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ARTICLE INFO                                          ABSTRACT 
 

 
 

 

Impact of heavy metal copper is common pollutants of freshwater ecosystems where they induce 
adverse effects on the aquatic biota. Freshwater fish, Tilapia mossambicus is an important carp 
species in Tamil Nadu region having good nutritional values.  Fishes living in close association with 
may accumulate heavy metals. In the present study, the toxic effects of heavy metal copper LC50 1.8 
mg/L on alterations in the total lipid content of freshwater fish, Tilapia mossambicus in the different 
tissues of gill, kidney, liver and muscle were estimated. There is decreased in all tissues on 
comparison with control. The results indicated the toxic nature of the pesticide dimethoate. 
 
 
 
 
 

 

INTRODUCTION 
 
Heavy metals are economic poisons used to control a wide 
range of animal and plant pests. The fresh water environment is 
becoming increasingly polluted throughout the biosphere with 
various heavy metals and as heavy metals are non-
biodegradable, their concentration in the environment 
increases. These environmental pollutants bring about damage 
to different organs or disturb the physiological and biochemical 
processes within the organism. Various chemicals entering the 
aquatic ecosystem through human activities, either 
accidentantly or by design may cause adverse effects on the 
aquatic biota, including deleterious changes which disrupt 
metabolic activity at the biochemical levels (Hirth, 1964). 
Environmental poisoning by heavy metals has increased in 
recent years due to extensive use of heavy metals in 
agriculture, and chemical and industrial processes, posing a 
serious threat to living organisms. The discharges of heavy 
metals by industries pose a serious water problem due to the 
toxic properties of these metals and their adverse effects on 
aquatic life. According to the survey conducted by Central 
Inland Fisheries Research Institute (CIFRI, 1981), these heavy 
metals are well known pollutants which are often encountered 
in many rivers of India, and there is every possibility of 
deterioration of water quality and hence including man and 
various organisms are presenting a potential threat for survival. 
Copper is very toxic to fish. Its toxicity to fish varies with the 
species and the physical and chemical characteristics of the 
water. Even at recommended rates of application, this material 
may be poisonous to trout and other fish, especially in soft or 
acid waters.  
 
*Corresponding author: Thirumavalavan, R., 
Department of Zoology, Annamalai University, Tamil Nadu, India – 
608 002. 

 
Its toxicity to fish generally decreases as water hardness 
increases copper sulfate is toxic to aquatic invertebrates. The 
high concentration of copper sulfate is toxic to aquatic 
organisms and may cause a significant decrease in population 
of aquatic animals (Toxine, 1986). Heavy metal constitutes 
serious types of pollution in fresh water and being stable 
compounds; they are not readily removed by oxidation and 
affect the animal. Heavy metals have a unique property of 
accumulation over a period of time, along a food chain and a 
very high level can be accumulated in an organism from very 
low level concentration in water and sediments (Bose et al., 
1994). Intoxication of copper reduces growth, survival and rate 
of reproduction in the aquatic invertebrates. Heavy metals are 
important for proper functioning of biological systems but their 
deficiency (or) excess could lead to a number of disorders 
(Ward, 1995). Copper has been widely used in the past as an 
algaecide in fish-bearing water, at concentrations which would 
be toxic if the metal was present in the toxic ionized form. 
However most, if not all of this inactive copper will ultimately 
enter sediment sinks where it may have limited bioavailability 
for organisms living there (Figuero et al., 2006). Among 
various heavy metals, copper, chromium and iron are the most 
important pollutants originating from industrial effluents and 
agricultural wastes in aquatic environment, causing significant 
damage to aquatic organisms, resulting in imbalance of the 
ecosystem. Aquatic organisms are characterized by the uptake 
and retention of heavy metals and the rate of accumulation are 
affected by chemical form of metal (Aanand et al., 2010; Boyd, 
2010).  
 

MATERIALS AND METHODS 
  
Fish, Tilapia mossambica were collected from Chidambaram 
area and were brought to the laboratory in large plastic troughs 
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and acclimatized for one week. Healthy, fish having equal size 
(length 10 to 12 cm) and weight (20 to 25 g) were used for 
experimentation. Stock solution of copper was prepared by 
dissolving appropriate amount of salt in distilled water. 
Physico-chemical characteristic of test water have analyzed 
regularly during the test periods following the standard method 
describe by APHA (APHA, 1998). Batches of 10 healthy fishes 
were exposed to different concentrations of heavy metal copper 
to calculate the medium lethal concentration LC50 value (1.8 
mg/L) using probit analysis Finney method (Finney, 1971). 
Fishes (Four groups) were exposed to the two sublethal 
concentrations (1/10th and 1/30th mg/L) of copper for 5, 10 and 
15 days respectively. Another group was maintained as control. 
At the end of each exposure period, fishes were sacrificed and 
tissues such as gill, kidney, liver and muscle were dissected 
and removed. The tissues (10 mg) were homogenized in 80% 
methanol, centrifuged at 3500 rpm for 15 minutes and the clear 
supernatant was used for the analysis of total proteins. Total 
lipid concentration was estimated by the method of Folch 
(1957). 
 

RESULTS 
 
Median lethal concentration (LC50): Heavy metal copper 
caused 50% mortality of fish Tilapia mossambicus at 96 hours 
was 1.8 mg/L. The LC50 values of copper heavy metal for 24, 
48, 72 and 96 hours were 2.4, 2.2, 2.0 and 1.8 mg/L 
respectively. The changes in the total lipid in different tissues 
such as liver, kidney, gill and muscle of Tilapia mossambicus 
exposed (10% & 30%) sublethal concentration of copper for 5, 
10 and 15 days exposure period (Table 1). In the fish Tilapia 
mossambicus kept as control lipid content was highest in liver 
3.23 followed by muscle 2.85 and kidney 2.30 mg/g, while low 
lipid level were observed in gills 0.78 mg/g for 15 days. 
 
Liver the lipid: Fish Tilapia mossambicus treated with 
sublethal concentration of copper on (10% & 30%) showed a 
decreasing trend in the total liver lipid compared to control 
(Table 1 and Fig. 1).  The 10% (copper) sublethal 
concentration of liver lipid content values were recorded from 
2.89, 2.82, 1.6 mg/g and the 30% (copper) sublethal 
concentration of liver lipid values were recorded from 2.64, 
2.18 and 1.24 mg/g followed by the control the lipid content 
were recorded from 3.23, 3.19 and 3.14 mg/g respectively. 
Maximum decrease of liver lipid content was observed in the 
tissues of fish exposed to 30% sublethal concentration of 
copper reared for 15 days. 
 
Kidney lipid: Freshwater fish Tilapia mossambicus treated 
with sublethal concentration of copper on (10% & 30%) 
showed a decreasing trend in the total kidney lipid compared to 
control (Table 1 and Fig. 2).  The 10% (copper) sublethal 
concentration of kidney lipid content were recorded from 1.88, 
1.39, 1.12 and the 30% sublethal concentration of kidney lipid 
values were recorded from 1.29, 1.24 and 0.93 mg/g 
respectively.  Followed by the control the kidney lipid values 
were recorded from 2.12, 2.21 and 2.30 mg/g respectively. 
 
Gill lipid: Fish Tilapia mossambicus treated with sublethal 
concentration of copper on 10% & 30% showed a decreasing 
trend in the gill lipid when compared to control (Table 1 and 
Fig. 3).  The 10% (copper) sublethal concentration of gill the 
lipid values were recorded from 1.21, 1.05, 0.98 mg/g and the 

30% sublethal concentration of gill lipid value were recorded 
from 1.16, 1.03 and 0.78 followed by the control the gill lipid 
values were recorded from 1.79, 1.55 and 1.81 mg/g 
respectively. 
 
Muscle lipid: Tilapia mossambicus treated with sublethal 
concentration of copper on 10% & 30% showed a decreasing 
trend in the muscle lipid when compared to control (Table 1 
and Fig. 4).  The 10% (copper) sublethal concentration of 
muscle lipid values were recorded from 2.67, 2.36, 2.11 and 
the 30% sublethal concentration of muscle lipid values were 
recorded from 2.49, 2.17 and 1.95 respectively followed by the 
control the lipid values were recorded from 2.81, 2.77 and 2.85 
mg/g respectively. Decrease in lipid levels was noted in all the 
tissues of fish Tilapia mossambicus exposed to the copper 
(Table 1 & Fig. 1 - 4).  The maximum decrease of lipid content 
was observed in the tissue of fish exposed to 30% sublethal 
concentration of copper reared for 15 days. Present study, 
heavy metal copper caused 50% mortality of fish Tilapia 
mossambicus at 96 hours was 1.8 mg/L. The LC50 values of 
copper heavy metal for 24, 48, 72 and 96 hours were 2.4, 2.2, 
2.0 and 1.8 mg/L respectively. It was evident from the results 
that copper can be rated as highly toxic to fish.  Similar trend 
was reported by Emad Abou El-Naga et al. (2005) 
 
In the present study the liver lipid level was observed from 
freshwater fish Tilapia mossambicus. Fish Tilapia 
mossambicus treated sublethal concentrations of copper (10% 
& 30%) for 5, 10 and 15 days showed a decreasing trend in the 
lipid when compared to control.  Maximum decrease of lipid 
content was observed in the tissues of fish exposed to 30% 
sublethal concentration of copper reared for 15 days.  Similar 
result was reported by Maruthanayagam and Sharmila (2004). 
The considerable decrease in total lipid in tissues might be due 
to drastic decrease in glycogen content in the same tissue 
which is an intermediate source of energy during toxic stress 
conditions were studied by Shivaprasad Rao and Raman Rao 
(1979).  Amutha et al. (2002) observed the effect of dairy 
effluent on O. mossambicus and reported that lipid content was 
decreased.  The concentrations of the total lipid decreased in all 
the tissues significantly with the progress of exposure period 
irrespective of exposure concentrations. The order of percent 
decreased within the tissues was hepatopangreas, gill and 
muscles. The considerable decreased in the total lipid in the 
hepatopangreas and muscles. The evidence of relatively higher 
lipid deposition in the hepatic tissues has been reported in the 
sequence of utilization of these reserves and the relative 
importance of the HP and MU tissue as storage organ during 
adverse conditions, such as stress and detoxification that are 
well documented (Armitige et al., 1972; Vijayakumaran 1990). 
Reduced lipid and protein levels were observed in the pesticide 
exposed fish liver (Mustafa and Zofair, 1985). The lipids stored 
in the vital organs were oxidized by lipases to release energy to 
meet demand under stress, lipid level were declined in tissues 
(Vijayavel et al., 2006). Emad Abou El-Naga et al., (2005) 
reported that the total lipid of copper was decreased to after 7 
days exposure to 0.5 ppm respectively. Generally, total lipid in 
muscle recorded high values for different groups exposed to 
different concentrations of copper after 2, 4 and 7 days. The 
total lipid was decreased in comparison to control group. 
Decrease in the hepatic lipid was higher in the hepatopangreas 
than in the tissues of gill and muscles (Maharajan et al., 
(2012). 
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Table 1. Total Lipid in different tissues of 
 

Days Exposure 

5 days Control 
10% SLC Copper 
30% SLC Copper 

10 days Control 
10% SLC Copper 
30% SLC Copper 

15 days Control 
10% SLC Copper 
30% SLC Copper 

             Values are mean ± SD three observations 
 

.0

Fig.  1. Total lipid of liver tissues in the fish 

Fig.  2.  Total lipid of Kidney tissues in the fish 

 
Fig.  3. Total lipid of gill tissues in the fish 
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Table 1. Total Lipid in different tissues of Tilapia mossambicus at different sublethal concentrations of heavy metal copper

Liver Kidney Gill 

3.23 ± 0.57 2.12 ± 0.54 1.79 ± 0.54
2.89 ± 0.39 1.88 ± 0.04 1.21 ± 0.06
2.64 ± 0.60 1.29 ± 0.55 1.16 ± 0.30
3.19 ± 0.56 2.21 ± 0.57 1.75 ± 0.58
2.82 ± 0.61 1.39 ± 0.55 1.05 ± 0.63
2.18 ± 0.53 1.24 ± 0.50 1.03 ± 0.35
3.14 ± 0.76 2.30 ± 0.57  1.81 ± 0.65
1.60 ± 0.54 1.12 ± 0.53 0.98 ± 0.25
1.24 ± 0.50 0.93 ± 0.53 0.78 ± 0.29

 

 

Fig.  1. Total lipid of liver tissues in the fish Tilapia mossambicus under sublethal concentrations of copper.
 

 
Fig.  2.  Total lipid of Kidney tissues in the fish Tilapia mossambicus under sublethal concentrations of copper

 

Fig.  3. Total lipid of gill tissues in the fish Tilapia mossambicus under sublethal concentrations of 
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at different sublethal concentrations of heavy metal copper 

Muscles 

1.79 ± 0.54 2.81 ± 0.56 
1.21 ± 0.06 2.67 ± 0.62 
1.16 ± 0.30 2.49 ± 0.07 
1.75 ± 0.58 2.77 ± 0.54 
1.05 ± 0.63 2.36 ± 0.62 
1.03 ± 0.35 2.17 ± 0.49 
1.81 ± 0.65 2.85 ± 0.54 
0.98 ± 0.25 2.11 ± 0.64 
0.78 ± 0.29 1.95 ± 0.53 

 

under sublethal concentrations of copper. 

 

under sublethal concentrations of copper 
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Fig.  4. Total lipid of muscle tissues in the fish 

mossambicus under sublethal concentrations of 
 

Lipid is an important constituent of animal tissue, which plays 
a prime role in energy metabolism.  Lipids are also important 
in cellular and sub cellular membranes.  A gradual decreased in 
lipid content in various tissues of L. rohita
treatments of monochrotophos of various periods of exposure 
were studied by Muthukumaravel et al., (2013).  The level of 
cholesterol was found to be higher in Liver > Gill > Muscle. 
However, after 96 hrs of exposure, the cholesterol content of 
exposed fishes were decreased compared to control (Suganthi 
et al., 2015).  
 

Conclusion 
 

The study suggested that the biochemical (total lipid) indices of 
Tilapia mossambicus for low and high sublethal concentrations 
of copper. This data verifies that the vicissitudes in 
biochemical (total lipid) indices may be used as sensitive 
biomarkers for animal health evaluation, especially in regions 
that are naturally affected by heavy metals, causing stress in 
fish on exposure to elevated levels in the water. Exposure of 
Tilapia mossambicus and other allied fish species to higher 
concentrations of copper demonstrated a toxic poisoning. The 
consumption of fish as a diet from such metal polluted areas is 
directly toxic threat to human blood characteristics. Thus 
sincere attentions should be devoted to minimize the risk of 
copper pollution in the ambient environment to save living 
organism including human population from adverse effects of 
these pollutants. 
 

REFERENCES 
 
Aanand, S., C.S. Purushothaman, A.K. Pal and K.V. 

Rajendran, 2010. Toxicological studies on the effect of 
copper lead and zinc on selected enzymes in the 
muscle and intestinal diverticula of green mussel, 
viridis. Indian Journal of Marine Sciences

APHA., 1998. Standard methods for the examination of water 
and waste water, 20th  Edition, Washington, DC.

Amutha, P., Sangeetha, G., and Mahalingam, S., 2002.  Diary 
effluent induced alterations in the protein, Carbohdyrate 
and lipid metabolism of a freshwater teleost fish 
Oreochromis mossambicus.  Poll. Res. 21(1): 51 

Armitage, K.B., Buikema, A.L., and Willems Jr, A.L.,  1972. 
Organic constitutents in the annual cycle of the crayfish, 
Orconectes nais (Faxon). Comparative Bioche.  Physiol
41: 825-892. 

International Journal of Recent Advances in Multidisciplinary Research

 

Fig.  4. Total lipid of muscle tissues in the fish Tilapia 
under sublethal concentrations of copper 

Lipid is an important constituent of animal tissue, which plays 
a prime role in energy metabolism.  Lipids are also important 
in cellular and sub cellular membranes.  A gradual decreased in 

L. rohita after chronic 
ents of monochrotophos of various periods of exposure 

(2013).  The level of 
cholesterol was found to be higher in Liver > Gill > Muscle. 
However, after 96 hrs of exposure, the cholesterol content of 

e decreased compared to control (Suganthi 

The study suggested that the biochemical (total lipid) indices of 
for low and high sublethal concentrations 

of copper. This data verifies that the vicissitudes in 
ochemical (total lipid) indices may be used as sensitive 

biomarkers for animal health evaluation, especially in regions 
that are naturally affected by heavy metals, causing stress in 
fish on exposure to elevated levels in the water. Exposure of 

and other allied fish species to higher 
concentrations of copper demonstrated a toxic poisoning. The 
consumption of fish as a diet from such metal polluted areas is 
directly toxic threat to human blood characteristics. Thus 

ld be devoted to minimize the risk of 
copper pollution in the ambient environment to save living 
organism including human population from adverse effects of 

Aanand, S., C.S. Purushothaman, A.K. Pal and K.V. 
studies on the effect of 

copper lead and zinc on selected enzymes in the adductor 
intestinal diverticula of green mussel, Perna 

Indian Journal of Marine Sciences, 39(2): 299-302.  
APHA., 1998. Standard methods for the examination of water 

Edition, Washington, DC. 
Amutha, P., Sangeetha, G., and Mahalingam, S., 2002.  Diary 

effluent induced alterations in the protein, Carbohdyrate 
water teleost fish 

. 21(1): 51 – 53. 
Armitage, K.B., Buikema, A.L., and Willems Jr, A.L.,  1972. 

Organic constitutents in the annual cycle of the crayfish, 
. Comparative Bioche.  Physiol., 

Bose, S., Mukhopadhyay, B., Shibani Chaudhury., and 
Bhattacharya., 1994.  Correlation of metal distribution, 
reduced glutathione and metalothionein level 
kidney of rat. Ind. J. Exp. Biol., 

Boyd, R.S., 2010. Heavy metal pollut
ecology: exploring new frontiers. 

Emad Abou El-Naga., Khalid E
Hamed., 2005. Toxicity of 
effect on some biochemical parameters of 
Mugil seheli., Egyp. J. Aquatic Research
71. 

Figuero, D.A., Rodriquez-Sierra,C.I., and Jimenez
2006. Heavy metal pollution. 

Folch, J., Lees, M., and Sloane
method for isolation and purification of total lipids from 
animal tissues. J. Biol. Chem

Finney, D.J. 1971. Probit analysis, 3rd (Ed.), Cambridge 
University Press, London, 333.

Hirth, D.F., 1964. Enzyme damage due to heavy metal 
intoxication. Munch, med. Wschr, 1

Maharajan, A., Rajalakshmi, S., and Vijayakumaran, M., 2012. 
Effect of copper in protein, carbohydrate and lipid contents 
of the juvenile lobster, 
(Linnaeus, 1758).,  Sri Lanka J.Aaquacult. sci. 
19-34.  

Marutha Nayagam, C., and Sharmila, G., 2004.  Biochemical 
variations induced by monochrotophos in 
during the exposure and recovery period.  
Pollution. 3(1): 1 – 9.  

Mustafa, S., and Zofair, S.M., 1985. Chemical analysis of 
internal environmental response of carp, 
DDT. Int. J. Environ. Analytical Che

Muthukumaravel, K., Sivakumar, B., Kumarasamy, P., and 
Govindarajan, M., 2013.  Studies on the toxicity of 
pesticide monochrotophos on the biochemical
of the freshwater fish Labeo rohita
Chem. Bio Technol. 2(10): 20 

Shiva Prasada Rao and Ramana Rao, 1979.  Effect of sublethal 
concentrations of methyl parathion on selected oxidative 
enzymes and organic constituent 
Tilapia mossambica.  Curr.  Sci

Suganthi, P., Soundarya, N., Stalin, A., Nedunchezhiyan, S., 
2015. Toxicological effect of cobalt chloride on freshwater 
fish Oreochromis mossambicus, Int. J. 
331-340. 

Toxne T. 1975-1986. National library of medicine’s toxicology 
data network.  Hazardous Substances Data Bank (HSDB). 
Public Health Service. National 
Department of Health and Human Services. 
NLM.  

Vijayakumaran, M., 1990. Energetics of a few marine 
crustaceans. Ph.D. Thesis, Cochin University of Science 
and Technology, Cochin.  

Vijayavel, K., Anbuselvam, C., Balasubramanian, M.P., 
Deepak Samuel, V., and Gopalakrishnan, S., 2006. 
Assessment of biochemical compone
activities in the estuarine crab 
naphthalene  contaminated habitants. Ecotoxicol., 15:469 
476. 

Ward, N. I., 1995.  Environmental Analytical Chemistry.  In: 
Fifield, F.W., and Haines, P. J., (eds) Trace Elements. 
Blackie Academic and Professional. U. K. 320 

International Journal of Recent Advances in Multidisciplinary Research                                                                                 

******* 

Bose, S., Mukhopadhyay, B., Shibani Chaudhury., and 
Correlation of metal distribution, 

reduced glutathione and metalothionein level in liver and 
Ind. J. Exp. Biol., 32: 679-681. 

Boyd, R.S., 2010. Heavy metal pollutants and chemical 
frontiers. Chem. Ecol., 36: 46-58. 

Naga., Khalid E-Moselhy., and Mohamed 
Hamed., 2005. Toxicity of cadmium and copper and their 
effect on some biochemical parameters of marine fish 

p. J. Aquatic Research., vol. 31 (2): 60-

Sierra,C.I., and Jimenez-velez, B.D., 
pollution. Toxicolgy & health, 22:87-99. 

Folch, J., Lees, M., and Sloane-Stanley, 1957. A simple 
purification of total lipids from 

J. Biol. Chem., 226: 497-507. 
Finney, D.J. 1971. Probit analysis, 3rd (Ed.), Cambridge 

333. 
Hirth, D.F., 1964. Enzyme damage due to heavy metal 

Wschr, 106: 985-988. 
Maharajan, A., Rajalakshmi, S., and Vijayakumaran, M., 2012. 

Effect of copper in protein, carbohydrate and lipid contents 
of the juvenile lobster, Panulirus homarus homarus 

Sri Lanka J.Aaquacult. sci. 17 (2012): 

utha Nayagam, C., and Sharmila, G., 2004.  Biochemical 
variations induced by monochrotophos in Cyprinus carpio 
during the exposure and recovery period.  Nature Environ. 

Mustafa, S., and Zofair, S.M., 1985. Chemical analysis of 
rnal environmental response of carp, Puntius stigma to 

Int. J. Environ. Analytical Che., 22:155-159. 
Muthukumaravel, K., Sivakumar, B., Kumarasamy, P., and 

Govindarajan, M., 2013.  Studies on the toxicity of 
pesticide monochrotophos on the biochemical constituents 

Labeo rohita. Int. J. Current Bio 
. 2(10): 20 – 26. 

Shiva Prasada Rao and Ramana Rao, 1979.  Effect of sublethal 
concentrations of methyl parathion on selected oxidative 
enzymes and organic constituent of the freshwater fish 

Curr.  Sci. 48: 526 – 528. 
Suganthi, P., Soundarya, N., Stalin, A., Nedunchezhiyan, S., 

effect of cobalt chloride on freshwater 
Oreochromis mossambicus, Int. J. Appl. Res., 1(3): 

1986. National library of medicine’s toxicology 
Hazardous Substances Data Bank (HSDB). 

Public Health Service. National Institute of Health, U. S. 
Department of Health and Human Services.  Bethesda, MD: 

M., 1990. Energetics of a few marine 
Cochin University of Science 

Vijayavel, K., Anbuselvam, C., Balasubramanian, M.P., 
Gopalakrishnan, S., 2006. 

Assessment of biochemical components and  enzyme 
activities in the estuarine crab Scylla tranquebarica from 

contaminated habitants. Ecotoxicol., 15:469 - 

Ward, N. I., 1995.  Environmental Analytical Chemistry.  In: 
Fifield, F.W., and Haines, P. J., (eds) Trace Elements. 
Blackie Academic and Professional. U. K. 320 – 328. 

                                                                                                         1382 


