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ABSTRACT: The excessive occurrence of heavy metals in natural loads has now-a-days become a 

matter of concern for the health of aquatic ecosystem. Heavy metals like Copper, Lead, Mercury, 

Cadmium, Nickel and Chromium are mainly responsible for water pollution. Metal pollution is a 

global problem growing at an alarming rate and aquatic organisms are continuously exposed to 

elevated levels of metals seriously threatening the whole ecosystem. The current experimental study 

of bioaccumulation of Copper, Lead and Cadmium in fish Clarias batrachus (Linn.) was conducted 

on 10th, 20th and 30th days of exposure. The physico-chemical characterization of water was done as 

per standard methods (APHA, 2012). The tissues samples were analyzed using Inductively Coupled 

Plasma Atomic Emission Spectrophotometer (ICP-AES) and the results were expressed as g/gm. 

Enhanced bioaccumulation of all the heavy metals was observed with increased time duration. 

Experimental tissues of kidney and liver were found to accumulate highest amounts of heavy metals 

in comparison to the control tissues of respective organs. Accelerated release of heavy metals into 

the aquatic environment leads to serious water pollution problems, persistence and bioaccumulation. 

Therefore, it is important to know the various sources of discharge of heavy metals into aquatic 

ecosystems throughout the world. The present study was undertaken to assess bioaccumulation of 

some heavy metals in the fish, Clarias batrachus (Linn.) and to address its correlative impacts. 
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1.INTRODUCTION 

Disposal of waste material or waste water leads to the contamination of water bodies which 

persistently affects the flora and fauna. Heavy metals such as arsenic, cadmium, chromium, cobalt, 

copper, gold, iron, lead, manganese, mercury, nickel, platinum, silver, zinc etc., are a total of 23 

heavy metals out of the 35 metals which are of concern to human beings due to their occupational 

or residential exposure [1]. These heavy metals are generally present in diet and environment. These 

heavy metals in diminutive quantities are often required for maintaining good health, but in higher 

amounts they may turn out to be toxic or dangerous. Heavy metal toxicity can lower energy levels 

and damage the functioning of kidney, brain, liver, lungs, blood composition as well as other vital 

organs. Long-term exposure can lead to gradually progressing physical, muscular, and neurological 

degenerative processes that imitate diseases such as multiple sclerosis, Parkinson's disease, 

Alzheimer's disease and muscular dystrophy. Repeated long-term exposure of some metals and their 

compounds may even cause cancer [2]. The most frequently found heavy metals in waste water 

include cadmium, arsenic, chromium, lead, copper, zinc and nickel. All of these can cause potential 

risks for human health and the environment [3]. Lead poisoning mainly affects the gastrointestinal 

tract and central nervous system [4]. Constant exposure of lead can result in birth defects, mental 

retardation, psychosis, allergies, autism, dyslexia, hyperactivity, weight loss, paralysis, brain 

damage, kidney damage, muscular weakness and may also cause death [5]. Heavy metals like lead, 

mercury and cadmium accumulate in organisms over the time and can cause sickness [6]. Some 

metals such as lead, cadmium and mercury are deleterious to aquatic life and usually occur in lower 

concentrations, whereas some of the heavy metals are biologically important [7]. Heavy metals and 

other pollutants are released in complex form into the aquatic environment and not as a single entity. 

The disquiet for environmental protection in connection to the aquatic environment emerges from 

the fact that, various chemicals are being discharged into surface water bodies which later disturb 

their fragile ecology and ultimately ends with the loss of biodiversity. A majority of non-

biodegradable xenobiotics released along with industrial effluents enter into the animal and plant 

systems and continuously exert their toxic effect due to slow release of toxicants [8,9]. “Mina mata 

Bay” mercury pollution disaster during (1960 and 1970), draw a special attention to the dreadful 

consequences of methyl mercury on health. The Japanese Chisso Corporation during (1932 and 

1968), discharged approximately 27 tonnes of methyl mercury with its wastewater into the bay and 

contaminated it. Subsequently, severe damage of the central nervous system was observed among 

the members of human population with higher consumption of fish and shellfish from the bay. 

Similarly, in Japan during 1912, Itai-itai disease was caused due to cadmium poisoning; which 

directly affected the bones and caused kidney failure. Heavy metal (Cr, Cd, Cu, Pb, Fe, Zn) 

concentration of six Mediterranean fishes in the muscle, gill and liver revealed higher concentration 

of most of the metals in liver [10].  
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2. MATERIALS AND METHODS 

To conduct the toxicological experiments, three different heavy metal salts viz. lead acetate, 

cadmium chloride and copper sulphate of analytical reagent grade were used.  

Use of dilution water for Conducting Experiments  

Chlorine-free tap water stored for over ten days in a large overhead tank was used to carry out the 

experiments. The physico-chemical characteristics of the chlorine-free tap water were analysed as 

per the standard methods[11] (Table-1). 

Table 1: Details of the physico-chemical characteristics of water 

Sr. No. Physico-chemical characteristics of dilution water Range 

1 pH 7.2-7.4 

2 Temperature  (oC) 24-28 

3 Dissolved Oxygen (mg/lit.) 6.9-7.1 

4. Alkalinity (as CaCO3) (mg/lit.) 160-170  

5 Total Hardness (as CaCO3) (mg/lit.) 160-180 

Healthy fishes weighing about 40 to 50 gm were obtained from local natural sources and transported 

to the laboratory for examination of pathological symptoms. All the selected healthy fishes were 

treated with 1% KMnO4 solution to keep away any type of external infection, subsequently 

maintained in chlorine-free tap water. The fishes were fed once daily especially in the morning with 

milled goat liver and tubifex worms. The fishes selected were separately maintained in two different 

aquaria; one as control and other as experimental. The concentration of heavy metals (lead, copper 

and cadmium) were examined in different organs like gills, kidney, liver and muscle in both; the 

experimental as well as control fish. The analysis for accumulation of heavy metals in C. batrachus 

was done at the end of the experimental period. 
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Figure-1: Schematic representation of dosing apparatus used for conducting long 

duration (chronic) toxicity experiments 

3. RESULTS AND DISCUSSION 

Bioaccumulation of Heavy Metals 

The concentration of heavy metals (copper, lead, cadmium) was analysed in different organs (gills, 

kidney, liver and muscle) of both experimental as well as control fish.  The accumulation of heavy 

metals in C. batrachus was analysed at the end of specific experimental period 10, 20 and 30 days 

respectively. At the end of 10th, 20th and 30th day of exposure, fish from experimental as well as 

control aquaria were sacrificed in order to estimate the content of copper, lead and cadmium in the 

gill, kidney, liver and muscle. The organs were excised from the experimental as well as control fish 

and dissolved in 5 ml concentrated nitric acid (E.Merck). The samples were kept overnight and the 

volume was made up to 25 ml by adding 20 ml double distilled water. The samples of heavy metals 

in the tissues were analyzed using Inductively Coupled Plasma Atomic Emission Spectrophotometer 

(ICP-AES) and the results were expressed in g/gm. The bioaccumulation of heavy metals, copper 

sulphate, lead acetate and cadmium chloride in various tissues of catfish, Clarias batrachus after 10, 

20 and 30 days of exposure are presented in Tables 2, 3 and 4 respectively. 

Table 2: Bioaccumulation of Copper (g/g wet wt.) in the tissues of fish, Clarias batrachus 

exposed to sublethal concentration of copper sulphate 

Tissue Set Exposure Period in days 

10  20  30  

Liver Control  0.21+0.10 0.21+0.41 0.21+0.35 

Expt.  0.97+0.35* 1.40+0.24 1.96+0.57** 
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Kidney Control 0.24+0.11 0.24+0.26 0.24+0.33* 

Expt. 0.98+0.36* 1.38+0.31 1.58+0.37** 

Gill Control 0.31+0.093* 0.31+0.23 0.31+0.23* 

Expt. 0.60+0.11* 0.75+0.14 0.98+0.14* 

Muscle Control 0.11+0.03 0.11+0.03* 0.11+0.11* 

Expt. 0.38+0.50NS 0.40+0.16* 0.48+0.14* 

All values are expressed as mean, g/g wet wt. +SE  

* P<0.05; ** P<0.01; NS: Non-significant 

Table 3: Bioaccumulation of Lead (g/g wet wt.) in the tissues of fish, Clarias batrachus 

exposed to sublethal concentration of lead acetate 

Tissue Set Exposure period in days 

10 20 30 

Liver Control 0.21+0.81* 0.21+0.38* 0.21+0.48** 

Expt. 0.89+0.007 1.30+0.26* 1.80+0.34** 

Kidney Control 0.25+0.25* 0.25+0.34* 0.25+0.29* 

Expt. 0.97+0.31* 1.37+0.37* 1.57+0.44* 

Gill Control 0.31+0.17* 0.31+0.20 0.31+0.32* 

Expt. 0.81+0.10* 0.98+0.27 1.27+0.30* 

Muscle Control 0.11+0.30* 0.11+0.30* 0.11+0.27* 

Expt. 0.37+0.60 0.39+0.80 0.42+0.36* 

All values are expressed as mean, g/g wet wt. +SE * P<0.05; ** P<0.01; NS: Non-significant 

Table 4: Bioaccumulation of Cadmium (g/g wet wt.) in the tissues of fish, 

Clarias batrachus exposed to sublethal concentration of cadmium chloride 

Tissue Set Exposure period in days 

10 20 30 

Liver Control 0.22+0.16* 0.22+0.41* 0.22+0.39* 

Expt. 0.81+0.20* 1.28+0.44* 1.34+0.43* 

Kidney Control 0.25+0.27NS 0.25+0.35* 0.25+0.51* 

Expt. 0.88+0.32NS 1.33+0.42* 1.48+0.27* 

Gill Control 0.31+0.29NS 0.31+0.47* 0.31+0.60* 

Expt. 0.96+0.74NS 1.41+0.36* 1.90+0.54* 

Muscle Control 0.12+0.55NS 0.12+0.045NS 0.12+0.09* 

Expt. 0.34+0.44NS 0.36+0.22NS 0.44+0.16* 

All values are expressed as mean, g/g wet wt. +SE * P<0.05; ** P<0.01; *** P<0.001; NS: Non-significant 
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The metal accumulation in tissues of aquatic animals depend on the heavy metal concentration and 

exposure period duration, and also depend on the factors such as salinity, temperature, alkalinity, 

hardness, interacting agents and metabolic activity of tissue and also the rate of uptake, storage and 

elimination [12, 13, 14]. In the present investigation, the tissues of C. batrachus accumulated heavy 

metals from the ambient medium i.e. water, although the levels of metal accumulation differed 

considerably from metal to metal. The gills and liver exhibited highest metal accumulation, while 

the muscle exhibited least metal accumulation. Bioaccumulation of heavy metals for the exposure 

period of 30 days, the copper concentration in the tissues was in the following order,  

liver > kidney > gill > muscle in the fish under study.  In fish, the liver is the selective organ for 

storage of copper. Copper exhibited its highest levels in the liver and the lowest values in the muscles. 

The high accumulation of copper in the liver could be attributed to the specific metabolic processes 

and enzyme catalyzed reactions involving copper, taking place in the liver. Copper is an essential 

element and tends to accumulate to a greater extent than other elements, such as zinc and iron [12, 

13, 14]. The induction of low molecular weight metal -binding proteins, such as metallothionein is 

closely related to heavy metal exposure and metals acquired from the environment can be detoxified 

by binding to these proteins [15]. Therefore, tissues like liver which is a major producer of metal-

binding proteins showed higher concentrations of most of the heavy metals [16, 17, 18]. Copper 

persisted more in liver even after 30 days of exposure (1.25 g/g) in the present investigation. Thus, 

the present results are congruent with the reports presented by earlier workers [16, 17]. The greatest 

accumulation of copper occurring in the liver, reinforces the view that the liver of fish plays a 

protective role against chronic heavy metal exposure by producing metallothioneins[19, 15], acting 

as a storage site and as a vital organ in the regulation of copper [20]. The findings of De Boeck et 

al. (1997) who studied the effects of sublethal copper exposure in common carp support the present 

results [21].  The concentrations of heavy metals are more in detoxifying organs like liver and 

kidney. Muscle being non- detoxifying organ, accumulated the least concentrations of copper 

revealed in this study. The accumulation patterns of metals in fish are found to be metal dependent. 

Copper demonstrated more significant uptake through gill.  Gupta (1999) suggested that deposited 

copper or cadmium in the gills of experimental fishes is further translocated to kidney through blood 

[22]. The translocated copper ions in kidney might have excreted out due to normal renal function, 

therefore, low copper accumulation values might have been obtained in the kidney in comparison 

to liver in 30 days exposure. According to Stokes (1979), fish muscle normally contains low 

concentration of copper and, even at high levels of copper exposure, muscle does not often reflect 

increases of copper [23]. In the present investigation, low concentration of heavy metals copper, 

lead and cadmium in muscle tissue were noticed. Similar observations were also recorded in 

Egyptian fishes [23, 24]. The bioaccumulation of the three heavy metals in the fish tissues was found 

to be highest in liver and lowest in muscle and were in the order of liver > kidney > gill > muscle. 
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Lead accumulation in the tissues of Clarias batrachus was in the order: liver > kidney > gill > muscle. 

Similar type of bioaccumulation trend was reported for cadmium in 30 days exposure.  It has been 

found that, metal accumulation is mainly affected by some of the water quality parameters that affect 

toxicity. So it is potentially one of the most valuable tools for identifying and quantifying the impact 

of metals in aquatic environment [25, 26, 27, 28]. Clements and Rees (1997) stated that, 

bioaccumulation of metals in the field is complex and may be influenced by several factors, like 

abiotic variables and metal availability [29]. Cadmium has proved to be highly toxic to aquatic fauna 

even at fairly low concentrations [30, 31, 32, 33]. It displaces zinc in many vital enzymatic reactions, 

causing disruption or cessation of activity. The transformation of one form of metal to another, which 

occurs at tissue level, generally modifies the level of toxicity of metal. The result of this process is 

called detoxification. Cadmium tends to accumulate more in liver and kidney [34] through its strong 

binding with cysteine residues of metallothionein [35]. 

4. CONCLUSION 

The deleterious concentration of heavy metals has been found to accumulate in the vital organs of 

fish. Liver was found to accumulate comparatively higher amount of heavy metals. The effects of 

higher concentrations of heavy metals have been proved highly hazardous to health experimentally 

as well as clinically. This study revealed the accumulation of heavy metals in fish Clarias batrachus 

which may act as an indicative measure to address the production, bioaccumulation and health 

hazardous issues of heavy metals. 
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