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Worldwide usage of the pesticide in agriculture sector, including in paddy field gives draws to 

environment. Multi types of pesticide usage cause
aquatic biota. This chemical control 
Siput Gondang or control herbs or weed from inhibiting growth of the 
introduced to endosulfan by agricultural runoff and irrigation water, where it poses significant toxicological 
risks to resident organisms [1]. 

One common species of the fish living in local paddy field is 
Testudinues is an air breathing fish which 
organ known as labyrinth which work as 
this labyrinth organ, the fish can breath outside of water. 
pesticides used in agricultural field, especially surrounding that has less water. 
found in muddy ponds, river and rice fields in Malaysia

Endosulfan is acknowledged as highly toxic to fish and other aquatic organism [2]. 
one of the most lethal category from the United States Fish and Wildlife Service (1984). This type of 
organochlorine pesticide is a persistent organic
days to about 5 months, depending on the dissolved oxygen, turbidity, pH and other contaminants in the water 
[3]. Their mobility through air and water bodies, accumulation and transformat
biomagnifications, constitute a real risk to human health, wildlife and the environment 
research has been done on endosulfan effects to fish [5,6], there is virtually  no scientific documentation on 
effects on A. Testudineus which is a
conducted to fill the gap of endosulfan 
concentration that killed half of the total exposed 
changes due to the toxic effects.  
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A B S T R A C T  
Background: Anabas testudineus (Puyu) is a freshwater fish species naturally found 
inhabiting paddy field and irrigation canal in Malaysia. This exotic fish endurance to 
lack of oxygen and soiled water has made it able to withstand pesticide contamination 
applied to control pest such as Pomacea calaniculata.
endosulfan, a highly toxic organochlorine insecticide has been banned in Malaysia, it is 
still used illegally in agricultural activities including paddy cultivation. 
This study aims to investigate the acute toxicity of endosulfan to 
different endosulfan concentrations; i.e. 0, 20, 35, 50, 65 and 80 
exposure time; i.e. 0h, 12h, 24h, 72 h and 96 h under static conditions
using probit analysis, it was found that the concentrations of endosulfan that killed 50% 
of the Anabas testudinues (LC50) after 24h, 48h, 72h and 96 hours of exposure 
40.73, 40.27, 41.21 and 41.69 µg/L. The acute toxic effect including behavioral 
changes due to the toxic effects became worse with ti
testudineus number of mortality increase when the concentration of endosulfan 
increase. However, this fish have high tolerance capacity to endosulfan compare
other freshwater fish. 
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INTRODUCTION 

Worldwide usage of the pesticide in agriculture sector, including in paddy field gives draws to 
environment. Multi types of pesticide usage caused the toxic effects to the living organisms particularly to 
aquatic biota. This chemical control were applied to get rid of the insects, especially Pomacea canaliculata 
Siput Gondang or control herbs or weed from inhibiting growth of the paddy plant. Aqu
introduced to endosulfan by agricultural runoff and irrigation water, where it poses significant toxicological 

One common species of the fish living in local paddy field is Anabas Testudineus
is an air breathing fish which is exotic and easy to be found in paddy field. It has an air breathing 

organ known as labyrinth which work as a medium that receives air for breathing before passing
e fish can breath outside of water. Because of its habitat, it is exposed to the toxic 

pesticides used in agricultural field, especially surrounding that has less water. A. Testudineus 
found in muddy ponds, river and rice fields in Malaysia. 

acknowledged as highly toxic to fish and other aquatic organism [2]. 
most lethal category from the United States Fish and Wildlife Service (1984). This type of 

organochlorine pesticide is a persistent organic pollutant. The half-life of endosulfan in water differs from 3 to 7 
days to about 5 months, depending on the dissolved oxygen, turbidity, pH and other contaminants in the water 
[3]. Their mobility through air and water bodies, accumulation and transformation in the environment and their 
biomagnifications, constitute a real risk to human health, wildlife and the environment 
research has been done on endosulfan effects to fish [5,6], there is virtually  no scientific documentation on 

which is a local hardy fish, normally consumed by farmers
conducted to fill the gap of endosulfan acute toxicity to A. Testudineus. The focuses on 

the total exposed A. Testudineus (LC50) and observation of 
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(Puyu) is a freshwater fish species naturally found 
inhabiting paddy field and irrigation canal in Malaysia. This exotic fish endurance to 

soiled water has made it able to withstand pesticide contamination 
. in paddy field. Although 

endosulfan, a highly toxic organochlorine insecticide has been banned in Malaysia, it is 
still used illegally in agricultural activities including paddy cultivation.  Objective: 

endosulfan to Anabas testudinues at 
i.e. 0, 20, 35, 50, 65 and 80 µg/L for different 

0h, 12h, 24h, 72 h and 96 h under static conditions Results: By 
of endosulfan that killed 50% 

) after 24h, 48h, 72h and 96 hours of exposure are 
he acute toxic effect including behavioral 

became worse with time. Conclusion: Anabas 
number of mortality increase when the concentration of endosulfan 

increase. However, this fish have high tolerance capacity to endosulfan compared to 
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Worldwide usage of the pesticide in agriculture sector, including in paddy field gives draws to the 
the toxic effects to the living organisms particularly to 

Pomacea canaliculata or 
. Aquatic environment was 

introduced to endosulfan by agricultural runoff and irrigation water, where it poses significant toxicological 

Anabas Testudineus s.p or Puyu. A. 
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passing to gill. Through 
Because of its habitat, it is exposed to the toxic 

A. Testudineus is commonly 

acknowledged as highly toxic to fish and other aquatic organism [2]. It is also recognized as 
most lethal category from the United States Fish and Wildlife Service (1984). This type of 

life of endosulfan in water differs from 3 to 7 
days to about 5 months, depending on the dissolved oxygen, turbidity, pH and other contaminants in the water 

ion in the environment and their 
biomagnifications, constitute a real risk to human health, wildlife and the environment [4]. Although several 
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, normally consumed by farmers. Hence this study, is 
on determination of lethal 

observation of their behavioral 
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MATERIALS AND METHOD 

 
1.1 Test organism preparation: 

Anabas Testudineus were purchased from a local Perlis supplier in batch. The fish weighing 20 – 40 g with 
10-15 cm total length were acclimatized in acclimatization tank for 1 week. The fishes were fed twice daily with 
commercial pellets. Water quality was maintained at 26ºC, pH 7.0 and dissolved oxygen around 60% to 100%. 
Before test the fish were starved for 24 h and during the test period. This give ample time for fish to emptied the 
gut of all food and waste. 

 
1.2 Stock solution preparation: 

Commercial endosulfan obtained from Dr. Ehrenstorfer GmbH (purity 99.5%, 64-67% α-endosulfan; 29-
32% β-endosulfan) was used in this research. The preparation of pesticide chemical was done using organic 
solvent acetone A.R. grade 99.5%. Briefly, the stock solution was prepared using acetone as solvent and a 
dilution agent to make up a stock solution of endosulfan concentration at 40g/L. The stock solution is placed in 
chiller at 4 ºC.   

 
1.3 Experimental set up: 

The experimental glass aquarium tanks were cleaned and filled with 40 L chlorine-free tap water. The water 
was kept for about 24 h before endosulfan solution was added. Water quality parameters in the aquarium tanks 
were determined using American Public Health Association (APHA) standard method [7] for total alkalinity 
using titration method, while for dissolved oxygen, the measurement was taken using YSI 5000 Dissolved 
Oxygen Meter, pH and temperature were measured by using Hi 223 Microprosessor pH Meter and total 
hardness was determined by using DR2800 Spectrophotometer. The average water quality parameter for the 
experiment were: dissolved oxygen 70±2 %, temperature 25±2ºC, total alkalinity 80±3 mg CaCO3, pH 6.9±0.2 
and total hardness 23±3 mg CaCO3.  

 
1.4 Acute toxicity test: 

Static acute toxicity bioassay were conducted according to the APHA standard method [7]. Five different 
concentrations of endosulfan; i.e. 0, 20, 35, 50, 65 and 80 μg/L were used in the toxicity test.  Two control 
solutions in aquarium tanks were prepared while for every concentration, three replicates were done. One of the 
control tanks were filled with water (0 µg/L) while the other tank was filled with water and added with the 
amount of acetone used to dilute the pesticide in the other three replicate tanks. The amount of pesticide stock 
solution were added into the tank to make up the desired concentration. The solution was mixed by using a glass 
rod to obtain a homogeneous solution in the aquarium tank. Nine fishes were transferred into each aquarium 
tank of 40 L volume, with total number of fish in the three replicate tanks to become 27. The fish mortality and 
behavioral changes were observed and recorded after 1, 6, 12, 24, 48, 72 and 96 h of exposure to the pesticide 
solution. The dead fishes were removed immediately from the fish tank. The behavioral changes of fish 
including abnormal swimming, loss of balance, skin colour changes were closely observed and reported. 

 
1.5 Probit Analyses: 

The concentrations of endosulfan estimated to kill 50% of A. Testudineus within 24 h (24-h LC50), 48 h (48-h 
LC50), 72h (72-h LC50) and 96h (96-h LC50) was calculated using probit analysis. The interaction between the 
time exposure and percentage of fish that died in different concentrations were generated by plotting a general 
linear model.  

 
RESULT AND DISCUSSION 

 
1.6 Mortality of fish in acute toxicity test: 

The number of fish dead at different concentration of endosulfan after total exposure of 96 h were recorded 
in Table 1. The cumulative mortality of A. Testudineus increased significantly when the concentration of 
endosulfan was increased. No fish died in both contol solutions. This indicates that the organic solvent (acetone) 
does not cause mortality to fish and safe to be used in small amount. Based on Table 1, the highest percentage of 
the fish that died due to the toxicity of endosulfan is at 50 µg/L (average mortality=92.6%) and 65 µg/L 
(average mortality=92.6%). Under exposure to both concentrations, it was found that 100% fish died in at least 
one of the three replicate tanks. On the other hand, exposure to the lower concentrations of 20 and 35 µg/L 
showed only 11.11% and 3.70% fish mortalities respectively The results indicate that the fish may have some 
tolerance to endosulfan. Surprisingly the highest endosulfan concentration used (80 µg/L) also did not cause 
100% mortality. The total mortality under 80 µg/L endosulfan is 21 out of 27 fishes compared to 25 out of  the 
27 fishes for both 50 and 65 µg/L endosulfan. It is possible that not only the fish size and weight affect the acute 
toxicity, but the age of the test organism may also play a significant role. The size and age of the fishes that was 
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used for the last concentration is indeed slightly higher than the previous concentrations
same batch. This was probably because
fed during that period. This result support
of the fish affect endosulfan toxicity to rainbow trout species of fish [8]. 

 
Table 1: Mortality of fish under different concentration

Endosulfan concentration (µg/L) 

0 (Control -   Water)  
0 (Control - Water and Acetone) 
20 
35 
50 
65 
80 

 
1.7 Survival of fish at different exposure time

From Figure 1, it can be seen that the number of fish surviving are clearly lower when exposed to higher 
endosulfan concentrations between 50 to 80 µg/L compared to 
and 35 µg/L). In most cases, endosulfan appe
µg/L concentrations, the fishes started to die only after 24
were dead during the test. The endosulfan concentration that caused the e
highest concentration tested. At this concentration, the cumulative fish surviving
fishes within the first 3 hours and more than half of the total cumulative fish exposed experienced mortal
This indicates that endosulfan is a toxic pesticide which kills fast upon direct exposure to organisms such as via 
oral inhalation and digestion route. 

 
 

 
Fig. 1: Cumulative number of fish surviving at different exposure time

 
In the present study, there were no observed changes in the behavior and the swimming patterns of fish in 

the control tank for the whole test period. The control fish appeared to be active, agile and alert to the slightest 
disturbance with very well-coordinated movements. 
behavioral responses when exposed to 20, 35, 50, 65 and 80 
containing 99.5% of the active substance during the toxicity test. The behavioral responses 
toxicity include loss of equilibrium, decline in general activity and tendency of the test fish to gather at the water 
surface of the test tank can also be observed when the fish group was exposed to 20, 35 and 50, 65
endosulfan.  
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used for the last concentration is indeed slightly higher than the previous concentrations
same batch. This was probably because acclimatization period for those fishes was much longer a
fed during that period. This result supports the reported study from the previous research  state that age and size 
of the fish affect endosulfan toxicity to rainbow trout species of fish [8].  

Mortality of fish under different concentrations of endosulfan after 96-h exposure 
Total fish at the beginning 
of the test 
(number of fish) 

Cumulative mortality at 
96 hours 
(number of fish) 

Cumulative mortality 
(%)

27 0 0
27 0 0
27 1 3.70
27 3 11.11
27 25 92.6
27 25 92.6
27 21 77.78

fish at different exposure time: 
From Figure 1, it can be seen that the number of fish surviving are clearly lower when exposed to higher 

endosulfan concentrations between 50 to 80 µg/L compared to the number at lower concentrations (between 20 
and 35 µg/L). In most cases, endosulfan appears to gradually affect the fishes in the first 12 hours. For 20 and 35 
µg/L concentrations, the fishes started to die only after 24-hour exposure to the endosulfan and only 2 fishes 
were dead during the test. The endosulfan concentration that caused the earliest fish death is 80 µg/L, i.e. the 
highest concentration tested. At this concentration, the cumulative fish surviving were reduced from 27 to 12 
fishes within the first 3 hours and more than half of the total cumulative fish exposed experienced mortal
This indicates that endosulfan is a toxic pesticide which kills fast upon direct exposure to organisms such as via 

 

Cumulative number of fish surviving at different exposure time 

there were no observed changes in the behavior and the swimming patterns of fish in 
the control tank for the whole test period. The control fish appeared to be active, agile and alert to the slightest 

coordinated movements. A. testudineus was found to exhibit a series of abnormal 
behavioral responses when exposed to 20, 35, 50, 65 and 80 μg/L endosulfan in a commercial formulation 
containing 99.5% of the active substance during the toxicity test. The behavioral responses 
toxicity include loss of equilibrium, decline in general activity and tendency of the test fish to gather at the water 
surface of the test tank can also be observed when the fish group was exposed to 20, 35 and 50, 65
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used for the last concentration is indeed slightly higher than the previous concentrations as they were from the 
was much longer and fishes were 

the reported study from the previous research  state that age and size 
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0 
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77.78 

From Figure 1, it can be seen that the number of fish surviving are clearly lower when exposed to higher 
at lower concentrations (between 20 

ars to gradually affect the fishes in the first 12 hours. For 20 and 35 
hour exposure to the endosulfan and only 2 fishes 

arliest fish death is 80 µg/L, i.e. the 
were reduced from 27 to 12 

fishes within the first 3 hours and more than half of the total cumulative fish exposed experienced mortality. 
This indicates that endosulfan is a toxic pesticide which kills fast upon direct exposure to organisms such as via 

 

there were no observed changes in the behavior and the swimming patterns of fish in 
the control tank for the whole test period. The control fish appeared to be active, agile and alert to the slightest 

was found to exhibit a series of abnormal 
g/L endosulfan in a commercial formulation 

containing 99.5% of the active substance during the toxicity test. The behavioral responses related to neurotoxin 
toxicity include loss of equilibrium, decline in general activity and tendency of the test fish to gather at the water 
surface of the test tank can also be observed when the fish group was exposed to 20, 35 and 50, 65 and 80 µg/L 
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On the other hand, sudden jerks, losing balance, disorder in swimming patterns, breathing difficulties, 

tremor, flashing and lethargy, enlargement of the eyes and gathering at the surface of test chambers for 
breathing were noticed to increase gradually with the increase in endosulfan concentration during the test. 
Similar behaviour were also observed in European catfish (Silurus glanis L.) after exposure to diazinon [9]; A. 
Anguilla that was exposed to the carbamate molinate [10]; rainbow trout, O. mykiss that was exposed to 
endosulfan [6], the freshwater catfish, Heteropneustes fossils [11] and Asian swamp eel (Monopterus albus, 
Zuiew) after exposed to endosulfan insecticide.  

Fish were considered dead when the test fish had laterally recumbent on the bottom and showed no 
opercula movement. The abnormal responses from the fish were observed 30 min after exposure to endosulfan. 
It was also found that, after the fish exhibited the abnormal behavior for 20 to 40 min, they became normal 
again before similar responses recurring after every 2–3 h. When the fishes were exposed to higher 
concentrations of endosulfan, these responses were repeated in a shorter interval of 1–2 h. When exposed to 50 
μg/L endosulfan, the fish abnormal responses recurred after every 40 mins. The symptoms were observed 
throughout the experiment until the fish died. The test organisms also appeared to be more aggressive and 
exhibited excessive mucus contraction. The production of excessive mucus and the gill lesions (edema with 
lifting of lamellar ephitelium and hyperplasia of lamellar epithelium) proposed that endosulfan disturb the gills 
and increases respiratory diffusion distance [12].  

After exposure to endosulfan, there was serious blood loss from the gill capillary and hematesis of the fish. 
When the fish died, the mouth and the opercula were wide open and the skin color of the fish was apparently 
paler as compared to control. The skin color changes can be seen in Figure 2. The observed changes in the A. 
testudineus behavior when exposed to endosulfan may be due to permanent neurological impairment caused by 
the insecticide. A previous research explained that the predominant toxicological effect of the insecticide is 
over-stimulation of the central nervous system of the fish by inhibiting Ca- and Mg-ATPase and antagonizing 
chloride ion transport in gamma-aminobutyric acid (GABA) with little or no peripheral component [13]. The 
abnormal behavior following acute exposure is perhaps indicative of central nervous system disturbances or 
over-stimulation. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Colour change after exposure to endosulfan observed on A. testudineus 
 

1.8 LC50 at different endosulfan concentration and different exposure time: 
The lethal concentration when 50% of fish mortality was observed has been calculated from the 

extrapolation in the plot of probit versus log of concentration. The value of LC50 as shown in Table 2 is 
extrapolated from the plot at different exposure period of 24, 48, 72 and 96 h.  The concentrations of endosulfan 
that kill 50% of A. Testudineus  within 24 h (LC50-24 h), 48 h (LC50-48 h), 72 h (LC50-72 h), and 96 h (LC50-96 
h) were found to be 40.73 µg/L, 40.27 µg/L, 41.21 µg/L and 41.70 µg/L respectively.  

The 96-h LC50 value is highest if compared to previous studies for most other freshwater fishes. The 96-h 
LC50 value of endosulfan on  swamp eel  (Monopterus albus, Zuiew) was 0.42 µg/L , A. Anguilla 41µg/L, while 
the 96 h LC50 value of endosulfan for rainbow trout (Oncorhynchus mykiss), silver perch (Bidyanus bidyanus), 
fresh water teleost (Channa punctatus) and the European carp (Cyprinus carpio) was reported as 1.75 µg/L, 
2.40 µg/L, 7.75 µg/L and 0.10 µg/L [14, 15, 6, 5, 16, 5]. In fact, the 96-h LC50 of endosulfan to A. Testudineus is 
towards highest end of range of values for other aquatic organisms. This is not surprising as A. Testidineus is 
known as a hardy and exotic fish in the aquatic environment. Therefore, it is expexted to have high tolerance to 
endosulfan. Also, the toxicity is affected by the size of the fishes; most studies uses small sized fishes. 

 
Table 2: LC50 value of A. Testudineus at different time of exposure and concentration of endosulfan 

Exposure time (h) LC50 Value (µg/L) 
24 40.73 
48 40.27 
72 41.21 
96 41.70 
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Conclusion: 

Based on the result from this study, we can conclude that endosulfan is highly toxic to Anabas Testudineus. 
The acute toxicity revealed that the values of LC50 did not significantly varied between different exposure time 
and the A.Testudineus has high tolerance for endosulfan toxicity. Moreover, the mortality of fishes also depends 
on dose, time and size of the fish. The effects of the endosulfan cause behavioral changes due to imbalance 
peripheral coordination of fish. The study also supports the restriction on endosulfan use, as it is highly toxic to 
non-traget species such as fish.  
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