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Abstract 

The aim of the study to find out the effect of the copper 

moiety in copper oxychloride on a freshwater fish, 

Aplocheilus lineatus were exposure for 15, 30, 45, 60, 75 and 

90 days. The experimental medium containing 1/4th and 1/10th 

of copper oxychloride were used for the present study. The 

accumulation of copper in liver, gill, muscle and intestine was 

carried out using Atomic Absorption Spectrophotometer. The 

results of chronic exposure of Aplocheilus lineatus to copper 

oxychloride at 1/4th and 1/10th 96h LC50 toxicant levels, the 

variation in bioaccumulation of copper in four different 

tissues tested, the maximum accumulation was observed to 

the liver and gill.   
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Introduction 
 

Copper is an essential element for fish, but it can be toxic at 

higher levels (Handy, 1996).  Copper-based compounds have 

been intentionally introduced into the environmental 

components as molluscicides, fungicides, algicides and 

herbicides.  In addition to copper sulphate, copper 

oxychloride and copper hydroxide are commonly used as 

broad-spectrum fungicide for plant disease control in the 

agrifields. Copper oxychlordie may be sources of copper 

contamination in the agricultural environment and may also 

affect nontarget organisms such as snails and earthworms 

(Snyman et al., 2002).  Fish mostly have a tendency to 

bioaccumulate metals and human consumers of fish can be at 

a great risk (Akan, et al., 2012). Sometimes certain heavy 

metals become lethal through the contamination of human 

food chain (Hesham et al., 2008).  Bioaccumulation of heavy 

metals reflects the amount ingested by the organisms, the way 

in which the metals distributed among the different tissues 

and the extent to which the metals are retained in each tissue.  

Tissue –specific accumulation of metals has been proposed as 

a key indication of chronic exposure in aquatic toxicology 

(Luoma and Rainbow, 2005).  Metal accumulation in the 

toxic sites depends on water chemistry, body mass, and sex 

(Di Toro et al., 2000: Serafim and Bebianno, 2001). There are 

many studies on the response of fish to metal contamination 

and fish are recognized as one of the most sensitive indicators 

of changes in the quantity of heavy metals in water bodies 

(Maheswaran et al., 2008). The present study aims to find out 

accumulation of copper present in the tissues of gill, liver, 

intestine and muscle of Aplocheilus lineatus, exposure of 15, 

30, 45, 60, 75 and 90 days.  

 

Materials and Methods 

 
Experimental animal 

 

Healthy fish Aplocheilus lineatus (6cm long, weighing about 

3-4g) were selected for the experiments.  The fish were 

obtained from the local fish vendor and reared under 

laboratory condition for about 10 days.  These selected fish 

were fed regularly with minced sheep liver, boiled egg and 

live feed such as earthworm and mosquito larva.  Water was 

renewed on alternate days (Sprague, 1973). The fish under 

chronic exposures were allowed into fungicide free water and 

fed with boiled egg and minced sheep liver for about one hour 

and transferred back to water containing the fungicide. 

 

Experimental setup 

 

After chronic exposures to copper oxychloride at 1/4th and 

1/10th of 96h LC50 toxicant levels, Aplocheilus lineatus were 

removed for bioaccumulation studies on the 15, 30, 45, 60, 75 

and 90th day of exposure.  Liver, muscle, intestine and gill 

tissues were removed and pooled.  The tissue samples were 

dried in hot air oven at 120oC for about 24h.  After drying, 

they were powered using an electrical blender. The powdered 

samples were wet washed with concentrated nitric acid 

(Doshi et al., 1969).  For digestion, a known quantity of dried 

sample was taken in 250ml conical flask and digested with 

concentrated nitric acid until a white residue was formed.  

Finally, 1:1 mixture of concentrated nitric acid and hydrogen 

peroxide were added and the sample was kept in hot plate for 

evaporation.  After complete evaporation the residue was 

dissolved in 1N hydrochloric acid and filtered using 

Whatman No.542 filter paper.  The sample was then made 

upto 10 ml in volumetric flask.  The copper concentration was 

analyzed using Atomic Absorption Spectrophotometer 

(Hitachi Zeeman Polarized, Z-5000 series).  

 

Results and Discussion 
 

The four different tissue types gills, liver, muscle and 

intestine were analysed for the copper accumulation of fish 

Aplocheilus lineatus and tabulated (Table1,2,3,4&5). The 

inorganic copper found in copper oxychloride gets 
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bioaccumulated in the different tissues of Aplocheilus 

lineatus.  After chronic exposure of Aplocheilus lineatus to 

copper oxychloride at 1/4th and 1/10th 96h LC50 toxicant 

levels, the variation in bioaccumulation of copper in four 

different tissues tested, the maximum accumulation was 

observed to the liver and gill.  After expose for 90 days, liver 

accumulated 2.004 ± 0.210 ppm, in 1/4th 96h LC50 and 1.768 

± 0.169 ppm in 1/10th 96h LC50 whereas the gill accumulated 

1.431 ± 0,150 and 1.22 ± 0.101 ppm in 1/4th and 1/10th 96h 

LC50 respectively.  These findings coincide with the results of 

Dallinger (1995) who reported that the highest copper and 

iron accumulation were found in the liver of F. heteroclitus 

and S. senegalensis.  Liver accumulated maximum quantity of 

copper (Campenhout et al., 2008). The heavy metal form the 

medium gains entry into the tissues through water used for 

gaseous exchange (Pierce et al., 2008).  Fishes accumulate 

higher concentration of heavy metals than their basal 

environmental values due to the process of bioamplification 

(Cooper, 1983) and are known to concentrate the metal in 

their body tissues in varying proportions depending upon the 

species and environmental conditions. 
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The liver plays an important role in metal sequestration 

because heavy meals may be bound to matallothioneins or 

other ligands.  Athikewavan et al., (2006) observed that when 

silver carp was exposed to zinc, maximum accumulation of 

zinc was recorded in the liver. One of the main reasons 

attributed to the increased presence of heavy metals in liver is 

its capacity to accumulate heavy metals like cadmium, zinc 

and copper brought by the blood from other parts effects of 

heavy metals by binding them (Atli et al., 2006).  According 

to Klavercamp et al. (1884) the liver and gill along with 

kidney are the main sites of metallothioein production and 

metal retention. Followed by liver, the maximum amount of 

copper accumulated in the gill tissue.  After 90 days of 

exposure, 1.431 ± 0.50 ppm copper accumulated in 1/4th 96h 

LC50 exposure, whereas in the same exposure 1.70 ± 0.10 

ppm copper accumulated in the intestine and 0.804 ± 0.079 

ppm in the muscle.  These findings coincide with the results 

of Jeyakumar and Paul (2006).  When the proximity of 

various tissues to the toxicants is analysed, gill is in direct 

contact with the toxic medium, whereas the intestine and 

muscle are exposed through media effect. 

 

In the case of fish and crustaceans as well as molluscs, gill is 

one of the target organs to suffer instantaneously from 

ambient toxicants (Saha et al., 2006). Most of the heavy 

metals resist the action of enzymes and get bioaccumulated 

inside the gill tissue. After 75 days of exposure to the 

fungicide the intestine accumulated more amount of copper 

(1.15 ± 0.172 ppm) than muscle (0.797 ± 0.077 ppm).  Even 

though intestine and muscle accumulate copper, higher 

accumulation is recorded in the intestine. The present results 

are in agreement with the result of Annume and Iyaniwura 

(1993) who reported higher accumulation and faster heavy 

metal uptake in the gills of Oreochromis niloticus and Clarius 

gariepinus followed by the gastro intestinal tracts.  Of all the 

tissues investigated in the present study, the muscle 

accumulated the lowest level of copper even after 90 days of 

exposure.  This finding confirmed the existing reports (Yang 

et al., 2007).  The inorganic copper found in copper 

oxychloride gets bioaccumulated in the different tissues of A. 

lineatus the variation in bioaccumulation of copper in four 

different tissues of A. lineatus is in the order of liver> gill> 

intestine> muscle.  The maximum accumulation of copper 

was recorded in liver (2.004 ± 0.210 ppm) in 1/4th 96 h LC50 

and (1.768 ± 0.169 ppm) in 1/10th 96 h LC50. Followed by 

liver the maximum amount of copper accumulation was 

recorded in gill tissue. Of all the tissue investigated the lowest 

accumulation was recorded in the muscle tissue (56.85 

percent) of A. lineatus exposed to 1/10th 96h LC50 of copper 

oxychloride. In freshwater systems, the heavy metal ions 

remain biologically active affecting the physiology of fish 

and other aquatic organisms and get accumulated in their 

tissues. 
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