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ABSTRACT 

Addition of undesirable substances into the water bodies cause changes in the physical, chemical and 

biological characteristics of the aquatic system which lead to ecological imbalance. Histological 

studies used as the tool for assessing the toxic effects in the target organs of fish in laboratory 

experiments and in the field experiments. The present study is to analyse the histological parameters 

in the fish (Oreochromis mossambicus) exposed to different concentrations of effluent contaminated 

wastewater collected form Vattakayal near industrial area. The lethal concentration LC50 was 

calculated as 2.4%. It has been observed that the fish after treatment exhibit lethargic. Gills are the 

first targeted organs to the polluted water. In the present observation fish exposed to the different 

concentrations exhibited various abnormalities in the gills like epithelial hyperplasia, curling of 

secondary, aneurism, lamellar fusion, epithelial lifting, dilation and congestion in the blood vessels of 

primary gill lamellae, desquamation, and atrophy. 
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INTRODUCTION 

The industrial effluents contribute a 

lot to water pollution forming a threat to 

aquatic plants and animals [1]. The 

pollution leads to a steady decline in the 

aquatic flora and fauna, particularly fishes. 

The toxic contaminants from the industrial 

and agricultural areas are let out into the 

water bodies and most of them are very 

much persistent, their levels fast reach to 

life threatening in terms of both space and 
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time [2]. Wedemeyer [3] reported that the 

fishes are more susceptible to stress than 

many other animals because of their 

intimate dependence upon their 

surrounding environment. Fish have been 

often used as appropriate bioindicators of 

chemical contaminants [4]. Histological 

studies have been considered as the tool for 

evaluating the toxic effects in target organs 

of fish in laboratory experiments and in the 

field experiments [5-6]. Gills are the 

primary site for oxygen uptake in fishes 

and these delicate organs are in contact 

with chemical toxins that cause stress 

exacerbated. Another study revealed that 

the sediments of Vattakayal near to the 

industrial area were contaminated with 

heavy metals in significantly higher levels 

in the sequence of Fe>Cr> Zn> Ni> Cu> 

Pb [7].   

MATERIALS AND METHODS 

Contaminated water samples  

The effluent contaminated water 

sample was collected during premonsoon 

from station 11 (Plate I). The collected 

samples were stored in the refrigerator. 

Chlorine free tap water was taken as the 

control medium [8].   

Experimental Animal  

The fish selected for the present 

study was Oreochromis mossambicus 

(Peters) belonging to the family Cichlidae. 

It can inhabit both in freshwater and saline 

water [9]. Oreochromis mossambicus was 

selected for the study because of its easy 

availability, hardy nature, rapid growth rate 

and tolerance to varied environmental 

salinity [10].  

The fish was collected from 

freshwater ponds of Alappuzha District. 

They were acclimatized by keeping them in 

glass aquaria (250L) for a period of four 

weeks. During the period of acclimatization 

the fishes were fed with standard food 

pellets and were exposed to the natural day 

and night cycle. The acclimatization was 

done at room temperature [8].    

EXPERIMENTAL PROTOCOL 

Healthy fishes with active 

movements were considered for the 

experimentation. The test fishes were 

starved for 24hrs prior to and during the 96 

hrs test period when the fishes were 

exposed to different concentrations of 

effluent contaminated wastewater to 

determine 96 hrs LC50 values. The test was 

carried out in 90 x 60 x 30cm rectangular 

tanks with ten healthy fishes in triplicate. 

Controls were also maintained. The test 

medium was changed every day in order to 

remove the metabolic waste (Ammonia). 

The lethal concentration of effluent 

contaminated water for 50% fish death 

(LC50 - 96 hrs exp) was calculated using the 

computerized programme, SPSS ver. 10 for 

Finney’s probit analysis. The lethal 

concentration was calculated as 2.4%.  

Based on the LC50 value, four different sub 
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lethal concentrations (0.15%, 0.3%, 0.6% 

and 1.2%) of the contaminated water were 

prepared.  

Healthy fishes irrespective of sex of 

uniform body weight (30 ± 5 gm) and body 

length (12 ± 1.4 cm) were selected for the 

experimental study. The fishes were 

divided into five groups: F1, F2, F3, F4  

and control group (C), with ten fishes in 

each group and maintained for 12 hours 

before the exposure to effluent. The fishes 

in F1, F2, F3, F4 groups were 

experimentally exposed to sub lethal 

concentrations 0.15%, 0.3%, 0.6% and 

1.2% respectively, under controlled 

conditions in aquarium water. The fifth 

group (C) served as control, and these 

fishes were maintained in chlorine free tap 

water without effluent. Three sets of 

experiments for each group were also 

conducted and the test was performed by 

the semistatic (renewal) method in which 

the exposure medium was changed every 

24 hrs to maintain toxicant strength and 

level of dissolved oxygen as well as 

minimizing the ammonia excretion levels 

during this experiment [11].  The total 

period of exposure was 20 days.  

For histopathological examinations 

gills isolated from control and experimental 

fishes through trans-spinal dissection, 

gently rinsed with physiological saline 

solution (0.9% NaCl) to remove blood and 

adhering debris and immerse in fixative 

composed of  glacial acetic acid, 

formaldehyde and ethanol (1:3:7) [8].     

RESULTS AND DISCUSSION 

Histological changes in Gills 

The histological changes due to 

toxicant are illustrated in Plate II, III, IV 

and V. It is found that the effect increases 

with increasing time and concentration and 

the changes are most prominent by the 20th 

day. The histological analysis in the control 

fish showed normal structure but in the 

treated fishes the gill exhibits the 

abnormalities like epithelial hyperplasia 

(EH), curling of secondary lamellae (CSL), 

aneurism (A), lamellar fusion (LF), 

epithelial lifting (EL), dilation and 

congestion in the blood vessels of primary 

gill lamellae (DC), desquamation (DS), 

atrophy (AT). Epithelial hyperplasia, 

curling of secondary lamellae, aneurism, 

and lamellar fusion were observed in the 

first day itself in various concentrations of 

treatment. Lamellar fusion, epithelial lifting 

and aneurism are the commonly observed 

alterations. 

The gill in fishes are concerned with 

functions such as respiration and 

osmoregulation and are in close contact 

with the external environment. Any change 

in the water quality therefore adversely 

affect the functioning of the gill, [12]. The 

alterations observed in the present study 

like epithelial hyperplasia, epithelial lifting 

and curling of secondary lamellae are the 
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defence mechanisms for increasing the 

distance between external environment and 

blood.  Another change noted in the study 

was aneurism, dilation and congestion in 

the blood vessels of primary gill lamellae, 

as has been observed by [13]. Similarly, 

[14] Figueiredo-Fernandes reported the 

epithelial lifting, dilation and congestion in 

the blood vessels of primary gill lamellae, 

lamellar fusion, aneurism in fish exposed to 

copper [15]. The study on the effect of the 

mixed effluent of Sipcot Industrial Estate 

on histopathological and biochemical 

changes in estuarine fish, Lates calcarifer, 

showed hyperplasia, epithelial lifting, fused 

lamella and desquamation [16]. 

Desquamated secondary lamellae, 

vacuolization, degenerated cells, pycnotic 

nuclei and fusion of secondary gill lamellae 

had also been observed in Tilapia 

mossambica exposed to industrial pollutant 

[17]. It may be noted that the cell 

proliferation results in the hyperplasia 

which leads to lamellar fusion and also 

decrease the surface area for oxygen 

binding and increase the oxygen distance 

between water (oxygen) and the blood 

which in turn cause hypoxia [18]. 

According to Yasser et al., since gills 

function as respiratory and osmoregulatory 

organ of fish, any histopathological change 

due to toxicity to the gills may damage 

respiratory function by reducing total 

respiratory surface area, resulting in 

hypoxia and respiratory failure problems 

[19]. 

 
PLATE-I 
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PLATE-II 
Histological changes in the Gill of fish exposed to different concentrations of effluent contaminated wastewater for 

one Day-1 (x100). 
a) Control 
b) 0.15%  c) 0.3% 
d) 0.6%                e) 1.2% 

E -  Epithelial cells    EH - Epithelial hyperplasia 
PL - Primary lamellae   CSL - Curling of secondary lamellae 
SL -  Secondary Lamellae   A - Aneurism 
LF - Lamellar fusion  
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PLATE-III 

Histological changes in the Gill of fish exposed to different concentrations of effluent contaminated wastewater for 
Day-5 (x100). 

a) Control 
    b) 0.15%  c) 0.3% 
    d) 0.6%   e) 1.2% 

E - Epithelial cells    CSL - Curling of secondary lamellae 
PL - Primary lamellae   A - Aneurism 

 SL -  Secondary Lamellae 
EL -  Epithelial lifting   LF -Lamellar fusion 
DC -  Dilation and congestion in the blood vessels of primary gill lamellae 
DS -  Desquamation 
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PLATE-IV 
 
Histological changes in the Gill of fish exposed to different concentrations of effluent contaminated wastewater for 
Day-10 (x100). 

a) Control 
    b) 0.15%  c) 0.3% 
    d) 0.6%    e) 1.2% 

E -  Epithelial cells   SL -Secondary Lamellae 
PL - Primary lamellae  EL - Epithelial lifting 
LF - Lamellar fusion   AT -Atrophy 
DS -  Desquamation 
DC -  Dilation and congestion in the blood vessels of primary gill lamellae 
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PLATE-V 

Histological changes in the Gill of fish exposed to different concentrations of effluent contaminated wastewater for 
Day-20 (x100). 

a) Control 
b) 0.15%  c) 0.3% 

    d) 0.6%      e) 1.2% 
 

E- Epithelial cells    PL-Primary lamellae 
SL- Secondary Lamellae  A- Aneurism 
EL- Epithelial lifting    LF-Lamellar fusion 
EH- Epithelial hyperplasia 
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SUMMARY AND CONCLUSION 

The present work has been 

undertaken to study the environmental 

stress in the Vattakayal backwaters, 

Chavara, Kollam, Kerala due to the 

pollution caused by the industry situated 

quite near to the estuary. The estuary lies 

parallel to Trivandrum – Shornur (TS) 

canal, towards the northern side it is 

connected to the Kayamkulam lake and 

towards the southern side to the Ashtamudi 

lake. The fish exposed to the various 

concentrations of wastewater exhibited 

abnormalities in the gills like epithelial 

hyperplasia (EH), curling of secondary 

lamellae (CSL), aneurism (A), lamellar 

fusion (LF), epithelial lifting (EL), dilation 

and congestion in the blood vessels of 

primary gill lamellae (DC), desquamation 

(DS) and atrophy (AT).  
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