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ABSTRACT 

The median lethal concentrations (LC50) of cadmium and copper for the fish Anabas testudineusat 24, 48, 72 and 96 h 
were 88.370, 53.921, 43.833 and 40.898 mg L-1; and 4.901, 2.036, 1.219 and 0.980 mg L-1, respectively. For sublethal 
toxicity studies, fish were exposed to 1% and 10% of 96h LC50of the metals for 15 days. Significant difference (P < 0.05) in 
reduction in growth was only observed in fish exposed to4.80898 mg L-1 Cd on day 15 when compared with that of the 
control.In the case of Cu exposure, significant differences (P < 0.05) in reduction in growth were observed in fish exposed 
to both 0.098 and0.0098 mg L-1 Cu on day 15 when compared with that of the control. On the contrary, the control fish 
gained weight during the whole experiment. Based on their acute toxicity and effects on growth, copper is found to be 
more toxic than cadmium to A. testudineus. 
Keywords: cadmium, copper, LC50 ,sublethal, Anabas testudineus 

 
INTRODUCTION 
Cadmium (Cd) is a widely distributed metal that enters the aquatic environment via natural sources such 
as river run-off from Cd-rich soils as well as from anthropogenic sources including urban run-off and 
industrial wastes[1].It is a highly toxic metal that can damage various organ systems in exposed aquatic 
organisms [2, 3]. Cd exposure is known to result in serious damage to liver, gill, kidney, intestine and  
brain tissues [4].Thus, increasing Cd exposure in aquatic environments could also seriously threaten the 
safety of fish products and consequently affect consumer health. Copper is an essential metal for all 
organisms including fish.  In recent years, the toxicity of copperhad receivedattentionbecause of 
increasing Cu contamination from industrial activities and use of CuSO4  as a fungicide and 
algicide[5].Various physiological and behavioural disturbances  like appetite loss, growth reduction, loss 
of ions and increased fish mortality have been reported in fish after chronic exposure to waterborne Cu, 
Cd or Zn [6].Growth rate is considered to be an important endpoint for assessing chronic toxicity in fish 
after metal exposure [7]. 
Anabas testudineus (Bloch) is a freshwater fish belonging to the family Anabantidae of the order 
Perciformes. The presence of accessory respiratory organs helps the fish to survive in inhospitable 
situations. Several biological characteristics such as wide geographical distribution, ability to respond to 
environmental pollutants, importance as an economic food source for humans, and ease in being readily 
transported and maintained under laboratory conditions, make this species an excellent model for 
studying the toxic effects of certain pollutants. 
Keeping in view the above statement, the present study was conducted to evaluate the acute toxicity of 
cadmium and copper and assess the effects of sublethal concentration on the growth of A. testudineus. 
 
MATERIALS AND METHODS 
Healthy specimens of A. testudineus were collected from  local fishermen.  A. testudineus was selected as 
the test organism because of its ubiquitous occurrence in the study area, especially in both lentic and lotic 
water bodies near tea gardens and agricultural fields. Fish specimens were subjected to prophylactic 
treatment by bathing them in 0.05% (w/v) potassium permanganate (KMnO4) for two minutes to cure any 
fungal or bacterial infection and to ward off further infections. In the laboratory, fishes were maintained 
in aquaria and acclimatized for 10 days before toxic exposure. They were fed adequatelywith commercial 
food pellets (TOKYU) during this period and water in the aquaria was changed every day. Feeding was 
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stopped  24 h before the onset of aquatic toxicity tests, and  no food was given throughout the acute 
toxicity test duration of 96 h for each metal. Only disease-free, healthy fish were used for the experiments. 
Determination of median lethal concentration 
 Test solutions of cadmium and copper were prepared by serial dilution from a stock solution. Range- 
finding tests were conducted to determine the appropriate range of toxicant concentration. Thereafter, 
definitive acute toxicity bioassay was conducted by exposing fish to  six concentration groups for 
cadmium (11.034, 19.616, 34.328, 61.3, 110.34 and 196.16 mg L-1 Cd respectively) and five 
concentrations of copper (0.816,1.428, 2.55, 4.59 and 8.16 mg L-1Cu). Acute and chronic toxicity tests 
were conducted according to standard toxicity testing protocol [8,9]. The bioassay was conducted in 
triplicate. During the experiment, test solutions were changed every 48h to maintain the appropriate 
concentration of the metal. Mortality was recorded at 24, 48, 72 and 96h of exposure. The criteria for 
death were absence of gill movement and failure to respond to gentle prodding. Dead fish were removed 
and discarded after each observation. Median lethal concentrations(LC50) for A. testudineusat 24, 48, 72 
and 96 h exposure were estimated by log-probit analysis [10] using the statistical package SPSS for 
Windows.  
For the present study, analytical-grade cadmium chloride (CdCl2.H2O) (98%) and copper sulphate 
(CuSO4.5H2O) manufactured by Himedia Lab. Ltd., Mumbai, India, were used as the test compounds. They 
were dissolved in distilled water to make stock concentrations. 
Growth  
To investigate the toxic effect of sublethal concentrations of Cu and Cd on the growth of A. testudineus, 20 
fishes were individually exposed  to 1% and 10% of 96h LC50  of the metals (cadmium: 0.40898 and 
4.0898 mg L-1; copper: 0.0098 and 0.098 mg L-1). Twenty fishes maintained in unchlorinated tapwater 
(without any additional cadmium and copper) acted as control. The fish were weighed individually at the 
beginning of the experiment, on day 7 and at the end of the experiment on day 15. 
One-way ANOVA and Tukey  tests were used to analyze the significance of the difference among the 
means of treatments and control by using the statistical software SPSS 20. 
Fish were fed a standard diet TOKYU (Ingredients: 1. White fish meal, wheat flour, shrimp meal, dried 
yeast,soybean meal, wheat germ meal, dehydrated alfalfa meal. 2. Vitamins A, C, E, K3, B1, B2, B6, B12 

inosotol, Nicotinic acid, Ca-Pantothenate Choline, Biotin Carotenoid, Para- amino Benzoic Acid, and Folic 
acid. 3. Mineral Iron (Fe), Copper(Cu), Zinc(Zn), Manganese(Mn), Cobalt(Co), Phosphorus(P), 
Magnesium(Mg), and P-amino benzoic acid(Paba). 4.Special ingredients : Carotenoids, NS Germ, 
Chlorophyll). TOKYU was used because it never clouds the water, being a floating food that contains 
strong sticky protein. Test solutions were replaced every 48 h, and uneaten food and excreta  removed 
every 24 h.  
 
RESULTS  
Acute toxicity 
This study showed that the 24, 48, 72 and 96 h LC50 of Cd were 88.370, 53.921, 43.833 and 40.898 mg L-1, 
whilethose of Cu were4.901, 2.036, 1.219 and 0.980 mg L-1, respectively, for A. testudineus (Table 1). 
Table 1.Median lethal concentrations(LC50) of cadmium and copper (mg L-1)with 95 % confidence limits 
for A. testudineus 

      metal Mean LC50 in mg L-1( confidence limit) 
24 h 48 h 72 h 96 h 

     cadmium 88.370 
(77.325-100.499) 

53.921 
(46.917-62.330) 

43.833 
(38.220-50.294) 

40.898 
(35.634-46.887) 

       copper 4.901 
(4.088-5.934) 

2.036 
(1.746-2.378) 

1.219 
(1.038-1.434) 

0.980 
(0.810-1.147) 

 
The mortality of the fish increased with increasing concentrations of cadmium and copper and also with 

increasing duration of exposure. 
Effects on growth 
Growth ofA. testudineus subjected to different sublethal concentrations of cadmium is presented in Fig.1. 
Significant difference(P < 0.05) in reduction in growth was only observed in fish exposed to4.80898 mg L-

1 Cd on day 15 when compared with that of the control which gained weight during the whole experiment 
(Fig. 1). Percent changes in the body weight of the control and Cd-exposed fishes reveal that the control 
fishes grew by 0.11 and 2.19 % on 7 and 15 day, respectively. On the contrary, fishes exposed to 0.40898 
mg L-1Cd lost body weight by 2.47 and 0.32 % on 7 and 15 day, respectively, while those exposed to 
4.80898 mg L-1 Cd lost weight by 3.02 and 0.82 % on 7 and 15 day, respectively (Fig. 2). 
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Fig.1.Change in body weight of control and cadmium-exposed A. testudineus at the end of 7 and 15 day 

exposure (* p<0.05 ) 

 
Fig.2. Percent change in body weight of control and Cadmium-exposed A. testudineus at the end of 7 and 

15 day exposure 
 

In the case of Cu exposure, significant differences (P < 0.05) in reduction in growth were observed in fish 
exposed to 0.098 and0.0098 mg L-1Cu on day 15 when compared with that of the control which gained 
weight during the whole experiment (Fig. 3).Fishes exposed to 0.0098 mg L-1 Cu lost body weight by 1.68 
and 0.8 % on 7 and 15 day, respectively, while those exposed to 0.098 mg L-1 Cu lost weight by 1.23 and 
2.47 % on 7 and 15 day, respectively (Fig. 4). 

 
Fig.3. Change in body weight in control and copper-exposed A. testudineus at the end of 7 and 15 day of 

exposure(* p<0.05 ) 
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Fig.4. Percent change in body weight in control and copper-exposed A. testudineusat the end of 7 and 15 

day of exposure(* p<0.05 ) 
DISCUSSION 
This study showed that LC50at 24, 48, 72 and 96h of Cd were 88.370, 53.921, 43.833 and 40.898 mg L-1; 
and of Cu 4.901, 2.036, 1.219 and 0.980 mg L-1, respectively, for A. testudineus. Thus copper was more 
toxic than cadmium to A. testudineus. Two species of juvenile Brazilian indigenous 
fishesProchilodusvimboidesand Leporinusmacrocephalus were also found to be more sensitive to copper 
than to cadmium.  For these two species, 96h LC50 of copper were 0.047 and 0.090 mg L-1, and of cadmium 
3.16 and 7.42mg L-1, respectively [11]. For Poeciliareticulata, 24h LC50 for CuSO4 was 1.17 mg L-1 [12]and 
96h LC50 for CdCl2 was 30.4 mg L-1 [13].The 96h LC50 value of cadmium was 11.2 ppm for Channa 
punctatus[14], while a lower 96hLC50value of 6.5ppm was found for Tincatinca[15].Cu was acutely toxic 
to O. niloticus at around 1–5 µg L-1 after 7 day exposure at pH 5.5[16]and sublethal effects included 
reduced growth and nutritional impairment[17]. When compared to the above studies, the relatively 
hardy nature of A. testudineus to Cd and Cu is reflected in the results obtained in our study. In the present 
investigation, the mortality of the fish increased with increasing concentrations of the toxicant and also 
with increasing duration of exposure. This result corroborates with those of the earlier studies conducted 
explaining the relationship between exposure duration, tissue residues, growth and mortality in rainbow 
trout (Oncorhyncusmykiss) juveniles sub-chronically exposed to copper [18].The toxicity reported by 
other studies differs from our study probably due to different species used, age, size of the organism and 
test methods [19]. 
In our study, the change in weight of A. testudineus was significantly (p<0.5) lower in fish exposed to 
4.0898 mgL-1Cd when compared to that of the control, although fish exposed to0.0098 and0.098 mgL-1Cu  
significantly lost weight  (p<0.05) compared to the control.. Growth impairment by sublethal Cd and Cu 
exposure is commonly observed in fish.Cd concentration at 0.8mg L−1  caused low hatchability, high 
mortality, morphological abnormality and reduced length in the embryos and larvae of red sea bream 
Pagrus major[1]. Reduction in the growth of larval topsmelt(Atherinopsaffinis) exposed to sub-lethal 
doses of Cd for 14 days was highest at 0.05 and 0.1 mgL−1 Cd and the fish consumed less food than control 
fish [20].  A 55 day sub-chronic cadmium exposure of bull trout (Salvelinusconfluentus) increased 
mortality and reduced growth at 0.786 mg L-1 Cd[21].Reduced growth rate of juvenile rockfish 
(Sebartesschlegeli) due to Cu stress after 60 day of sub-chronic dietary Cu exposure were also observed 
with  an inverse relationship between growth and Cu concentration (>50 mg Kg -1) [22].Weight gain, 
specific growth rate and food consumption of Oreochromisniloticusdecreased when exposed to 0.15, 0.30 
and 0.50 mg L-1 of copper [17].The effect of copper on survival, growth and feed intake of Indian major 
carp, Cirrhinusmrigala for 60 days were reported to have lowered average daily growth rate at 0.15 mg L-

1 Cu and almost no growth at 0.23 mg L-1 Cu[23].  
In the present study,A. testudineus exposed to high Cd and Cu had lower food intake as indicated by more 
uneaten food at the bottom of the aquaria when compared to that in the control. Although the food intake 
was not quantified, the observed feeding activity and uneaten food amounts clearly show that the growth 
reduction in fish exposed to Cd and Cu might be partly caused by their low food intake and consequent 
malnutrition.Fish growth depends on the combined factors of feeding, assimilation, and energy trade-off 
[24]. Cd and Cu exposure might have forced the fish to divert energy from food assimilation to detoxify or 
counteract oxidative stress, which may have led to a decrease in the energy available for development 
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and growth.Many metals apparently stimulate the activities in fish by probably acting as a physical 
irritant to a potentially wide assortment of external tissues, causing an elevated metabolic 
rate[25].Cadmium was found to have disrupting capacity on growth hormone expression during rainbow 
trout (Oncorhynchusmykiss) development[26]. Fish from water polluted with various toxicants including 
cadmium and copper were reported to have lower levels of T3 and T4[27]. Hence, these factors might 
also have contributed towards growth reduction in metal-exposed fish.  

 
CONCLUSIONS 
The data obtained in the present investigation clearly indicates that the growth of A. testudineusis 
noticeably reduced at 1% and 10% of 96h LC50 of cadmium and copper. Growth can, therefore, be used as 
a sensitive biomarker in evaluating metal toxicity in fish. These findings are helpful in the field of 
environmental monitoring, and to minimize adverse health effects due to cadmium and copper 
contamination.  The environmentally realistic concentrations of Cu and Cd in freshwater, especially in 
areas with copper mines and metal processing industries could cause sublethal effects in the freshwater 
fishes and these effects may eventually lead to significant population level deteriorations in the longer 
term. 
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