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ABSTRACT The present study was done to evaluate the acute and chronic toxicity of cadmium to Clarias batrachus along with 
its effects on ethological and haematological changes of fish. 96h median lethal concentrations (LC50) of cadmium 

chloride along with its 95% confidence limits was 82.66 (75.09-90.54) mg/l. Excessive mucous secretion in the body surface, signs of stress like 
erratic fin movement, hyperactivity, difficulty in breathing, suffocation and surface attachment of fish followed by death were recorded in the 
higher concentrations (82.5, 92.5 and 95.0 mg/l) during 72 and 96h of exposure. During chronic toxicity tests, total erythrocyte count (TEC), 
haemoglobin (Hb) content, haematocrit (Hct) percent, mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentra-
tion (MCHC), blood triglyceride, cholesterol, serum albumin, serum globulin and serum albumin-globulin ratio of Clarias batrachus varied 
significantly with increasing exposure time (60 and 90 days) at all sublethal concentrations of cadmium (4.14 and 8.27 mg/l).

Introduction
Cadmium occurs naturally in the environment in insignificant 
amounts but its release to the environment is steadily increas-
ing due to anthropogenic activities causing pollution of soil and 
aquatic ecosystems (Gad, 2005). 

The concentration of cadmium in unpolluted fresh waters is 
generally less than 0.001 mg/l (Fleischer et al., 1974; Friberg et 
al., 1974; Hiatt & Huff, 1975); the concentration of cadmium in 
seawater averages about 0.00015 mg/l (Fleischer et al., 1974; 
Hiatt & Huff, 1975). Unfortunately, still higher concentrations 
of cadmium than the permissible limit have been reported by 
some workers in different water bodies. Blood physiology is a 
vital index to monitor health status of a number of fish species; 
scanty reports are available on the haematological changes of 
fish following exposure to cadmium (Kori-Siakpere et al., 2006). 
The use of haematological parameters as indicators of stress to 
toxic substances can provide information on the physiological 
response of fish to the changing surroundings (Kori-Siakpere & 
Ikomi, 2011). The cadmium entering the aquatic ecosystem may 
not directly impart toxicity to the organisms being in low con-
centrations; however it can be accumulated in aquatic organ-
isms through bio-concentration, bioaccumulation and the food 
chain process (Mauskar, 2007; Jayakumar & Paul, 2006; Omer et 
al., 2012). The transport of cadmium in the blood is mediated by 
the erythrocytes and albumin. Finally, it is stored mainly in the 
liver and kidneys as metallothionein (Gad, 2005).

In the present investigation, attempts were made to determine 
96h median lethal concentrations (LC50) of cadmium to freshwa-
ter fish, Clarias batrachus along with its behavioural responses. 
The study was also conducted to determine the chronic effects 
of cadmium at sublethal doses to fish for developing a more 
mechanistic understanding through haematological changes. 
This study will also help to design environmental monitoring 
strategies and ecosystem conservation measures.

Materials and methods
Test organisms used in the bioassay comprised of adult male 
Clarias batrachus (mean length 17.11 ± 0.96 cm, mean weight 
59.90 ± 7.01 g). The fish was acclimatized to the test condition 
for ten days before their use. Analytical grade cadmium chloride, 
CdCl2.H2O (purity 98%, molecular weight 201.32 g/mol; E. Merck, 
made in Germany) was used as the test chemical. 

Static replacement bioassays were used for both 96h acute toxic-
ity tests and 90 days chronic toxicity tests following the meth-
ods outlined in American Public Health Association (2012). The 
physicochemical properties of water used during the experi-
ment were: temperature 27.5 ± 1.36 °C, pH 7.4 ± 0.76, free CO2 
12.0 ± 2.34 mg/l, DO 5.2 ± 1.12 mg/l, alkalinity 167 ± 4.54 mg/l as 
CaCO3 and hardness 127 ± 5.63 mg/l as CaCO3.

Acute toxicity tests for fish were conducted in 15l glass aquaria 
holding 10l of water in the laboratory. Each concentration was 
accompanied by four replicates. Ten organisms were used in 
each replicate. The fishes were not fed 24h before and during 
the bioassays. The number of dead fishes was counted every 24h 
and removed immediately from the test medium to avoid any 
organic decomposition and oxygen depletion. Mortality rate at 
different concentrations and at different times of exposure was 
analyzed using the computer software R version 2.14.0 (US EPA, 
1999) and probit analysis (Finney, 1971) for determining 96h me-
dian lethal concentrations (LC50) with 95% confidence limits of 
cadmium chloride to fish. 

The ethological changes like movement pattern, mucous secre-
tion and sudden death syndrome (erratic fin movement, hyper-
activity, difficulty in breathing, suffocation, surface attachment 
and convulsion followed by death) of the fish exposed to differ-
ent doses used during acute toxicity tests (0, 70.0, 75.0, 82.5, 92.5 
and 95.0 mg/l of cadmium) were observed following the method 
of Rand (1985). 

Chronic toxicity tests were conducted in 300l cement vats in the 
outdoor for 90 days using two different sublethal concentrations 
(4.14 and 8.27 mg/l) of cadmium and a control. The vats were 
arranged in 3 blocks each with 4 vats as per Randomized Block 
Design (Gomez & Gomez, 1984) thereby giving four replicates 
for each of the two sublethal concentrations and control. Each 
vat was stocked with ten adult Clarias batrachus for haemato-
logical study. In addition to natural food, the stocked fish were 
fed a mixture of rice bran, mustard oil cake and fish meal (1:1:1) 
6 days a week @ 5% of their body weight. The blood samples of 
fish were analysed at every 30 days interval with a total exposure 
period of 90 days. Blood samples were taken by puncturing the 
caudal vessels using EDTA (Ethylene diamine tetra acetic acid) 
as anticoagulant. Haemoglobin (Hb), Haematocrit (Hct), Total 
erythrocyte count (TEC), Mean Corpuscular Haemoglobin Con-
centration (MCHC), Mean Corpuscular Haemoglobin (MCH) and 
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Mean Corpuscular Volume (MCV) were estimated following the 
methods of Tvedten (1989), Campbell and Murru (1990) and Da-
cie and Lewis (1977). Serum albumin, Serum globulin, cholester-
ol and triglyceride levels were measured using standardized kits. 
Serum albumin/globulin (A/G) was obtained by the ratio of the 
values of serum albumin and serum globulin. 

The values of haematological parameters of fish were subjected 
to analysis of variance (ANOVA) and Duncan’s Multiple Range 
Test (DMRT) for determining significant differences among the 
means (Gomez & Gomez, 1984).

Results and Discussion
The 96h median lethal concentration (LC50) with 95% confidence 
limits of cadmium chloride to fish is given in Table 1. No mor-
tality was observed in the control group during the experiment. 
In the present study, 96h LC50 value of cadmium to Clarias batra-
chus (82.66 mg/l) almost corresponds with the LC50 values of fat-
head minnow, Pimephales promelas (72.6 mg/l) and green sun-
fish, Lepomis cyanellus (66 mg/l) (Pickering & Henderson, 1966). 
In C. batrachus, significant relationship between mortality rate 
and exposure times were not observed (p>0.05). The relationship 
between mortality rate and exposure concentrations was signifi-
cant at different exposure times for C. batrachus (p<0.01).   

The ethological changes observed in C. batrachus exposed to 
cadmium are shown in Table 2. Excessive mucous secretion in 
the body surface of fish was probably due to its avoidance re-
actions from the toxicant. The treated fish became hyperactive 
initially in comparison to the control. With the progress of time 
and increasing concentration fish also showed the signs of stress 
like erratic fin movement, hyperactivity, difficulty in breathing, 
suffocation and surface attachment mainly at the higher con-
centrations (82.5, 92.5 and 95.0 mg/l) during 72 and 96h expo-
sure. Similar behavioural changes were also observed by various 
workers in fishes like guppy, Poecilia reticulata and the freshwa-
ter teleost, Channa punctatus to cadmium chloride (Yılmaz & 
Karaköse, 2004; Tiwari et al., 2011). The death of fish at all the 
exposures were characterized by gasping, flaring of the opercu-
lae, convulsions, loss of equilibrium and buoyancy, extreme rigor 
and cessation of ventilation within a very short time. Hyperac-
tivity, erratic fin movement and convulsion of exposed fish were 
probably due to the effects of cadmium on central nervous sys-
tem. These symptoms were much more prominent in the fish at 
the higher doses (82.5, 92.5 and 95.0 mg/l) of 72 and 96h expo-
sures. In addition, white patches in the gills and red blotches at 
the base of tail, genital papilla and vent were observed in fish. 

The mean values of blood triglyceride and cholesterol of fish in-
creased significantly (p<0.05) at all the sublethal exposures as 
given in Table 3. Serum globulin, Hb content, TEC and Hct (%) 
of fish at all the exposures showed a significant reduction in 
their mean values from the control (p<0.05). Significant varia-
tion (p<0.05) was also observed for serum albumin and Hct (%) 
at all the treatments in 60d and 90d but no significant variation 
was recorded in these two means at 30d of exposure (p>0.05). 
MCV did not show any significant variation in any treatment 
at any day. MCH and MCHC (%) showed significant decrease in 
all sublethal concentrations at 90d only (p< 0.05). A significant 
decrease was observed in the mean values of serum albumin 
at all the concentrations of 60d and 90d exposures. Serum A/G 
ratio significantly increased at 4.14 mg/l but significantly de-
creased at 8.27 mg/l throughout the experiment. Similar changes 
in haematological values in teleosts were also recorded due to 
physiological stress, disease and toxic environmental conditions 
(Kori-Siakpere et al., 2006). Haemoglobin is the oxygen-carrying 
component in the blood of fish and its significant decrease at all 
sublethal concentrations at 60 and 90 days in the present experi-
ment can be used as a good indicator of anaemia. The signifi-
cant reduction of TEC, haemoglobin and Hct (%) in the present 

study during 60 and 90 days in all exposures was probably due 
to internal bleeding and haemolysis from the damaged tissues 
of different vital organs like kidney, gills and liver preceded by 
bio-concentration and bioaccumulation of cadmium through 
the food chain during sublethal exposure (Mauskar, 2007; Kori-
Siakpere et al., 2006; Jayakumar & Paul, 2006; Omer et al., 2012). 
The reduction in MCH and MCHC values was attributed proba-
bly as a defence mechanism against the toxic effect of cadmium 
through the stimulation of erythropoiesis. The reduction in these 
values of fish may also be related to the decrease in RBCs, Hb 
and Hct due to exaggerated disturbances that occurred in both 
metabolic and haemopoietic activities of fish exposed to the pol-
lutant (Kori-Siakpere & Ikomi, 2011). The elevated triglyceride 
and cholesterol levels for all exposed fish blood in the present 
study were also corroborated in the blood, muscle and liver tis-
sues of various other fishes exposed to different toxicants (Al-At-
tar, 2005a, 2005b; Mohamed & Gad, 2008; Desai et al., 2002). The 
elevated level of triglyceride in blood of fish induced by cadmi-
um may be attributed to thyroid and liver dysfunction leading to 
enhanced cholesterol and triglyceride synthesis and/or reduced 
cholesterol and triglyceride catabolism (Tietz, 1987). 

The present finding highlights the toxicity of cadmium to fish 
during their acute and chronic exposure. Acute toxicity studies 
are among the first steps in determining the water quality re-
quirements of fish. These studies reveal the toxicant concentra-
tions (viz. LC50) that cause fish mortality even at short time ex-
posure. The LC50 values of the present study may provide useful 
data to set up national and local water quality criteria (WQC) 
for cadmium. The ethological responses of fish are extremely 
sensitive to toxicant; therefore the ethological responses are the 
most sensitive parameters for measuring the neurotoxicity (Dov-
ing, 1992). The  present haematological study shows that cad-
mium poses a serious threat to the biological functions of fish 
during their chronic exposure. On the basis of haematological 
studies, it would be possible to forecast the physiological state of 
fish in natural water bodies as well as the possible mechanism 
of action of a toxicant to the fish body. 
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Table 1: 96h lethal concentrations (LCs) with 95% confi-
dence limits of cadmium to Clarias batrachus (Control 
group theoretical spontaneous response rate = 0.0000)

Point LC values (mg/l)
(95% confidence limits) Slope ± SE Intercept ± SE

LC 1.00 65.53 (39.81-73.10)

23.07 ± 7.92 -39.24 ± 15.20

LC 5.00 70.14 (48.74-76.56)

LC 10.00 72.73 (54.19-78.62)

LC 15.00 74.54 (58.12-80.16)

LC 50.00 82.66 (75.09-90.54)

LC 85.00 91.66 (85.31-116.31)

LC 90.00 93.94 (87.02-124.70)

LC 95.00 97.40 (89.40-138.59)

LC 99.00 104.26 (93.65-169.62)
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Table 2: Impact of cadmium on the ethological responses of Clarias batrachus (M: movement; MS: mucous secretion; SDS: sud-
den death syndrome; -: none; +: mild; ++: moderate; +++: strong) at various concentrations during different hours of exposure

Dose
(mg /l)

24h 48h 72h 96h

M MS SDS M MS SDS M MS SDS M MS SDS

70.0 + + - ++ + - ++ + - ++ + -

75.0 ++ + - ++ ++ - ++ ++ - ++ ++ -

82.5 ++ ++ - +++ ++ + +++ ++ ++ + +++ ++

92.5 +++ ++ + +++ +++ + + +++ +++ - +++ +++

95.0 +++ +++ + + +++ ++ + +++ +++ - +++ +++

Table 3: Mean values (± SD) of haematological parameters of Clarias batrachus exposed to control (0.00 mg/l) and different 
sublethal concentrations (4.14, 8.27 mg/l) of cadmium chloride in water at different days of exposure (30d, 60d, 90d) [Values 
are means of four replicates ± SD]

Parameters

Days
30 60 90 30 60 90 30 60 90
Dose (mg/l)
0.00 4.14 8.27 0.00 4.14 8.27 0.00 4.14 8.27

Triglyceride
(mg/dl)

64.00a 
± 4.97   

72.18b 
± 3.12     

78.00b

± 6.06             
68.12a

± 4.10     
80.14b 
± 1.66     

84.00b

± 6.16       
63.06a 
± 6.91    

82.30b

± 6.95       
89.00b

± 3.74      
Cholesterol
(mg/dl)

226a

± 5.16   
234a

± 4.24   
251b

± 11.60
224a

± 3.65  
252b

± 8.49          
273c

± 10.95   
215a

± 4.69  
264b

± 5.16  
287c

± 14.53  
Serum
Albumin
(g/dl)

2.40a 
± 0.04     
  

2.52a 
± 0.07      

2.46a   
± 0.06            

2.48b

± 0.03        
2.58c  
± 0.04     

2.29a    
± 0.03        

2.42c   
± 0.04    

2.21b

± 0.05        
1.94a

± 0.04  

Serum
Globulin
(g/dl)

3.36b 
± 0.15     

2.98a  
± 0.07      

2.77a   
± 0.27              

3.16b  
± 0.05    

2.71a  
± 0.05      

2.61a 
± 0.13          

3.27b 
± 0.04     

2.85a  
± 0.06    

2.81a

± 0.17       

Serum
A/G ratio

0.72a

± 0.04   
0.85b

± 0.03         
0.90b 
± 0.09                

0.78a  
± 0.02    

0.90b

± 0.06        
0.88b  
± 0.04       

0.74b 
± 0.74       

0.78c

± 0.78       
0.69a

± 0.69         
Hb
(g/dl)

15.0a 
± 1.22   

13.5ab

± 0.71         
12.0b

± 1.78                 
14.9a 
± 1.09      

10.7b

± 0.34        
10.0b  
± 1.41       

15.4a 
± 0.32         

10.4b

± 0.37        
9.0c

± 0.74     
TEC
(106/mm3)

3.22a 
± 0.11   

2.86b

± 0.03        
2.79b

± 0.14                 
3.18a

± 0.02         
2.35b 
± 0.03      

2.22b  
± 0.14       

3.27a 
± 0.02         

2.21b

± 0.04       
2.10b

± 0.15        
Hct
(%)

38.63a

± 3.83     
35.14a

± 2.18       
34.40a 
± 2.88               

38.17a

± 2.17       
29.39b

± 2.06     
28.37b

± 1.83        
39.30a 
± 1.19       

28.78b

± 3.23      
27.12b

± 2.04        
MCV
(μ3m)

119.83a

± 9.10      
122.83a 
± 6.74     

123.35a

± 9.42          
120.04a

± 7.00     
125.08a

± 8.96     
127.87a

± 5.25     
120.20a

± 4.25     
130.14a

± 13.51     
129.20a

± 4.18   
MCH
(pg)

46.56a

± 3.07     
47.19a

± 2.18        
42.92a

± 4.82          
46.85a 
± 3.33        

45.53a  
± 1.28    

44.98a 
± 4.84       

47.17a

± 1.11       
47.06a   
± 1.34     

42.89b

± 2.52     
MCHC
(%)

38.89a

± 1.04    
38.47a 
± 1.93      

35.01a 
± 5.26             

39.23a 
± 4.84       

36.55a

± 2.93     
35.20a

± 3.82       
39.21a 
± 1.40       

36.45ab

± 3.83       
33.25b

± 2.77
 a,b,c Dissimilar superscript letters between two concentrations of a row at 30, 60 and 90 days indicate significant difference 
(DMRT, p < 0.05)
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