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ARTICLE INFO                                       ABSTRACT 
 
 
 

A study was conducted to evaluate the level of heavy metal lead (Pb) in various tissues of adult 
Catla catla when exposed to a sub-lethal concentration of 6.52 mgL-1 (1/25th of 96 hrs LC50 
value) for a period of 120 days of exposure. The bioaccumulation of lead in the tissues studied 
was increased with duration of exposure periods. The pattern of lead accumulation was in the 
decreasing order of kidney > liver > gill > ovary > testis > brain at the end of 120 days of 
exposure. Preferential accumulation of lead was also observed in the tissues under 
experimentation. This may be due to the physiological differences and the position of each tissue 
in the fish. The maximum level of Pb was observed in kidney at the end of exposure period and 
which is related to the role of kidney as the excretory organ. The minimum concentration of Pb 
and the gender specific accumulation was also observed in gonads. Pb concentration was more in 
ovaries than the testis and this may be because of metabolic differences between the sexes. 
During the study period the level of Pb was minimum in brain. This may be due to the indirect 
contact of brain with the medium. Prolonged exposure of Pb may cause chronic nephropathy, 
hypertension, pathological changes and also reproductive impairments. Hence, the Pb level in the 
tissues of aquatic animals are occasionally monitored to ensure that the level do not constitute 
health hazards to consumers. 
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INTRODUCTION 
 
In aquatic ecosystems, the heavy metals have received 
considerable attention due to their toxicity and accumulation 
in biota (Javed and Hayat, 1999). Metals have the tendency to 
accumulate in various organs of the aquatic organisms, 
especially fish, which in turn may enter into the human 
metabolism through consumption causing serious health 
hazards [Puel et al., 1987; Godwin et al., 2003; Rauf et al., 
2009]. Heavy metals like lead and other trace metals have high 
affininty for animal tissues where they are concentrated to 
varying levels (Rainbow and Dallinger, 1993; Huang, 2003; 
Martinez et al., 2004). Lead is a microelement and has no 
physiological function in the organism (Neumann et al., 1990; 
Cibulka, 1991).  The divalent form of Pb(II) is the stable ionic 
form present in the environment and is thought to form, in 
which most lead is bio-accumulated by aquatic organisms.  
The main source of lead contamination are smelting works, 
transportation, rain, snow, soil, water, plants and animals, 
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approximately 98% of lead in the atmosphere originates from 
the human activates (Fadrus, 1979; Strmiskova, 1992; 
D.W.A.F., 1996). When fishes are exposed to high level of 
metal ions in aquatic environment, their tissues tend to take up 
these metal ions through various routes from their 
surroundings. In natural Water, the total lead concentrations 
generally range between 0.05 and 10.00 mgL-1 (Galvin, 1996). 
Pb is also known to biologically accumulate in other tissues of 
fish, including skin and scales, gills, eyes, liver, kidneys and 
muscles (Rashed, 2001; Nussey et al., 2000; Alves et al., 
2006, Spokas et al., 2006; Javid et al ., 2007). The primary 
mode of uptake of aqueous Pb2+ in freshwater fishes is through 
their gills into the blood stream and is also ingested along with 
the food and water, finally absorbed in other tissues (Seymore, 
1995; Ay et al., 1999; Mac-donald et al., 2002, Hansen et al., 
2007). Fishes exposed to high levels of lead exhibit a wide-
range of effects including behavioral deficits, cancer, disease 
resistance, muscular and neurological degeneration and 
destruction, growth inhibition, mortality, reproductive 
problems, may cause structural lesions and functional 
disturbances and paralysis (U.S. EPA, 1976; Eisler, 1988; 
Jezierska and Witeska, 2001; Rademacher et al., 2003). Little 
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is known about the accumulation of lead (Pb) on fishes (Javid 
et al., 2007; Korai et al., 2008; Ahmed and Bibi, 2010; Nwani 
et al., 2010; Kusemiju  et al., 2012). Hence, in the present 
investigation, an attempt has been made to estimate the 
accumulation of heavymetal lead in various tissues like gills, 
liver, kidney, testis, ovary and brain of the freshwater fish, 
Catla catla. 
 

MATERIALS AND METHOD 
 
Experimental design  
 
This study was carried out in the laboratory of Zoology 
Department, Annamalai University during the month of 
January 2012 to April 2012. Adult Catla catla measuring 47.5 
± 2 cm in length and 890 ± 50 gm in weight were purchased 
from a commercial hatchery in Chidambaram. All fish were 
acclimatized to 12 hrs light/dark regimen in large cement tanks 
for two weeks prior to Pb exposure. Two large cement tanks, 
one treatment and a control each containing sixty adults were 
maintained at 22.01 ± 0.22oC, pH 7.17 ± 0.14, hardness 160.01 
± 2.1 mgL-1 as CaCo3 and DO 7.15 ± 0.24 mg/l. Lead nitrate 
salt (E. Merck, Analar grade) was dissolved in deionized 
water. The test fish were exposed to a sub lethal concentration 
of 6.52 mg PbL-1 (1 / 25th of 96 hrs LC 50 value). All fish were 
fed with commercial fish feed, boiled egg white and rice bran 
cakes to an equivalent of 2 % body weight twice daily. 
Uneaten food and the feces were removed at 30 minutes after 
feeding from the tanks daily. 
 
Tissue sampling and Pb analysis 
 
Fish tissue sampling were done on day zero and 15 days once 
upto 120 days of exposure. Six fish from control and treated 
were sacrificed and various tissues like gill, liver, kidney, 
gonads (testis and ovary) and brain were removed. 
Bioaccumulations of lead in the tissues were determined 
following the method of Kendall and Scanlon (1982). The 
tissues were dried separately in hot air oven at a temperature 
of 60C for 24 hours. The dried materials were powdered 
using a mortar and pestle. 500 ml of powdered samples from 
each tissue were digested with a mixture of nitric acid and 
perchloric acid in the ratio 3:1 until it is almost dry and 
colourless. The final products were made upto 25 ml with 
double distilled water and the concentration of lead was 
analysed using an atomic absorption spectrophotometer (AAS) 
(Perkin-Elmer Model 2380). The results were represented in 
microgram per gram dry weight. 
 
Statistical analysis 
 
Statistical analysis of data was carried out with one – way 
analysis of variance (ANOVA) and ranked by using Duncan’s 
multiple range test (Bruning and Kintz, 1968) to compare the 
data among various tissues study between days for analyzing 
the significance at 0.01, 1 and 5% levels.  
 

RESULTS 
 
The bioaccumulation of lead in the gill, liver, kidney, ovary, 
testis and brain increased with duration of exposure periods. 
The brain showed least amount of lead (Table 1 and Fig.1). An 
estimation of the levels of Pb in different tissues of the male 
and female fish of Catla exposed to sublethal concentration of 
lead (6.52 mg L-1) for a period of 120 days exposure showed 

that maximum lead accumulation in kidney followed by liver, 
gill, ovary , testis and brain.  Among the tissues studied the gill 
accumulated 1.44 µg/g after 15 days of exposure. The value 
showed an increasing trend and reached maximum after 120 
days as 21.76 µg/g (Table 1 and Fig.1). Similarly in liver and 
kidney progressive accumulation of Pb occurred and reached 
maximum after 120 days of exposure. In liver, the value 
increased from 1.30 µg/g (15 days) to 28.63 µg/g after 120 
days of exposure to sublethal concentration of lead. In kidney 
the rate of accumulation of lead varied from 1.10 µg/g  to 
31.20 µg/g after 120 days.  The testis and ovary of the male 
and female fish accumulated low amount of lead as   8.42 µg/g 
and 9.68 µg/g respectively at the end of experimentation (120 
days). The female fish accumulated more lead than male fish 
in the reproductive organs. Among the five tissues studied the 
brain showed least amount of lead accumulation. The value 
ranged from 0.50 µg/g after 15 days and 6.52 µg/g after 120 
days of experimentation. 
 

DISCUSSION  
 

In this study, lead was accumulated in the decreasing order of 
kidney > liver > gill > ovary > testis > brain at the end of 120 
days of exposure. The quantity of Pb accumulation has been 
reported to be directly related to the period of exposure and the 
pattern of accumulation was different in all the tissues studied 
(Table 1 and Fig. 1). At the beginning of exposure, Pb 
concentrations in the gills rapidly increase up to 90 days and 
then decline. The results of 90 days of exposure is in 
agreement with the report of Agrahari and Gopal (2007) who 
noted that the gills and liver showed highest accumulation of 
Pb and cadmium while the brain and kidney had the lowest in 
Channa punctatus. High concentration of metals in the gill 
upto 90 days of exposure has often been used as an indication 
of acute exposure, since the metals are fixed by absorption 
processes which occur very rapidly (Oladimeji and Offem, 
1989; Noegrohati, 2006). The larger surface area of the gills in 
contact with the medium, the mucus layer present on general 
body surface as well as on the gills and its high affinity with 
ion transport activity of various mineral ions, then could 
probably account for the higher concentration of lead in the 
gill compared with the other organs studied (Roesijadi and 
Robinson, 1994; Allen, 1995a; Tao et al. 2000; Spokas, et al., 
2006).  
 
This is more likely since the primary source of lead to the 
body is from the water via the gills. Seymore et al. (1995) also 
stated that the uptake of dissolved metals across the gills into 
the blood streams is the primary mode of uptake in freshwater 
fishes and as the pH of the water decreases the ionic state of 
the metal becomes more prevalent and toxicity increases 
acutely. Since, the iron oxides closely associated with the gills 
are involved in the carriage of respiratory gases. The presence 
of iron oxide in the gills is known to enhance lead disposition 
and Pb is known to strongly absorb onto iron oxides but not 
highly assimilated (Hare et al., 1991). In this study, a 
distinction was not made between lead absorbed on the gill 
externally and those bound internally. At the end of 120 days 
of exposure a significant decrease (P<0.01) in Pb level was 
noticed in the gills. This result is in concurrent with the report 
of Olaifa et al. (2004) who recorded lower concentration of 
heavy metals in the gills and bones than muscles and intestines 
in Clarias gariepinus in lake and fish farm in Ibadan Nigeria.  
Though it is the route of entry of metal through active or  
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passive diffusion between the gill membrane and actual 
medium, as gills are the active sites of respiration and 
transport system associated with osmoregulation and 
excretion. Since, the layer is supposed to have carbohydrates 
and other sulphides with possible ion exchange properties and 
they facilitate a rapid exchange across the gill membranes to 
other tissues (Karthikeyan et al., 2007). Thus, low Pb 
accumulation and a significant difference (P<0.01) was noted 
in the gills than other tissues (liver and kidney) of Catla catla. 
 Fish liver exhibited highest tendency to accumulate lead. The 
higher levels of lead in liver relative to other tissues may be 
attributed to the affinity or strong coordination of 
metallothionein protein with these elements (Ikem et al., 
2003). In the present study after 90 days of exposure 
maximum quantity of Pb accumulation occurred in liver 
followed by gills, ovary, testis and brain. A significant 
increase (P<0.001) in the Pb level was observed at the end of 
120 days of exposure. The general increase observed in the 
level of lead with increased exposure period might be due to 
increase in the level of low molecular weight metal-binding 
proteins such as hepatic metallothionein and have direct ratio 
with liver detoxification task, these results support 
with Henry et al. (2004) and Mansour and Sidky (2003) and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
report with Jalali (2003). Such an increase might be a response 
by the fish to remove lead from the circulation and hence 
reduce lethal effects. The increase in lead level might be due 
to a negative feedback mechanism whereby more lead enters 
the tissue and becomes bound to the metallothinnein. If this 
should happen, then the lead burden in the fish will increase 
with increased exposure time. In the present study, the 
accumulation of lead was maximum in kidney when compared 
to other tissues. The present findings are in concurrent with the 
findings of Ruangsomboon and Wongrat (2006) who observed 
maximum level of Cd in kidneys of the catfish C. garipinus 
and Clarias macrocephalus. A progressive increase in Pb 
accumulation was observed from 15 days and reached the 
maximum at 120 days of exposure. Similar results were 
obtained for various workers for various heavy metals 
(Zohouri et al., 2001; Jayakumar and Paul, 2006; Puvaneswari 
and Karuppasamy, 2008; Vinodhini and Narayanan, 2008; 
Raikwar and Kumar, 2008). The concentrations of Pb in the 
kidneys rise slower than in liver, usually reaches maximum 
and a significant increase was noticed among the organs 
studied at the end of exposure period. Since, during 
depuration, the metal levels in kidney remain high or may 
even increase for some time, which is related to the role of 

Table 1: Level of lead nitrate (μg/g dry wt.) in various tissue of Catla catla exposed to a sublethal concentration of  
8.15 mgL-1 for a period of 120 days 

 

Organs 
 

Control group 
Exposure period (Days) 

15 30 45 60 75 90 105 120 
Gill ND 1.44 ± 0.11 3.62 ± 0.27 5.12 ± 0.38 8.10 ± 0.61 12.09 ± 0.92 14.38 ± 1.09 16.03 ± 1.21 21.76 ± 1.65 

a* a* bNS a* bNS a* b* a** b** a** bNS a** bNS a*** b** 
Liver ND 1.30 ± 0.09 3.46 ± 0.26 5.34 ± 0.40 8.97 ± 0.68 13.50 ± 1.02 16.24 ± 1.23 23.19 ± 1.76 28.63 ± 2.18 

a* a* b* a* b* a* b* a** b* a** b* a*** b** a*** b** 
Kidney ND 1.10 ± 0.08 2.38 ± 0.17 4.23 ± 0.32 6.50 ± 0.49 10.32 ± 0.78 17.43 ± 1.32 24.97 ± 1.90 31.20 ± 2.37 

aNS a* b* a* b* a* b* a* b* a** b* a*** b** a*** b** 
Testis ND 0.87 ± 0.06 1.26 ± 0.09 2.39 ± 0.18 3.05 ± 0.22 3.57 ± 0.27 4.13 ± 0.31 6.05 ± 0.45 8.42 ± 0.64 

a* a* bNS a* bNS a* bNS a* bNS a* bNS a** b* a** b* 
Ovary ND 0.97 ± 0.07 1.58 ± 0.12 2.66 ± 0.20 3.27 ± 0.24 4.15 ± 0.31 4.98 ± 0.38 6.73 ± 0.51 9.58 ± 0.73 

aNS a* bNS a* bNS a* bNS a* bNS a* bNS a** b* a** b* 
Brain ND 0.50 ±  0.03 0.92 ± 0.06 1.47 ± 0.11 2.01 ± 0.15 2.87 ± 0.21 3.43 ± 0.26 4.70 ± 0.35 6.52 ± 0.49 

aNS bNS aNS bNS a* bNS a* bNS a* bNS a* bNS a* b* a* b* 
Values are expressed as mean ± SD of six individuals 
a – denotes the difference between control and treated groups 
b – denotes the difference between  respective experimental group and preceding experimental group 
*** - (P < 0.001); ** - (P < 0.01); * - (P < 0.05); NS – Not significant; ND – Non deductable  
 

 

Figure 1: Level of lead (μg/g dry wt.) in various tissue of Catla catla exposed to a sublethal concentration of 6.52 mgL-1 for a period 
of 120 days 
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kidneys as excretory organs. Pollutants transformed in the 
liver may be stored there or excreted in bile or transported to 
other excretory organs such as gills or kidneys for elimination 
or stored in fat which is an extra hepatic tissue (Heath, 1991; 
Nussey et al., 2000). The concentration of any pollutant in any 
given tissue therefore depends on its rate of absorption and the 
dynamic processes associated with its elimination by the fish. 
The increased level of lead in kidney, liver and gill in the 
present study was the capacity to accumulate Pb brought by 
blood from other parts of the body. Preferential accumulation 
of metals in the liver, kidney and gills has also been reported 
by Bilgrami et al., 1996; Janlataeme et al., 1999; Vinodhini 
and Narayanan, 2008; Rauf et al., 2009;).  Different organs in 
the body are known to accumulate a particular metal to a high 
level while others do not accumulate the metal though present 
in the medium (Javid et al., 2007; Al-Kahtani, 2009). This 
may be primarily due to different metabolic activities (Allen, 
1995a). It is well understood that metal ions taken up by a fish 
through any route are not totally accumulated because fish can 
regulate metal concentrations to a certain extent, after which 
accumulation occurs. Therefore, the ability of each tissue to 
either regulate or accumulate metal ions can be directly related 
to the total amount of metal uptake in that specific tissue.  
 
This metal regulation is due to the induction of low molecular 
weight metal-binding proteins, such as metallothionein which 
are closely related to heavy metal exposure and metals taken 
up from the environment can be detoxified by binding on these 
proteins (Roesijadi and Robinson, 1994; Canli et al. 1997; 
Kotze, 1997). Therefore, tissue like liver, gills and kidney, 
which is a major producer of metal-binding proteins, show 
high concentrations of most heavy metals (Roesijadi and 
Robinson, 1994; Allen, 1995b; Heath, 1995). This may be yet 
another reason for the enhanced accumulation of Pb in the 
kidney, liver and gill. Additionally these tissues are rich in –
SH groups with can bind with lead (Rema and Philip, 1997). 
Furthermore, the physiological differences and the position of 
each tissue in the fish can also influence the accumulation of a 
particular metal (Heath, 1995; Kotze, 1997).  Studies have also 
indicated that fish are able to accumulate and retain heavy 
metals from their environment and that accumulation of metals 
in tissues of fish is dependent upon exposure concentration 
and duration as well as other factors such as salinity, 
temperature, hardness, metabolism of the animals, biological 
and genetic factors, species, age and tissues (Kotze et al., 
1999; Karthikeyan et al., 2007; Otitoloju, 2001; Bu-Olayan 
and Thomas, 2008; Kamaruzzaman et al., 2010).  In gonads of 
both male and female fish of Catla, the rate of Pb 
accumulation was very slow at the initial periods of exposure 
and then it reached the maximum after 120 days of exposure.   
 
Our findings are in close agreement with the results of James 
et al. (2003) who have reported that the accumulation of metal 
in the test fish has linearly increased with the increasing of 
exposure period under long-term experimentation. Further, the 
concentration of Pb was minimum in gonads when compared 
with kidney, liver and gill. The minimum concentration of Pb 
in gonads of this present observation is concurrent with Dural 
et al. (2006) and Puvaneswari and Karuppasamy (2008) and 
these results shows that gonads as target organs and can also 
accumulate heavy metals. Bioaccumulation of chemicals and 
gender susceptibility can depend on several factors such as 
changes in metabolic rate (Metcalfe-Smith,  1994; Karadede 

and Unlu, 2000; Canli and Atli, 2003; Yilmaz and Yilmaz, 
2007), physiological differences in sex among fish (Van den 
Broek, et al., 2002), hepatic metabolism (Gunderson  et al., 
(2001), reproductive state and size variations (Burger et al., 
2006),variations in the hormones and the available number of 
active sites in the proteins and cytochrome – 450 for the 
binding of metals in male and female fish (Jargensen and 
Pedersen, 1994). This might be one of the reasons for high 
concentration of Pb in the ovary of female fish. On the 
contrary, Yilmaz and Yilmaz (2007) found that the level of 
heavy metals in male shrimps was higher than that of females. 
They suggested that the faster-growing sex (usually the 
female) can be expected to contain lower concentrations of 
metals, but not necessarily a smaller total body burden 
(Pourang et al., 2004). From other researches, it is clear that 
the gender-related effects occur in various fishes exposed to 
contaminants (Burger et al., 2004; Pyle et al., 2005). This 
increased level of Pb in gonads, attributed to the pathological 
changes of gonads, in turn affected the reproduction of   the 
test fish Catla catla (unpublished data). This is in close 
agreement with the findings of Puvaneswari (2008). She stated 
that the accumulation of the heavymetal Cd caused 
pathological changes in gonads which inturn affected the 
reproductive capacity of the test fish Heteropneustes  fossilis. 
The brain of Catla showed least accumulation of Pb among 
the tissues under investigation.  
 
This may be due to the indirect contact with the medium i.e. 
the transport of Pb through blood to the brain. Lead exposure 
has been associated with behavioural anomalies, learning 
impairment, memory loss, damaged cognitive functions in 
humans and experimental animals. Lead intoxication has been 
shown to produce anemia by inhibiting activity of one of the 
principal enzymes δ-ALAD (delta-aminolevulinic acid 
dehydratase) of heme synthesis (Hodson et al., 1978; Arnvin et al., 
1980; Lockitch, 1993; Ruff et al., 1996; Burden et al., 1999). 
The aquatic toxicity of lead has shown to alter a number of 
haematologic events and δ-ALAD activity in fish. 
Deformability of erythrocytes and increase lipid peroxidation 
has been implicated in rat model of lead toxicosis. Lead is 
highly neurotoxic agent known to chemically interact with the 
system at cellular and molecular levels. This is also evident in 
our present findings (unpublished data). Severe or prolonged 
exposure to Pb may also cause chronic nephropathy, 
hypertension and reproductive impairment. Pb inhibits 
enzymes, alters cellular calcium metabolism and slows nerve 
conduction (Lockitch, 1993). 
 
It is important to know that fishes containing variable 
concentration of toxicants including heavy metals from 
various sources like industries, agriculture runoff or domestic 
wastewater, may have accumulated heavy metals in their 
tissues as they grow and these toxicants and metals will be 
transferred to humans (being at the end of food chain) when 
consumed and may impair body metabolism (WHO, 1980; 
Ceirwyn, 1995; Pourang et al., 2005). Catla catla, is a 
preferred freshwater fish for human consumption in Indian 
sub-continental region. It is found naturally in all freshwater 
bodies including rivers and lakes which are receiving 
untreated industrial effluents and city wastewater containing 
various toxicants and heavy metals that may lead to the 
accumulation of toxicants and heavy metal including Pb in 
their tissues. In conclusion, bio monitoring of trace metal 
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pollution in a aquatic system is necessary. Since, the toxic 
effects of metals have been recognized, heavy metal levels in 
the tissues of aquatic animals are occasionally monitored to 
ensure that the level do not constitute health hazards to 
consumers. Periodic monitoring of lead and other heavy 
metals in both the fishes and aquatic system to ensure 
continuous safety of people in the area is recommended. 
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