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 Abstract 

Heavy metal contamination in fresh water bodies is of great concern owing to their toxicity, persistence and 
bioaccumulation. The current study deals with the acute toxicity of cadmium to fresh water fish, Channa punctatus. The 
objective of this study was to grasp the link between mortality and abnormal behavioral and morphological changes of C. 
punctatus exposed to cadmium chloride. Static bioassay tests were carried out to evaluate LC50 value of Cadmium (Cd) 
for fresh water fish, C. punctatus as well as the behavioral responses and morphological changes were also observed. Fish 
after treatment with various concentrations of cadmium chloride for different exposure period the percent mortality was 
recorded. The lowest cadmium chloride concentration at which mortality was observed as 45 mg/l. The first death of 
experimental fish was recorded as 125 mg/l at 24 hrs. of exposure. After 96 hrs. LC50 value of cadmium (Cd) was found to 
be 80.62mg/l. The major behavioral responses observed during the experiment were restlessness, jumping, erratic 
swimming, gulping of air at the surface, loss of equilibrium, sluggishness,opercular movements and fishes lied on the 
water surface before death and morphological changes like, discoloration of skin, pigmented patches on body, shedding of 
scales, sedimentation of chemical on body, mucous secretion, and ballooning were observed in exposed animals. The 
observed data showed that C.punctatus can be used as a good bio-indicator for heavy metal contamination in fresh water 
bodies. 
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Introduction 
Now a day’s freshwater bodies such as rivers, lakes 
and ponds are being polluted. These water bodies 
are not only being polluted but also become the 
disposal sites of domestic and industrial wastes by 
recent advances in industrialization, urbanization, 
agricultural and other developmental activities. Due 
to these activities, discharge of metals into the 
aquatic body has caused ecotoxicological effects. 
However, metals are unique among pollutants in 
that they occur naturally and in many instances are 
omni-present in the environment, but may cause 
adverse health effects as well. Kakade et al. (2020) 
reported the status of heavy metals in aquatic flora 
and fauna as hazardous and bio accumulative 
contaminants. Due to self-purification capacity and 
natural biological cycles, each aquatic ecosystem is 
capable of accepting a minimum amount of heavy 
metal concentration without any adverse effect. 
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Beyond the limit heavy metal contamination may 
cause decreased production, affects immune 
system, increased susceptibility to diseases and 
mortality in fishes. River Ganga is an important 
source of water for irrigation of surrounding farm 
lands as well as for fishing and aquaculture (Gupta 
et al., 2018). At Kachhla, River Ganga ghat is 
always full of rush on each Purnima (full moon) 
and becomes the site for religious bathing (Kanvar 
mela, Purnima mela etc.), also accustomed by 
watering of animals and washing the disposal of 
human and animal corpses. The different kind of 
waste creates environmental problems and increase 
pollution. Furthermore, wastewater such as 
municipal sewage, industrial effluents and 
agricultural run-off are the main cause of heavy 
metals in the water. Heavy metals accumulated in 
freshwater, indirectly enter in the food chain, and 
affect the fish being the top consumer in water 
directly from contaminated water (Afshan et al., 
2014; Lacerda et al., 2020). Therefore, fishes are 
more susceptible aquatic organisms to toxic 
substances present in water. However, due to high 
protein content, low saturated fat and sufficient 
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omega fatty acids fishes are an important part of the 
human diet. Hence, studies on the contamination of 
different fish species by heavy metals are of utmost 
importance (Sivaperumal et al., 2007). Cadmium 
has been listed in “Black-list” of European 
community (Mason, 1996). It is a non-essential, 
non-corrosive and highly toxic metal among heavy 
metal pollutant. Its main pollution sources into the 
aquatic environment include non-point sources like 
agricultural run-off, livestock breeding and point 
sources like industries such as, petroleum, mining 
and refining of ores, tannery, electronic (Ni-Cd 
batteries) industries, steel, paint, dye and plating 
processes, the use of phosphate fertilizers and 
gasoline containing lead by fishery boats (Bakshi 
and Panigrahi, 2018; Jaishankar et al., 2014; Mao et 
al., 2013).  
Testing of toxicity is necessary tool for obtaining 
the action and outcome of toxicants in aquatic 
ecosystems, to attain water quality standards for 
chemicals and to spot suitable organisms as 
bioindicators. The aim of the toxicity test is to 
obtain different abnormalities caused due to the 
effect of pollutant or chemical and to find out the 
order of the lethality of the chemical (Absunullah et 
al., 1981). Fish toxicity is a result of a sequence of 
events including different physical, chemical and 
biological processes. Estimation of median lethal 
concentration or dosage (LC50 or LD50) is important 
as it can be used as an indicator to the level of 
resistance of population response to metals (Reda et 
al., 2010). The snakeheaded, air breathing fishes 
(C. punctatus) are entirely fresh water with a wide 
distribution in the old world, expanding from the 
Amur river in Eastern Siberia in the North through 
China to India (Kaushal and Mishra, 2013). Asian 
people have long considered it as an important 
edible fish (Laovitthayanggoon, 2006). The 
snakeheaded fish provides good source of income 
to many poor fish farmers. In India, this species has 
received an adequate attention in statistics and 
inland water fisheries policies etc. In contaminated 
water, fish may exhibit morphological changes and 
behavioral responses which can be used as 
biomarkers of contamination. Behavior allows an 
organism to adjust in changing environment, which 
may result drastic morphological changes in them. 
The use of these abnormalities in fish as biomarkers 
has become more prevalent in recent years. These 
biomarkers can provide suitable indication about 

the environmental condition (Sabullah et al., 2015). 
The changes act as diagnostic endpoints in 
screening the effect of polluted water on fishes and 
C. punctatus fish could be a good bio-indicator 
organism for heavy metal contamination of water. 
However, reporting in this particular context is 
meagre around Kachhla region in India. Therefore, 
there is need to access the concentration and 
bioaccumulation studies of some heavy metals and 
their toxic effects in fish from this big aquatic 
ecosystem. Keeping this in view, the present study 
was initiated to study the percent mortality at 96 
hours and the behavioral and morphological 
changes in Channa punctatus due to exposure of 
sublethal dose of cadmium chloride. 
 
Material and Methods 
Healthy Channa punctatus (Bloch) were collected 
from the Ganga river at Kachchla, Badaun (U.P.) 
and brought to laboratory. Only healthy, uninjured 
and uninfected fish specimens (Length: 12-16 cm, 
Weight: 50- 65 gm) were taken for experiment. 
Fishes were acclimatized in glass aquaria 
containing tap water for 15 days in the laboratory. 
The fishes were fed with fish food and water in the 
aquaria was changed at every 24 hrs, leaving no 
fecal matter, unconsumed food or dead fish. Proper 
aeration was maintained in test as well as control 
aquaria by aerators throughout the experiments. 
The 96hrs LC50 value of cadmium chloride was 
determined by static renewal bioassay following 
probit analysis (Finney, 1971). Different 
concentrations of cadmium chloride were prepared 
by dissolving weighed amount of CdCl2 in tap 
water. 10 Fishes were exposed to different 
concentrations of Cd as CdCl2 salt to know the 
acute toxicity at different exposure period i.e. 24, 
48, 72 and 96 hrs.For studying the behavioural and 
morphological changes, fishes were divided into 
two groups: control and experimental group. 
Experimental group was exposed to 1\5th of LC50 
dose. The behavioural and morphological changes 
were recorded simultaneously at different exposure 
period. In order to maintain the concentration of 
Cadmium, the water in the aquaria was changed 
every 24 hrs during the acute exposure and for 
chronic exposure water was changed twice a week. 
Fishes were regularly noticed for any variation in 
behavior and external morphology. 
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Results and Discussion 
Due to anthropogenic activities, fishes are one of 
the vertebrates group that respond firstly when the 
environment is contaminated with pollutants 
(Sehonova et al., 2017). Fishes are an important 
indicator of water pollution as it remains in direct 
water for food and oxygen and thus is highly 
susceptible to any change in aquatic environment. 
Cadmium does not break down in the environment 
and persist in the fish body for long periods and can 
bio-accumulate for many years after exposure to 
low levels of this metal (Wang et al., 2018; 
Markowicz et al., 2019). As, fishes are the part of 
important source of protein, So if human consume 
heavy metal contaminated fishes, it may lead to 
heavy metal accumulation in the human body. 
Therefore, heavy metal contaminated fish need to 
be carefully screened before consumption. 
LC50 Estimation 
The test fish Channa punctatus was exposed to 
heavy metal Cadmium (Cd) as cadmium chloride 
(CdCl2) upto 96 hrs. The percent mortality rate for 
each concentration of cadmium chloride are 
presented in Fig.1 and Table 1. The lowest 
cadmium chloride concentration at which mortality 
observed was 45 mg/l. The first death of 
experimental fish was recorded in 125 mg/l at 24 
hrs exposure. 96 hrs LC50 value was found to be 
80.62 mg/l. No mortality was observed over 96 hrs 
in control group fishes.  The data from these 
toxicity tests were evaluated using probit analysis. 
96-hr LC50value of cadmium chloride for Channa 
punctatus observed in present study almost 
corresponds with the LC50 value of cadmium 
chloride for Clarias batrachus (82.66 mg/l) 
reported by Dhara et al. (2014). Gill and Pant 
(1985) found 96 hrs. LC50 value of mercury 0.181, 
0.13 & 0.51 ppm for B. conchonus, E.maculatus & 
S.gairdneri respectively. This variation in LC50 

value may be due to change of fish species, 
geographical area as well as metal toxicity. Kaushal 
and Mishra (2013) observed fish mortality may 
have resulted by absorption, bio-accumulation of 
cadmium compounds or greater activity of 
chemical in body of fish. 
Behavioural Changes 
In present study, when Channa punctatus subjected 
to different cadmium chloride concentrations, it 
was reported that exposure to increasing amounts of 
cadmium resulted in increased mortality and caused 

various behavioural and morphological changes 
(Table 2). In both the control and the test aquaria, 
the behavior and condition of fishes were observed 
during the whole experiment. When fishes were 
exposed to sublethal concentration of cadmium 
chloride, they showed marked changes while in 
control group such changes were not reported. Just 
after introducing the fishes to the test aquaria, they 
showed the symptoms of swimming disability like 
uncontrolled irregular, erratic and darting 
swimming movements, restlessness, loss of 
equilibrium, drowning, hitting against the wall of 
test aquaria and trying to jump out of the test 
aquaria to avoid the chemical. The relation of 
avoidance reaction may be related to change in 
sensitivity of chemoreceptors. Similar results were 
reported by (Svecevieus, 2001, Agarwal, 1991). 
Loss of balance during swimming, observed during 
this study, might be due to some neurological 
impairment in the Central nervous system. Similar 
results were reported by Kawade and Khillare, 
2014. Fast opercular movements, gulping of air and 
surfacing was also observed. Surfacing or gulping 
of air might occur due to a demand of higher 
oxygen level after exposure (Katja et al., 2005). 
Maruthanayagam et al. (2002) and 
Laovitthayanggoon (2006) also reported that with 
the increase of concentration of cadmium 
compounds on freshwater air breathing snake 
headed fish C. punctatus, it showed various 
behavioral responses and morphological changes. 
Hesni et al. (2011) studied the acute toxicity of lead 
nitrate on behavioural changes of milk fish. Other 
changes observed were hyper excitability, disturbed 
schooling, disrupted shoaling behavior, reduced 
feeding behavior and after few hours became 
lethargic. Sluggishness observed at the end of 
exposure periods may be due to loss of energy as a 
result of erratic swimming, jumping and 
restlessness. Behavioural activities increased upto 
96 hrs of exposure period. After few hours of the 
introduction of the fishes to the test aquaria, they 
became lethargic and settle down at the bottom of 
the tank. The discomfort seems to be higher upto 96 
h of exposure. After every 24 hours, similar 
observation has been found. With the increase in 
the number of days the fishes show less activity and 
after 20 days they seems to get adapted to the toxic 
environment upto some extent. However, it was 
observed that whenever water was changed in the  
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Table 1.  Mortality of Channa punctatus (Bloch) in different concentration of cadmium chloride at 96 h 
exposure period 

Concentration of  CdCl2 (mg/l) Log10 Conc. Percent Mortality Probit Value 
Control - - - 
45 1.653212514  20 4.16 
65 1.812913357 30 4.48 
85 1.929418926 40 4.75 
105 2.021189299 60 5.25 
125 2.096910013 90 6.28 

 
Figure 1. Regression line between the Probit kill value of C. punctatus at different log10    concentrations of 
cadmium chloride.  

 
Table 2. Effect of sublethal dose of Cadmium Chloride exposure on behavioural responses of fresh water fish 
Channa punctatus. 

 
SN 

 
Behavioural Changes 

 
Control 

Exposure(CdCl2) Period 
               Acute Test Chronic Test 
24 hrs 48 hrs 72 hrs 96 hrs 15 day 30 day 

1. Loss of Equilibrium - ++ ++++ ++++ ++++ +++ ++ 

2. Gulping air at Surface - +++ +++ ++++ ++++ +++ ++ 

3. Erratic Swimming - ++ +++ ++++ ++++ ++ ++ 

4. Opercular Movements - ++ +++ +++ ++++ ++ ++ 

5. Restlesness - ++++ +++ ++++ ++++ +++ ++ 

6. Jumping - ++++ ++++ ++++ ++++ +++ ++ 

7. Sluggishness - ++ ++ +++ ++++ +++ ++ 

(-) Normal, (+) Nil, (++) Less Change, (+++) Moderate Change and (++++) Prominent Change. 
 
test aquaria, the fishes showed normal behavior for 
a few minutes to an hour and after some time they 
became lethargic. The effects are generally 
displayed as behavior responses and morphological 
changes that lead to genetic changes which become 
cytologically visible in the tissues. Fish is 
extremely sensitive in terms of behavior and any 
change in behavior of fishes is related with the 
toxicity. Behavioural changes have been 
established as sensitive indicator of chemically 
induced stress in aquatic organisms (Suedel et al.  
1997; Remyla et al. 2008). Raised swimming  

 
activity stimulated by the toxicant would increase 
the requirement for oxygen, to meet the energy 
demand the energy demand of elevated muscular 
activity. Behavioral changes in animals are 
indicative of internal disturbances of the body 
functions such as inhibition of enzyme functions, 
impairment in neural transmission nervous 
impairment due to blockage of nervous 
transmission between the nervous system and 
various effectors sites and disturbance in metabolic 
pathways. 
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Table 3. Effect of sublethal dose of Cadmium Chloride exposure on morphological changes of freshwater fish 
Channa punctatus. 

 
 
SN 

 
 
Morphological changes 

 
 
Control 

Exposure(CdCl2) Period 
         Acute Test Chronic Test 
24 hrs 48 hrs 72 hrs 96 hrs 15 day 30 day 

1. Patches on body  - ++ ++ ++ +++ ++++ ++++ 

2. Discoloration of skin - ++ ++ +++ +++ +++ ++++ 

3. Shedding of scale - ++ ++ ++ ++ +++ ++++ 
4. Mucus secretion - ++ ++ ++ +++ +++ ++++ 

5. Sedimentation of chemical on 
body 

- 
++ ++ ++ +++ +++ ++++ 

      
6. Clumping of Gills - ++ ++++ ++++ ++++ +++ +++ 

(-) Normal, (+) Nil, (++) Less Change, (+++) Moderate Change and (++++) Prominent Change. 
 
Morphological Changes 
During this study, we documented the various 
morphological changes in the body being exposed 
to different time period of cadmium chloride 
included discoloration of skin, thin chemical 
deposition on skin, less mucous secretion may 
cause the thin layer of chemical on aquarium 
bottom and shedding of scales (Table 3). Similar 
results were reported by Gupta and Dua (2015) 
when C. punctatus was exposed to Mercury. Other 
changes observed were clumping of gills, hyper 
extension of fins, split and necrosis of fins, lesion 
on skin, eye deformities and muscular tetany. 
Copious mucous secretion and its coagulation 
observed at higher chemical concentration. These 
changes seem to appear after 10 days of exposure 
and are seem to be more prominent at 30 days. The 
percentage of all these deformities was increased 
with the increase of exposure period. Similar 
observations were reported by Halappa and David 
(2009) and Anita et al. (2010). Maruthanayangam 
et al. (2002) also observed that toxicity of cadmium 
compounds to fish Channa punctatus is mainly 
caused due to gill damage which enabled the fish to 
obtain oxygen from water that resulted anoxia. The 
clumping of gills increases with the increase of 
exposure period of toxicant. The fish of test aquaria 
lost their natural coloration and become almost pale 
yellow in colour. Similar observations were 
reported by Brraich and Kaur (2015). In present 
study profuse mucous secretion is considered to be 
a defence mechanism to neutralize the effect of 
toxicant and to avoid it. Similar observations were 
made by many workers (Santha et al., 2000; 
Sivakumar et al., 2006; Shallangwa, 2011).  Bisht  

 
and Agarwal (2007) suggested that mucous 
produced coagulates with the toxicant and prevents 
its cutaneous entry into the body. Furthermore 
deposition of mucus on the gills would reduce the 
gaseous exchange through them, thus reducing the 
oxygen supply. Through respiration cadmium 
compounds circulate all over body and may become 
one of the causes of death of animal due to hypoxia 
(Maina, 1997). Morphological changes points 
towards stress and injuries caused by metal toxicity. 
Thus, these parameters are used to determine 
toxicity (Kaur et al., 2013). Thus, toxicity studies 
can help to detect and evaluate the degree of 
pollution by providing reliable estimates of safe 
concentration from which water quality criteria can 
be derived. The knowledge obtained from dose 
response studies in animals is used to set standards 
for human exposure and the amount of chemical 
residue that is allowed in the environment. 
Behavioral toxicology is a rewarding tool for 
hazard assessment of water pollution. The 
behavioral changes in fish can be considered as 
biomarkers to access the health status of the fishes 
as well as aquatic bodies polluted by toxicants. 
Thus, environmental protection is the major 
requirement of the society. 
 
Conclusion  
In present study, results showed that when fishes 
exposed to sublethal concentration of cadmium 
chloride, they showed a marked change in their 
behavioral and morphological changes. These 
changes show direct response of the animals to the 
pollutants. Mortality was observed over 96 h period 
and the results revealed that the test species, C. 
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punctatus has shown differential mortality level at 
different concentration. The mortality has shown an 
increased level with an increase in the duration of 
the exposure period of cadmium chloride. 
Prolonged exposure induces behavioral responses 
and morphological changes in fishes. These 
changes and responses indicated stress in fishes  
which can further lead to death and reduction in 
fish fauna.  
 

This type of study helps to understand the effect of 
heavy metal pollution on fishes so as to determine 
safe environmental concentration where there is no 
stress and lethality to fishes. 
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