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ABSTRACT 
Heavy metals and its compounds have severely affected the aquatic ecosystem and human 
health. They are naturally occurring substances which are present in the environment at low and 
tolerable levels. In large amount they prove to be hazardous. The study carried out in this paper 
is of heavy metal copper. Copper chloride is ingested by aquatic life and human beings through 
(drinking or eating) or inhalation (breathing). Working in or living near an industrial site 
increases the risk of exposure. The impact of toxic effect of copper chloride was experimentally 
studied in fish Labeo rohita. This metal affects reticulo endothedial system and hematopoiesis. 
They change osmotic resistance of erythrocytes. It has been found out that red and white blood 
cells at different stages of the pathological process are subjected to quantitative and qualitative 
changes, deformations, large scale destructions, cytoplasm (swelling, changes in granulation and 
degree of coloration, vacuolization etc.) and nucleus (changes in structure colour, partial or 
complete discoloration of nuclear matter, division, extrusion of nuclei etc.) In human beings also 
this effect is observed. Liver, kidney, heart, joints etc. are damaged. The liver and kidneys 
produce metallothioneins and cause toxicity which is hazardous to human life.           

Key Words : Copper toxicity, Hematological studies, Copper chloride,  
Heavy metal 

 
             INTRODUCTION 
Copper is an important element that is needed 
in trace amount around 5-20 µg / gm by 
human, mammals, fish and shellfish. It is 
needed for metabolism of carbohydrates and 
for active functioning of more than 30 
enzymes. It also helps in hemoglobin and 
haemocyanin synthesis, which acts as the O2 
transporting pigments in blood of vertebrates 
and shellfish respectively. If the copper 
concentration exceeds more than 20 µg / gm it 
can prove to be toxic.1,2 Copper has proved to 
be anti fungal and anti algal. It also kills 
molluscus and hence it proves that it is highly 
toxic to aquatic organisms and to the entire 
ecosystem at large. The most bioactive and 
toxic form of the copper is cupric ion Cu+2. 
Aquatic life is 10–100 times more sensitive to 
the hazardous effects of copper than mammals. 
The main route of entry for any chemical is 
through the gills. From the gills, it is transport- 

ted to various parts of the body via the blood 
stream. A fish gill gets frayed and loses their 
ability to regulate transport of salts such as 
NaCl and KCl into and out of the fish. These 
salts are necessary for proper functioning of 
cardiovascular and nervous system. When the 
salt balance is disrupted between body of 
copper exposed fish and environmental water, 
death of fish occurs. Copper will be more 
harmful to fish gills if pH of water is acidic. 
Copper also adversely affects olfaction, mean- 
ing sense of smell in fish. Deflection of odour 
occurs when dissolved odorant molecules bind 
with olfactory receptor molecules when the 
olfactory tissues of the fish come in direct 
contact with the surrounding water which 
facilitates copper uptake. Copper can affect 
olfaction by competing with natural odorants 
for binding sites by affecting activation of the 
olfactory receptor neurons or by affecting 
intracellular signaling in the neurons.3 
 Blood provides an ideal medium for toxicity 
studies. Blood is the most important and 
abundant body fluid. Its composition often *Author for correspondence 
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reflects the total physiological condition. The 
hematological parameters have been consider- 
ed as diagnostic indices of pathological 
conditions in animals. Fish blood can serve as 
valuable tool in detecting physiological chang- 
es taking place in aquatic animals.  

AIMS AND OBJECTIVES 
To study the effect of copper chloride on certain 
componentts of Indian major carps, Labeo rohita 
(Ham.) Human beings are exposed to copper by 
inhalation of particulate copper or through 
drinking copper contaminated water or eating 
copper contaminated food. When these levels 
increase above the essential levels, the liver, 
kidney, heart, joints etc. are damaged. The liver 
and kidneys produce metallothioneins. It is a low 
molecular weight protein which binds with 
copper to form a complex that is soluble in water 
and can be excreted. In human serum the normal 
copper level to be maintained is 120 – 140 µg / 
lit. If the level rises above this range it can be 
identified as copper toxicity.4 

MATERIAL AND METHODS 
Processing of the fresh water fingerlings 
major carp Labeo rohita for study 
Live and healthy fresh water fingerlings major 
carp Labeo rohita of both sexes were collected 
from the local fish farms. The fingerlings  were  
transported in  polythene  bag  containing  O2  
saturated  water and brought to the aquarium of 
the size of  4x2x2  nearly 125 to 160 fingerlings 
of Labeo rohita and were kept as stock. 
Aquarium containing normal fresh water, 
commercial fish food was given twice a day. 
Dissolved Oxygen level and pH of water was 
maintained in the laboratory. Experiments were 
commenced after acclimatizing the fishes to the 
lab condition for a period ranging from 15 to 20 
days. Different concentrations of copper were 
made by dissolving appropriate amount of 
analytical grade copper chloride in the fresh 
water. Live and healthy fresh water fingerlings 
exposed to different concentration of copper 
chloride. After exposing to different 
concentration for different durations, 2–3 
fingerlings were removed and sacrificed for 
blood smear study. The thin blood smears were 
prepared for observing the cellular alterations in 
the blood cells. The smears were stained with 
Leishmann’s stain and the observations were 
noted in a tabular form.  

Preparation of heavy metal samples and pro 
-cessing of fingerlings  
Copper chloride   
Different concentration of copper was made by 
dissolving appropriate amount of analytical 
grade copper chloride in the fresh water. These 
sets of different concentration of copper 
chloride (1, 2, 3 ppm) were prepared for treat- 
ment. The fish were divided into different 
group of 3 individuals each in separate 
polythene boxes. Commercially available fish 
food was provided twice a day and water 
medium with copper chloride was changed eve 
-ry alternate day.   
Preparation of blood smear 
Live and healthy fresh water fish subjected to 
different concentration of copper chloride (1, 
2, 3 ppm). The blood smear was prepared for 
observation. After an interval of 15 days fish 
were removed from each of container and the 
blood was drawn from the dorsal aorta or from 
pressing of gills. A drop of blood was taken on 
a glass slide and a thin smear was made. It was 
allowed to dry at room temperature. The slide 
was then stained with Leishmann’s stain for 10 
minutes. Then it was washed with distilled 
water and allowed to dry at room temperature 
and studied under light microscope. 

RESULTS AND DISCUSSION 
Results of hematological studies on fish Labeo 
rohita shown in Table 1. When fish were 
exposed to copper chloride in low concentration 
1 ppm only cell membrane was damaged and this 
frequency was less but during longer exposure 
there was effect on nucleus, vacullation and 
nucleus shifted from normal position. This type 
of vacullation caused by disruptive effects of 
copper chloride might cause anemia. Anemic 
condition of fish will also lead to decrease in 
oxygen carrying capacity it may be due to injury 
caused to the RBCs. The toxic chemicals present 
in the pollutants, interfered with respiration by 
causing coagulation in gills, which inhibits the 
enzyme system at mitochondrial levels, resulting 
in the reduction of oxygen consumption. 2 ppm 
concentration caused damage to cell membrane 
and vacullation on 15 day, nucleus was affected 
on 30 day and on 45 day the cell membrane was 
wrinkled and damaged. 3 ppm concentration 
leads to vacullation  shifting of nucleus from its 
normal central position. This might be due to 
toxic effect on plasmolysis of cell content.  
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These types of condition like wrinkled cell 
membrane, damaged nucleus or enlarged 
nucleus, vacullation lead either to death of cell 
in long run or are responsible for anemic 

condition of animals. Anemic conditions and 
less iron content have been reported by several 
workers in fish, bird and mammal following 
exposure to pollutants (Fig. 1 to  Fig. 4).  

 
Fig. 1 : Normal blood smear of fish Labeo rohita 

 
Fig. 2 : Damage in cell membrane of RBC 

 
Fig. 3 : Reduction in size of nucleus and vaculation 

 
Fig. 4 : Shifting of nucleus from central position 
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Table 1 : Effect of copper chloride on the normal blood cells of Labeo rohita                                                                
subjected to various concentrations 

Concentration 
of copper 
chloride 

Effect on RBC after exposure for 

15 days 30 days 45 days 
 

1.0 ppm Cell membrane is 
damaged 

Size of the nucleus is 
reduced and vacullation 
observed 

Cell membrane is 
destroyed and nucleus 
shifts in position 

 
2.0 ppm 

Cell membrane is 
damaged and 
vaculation  observed 

Nucleus and the cell 
membrane is damaged 

Nucleus is enlarged, 
cell membrane is 
wrinkled and damaged 

 
3.0 ppm 

Cell membrane and 
nucleus are damaged 

Nucleus damaged and 
vaculation observed 

Cell membrane and 
nucleus shift in position 

Here it has been also reported that RBC count 
in fish was found to decline when subjected to 
higher concentration of endosulfan. It was then 
presumed that the reduction of RBC count 
might actually be due to the inhibition of RBC 
production coupled together with the 
destruction of previously present RBC on 
exposure of the fish to the pollutant.5 Heavy 
metals effect on reticuloendothelial system and 
haematopoesis.On going through hematological 
studies of the fish Labeo rohita, it can be 
concluded that, proteins are very important 
structural macromolecules in all animals.  

Amino acids are the building blocks of proteins 
for the tissues so it was planned to study the 
effects of different metal chlorides on amino 
acid composition of fish muscles and red blood 
cell. A survey was carried out in the most 
polluted areas of South Gujarat, India having 
high amount of copper in the water at the shores 
of  Umargaon and Vapi, Gujrat, India. Here the 
clinical symptoms were studied in 100 different 
individuals facing the problem of copper 
toxicity in water and sea food.   The symptoms 
and degree of likelihood of copper toxicity are 
shown in  Table 2. 

Table 2 : Symptoms and degree of likelihood of copper toxicity 

S/N Symptoms Toxicity 
1 Metallic taste + + 

2 Fatigue + + + + 
3 Insomnia + + 

4 Lack of memory + + + 
5 Weakness + + + 

6 Depression + + + 

7 Sensitive nature + + + 
8 Suicidal tendency + + 

9 Headache + + + 

10 Hot flushes + + 
11 Ringing ears + 

12 Joint aches + 
13 Perspiration + + 
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The incidence of copper poisoning varies at 
different geographical areas depending on the 
local use of availability of the metal in           
air, water   and food. The incidence reported in  
these areas between 30% to 64%. The 
mortality rate is between 14% to 18%.              
This   toxicity  can be linked to human growth, 
development, achievement and reproduction. 
No specific health guidelines have been 
established by U. S. Environment. Protection 
Agency for the accumulation of heavy metal 
like   copper.   This  lack of national guidelines 
based on concise scientific criteria causes 
difficulty when evaluating the environmental 
effects of heavy metal like copper in 
sediments. Several different criteria have been 
defined, primarily on the basis of observed 
effects on aquatic life.10  

CONCLUSION 
A wide range of pollutants either physical 
chemical biological and radiological have been 
observed in the aquatic biota due to urbanizati 
on industrialization and new technological 
development. Heavy metals are traced in some 
areas  in  sufficient  concentration  and physico 
chemical forms that might create pollution 
problems. Sources of heavy metals in aquatic 
environment are from different industrial 
operation particularly South Gujarat region, 
India, which due to alarming industrialization 
will cause serious depletion in fisheries catch. 
During last decades, parallel with rapidly 
developing technology, increasing population 
and urbanization we have been witnessing 
alarming phenomena of pollution all over 
South Gujarat region, India.  
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