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ABSTRACT 

 Toxicity and some biochemical responses of African catfish Clarias gariepinus were investigated using static bioassay for a 

period of 96 hours intervals at different concentrations (3.84, 4.08, 4.32, 4.56 and 4.80 mg/L). The results from the study revealed 

that 96 hours LC50 of the exposed fishes was 3.89 mg/L, This study shows that the mortality of fish occurred steadily with 

increase in duration of exposure   and concentrations of the bentazon toxicant. At the end of the experiment, blood  samples from 

treatments collected for some biochemical variables show a significant (P<0.05) increase in the total protein level, triglycerides 

level and activities of glutamic pyruvic acid transaminase (GPT) and glutamic ozaloacetic acid transaminase (GOT) levels, with a 

noticeable decrease in both glucose and cholesterol levels compared to the control. This study shows that acute concentrations of 

bentazon herbicide is harmful to Clarias gariepinus which is incapable of adapting to changes caused in the water quality by the  

added  toxicant. 
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INTRODUCTION 
Fish has been in the diet of man from time immemorial. 

The increased and continued use of fish arises from the fact 

that fish provides not only all essential amino-acids 

required by man; it supplements these with polyunsaturated 

fatty acids not found in other sources of protein, mineral 

salts and some vitamins (Kent, 1984). About, 80-90 million 

people in the world depend on fish for their daily source of 

protein and as a source of income (Nikolsky, 1983). 

Nigeria’s domestic fish production hardly meet the local 

demand because of the over-increasing population of 

mankind, as a result there has been yearly increase in fish 

importation in order to meet the demand (FDF, 2000). For 

example, the fish supply in Nigeria is mainly from the 

capture sector which contributes about 85% of total 

domestic production and Nigeria imports about 700,000 

tonnes per annum and annual deficit of about one and half 

million tonnes still exist (FAO, 2002). 

In spite of the inability to meet the local demand for fish, 

certain constraints limit the local fish production. One of 

which is aquatic pollution. Water bodies are the ultimate 

recipients of industrial effluents, indiscriminate use of agro-

chemicals for crops and animal production, post harvest 

technology and public health activities. These pollutants 

enter the aquatic environment directly, by point source 

dumping or indirectly by rain; water run-off and ground 

water leaching, these pollutants have been known to have 

toxic effects which may be poisonous to fish and other 

aquatic organisms. 

Bentazon is an herbicide widely used in agriculture, 

residential landscaping and recreational areas for the 

control of post emergence broad-leafed weeds and sedges. 

It is often mixed with phenoxyacetic acid and other 

herbicides for the purpose of other weeds control. In the 

USA, it is used to control cock lebur, morning glory, night 

shade and shepherd’s purse to control Canada thistle and 

yellow nutsedges.  

Clarias gariepiunus is the common ecologically important 

and commercially valued cultured fish in Nigeria; it is an 

omnivore fresh water fish, and popular delicacy throughout 

Africa, because of its hardness and fast growth (Okeke, 

2004). The realization of the polluting and potential public 

health effects of herbicides resulted in a number of studies 

on the toxicity of various pesticides on fish (Zikic et al., 

2001; Zang et al., 2003; Simonato et al., 2006 and Ayoola, 

2008). Amongst these, reports on toxicological study of 

bentazon on C. gariepinus are insufficient particularly in 

Nigeria where it is mostly use to control weeds. This study 

aimed to access the effects of bentazon on Clarias 

gariepinus. 

MATERIALS AND METHODS 

Experimental Animals 

Juvenile (Clarias gariepinus) (24.56+9.86 g; 16.06+2.33 

cm; Mean+SD) were obtained from a private farm in Zaria, 

transported to the Department of Biological Sciences 

Ahmadu Bello University Zaria. Fish were held in the 

laboratory for acclimatization for two weeks in 

dechlorinated municipal water during which they were fed 

commercial pellets at 2.5% of their body weight (twice 

daily). During the acclimation period, about 50% of the 

water in the water bath was renewed every two days. 

Throughout the acclimation period and subsequent periods 

of bentazon exposures, fish were held under a photoperiod 

of 12 hours of light and 12 hours of darkness. The fishes 

were maintained at 26.2+0.70C, pH 5.86+1.52 and 

dissolved oxygen 6.5+3.6 mgl-1 throughout the acclimation 

period. 

Experimental Design 

The toxicity test design was conducted based on guidelines 

provided by Altinok et al. (2006). The fish were 

determined to be free of external parasites prior to the 

exposure (AFS-FHS, 2003). After acclimation, fish from 

the bath of the acclimatization were randomly transferred 

into glass aquaria containing 25 litres of water. Duplicate 

random group of 10 fish each were subjected to 

experimentation for 96hours in water containing different 

concentrations of bentazon. 

Duplicate aquaria were designated for each concentration 

of bentazon (3.84, 4.08, 4.32, 4.56 and 4.80 mg/L) 

dispensed into the test tanks and the last tanks without the 
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toxicant to serve as the control (0.00 mg/L). The mixture 

was allowed to stand for 5minutes to be evenly distributed 

via diffusion before introduction of the test organisms. 

At the end of the experimental period blood samples were 

collected from the fish by a puncture behind the anal fin 

using 2 G hypodermic syringe and needle. Samples thus 

collected were stored in EDTA embedded bottles. The 

blood samples collected were immediately centrifuged at 

1500 rpm for 10minutes. Serum was then removed and 

stored at 40C prior to determination of biochemical 

analysis. The enzymes activities of glutamic pyruvic acid 

transaminase (GPT) and glutamic ozaloacetic acid 

transaminase (GOT) were analyzed using the method of 

Reitmans and Frankel, (1957) blood glucose were analyzed 

using the method of Trinder, (1969) blood Cholestesterol 

were analyzed using the procedure of Pearson et al. (1953), 

blood triglycerides were determined using the method of 

Rice (1970) and the biuret method was used to analyzed the 

value of total protein, respectively.  

Statistical Analysis     

The percentage mortality in each concentration was 

determined. The LC50 after 96hours was also determined 

and probit graph was drawn using Microsoft excel package. 

Analysis of variance (ANOVA) and Duncan multiple range 

tests were used to test for differences between levels of 

treatments and to separate means respectively. Test of 

significance were at 95% (P<0.05) probability (Duncan, 

1955). 

RESULTS 

No mortality was recorded at 12 hours at concentration 

4.32 mg/L of bentazon but at 24, 48, 72 and 96 hours 

exposures, mortality were observed at all concentrations. 

The highest recorded mean mortality of 9 occurred at the 

highest concentration of 4.80 mg/L. Table 1, showed the 

mean percentage mortality and the percentage kill probit 

values. The 96 hours LC50 of bentazon to Clarias 

gariepinus was determined to be 3.89 mg/L as represented 

in Figure 1. 

The mean biochemical analysis of Clarias gariepinus 

exposed to bentazon is represented in Table 3. A marked 

reduction glucose level of the exposed fish compared to the 

control was observed which were seen to increase with 

increase in toxicant concentration. Cholesterol level at 

higher concentrations of toxicant 4.32, 4.56 and 4.80 mg/L 

reduced with increase concentrations and were seen to be 

lower than the control value. Triglycerides levels of the 

exposed fish were significantly higher than the control 

groups. 

Total protein, glutamic pyruvic acid transaminase (GPT) 

and glutamic ozaloacetic acid transaminase (GOT) levels of 

the exposed fish were higher than the control group. Also 

the three values were seen to be concentration dependent 

but not significantly different (P<0.05) with the control 

group. 

Table 1.  Mortality of C. gariepinus juveniles exposed to concentrations of bentazon for 96hours.  

Concentration (mg/L) Exposure Tsbr0.00 Tsbr3.84 Tsbr4.08 Tsbr4.32 Tsbr4.56 Tsbr4.80 

12 -     - -     - -     - -     - 1     - 2    2 

24 -     - -     - 1    2 2    1 1     3 2    1 

48 -     - 1    2 2    1 1    2 -      1 1    2 

72 -     - 2    2 2    - 2    3 2     2 2    1 

96 -     - 1     - 1    1 1    - 2     2 2    2 

Mean Mortality 0/10 5/10 5/10 6/10 7/10 9/10 
Tsbr = Toxicity and Some Biochemical Responses 
 

Table 2: Mean, percentage mortality and probit values of C. gariepinus exposed to acute concentrations of bentazon. 

Conc(mg/L) Log10 of 

Conc. 

Mean 

Mortality 

% Mean % Probit Kill 

Tsbr0.00 0.000 0/10 0% 0 
Tsbr 3.84 0.584 

 

510 

 

50% 

 

5.00 

 Tsbr 4.08 

 

0.611 5/10 

 

50% 

 

5.00 

 Tsbr 4.32 

 

0.634 

 

6/1 

 

60% 

 

5.25 

 Tsbr 4.56 0.659 7/10 70% 

 

5.52 

 Tsbr 4.80 0.681 9/10 90% 6.28 

 Tsbr = Toxicity and Some Biochemical Responses 

 

Table 3: Levels of biochemical analysis (X + SD) in the serum of C. gariepinus exposed to bentazon concentrations. 

Parameters 

Bentazon 

Conc. 

(Mg/L) 

Glucose (Mg100-1)  Cholesterol 

(Mg100-1) 

Triglycerides 

(Mg100-1)  

Total Protein 

(Mg100-1) 

GPT  

(μL-1) 

GOT  

(μL-1) 

Tsbr 0.00 60.03+0.77a 233.69+2.21a 86.54+3.62a 3.0+0.1a 60.6+1.15a 36.3+1.52ab 

Tsbr 3.84 54.86+3.01b 237.54+5.78a 140.90+1.53b 3.0+0.26a 66.6+2.08b 43.6+1.52ab 

Tsbr 4.08 43.9+2.01b 233.79+5.39a 135.18+5.22b 3.46+0.42b 67.69+1.73b 51.6+1.52c 

Tsbr 4.32 38.6+0.81c 226.2+2.12b 132.26+2.94c 3.56+0.10b 71.6+0.57bc 55.0+1.0c 

Tsbr 4.56 35.6+1.52c 230.5+1.53b 124.3+1.87d 3.73+0.15ab 71.3+1.52bc 60.3+1.52b 

Tsbr 4.80 0.86c+30.4 217.58+0.96c 124.18+5.27d 3.78+0.15ab 73.0+1.0b 63.6+1.52a 
Means with the same letters along the column are not significantly different (P<0.05). 
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Fig.  1. Determination of the LC50 of Bentazon to C. gariepinus at 96 hrs. 
 
DISCUSSION 
In the present study the LC50 value of bentazon to Clarias 

gariepinus juveniles exposed for 96hours was 3.89 mg/L. 

The 96 hours LC50 value of bentazon in rain bow trout is 

510 mg/L for wettable powder in bluegill sunfish, the 

96hours LC50 for technical bentazon was 616ppm, and in 

rainbow trout it was 190ppm as reported by Hartley et al; 

(1983). In the present study the mortality of fish occurred 

steadily with the increase in exposure and concentration of 

the bentazon toxicant. Ayotunde et al. (2011) observed that 

the mortality rates in the study had a clear relationship 

between the dose, mortality and exposure period. The 

concentration of the toxicant is directly proportional to the 

mortality rate. The fish in the present study died due to 

certain physiological and biochemical changes. Oh et al. 

(1991) attributed that specific sensitivity of fish to bentazon 

may be associated with different rate of absorption, acetyl 

cholinesterase inhibition and detoxification. Neibor and 

Richardson (1980) also reported that, the level of toxicity 

of any pesticide depends on the bioaccumulation of the 

toxicant, the different chemistry of the compound forming 

the pesticide and the reaction of the organism receiving the 

toxicant.  

The biochemical responses of non-target organisms 

exposed to different herbicides have been documented 

(Coppage and Mathews, 1974; Corbett, 1974). Exposure of 

fish to chemical pollutants has led to many molecular and 

biochemical changes in fish which precede cellular and 

systematic dysfunctions, so that, if appropriate parameters 

are monitored, early warnings signs of distress may be 

detected (Palmer, 1976). 

The present study, demonstrate that the fish Clarias 

gariepinus exposed to Bentazon herbicide showed a 

significant decrease in glucose level and activities of GPT 

and GOT enzymes. Blood triglyceride and total protein 

were markedly elevated from the treatment group. 

Significant changes in the level of blood cholesterol were 

also noted. These activities were seen to be dose-

dependent. Wedemer and Mc Leay (1981) reported the 

decreased levels of blood glucose and activities of GPT and 

GOT are caused by disorder in carbohydrate metabolism 

appearing in the conditions of physical and chemical stress. 

A number of stressors stimulate the adrenal tissue, resulting 

in increased level of circulating glycocorticoids (Partap et 

al., 1976; Witters et al., 1991). Forlin et al. (1986) reported 

that the apparent glucose depletion in rainbow trout 

hepatocytes following exposure to cadmium may reflect 

acceleration rate of glycolysis which will deplet the liver 

glycogen storage. The decrease in liver glycogen is due to 

glycogeneolysis and normally the decrease of tissue 

glycogen content runs parallel to an decrease of glucose in 

serum (Gluth et al., 1985; James et al., 1992; Hontela et al., 

1996). Similarly, Kozaric et al. (1992) reported that the 

liver glycogen content of carp, Cyprinus carpio reduced 

significantly, but the activities of hexokinase and glucose 

phosphate isomers were elevated. They suggested an 

intensive glycogenolysis in cadmium intoxicated carp. 

However, the reduction of blood glucose is a response to 

the increased rate of glycogenolysis or gluconeogenesis. 

The significant elevations in the activities of blood GPT 

and GOT clearly shows that the blood enzymes were highly 

increased in the fish treated with bentazon. Shakori et al. 

(1990) reported that the increased of blood enzymatic 

activity was either due to leakage of these enzymes from 

hepatic cells and thus raising levels in blood or increase in 

synthesis and induction of these enzymes. Campbell 

(1984); Tietz (1987) reported that these enzymes liberates 

to the blood streams when the hepatic parenchyma cells are 

damaged. The significant rise in blood triglycerides level in 

C. gariepinus exposed to bentazon herbicide may be due to 

hypothyrodism induced by the herbicide and or liver 

dysfunction, because the liver is the principal centre of lipid 

metabolism Tietz  (1987). Forlin et al. (1986) and Thophon 

et al.  (2003) found structural and ultra structural damage in 

the liver of rainbow trout and White Sea bass following 

cadmium exposure. The observed increase in the activities 

of GPT and GOT suggest that the observed proteolysis 

intended to increase the role of protein in the energy 

production during bentazon stress hence the possible reason 

for total protein elevation. 

Despite the benefits derived from pesticides, the result of 

this study clearly revealed that herbicides can potentially 

harm aquatic life and our health. Fish are usually harvested 

from these polluted aquatic environments for human 
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consumption, since most of the world’s population depends 

upon aquatic animals for food. The agricultural community 

should therefore be constantly reminded of safe level of 

usage of these pesticides because of potential adverse 

effects of pesticides and other farm chemicals to aquatic 

lives and humans..   
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