.93±0.07 1.35±0.08 1.75±0.07 
Unit µg/gm wet weight 
Values are mean ± SD,  
n=6 

 
metals (Yousafzai, 2004). Exposure of fish to 
elevated levels of heavy metals induces the 
synthesis of metallothioneine proteins (MT) 
(Friberg et al., 1971). MT has high affinities 
for heavy metals and in doing so, concentrate 
and regulate these metals in the liver (Carpene 
and Vasak, 1989). MT binds and detoxifies the 
metal ion (Kojima and Kagi, 1978). A. Rauf 
and M. Javed et al., (2009) also found that 
liver exhibited highest tendency to accumulate 
heavy metals in the three major carps (Catla 
catla, Labeo rohita and Cirrhina mrigala) 
from the river Ravi, Pakistan. The higher 
accumulation in liver may alter the levels of 
various biochemical parameters in this organ. 
This may also cause severe liver damage 
(Ferguson, 1989; Mayers and Hendricks, 1984; 
Narayanan and Vinodhini, 2008). 

Kidney is the gateway for heavy metal 
detoxification in the body. The concentration 
of nickel in the kidney kept on increasing from 
2.07µg/g(20 days) to 2.25 µg/g (40 days) to 
2.79µg/g till the end of exposure period (60 
days). These results indicate kidney as target 
organ to heavy metal storage in Cirrhina 
mrigala. The high accumulation of Ni in the 
kidney corroborated the results obtained by 
Philips and Russo (1978). Also, Malik et al., 
(2010) reported that kidney was the major site 
for heavy metal accumulation.  
 

In the intestine of control fish, the 
concentration of metal was found to 
be1.29µg/g. The concentration of nickel 
increased to 1.95µg/g after 20 days. After 40 
days of exposure, the concentration of metal 
accumulated (2.75 µg/g) was almost double the 
concentration of control fish. The maximum 
concentration of metal accumulated was after 
60 days i.e. 3.58 µg/g. Alimentary canal can be 
considered as the interface of the organisms 
and its ambience. It is the system which 
receives the metal directly from the ambient 
source (Matheissen and Brafield, 1975). 
Similar increase in concentration of metal 
content in intestine has been observed in Labeo 
dyocheilus and Wallagu attu on exposure of 
lead and nickel by A.M. Yousafzai, et al., 
(2010). Zheng Zhang et al (2007) also reported 
high concentration of heavy metals in the 
intestine of fish. Fish intestines accumulated 
more heavy metals in this study and might 
represent good biomonitors of metals present 
in the surrounding environment. 
 
Gill surfaces are the first target of water-born 
metals (Spicer and Weber, 1991). In the 
present study accumulation of heavy metal 
nickel kept on increasing from 1.17µg/g (20 
days) to 2.62µg/g after 40 days of exposure in 
gill tissue which can possibly be due to the fact 
that they are the main sites for metal uptake, 

Table 1: Nickel content in different  
               tissues of Cirrhina mrigala       
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particularly in fresh water fish and due to large 
surface that is in contact with environmental 
water and the very thin barrier separating the 
external and internal media of the animals (S.S. 
Murugan et al.,, 2008). Laboratory 
experiments have indicated that in fishes which 
take up heavy metals from water, the gills 
generally show higher concentration than in 
the digestive tract. On the other hand, fish 
accumulating heavy metals from food show 
elevated metal levels in the digestive tract as 
compared to the gills (Ney and Van Hassel, 
1983; Heath, 1990). Gills of Cirrhina mrigala 
accumulated relatively less metal than the 
intestine. So on the basis of our results we can 
suggest that major route of uptake of heavy 
metals in Cirrhina mrigala in present study 
was diet born. However, after 60 days of 
exposure of nickel, the concentration of the 
accumulated metal decreased to 2.15µg/g. 
Moreover the concentration of the accumulated 
heavy metal nickel in the gill tissue of this 
species was lower than that in the liver, 
intestine and kidney. Lower amounts of these 
heavy metals in gills suggest that heavy metals 
are excreted more rapidly and reduce the body 
burden of heavy metal and suggest that nickel 
is not accumulated for prolonged period in the 
gill tissue. According to B.Y. Kamaruzzaman 
et al., (2010) fishes exposed to longer period 
with minimal concentration tend to accumulate 
less heavy metals in gills as they are 
transported to other parts of the body and there 
is in-toxic mechanism practiced by the fish to 
defend itself from the toxicity of the pollutants.  

Muscle is the major tissue of interest under 
routine monitoring of metal contamination 
because it is consumed by people. The 
concentration of nickel in the muscle of control 
fish was 0.62µg/g and after exposure, the 
concentration increased to 0.93µg/g (20 days), 

1.35µg/g (40 days) and 1.75 µg/g (60 days). In 
muscle the accumulation of metal was less as 
compared to metal accumulated in other 
tissues.  The low levels of nickel in the fish 
muscles appear to be due to low levels of 
binding proteins in muscles (Allen Gill and 
Martynov, 1995). R.Vinodhini and M. 
Narayanan (2008) also recorded low levels of 
Pb and Ni in the muscle tissue of Cyprinus 
carpio as compared to other tissues because the 
heavy metals were uniformly spread over the 
body muscles. Hence, the observed values 
were relatively lower than the other potential 
organs. According to Madhusudan et al., 
(2003), the excessive heavy metal in muscle 
was transferred to other organs in fish exposed 
to heavy metal contaminated system. It is 
evident that the test fish Cirrhina mrigala has 
tendency to push heavy metal burden to other 
tissues like kidney from muscle during metallic 
stress, perhaps may be up to some limit of 
exposure concentration and time. But this 
heavy metal metabolism in fish definitely does 
not allow for excessive ambient metal in 
muscle tissue to pose a threat to fish. This 
ability of deloading of fish is advantageous to 
consumers who are using fish muscle as their 
food.  
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