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Abstract
Background: The most commonly used insecticide by 99.8% farmers in West Sumatra, is chlorpyrifos 
which contains organophosphates. Chlorpyrifos is used to kill insects and other pests and works as the 
contact poison, gastric toxins, and inhalation. It is very useful for farmers in keeping the plants such 
as corn, citrus, peanuts, and so forth. Chlorpyrifos can enter the water body with direct application to 
control pests or indirectly through either spraying or washing during high rainfall in spray applications 
for plant leaves. Chlorpyrifos is also used in farming in the region of Twin Lakes (Diatas Lake and 
Dibawah Lake), West Sumatra, Indonesia. One of the most important fish that is cultivated in this 
region is Nile tilapia (Oreochromis niloticus).  
Methods: The acute toxicity (LC50-96 h) of chlorpyrifos for Nile tilapia in studies was 0.076 mg/L. 
Sublethal concentrations used for the studies were one-seventh (0.011 mg/L) and one-fourteenth 
(0.005 mg/L) of the LC50-96 h. The test animal was exposed to the both sublethal concentrations for 
1, 7 and 14 days. Behavioral responses were studied in the experimental periods. Tilapia that exposed 
chlorpyrifos exposure was exhibited irregular body movements, gills and fins motion, mucus secretion, 
breathing at the surface, and anal excretion. 
Results: It was revealed that the longer the exposure time, the more visible behavioral changes in fish, 
as well as the concentration variations, it means that the higher the concentration, the more visible 
changes in physiological behavior of fish. Correlation values (R) were was 0.75–0.99. 
Conclusion: These behavioral responses can be used as a tool in biomonitoring program to monitor 
ecotoxicity risk of chlorpyrifos to the test species, especially in the region of Twin Lakes, West Sumatra, 
Indonesia.
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Introduction 
The growth of agricultural sector in West Sumatra, 
Indonesia, reached 4.14%, higher than the previous 
year which was 2.05% (1). Increased agricultural sector 
indirectly also increases the use of insecticides in 
agriculture. The most commonly used insecticide by 99.8% 
farmers in West Sumatera, Indonesia, is chlorpyrifos which 
contains organophosphates (2). Chlorpyrifos is also one of 
the 100 types of organophosphorus pesticides that have 
been circulating in the market. According to the World 
Health Organization (WHO) (3) , chlorpyrifos in class II is 
hazardous. Chlorpyrifos is very toxic for vertebrates such 
as fish, birds, and mammals. It is used to kill pests and 
works as the contact poison, gastric toxins, and inhalation. 

It is very useful for farmers in keeping the plants such as 
corn, citrus, peanuts, and so forth. Chlorpyrifos is also 
used to control more than 250 non-agricultural insects 
and anthropogenic pests such as underground termites, 
cockroaches, ticks, ants, and so on (4,5) . Chlorpyrifos 
was first registered in the United States in 1985 and 
up to now, it has been used by more than 98 countries, 
including developing countries. Lorsban and Dursban are 
commonly used names as chlorpyrifos (6) . Chlorpyrifos 
is one of several organophosphate compounds applied by 
spraying. The entry of insecticides into water bodies can 
occur as a result of being carried by rainwater or surface 
streams originating from the spraying process. Insecticides 
dissolved in water will be absorbed by mud, plankton, 
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algae, aquatic avertebrates, aquatic plants, fish, and so on 
(3). Chlorpyrifos enters the environment through direct 
application to plants, grasses or through evaporation, 
spillage, and chlorpyrifos waste disposal. Swallowing 
chlorpyrifos orally through contaminated food in a 
container, in the case of children putting objects from the 
hands in their mouth after touching chlorpyrifos, may 
cause some symptoms (7). Laboratory and field studies 
have shown that chlorpyrifos readily decomposes rapidly 
in water. Laboratory studies showed that chlorpyrifos is 
added to pure water with a neutral pH, and then to soil. The 
half-life of chlorpyrifos is about a month with water and 
light (photolysis), which contributes to detoxification and 
damage. The more alkaline soil conditions result in faster 
damage with half-life of about 2 weeks (6) . Chlorpyrifos 
is also used in farming in the region of Twin Lakes of West 
Sumatra, Indonesia. One of fish cultured in this region is 
Nile tilapia (Oreochromis niloticus). If the contamination 
of agricultural insecticides enters the waters where fish 
are cultured, it will affect fish survival and growth rate. 
In addition to fish consumed by the local community, 
Nile tilapia is often used as a toxicity test animal because 
it can respond to the physical changes of water and to 
the presence of pollutant compounds dissolved within 
certain tolerance limits (8-10). The sublethal test is one of 
the most common methods used to determine the early 
symptoms of fish poisoning (11,12). The effect of sublethal 
toxicity on fish is a change in learning ability or a response 
to natural stimuli, such as responses to salinity and 
temperature, lack of swimming ability and physical stress, 
reduced growth rate and physiological and biochemical 
changes, histopathological abnormalities in the gills, liver, 
kidneys and blood vessels, and accumulation in tissues 
and eggs (11,12). Special attention should be paid to the 
contamination of water by insecticides since fish exposed 
to water contaminated by insecticides at sublethal 
concentrations will absorb the active ingredient through 
body surface, gill membrane, and cuticle diffusion. The 
absorption will take place continuously until the steady 
state is reached, that is, the condition in which the amount 

of test material is absorbed and the unity of the union 
is balanced at a concentration of the material in water. 
The number of test animals used in the subcategory of 
behavioral observation is very influential, as the fewer fish 
in an aquarium test (at least 5 test species per aquarium), 
the easier it is to observe the behavioral changes in fish 
(13). Sublethal toxicity test is one of the most commonly 
used methods to determine the initial symptoms of fish 
poisoning by xenobiotic. This research was carried out 
in a laboratory scale before being continued with natural 
samples. These behavioral responses studies can be used 
as a tool in biomonitoring program to monitor ecotoxicity 
risk of chlorpyrifos to the test species, especially in the 
region of Twin Lakes, West Sumatra, Indonesia. 

Material and Methods  
This study was conducted in Twin Lakes of West Sumatra. 
Twin Lakes is located in Danau Kembar district, Solok 
Regency in the West Sumatra province. The distance 
between Twin Lakes and Padang, the capital city of West 
Sumatra, is about 60 km, and it takes about one hour and 
a half from Padang. As the name implies, the Twin Lakes 
consists of two adjacent lakes. The distance between the 
lakes is about 300 m. These lakes actually have different 
names. The first lake is called Diatas Lake, and the second 
one is called Dibawah Lake (14). The location of Twin 
Lakes in the West Sumatra province is shown in Figure 1. In 
this area, especially in Dibawah Lake, there is agricultural 
land which is a source of income for the residents such 
as cabbage, chili, potato and various other vegetables 
and fruits. And in the Diatas Lake, fish cultivation is 
the sources of income for the residents. Chlorpyrifos 
concentration was measured in this area. According to 
the results, chlorpyrifos concentration is 0.007 mg/L in 
this area (15) . The test animals used in this study were 
120 healthy and active Nile tilapia with a weight of 2-3 g, 
average size of 4-5 cm, and age of about 1 month because 
at this age, the test animals are more sensitive to the toxic 
material than the more mature fish (16). Also, 9 acrylic 
aquariums (35 × 30 × 30 cm) were used in this study. The 
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Figure 1. Location of the study area. 

 
Figure 2. Percentages of tilapia mortality in the preliminary test. 
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size of the aquariums was based on the weight of the test 
animals used in this study, referring to USEPA standard 
(16). 

Acclimatization of test animal 
Test animals were acclimatized to the water used as a 
control. The water was conditioned having dissolved 
oxygen (DO) above 3 mg/L, temperature between 25-30oC 
and pH between 6-9 (16) . Maintenance water replacement 
would done when the condition was too cloudy. The test 
animals’ food was given daily in the form of fish pellets. 

Acute toxicity test
Acute toxicity test was performed with 96-hour 
observation time on an artificial chlorpyrifos. For this 
purpose, chlorpyrifos under the trade name Dursban, 
which is used by farmers in the region of Twin Lakes, 
West Sumatra, was used in this study. The test results 
may be accepted if 90% of the test animals at the end 
of the observation control, are alive. If the survival rate 
is smaller than 90% then, the test should be repeated. 
Acute toxicity tests consist of the preliminary and baseline 
tests. The preliminary test was performed to determine 
the concentration range of chlorpyrifos to be tested in 
the baseline test. In the preliminary test, the variation of 
concentration of chlorpyrifos was 0, 0.01, 0.1, 1, 10, and 
100 ppm (16). Each aquarium on a preliminary test had a 
capacity of 10 L and contained 10 fish (17). The baseline 
test was performed to determine the true LC50-96 h value 
of chlorpyrifos. The sublethal toxicity test was performed 
for 14 days to evaluate the effect of chlorpyrifos on the 
physiological and behavioral responses of Nile tilapia (18). 
Physiological and behavioral responses of 45 fish can be 
observed through body movements, gill lid movements, 
fins motion, mucus, breathing at the surface and anal 
excretion. The concentration used in this test was one-
seventh of LC50-96 h and one-fourteenth of LC50-96 h 
(18,19) . The experiment was repeated three times. The 
behavioral changes of Nile tilapia were observed during 
the exposure time. Data were analyzed using regression 
and correlation methods and scoring system (only for anal 
excretion). 

Results
During the acclimatization period, pH was 8.1–8.6, DO 
4.1–9 mg/L, and temperature 28.6–29.7°C. This culture 
medium for acute toxicity test was appropriate and 
acceptable (10,16). 

Preliminary test 
The percentage of average mortality rate of tilapia obtained 
in the preliminary test for 96 hours is shown in Figure 2. As 
shown in Figure 2, the higher the pollutant concentration, 
the larger the number of deaths in the test animals and vice 
versa, the smaller the pollutant concentration, the smaller 
the number of deaths in the test animals. At concentrations 

of 1, 10, and 100 ppm, the mortality rate was 100% and at 
a concentration of 0.01 ppm, the mortality rate was 15%. 
This result indicates that toxic compounds in the test 
solution affect the death of test animals. LC50-96 h values 
were determined based on the animal mortality rate at 
each concentration level. The methods used to estimate 
the LC50-96 h values were graphical methods, Spearman-
Karber method, trimmed Spearman-Karber method and 
Probit methods (20) . The the method used in this study 
was selected based on the mortality rates of test animals. If 
at the acute toxicity test occurs two or more animal deaths 
on variation of toxicity concentration, the method used is 
Probit method. So the method used to estimate the value 
of LC50-96 h in this study was Probit method due to the 
death of two or more animal tests at each concentration 
of waste (21) . The data obtained were analyzed using 
Probit method and the interim LC50-96 h of 0.089 ppm 
with the upper limit of 0.256 ppm and the lower limit of 
0.028 ppm was obtained.. Water quality parameters were 
measured in each aquarium during the preliminary test, 
at pH 7-8, temperature 27-28.5°C, and DO >3 mg/L. 
During the preliminary test, water quality was still within 
the recommended level for Nile tilapia maintenance. 
Therefore, it can be concluded that the mortality of fish 
was caused by chlorpyrifos dissolved in water testing. 

Basic test 
The percentage of average mortality rate of tilapia 
obtained from the basic test for 96 hours is presented in 
Figure 3. Figure 2 shows that the animal mortality rate 
was 100% at concentration 0.264 ppm and 10% in the 
control aquarium. Based on the percentage of mortality 
rate of tilapia obtained from the baseline test, the fish were 
died at two or more concentrations, so the LC50-96 h value 
can be determined using the probit method. The LC50-96 
h value was calculated by entering the number of deaths 
at each concentration into the probit program and the 
LC50-96 h value obtained to be 0.076 ppm. The LC50-96 h 
value for this type of insecticide belongs to a high toxicity 
type (very toxic). This value indicates that if chlorpyrifos 
enters into waters with concentration of 0.076 ppm, it 
can lead to 50% mortality in fish for 96 hours. Table 1 

Figure 2. Percentages of tilapia mortality in the preliminary test.
 

0

20

40

60

80

100

0 0.01 0.1 1 10 100

Pe
rc

en
ta

ge
 o

f F
ish

 M
or

ta
lit

y 
(%

)

Concentration (ppm)



Ihsan et al

Environmental Health Engineering and Management Journal 2018, 5(4), 205–210208

shows the relationship between behavioral responses of 
Nile tilapia and exposure time and variations of sublethal 
concentration of chlorpyrifos. The longer the exposure 
time, the more visible behavioral changes, as well as the 
concentration variations, the higher the concentration, 
the more visible changes in physiological behavior of fish. 

Discussion
The results showed that chlorpyrifos were highly toxic 
to fish life, but their toxicity would be less in fish larvae 
compared with more mature fish. This is evidenced by the 
standard range of LC50 values (0.07-0.68 mg/L) for adult 
fish (22). There was a decrease in fish body motion in 
normal condition every day at concentration of 0.005 ppm 
and 0.011 ppm. Based on the coefficient of determination, 
got 0.99 as the correlation coefficient, which ranged 
between 0.800-1.000 that means there was a very strong 
relationship between observation time and changes in 
body motion of tilapia. The change in body motion of 
tilapia has a significant effect on observation time so that 
the result of analysis can be accepted with concentration 
of 0.005 ppm. Infected fish have reduced gestures because 
chlorpyrifos already affects the nervous system and 
disrupts muscle movements so that fish begin to weaken 
and move irregularly. Similarly, Halappa and David 
reported that abnormal fish movements are caused by a 
lack of coordination of the nervous system and muscles 
due to the accumulation of acetylcholine in synaptic and 
neuromuscular junctions (18). Based on the coefficient of 
determination, got 0.96 as correlation coefficient which 
ranged between 0.800-1.000, that means there was a very 
strong relationship between the observation time and 

gill motion. It is concluded that there was a significant 
relationship between gill motion and observation time 
at both concentrations. This indicates that the duration 
of exposure to chlorpyrifos in the water affected the gill 
motion of tilapia. The decrease of tilapia’s operculum 
motion that is a fish response to reduce the absorption of 
toxins through the gills. This leads to a reduction in the 
average oxygen consumption of fish (18,19). A regression 
model with a correlation coefficient of 0.99 ranging from 
0.800-1.000, means that there was a very strong relationship 
between the observation time and fins motion. This 
indicates that the duration of exposure to chlorpyrifos in 
water had an effect on the fins motion of tilapia. There was 
a significant influence on the fins motion of tilapia against 
the observation time for each concentration. Chlorpyrifos 
acts as a contact poison, when contacting directly with 
the fish body such as on the fins, then, the response of 
fish to changes in the fins motion can be visually seen, 
the motion of the left and right chest fins were not the 
same (23). Normally fish have little mucus on the body, if 
the fish are exposed to toxic substances in large quantities, 
then, the production of mucus will be visible to the naked 
eye. Regression model was calculated to be 0.96. It means 
that there was a very strong relationship between the 
observation time and mucus. The excessive secretion of 
mucus is a specific response to toxins to reduce the direct 
contact of toxins with the skin (24). A regression model 
with a correlation coefficient of 0.75 ranging from 0.600-
0.799, where the level of relation strong between tilapia’s 
breath at the surface and exposure of chlorpyrifos. It means 
that is the significant effect on the fish that breathe at the 
surface against the observation time at a concentration 
of 0.011 ppm, as well as the concentration of 0.005 ppm. 
Normally the fish occasionally breathe at the surface in the 
not-too-long time, but the fish exposed to chlorphyrifos 
exhibit another response is reduced appetite, , and no fear 
responses when human approached. High concentrations 
of chlorpyrifos toxins affect the percentage of fish that 
breathe at the surface. When fish comes to the surface 
of the water, it means that it is exposed to toxins and 
this behavior is the response of fish to easily get enough 
oxygen from the outside and reduce the stress of breathing 
that may be resulted from the increased need of fish for 
oxygen in the water or any respiratory organs that are 
going to be disturbed (18,25). Anal excretion is associated 
with a large amount of metabolic waste released by fish 
through feces and urine into the water that is toxic to 
fish. As the number of anal excretion of fish cannot be 
determined, therefore, a scoring system (1 = no excretion, 
2= little excretion, 3= much excretion) can be used for 
every aquarium. Regression value of 0.75 got correlation 
coefficient ranged from 0.600-0.799 with level of strong 
relationship between tilapia’s excretion and exposure of 
chlorpyrifos. The condition of tilapia exposed weakens the 
immune system, so the body can be easily infected with 
bacteria. This is in accordance with a study by Pasnik et al 
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Figure 3. Percentages of tilapia mortality in the baseline test.

Table 1. Correlation coefficients of the behavioral changes of Nile 
tilapia to chlorpyrifos

Responses R-value
Body motion 0.99
Gills motion 0.96
Fins motion 0.99
Mucus production 0.96
Breathing at the surface 0.75
Anal excretion 0.75



Environmental Health Engineering and Management Journal 2018, 5(4), 205–210 209

Ihsan et al

(26) on tilapia feces infected with Streptococcus agalactiae. 
Infected fish showed symptoms such as loss of appetite, 
lethargy, erratic swimming, frosty and slimy white feces, 
sometimes left in the anus. 

Conclusion
In the present study, the effect of sublethal toxicity of 
chlorpyrifos on the behavior of Nile tilapia (O. niloticus) 
was investigated and correlation coefficient of 0.75 
ranging from 0.600-0.799 was obtained, indicating that 
the relationship between behavioral responses of tilapia 
and chlorpyrifos sublethal exposure was very strong. 
Therefore, it can be concluded that exposure time and 
variation of concentration have an effect on behavioral 
changes of Nile tilapia such as gestures, operculum, 
anal excretion and breathing at the surface of water, 
so that the longer the exposure time, the more visible 
behavioral changes in the fish, as well as the variation of 
concentration, it means that the higher the concentration, 
the more visible changes in the physiological behavior of 
the fish. 
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