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ABSTRACT 

In the present study, the toxic effect of an organophosphate Ethion, a synthetic pyrethroid Bifenthrin and 

a neem based formulation Neem Care on zebrafish, Danio rerio was evaluated. Adult mature male and 

female zebrafish were randomly selected and exposed to these three pesticides. The mortality rate of 

zebrafish was monitored under laboratory conditions for the time period of 24, 48, 72 and 96 hours. Data 

obtained from the toxicity test were evaluated using the Stat plus® 2009 computer program. The 96-h 

LC50 of Ethion was 3.369µg/l, Bifenthrin was 2.334µg/l and for Neem care was 5.659µg/l. It was found 

that Bifenthrin was more toxic to zebrafish as compared to Ethion and Neem care. In this experiment it 

was also observed that the toxicity of these pesticides were time as well as concentration dependent. 

Zebrafish can be used as bioindicator to assess the pesticide generated pollution in aquatic environment. 

  

Keywords: Zebrafish, Ethion, Bifenthrin, Neem care, Toxicity, Pesticide, Bioindicator 

 

INTRODUCTION 

With increasing population, industrialization and agricultural farming use huge amount of pesticide, 

chemical fertilizers and other related chemicals originate from human activities and they are discharged 

into the water bodies directly or indirectly (Bansode and Patil, 2016). Uses of pesticides have become a 

necessity in developing countries like India where it is estimated that approximately 30% of its crop yield 

are lost due to pest attack each year (Tiwari and Ansari, 2014). Many laboratory and epidemiological 

studies have revealed that pesticides are responsible for carcinogenesis, neurotoxicity, behavioral 

alterations, reproductive diseases, endocrine abnormalities, developmental disabilities and respiratory 

dysfunction on non-target organisms. Pesticides can cause acute and chronic poisoning of fish and may 

damage their vital organs, skeletal deformities (Kumar and Ansari, 1984), reduced reproductive ability 

(Sharma and Ansari, 2010), and various biochemical alteration (Tiwari and Ansari, 2014). Fish has been 

reported to be deficient in enzymes that hydrolyze these insecticides. Therefore, fish have relatively slow 

metabolism and slow elimination of these compounds and thus show sensitivity towards pesticide (David 

et al, 2003). 

The unrestricted, heavy use of synthetic pesticides and other similar compounds induced lethal and sub-

lethal effect on various non-targeted organisms like fishes and insects in the aquatic environment and 

direct or indirect affect the users (Kumaresan et al., 2019). About two million tons of pesticides are 

currently utilized annually worldwide (Sharma et al., 2019). Commonly used organophosphoruses are 

malathion, Ethion, methyl parathion, dichlorvos, trichlorfon, chlorpyrifos, diazinon, quinalphos, 

fenitrothion and phosphamidon etc. (Sushma et al, 2023).  

Ethion is an organophosphate pesticide. Ethion is used in agriculture, mainly to control insects on citrus 

trees, on cotton, fruits, nut trees and vegetables. It may also be used on lawns and turf grasses but it is not 

used in the home for domestic pest control. Ethion affects the nervous system by inhibiting acetylcholine-

esterase. Many reports have indicated that Ethion harms fish. Therefore, monitoring the impact of these 

pesticides is necessary.  Hence in this study Ethion (50% EC) is exposed to the freshwater fish Danio 

rerio to find out its toxicological effects. 
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Bifenthrin is a type -I pyrethroid used widely for the purpose of agricultural activity and public health 

applications (Sayed et al., 2018). Synthetic pyrethroids prevent sodium channel transition from activated 

(non-conducting) state by extending the open state of sodium channels following an initial influx of 

sodium during depolarizing stage of action potential (Field et al., 2017). Due to excellent insecticidal 

property and rapid degradation in agricultural field, pyrethroids are dominant insecticide over the world 

wide markets (Henault-Ethier, 2015). These are generally more demanding due to their very high 

insecticidal property, low cost and low mammalian toxicity (Gray et al., 2018). Due to global uses of 

bifenthrin, its residues are frequently detected in environmental media, residential areas and biota, causing 

potential risks to the health of human and other non-target animals. Bifenthrin exhibited high acute lethal 

toxicity to aquatic species likewise insect, amphibians and fishes. Additionally, bifenthrin causes 

neurobehavioral toxicity, developmental toxicity, immunotoxicity and endocrine disrupting effects (Yang 

et al., 2018). 

In view of the environmental problems caused by synthetic chemicals due to growing need for alternative 

source of pest control that minimize this damage, there has been extensive research on pest control by 

natural plant products. Azadirachtin derived from neem (Azadirachta indica A. Juss), is very effective 

and considerably used in various neem based formulations. Azadirachtin acts as antifeedant, repellent, 

repugnant agent and induces sterility in insects by preventing ovipositor and interrupting sperm 

production in males (Suman et al 2017). It has been reported that neem based pesticides are target specific 

and comparatively less toxic. Recently, some neem based formulations were found toxic to the adult 

zebrafish as well as their embryos and fingerlings. Moreover, they also affected its reproductive ability 

(Ahmad et al, 2011; Ansari and Sharma; 2009, Ansari and Ahmad, 2010a; Ansari and Ahmad, 2010b; 

Sharma and Ansari, 2010 and Ahmad and Ansari, 2011). 

All kind of pesticides (synthetic as well as natural) are being used extensively in the control of crop pest, 

mosquitoes and vector borne disease. With rapid industrialization and increase in human population, the 

pollution of water bodies has become a universal phenomenon in the control of various insect pests 

because they can be applied whenever and wherever needed. They are economical and most important 

thing is the reliability of control method. Hence, the production and consumption of pesticides has greatly 

increased in recent years. The contribution of pesticides to increase agricultural production cannot be 

denied, but synthetic pesticides have also caused unknown ecological damage, also induced serious health 

hazard among workers during manufacture, formulation and field applications (Dixit and Dutta, 1973; 

Anonymous, 1975; Kashyap, 1984; Ansari and Kumar, 1988). 

Zebrafish was selected as the test species because they are the model organism (Spitsbergen and Kent, 

2003), for developmental biology and toxicology research and also recommended by International 

Organization for Standardization and the Organization for Economic Co-operation and Development 

(OECD, 2010, 1992). The zebrafish is one of the models of choice for research on developmental biology 

because of its fecundity and its genetic and physiological similarity to mammals. These advantages have 

led the use of the zebrafish as a model in drug discovery and toxicological screening (Peterson et al, 

2008). Further, small body size reduced the supplies required and costs to conduct experiment and also 

zebrafish can easily reproduce in laboratory and observe its complete life cycles and different stages can 

easily be observed for the experimental and developmental studies. 

The present study was carried out to determine and compare the acute toxicities of three pesticides; 

Ethion, Bifenthrin and Neem care to establish relationship between toxicity of three different classes of 

pesticides i.e. organophosphate and synthetic pyrethroid and neem-based formulation. 

 

MATERIALS AND METHODS 

Zebrafish, Danio rerio were reported from Uttar Pradesh (Ansari and Kumar, 1982). Zebrafish were 

collected from the local ponds, stocked and acclimatized for a time period of 10-15 days under the 

laboratory conditions in glass aquaria containing de-chlorinated water. The water of the aquarium was 

aerated continuously through stone diffusers connected to a mechanical air compressor. Water 
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temperature maintained between 25 ± 2℃ and the pH was maintained between 6.6 and 8.5. Fish were fed 

twice daily alternately with raw chopped goat liver, brine shrimps, spirulina, tubifex worm and blood 

worm fish food purchased from local markets. 

For the toxicity test, Zebrafish, Danio rerio of similar age group, maturity and adultness were procured 

from the laboratory breed general culture. Toxicity tests were performed in laboratory to determine 24, 

48, 72 and 96-h LC50 values using five different concentrations of Ethion (2.5, 3.0, 3.5, 4.0, and 4.5µg/l), 

five concentrations of Bifenthrin (1.5, 2.0, 2.5, 3.0, and 3.5µg/l) and five concentrations of Neem care 

(3.5, 4.5, 5.5, 6.5, and 7.5µg/l) previously diluted in acetone. Six replicates of ten fishes for each 

concentration of pesticides were performed accompanied by its respective control having the same 

volume of acetone without the pesticide. The randomization of fish in test aquaria was done according to 

the method prescribed by the U.S. Federal water pollution control administration, 1968. 

Mortalities of Zebrafish were recorded for different concentrations. After every 24-h up to 96-h the water 

was changed. A fish was considered dead when its gill movements ceased and it did not respond to gentle 

prodding. Dead fish were removed from the aquaria to avoid deterioration. Ethion, Bifenthrin and Neem 

care was purchased from the local market. 

The result was computed by StatPlus® version 2009 computer software purchased from Analyst soft, 

Vancouver, Canada. The LC50 values, upper and lower confidence limits (UCL and LCL), slope, Chi-

square values were calculated. 

 

RESULTS AND DISCUSSION 

After the exposure of these pesticides, the zebrafish showed behavioral changes, they aggregated at one 

corner of the aquarium, resting at the bottom and frequently come to the surface followed by the heavy 

breathing with stronger opercular movement loss of equilibrium. Also, over secretions of mucus was 

observed from the body surface. their body colour also darkened, pectoral and pelvic fins got expended 

and the fish rolled vertically prior to death. However, the behavioral changes were more prominent for 

Bifenthrin than Ethion than that of Neem care. 

The results of the toxic effects are illustrated in table 1. It is visible that the LC50 values decreases, with 

the increase in exposure period. It means that the toxicity of these pesticides increases with the increase in 

time period. In other words, the mortality of fish was concentration as well as time dependent. From the 

given table, it is also evident that Bifenthrin is more toxic than Ethion and Neem care. The concentration 

of Bifenthrin required for killing the fish is lower than that of the concentration of Ethion and Neem care. 

It was observed that during the exposure of Bifenthrin, the LC50 value after 24-h was 4.635µg/l which 

decreased to 2.334µg/l after 96-h of exposure. The 24-h LC50 value of Ethion was 4.986µg/l which 

decreased to 3.369µg/l after 96-h of exposure. On the other hand, the 24-h LC50 value of Neem care was 

9.532µg/l which decreased to 5.659µg/l after 96-h of exposure. The 96-h LC50 of Bifenhrin is 2.334µg/l 

whereas for Ethion and Neem care is much higher 3.369µg/l, 5.659µg/l. No mortality was observed in 

control sets. This indicates the less toxic nature of neem pesticide and organophosphate than the synthetic 

pyrethroid on the fish. All these three pesticides showed dose and time-dependent action. 

The slope value shown in the table is steep. The LC50 values of the pesticides showed a significant 

(p<0.05) negative correlation with exposure time. The chi-square values were not significant, indicating 

that the fish population used in the experiment was homogeneous. 

Bifenthrin was found to cause zebrafish mortality at very low concentrations. Bifenthrin is a synthetic 

pyrethroid and one of the most widely used all over the world. These classes of pesticides are mainly 

absorbed through the dermal, oral and respiratory routes and their metabolic degradation occurs at many 

sites (Miyamoto, 1976). Due to their Lipo-philicty, pyrethroids have a high rate of gill absorption, which 

it turn would be a contributing factor in the sensitivity of fish to pyrethroid exposures (Polat et al., 2002). 

It is not only toxic for fishes only but also toxic to many aquatic invertebrates’ species (Paul and Simonin, 

2006). Synthetic pyrethroids causes neurotoxicity by interacting with Na+ and K+ permeability of nerve 

membrane resulting in repetitive discharges at the synapse and neuromuscular junction, which slows 
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down both the activation and deactivation properties of the channels, leading to over excitation (Shafer et 

al., 2005; Shashikumae et al., 2010; Idris et al.,2012). This diverse mode of action, rapid absorption of 

pyrethroid might explain its extreme toxicity to fishes. The present 96-h LC50 value of bifenthrin to 

zebrafish, Danio rerio (2.334µg/l) is much lower from the results of earlier workers. Shubhajit and Nimai, 

2021, worked on Clarias batrachus 96-h LC50 value was 3.464µg/l. Liu et al., (2005), stated the 96-h 

medial leathal toxicity values of 2.08 and 0.80 µg/l for common carp and tilapia (Tilapia spp.) 

respectively. The differences in their results may be due to differences of test medium, age, size and body 

weight of fishes, health and species variation. Dobsikova et al., 2006 and Velisek et al., 2007 observed 

that the 96-h LC50 for fish is below 30µg/l for the bifenthrin which belongs to such a highly toxic groups 

of chemicals for the fish and other aquatic organisms. 

Ethion is a well-known organophosphate pesticide has been in agricultural use over the last few 

decades for controlling pest of cotton, tobacco, paddy, sugarcane and vegetables plants. It has been 

classified as a moderately hazardous pesticide by the World Health Organization (WHO, 2007).  It has a 

moderate order of acute toxicity following oral and dermal administration. The acute toxic action of 

Ethion is the inhibition of the enzyme acetylcholine esterase (AChE) activity resulting in neuro toxicity to 

aquatic vertebrates and also humans. Ethion is moderately to highly persistent in soil. Its potential for 

biodegradation is decreased by its hydrophobicity and strong adsorption to organic matter and soil 

particles (Howard, 1991).  

 

Table 1: Toxicity of an Organophosphate Ethion, a Synthetic Pyrethroid Bifenthrin and a Neem 

Based Formulation Neem Care on Zebrafish, Danio rerio (Cyprinidae)†. 

 

Pesticides 

 

Exposure 

Period (h) 

 

LC50 values 

(µg/l) 

 

Confidence limits 

 

Slope 

 

Chi-square 

values 
 

LCL 

 

UCL 

 

 

Ethion 

24 

48 

72 

96 

4.986 

4.386 

3.874 

3.369 

4.464 

3.917 

3.460 

3.046 

5.790 

4.887 

4.371 

3.821 

1.237 

1.303 

1.385 

1.330 

3.019 

0.159 

0.072 

0.322 

 

 

Bifenthrin 

24 

48 

72 

96 

4.635 

3.519 

2.777 

2.334 

3.629 

2.855 

2.224 

1.983 

5.085 

3.992 

3.460 

2.885 

1.695 

1.780 

1.921 

1.612 

0.415 

0.396 

0.172 

0.366 

 

Neem Care 

24 

48 

72 

96 

9.532 

9.093 

6.326 

5.659 

8.074 

7.303 

5.351 

4.677 

11.436 

10.006 

7.421 

6.973 

1.436 

1.589 

1.649 

1.707 

1.889 

1.336 

1.571 

0.056 

† Six batches of ten fishes were taken for the each pesticide treatment. The slope value shown in the table 

is steep. The LC50 values of the pesticides showed a significant (p<0.05) negative correlation with 

exposure time. The chi-square values were not significant, indicating that the fish population used in the 

experiment was homogeneous. LCL represents lower confidence limits and UCL represents upper 

confidence limits. 

In the result of the present study 24-h and 96-h LC50 value of Ethion for zebrafish were 4.986µg/l 

and 3.369µg/l respectively, and results were compared with other researchers. Sushma et al., (2023) 

observed that the LC50 values for 24-h and 96-h were 4.9µg/l and 2.8µg/l during the study on the fish 

Catla catla . LC50 of an organophosphate Dimethoate to fresh water fish Colisa fasciatus for 24-h and 96-

h LC50 were found to be 22.15 mg/l and 21.65 mg/l respectively (Singh RN, 2013). Srivastava et al., 
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(2010), observed 96-h LC50 value in Heteropneustes fossilis was 100 mg/l when exposed to Roger. Singh 

and Ansari, (2016) observed that 24-h and 96-h LC50 0.548 µg/l and 0.388 µg/l during the study of 

profenofos on zebrafish, Dnio rerio. 

In the result of the present study 24-h and 96-h LC50 value of Neem care  for zebrafish were 9.532 

µg/l and 5.659 µg/l respectively. Literatures on the toxic effect of neem based formulations to fish 

especially Danio rerio are limited. In 2009 Ansari and Sharma was reported that Achook, a neem based 

pesticide to be toxic to zebrafish. Ahmad et al. (2011) observed that 24-h and 96-h LC50 value in zebrafish 

during the study of Neemgold on the fingerlings of zebrafish, which were 0.52 µg/l and 0.46 µg/l. With 

the present study it concluded that the "safe" neem based products are not so safe to the aquatic animals.  

The toxicity of a pesticide varies from species to species and the variation may be due to the size, age, 

health and physiological parameters of water and differential tolerance of animal’s exposure. 

 

CONCLUSION 

The present study concludes that Bifenthrin was more toxic to zebrafish as compared to Ethion and Neem 

care. In this experiment it was also observed that the toxicity of these pesticides were time as well as 

concentration dependent. Zebrafish can be used as bioindicator to assess the pesticide generated pollution 

in aquatic environment. Therefore, these pesticides should be used with great caution and in a sustainable 

way so that it may not be hazardous to aquatic environment and human beings. Moreover, extensive 

investigation should be done for their safe use in aquaculture. 
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