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Abstract: The present study explained about the effect of chlorpyrifos pesticide on rhizospheric soil from the plant of 

Calotrophis gigatica has been investigated.  The current investigation was carried out the objectives such as 

biodegradation of chlorpyrifos by Staphylococcus sp. isolated from the soil previously exposed to chlorpyrifos. 

Subsequently to study the toxicity of different bioremediated media using L. reticulates as a test animal after different 

days of incubation. Staphylococcus species is a native soil bacterium growing on the cholrpyrifos mixed in the broth 

medium. To investigate whether the chlorpyrifos has been degraded by the bacteria both control (broth + chlorpyrifos) 

and experimental medium (broth + chlorpyrifos + Staphylococcus bacteria) were exposed to L. reticultes after 24, 48, 72 

and 96hrs of incubation. When the experimental fish L. reticulates fed with control broth medium there was a heavy 

mortality within the short period of time in 12ppm concentration. While the fishes survived when fed with broth 

containing chlorpyrifos incubated with bacterium for 96hrs.  From the present study confirmed that the isolated 

chlorpyrifos degrading bacterium could be used successfully for the removal of the pesticides in agriculture their use and 

toxicity it is recommended that research or biodegradation particularly on bioremediation sites particularly pesticides  

contaminated areas in agricultural field.      
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INTRODUCTION 

     Organophosphorus pesticides are widely used in 

agriculture to control major insect pests. These 

compounds have been implicated in several nerve and 

muscular diseases in human beings, organophosphorus 

compound poisoning is a worldwide health problem 

with around 3 million poisoning and 20,0000 deaths 

annually[1, 31]]. Many of the organophosphate and 

organo chlorine pesticides are photosensitive described 

by [2]. These are degraded by ultraviolet energy (UV) 

of the chlorinated hydrocarbon pesticides [3]. Several 

environmental fate processes, including sorption, 

hydrolysis, volatilization, transport and accumulation of 

bound residues, are coupled with degradation [3]  each 

of these processes may respond differently to 

environmental conditions, thus making comprehension 

of factors controlling degradation challenging [4] and 

biological removal of chemo-pollutants becomes the 

method of choice wit the help of a variety of xenobiotic 

compounds including pesticides for their growth and 

mineralize and detoxify them [5]. 

 

      Microbial degradation of organophosphate 

pesticides is of particular interest because of the high 

mammalian toxicity and for the remediation of organo 

phosphorus pesticides [6]. Chlorpyrifos is an insecticide 

that has been one of the pesticides most used worldwide 

since 1965. Currently, over 850 registered chlorpyrifos 

products are on the market. Chlorpyrifos is being used 

globally as an agriculture based pesticide [7]. 

Chlorpyrifos is a widely used organophosphate 

insecticide [8]. Recent advances in bioremediation 

technology have introduced more effective and efficient 

methods for handling the pesticide [9]. In most of the 

studies chlorpyrifos has been reported to be degraded 

by soil bacteria, such as Escherichia coli [10], 

Arthrobacter sp. [11]. Agro bacterium sp. [6] and 

Enterobacter asburiae [12]. The present investigation 

was carried out the objectives such as biodegradation of 

chlorpyrifos by Staphylococcus sp. isolated from the 

soil previously exposed to chlorpyrifos. Then to study 

the toxicity of different bioremediated media using L. 

reticulates as a test animal after different days of 

incubation.  

 

MATERIALS AND METHODS 

Collection of microbial sample from the pesticide 

contaminated site 

  Soil samples from the rhizosphere of Calotropis 

gigentea R. Br sprayed with chlorpyrifos was collected 

for screening the presence of soil bacteria. The soil 

samples were collected after 36 h of the application of 
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pesticide. Chlorpyrifos is a liquid formulation and was 

applied at the base of the plant. The soil samples were 

collected from the region of pesticide application. Soil 

samples were carefully removed to the laboratory in 

sterilized container to avoid other microbial 

contamination. 

 

Isolation, identification and screening of the isolates 

  The collected soil samples were serially diluted with 

distilled water and agar plates were inoculated with 

different dilutions of bacterial sample. After 24 h a 

bacterial strain was observed in the culture with 

spherical contour. The isolated strain was identified 

using the Bergy’s manual (Vol. I and II). The isolates 

were screened for their efficiency in the bioremediation 

of chlorpyrifos. For screening their ability to tolerate the 

pesticide medium, the isolated microbe was inoculated 

on the medium containing different concentration (10, 

20 and 50 l) of chlorpyrifos. The bacterium that 

tolerates maximum concentration of chlorpyrifos was 

selected and subcultured for further studies. 

 

Preparation of different broth media 

 To study the bioremediation of chlorpyrifos different 

broth media were prepared with nutrient broth. (i)

 Medium with nutrient broth and 1% chlorpyrifos (ii) 

Medium with nutrient broth and 1% chlorpyrifos 

inoculated with isolated bacterial strain. The above 

mentioned cultures were maintained in the room 

temperature. After 24, 48, 72 and 96 h of incubation the 

broth medium were analysed for the degradation of 

chlorpyrifos by Staphylococcus sp.  

 

Test for the remediation of chlorpyrifos 

 To check whether the chlorpyrifos detoxified or not 

different concentration of the broth from the two 

different cultures were poured into 1 litre of water and 

ten guppies (Lepistes reticulates) were introduced into 

each container containing the medium. The mortality 

rate of L. reticualtes recorded after different hours of 

exposure. 

 

RESULT 

  The results of the present study were presented in 

tables 1 and 2. In response to 2 ppm chlorpyrifos the 

mortality of 2.4  0.55, 4.4  0.55, 6.4 0.55 and 8.4  

0.55 was recorded after 24, 48, 72 and 96 hr exposure 

respectively. The corresponding value for the medium 

containing chlorpyrifos inoculated with the bacterium 

(24 hr incubation) is 2  0.70, 3.8  0.84, 5.8  0.84 and 

7.8  0.84 which is 7.14 percent decreased from the 

control value. When L. reticulates exposed to 2 ppm 

chlorpyrifos inoculated with bacterium (48 hr 

incubation) the mortality was noted 1.6  0.55 after 24 

hr, 3.6  0.90 in 48 hr, 5.6  0.55 in 72 hr (12.5 percent 

decreased over control) and 7.8  0.84 in 96 hr (table 

5). While L. reticulates exposed to 2 ppm chlorpyrifos 

(bioremediated for 72 hr) the mortality is 0.8  0.45 in 

48 hr, 2.4  0.55 in 72 hr and 4  0.70 in 96 hr 

exposure. The corresponding value for 96 hr 

bioremediated medium is 0.4  0.55, 1.4  0.55 and 2.6 

 0.90 respectively which is 69.04 percent decreased 

from the control value. 

 

  In response to 4 ppm chlorpyrifos the mortality of 2.6 

 0.55, 4.6  0.55, 6.6  0.55 and 8.6  0.55 was 

recorded after 24, 48, 72 and 96 hr exposure 

respectively. The corresponding value for the medium 

containing chlorpyrifos inoculated with the bacterium 

(24 hr incubation) is 2.4  0.55, 4.4  0.90, 6.2  0.84 

and 8.2  0.84 which is 4.66 percent decreased from the 

control value. Similarly, when L. reticulates exposed to 

4 ppm chlorpyrifos inoculated with bacterium (48 hr 

incubation) the observed mortality was  0.6  0.9 after 

24 hr, 3  1.0 in 48 hr, 5.2  1.01.  It was 21.21% and 

7.8  0.84 in 96 hr decreased than control. 

 

 Consecutively, When L. reticulates exposed to 4 ppm 

chlorpyrifos (bioremediated for 72 hr) the mortality is 

1.6  0.44 in 48 hr, 3.6  0.55 in 72 hr and 5.4  0.55 in 

96 hr exposure and 37.20% decreased from the control 

value. The corresponding value for 96 hr bioremediated 

medium is 1.2  0.45, 3.2  0.45 and 5.2  0.45 

respectively. 

 

 In response to 6 ppm chlorpyrifos the mortality of 2.8 

 0.45, 4.8  0.45, 6.8  0.45 and 8.8  0.45 was 

recorded after 24, 48, 72 and 96 hr exposure 

respectively. The corresponding value for the medium 

containing chlorpyrifos inoculated with the bacterium 

(24 hr incubation) is 2.6  0.55, 4.6  0.55, 6.6  0.55 

and 8.6  0.55. Which were 2.28 percent decreased 

from the control value. When, L. reticulates exposed to 

6 ppm chlorpyrifos inoculated with bacterium (48 hr 

incubation) the mortality is 2.2  0.45 after 24 hr, 4.2  

1.09 in 6.2  1.09 (8.82 percent decreased over control) 

and 8.6  1.14 in 96 hr. In L. reticulates exposed to 6 

ppm chlorpyrifos (bioremediated for 72 hr) the 

mortality is 1.2  0.45 in 48 hr, 3  0.70 in 72 hr and 5 

 0.70 in 96 hr exposure and 43.18 percent decreased 

from the control value. The corresponding value for 96 

hr bioremediated medium is 1.4  0.55, 2.8  0.45 and 

4.8  0.85 respectively. 

 

 In response to 8 ppm chlorpyrifos the mortality of 3  

0.70, 5.2  0.83, 7.2  0.83 and 9.2  0.83 was recorded 

after 24, 48, 72 and 96 hr exposure respectively. The 

corresponding value for the medium containing 

chlorpyrifos inoculated with the bacterium (24 hr 

incubation) is 2.8  0.84, 5.0  1.0, 7.0  1 and 8.8  

1.09 which is 4.35 percent decreased from the control 

value. In L. reticulates exposed to 8ppm chlorpyrifos 

inoculated with bacterium (48 hr incubation) the 

mortality is 2.6  0.90 after 24 hr 4.6  1.14 in 48 hr, 

6.8  1.09 (5.56 percent decreased over control) and 8.8 

1.09 in 96 hr (table 16). When L. reticulates exposed 

to 8 ppm chlorpyrifos (bioremediated for 72 hr) the 
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mortality is 2.2  0.45 in 48 hr, 4.6  0.55 in 72 hr and 

6.6  0.55 in 96 hr exposure and 28.27 percent 

decreased from the control value. The corresponding 

value for 96 hr bioremediated medium is 2  0.70, 4  

0.70 and 6  0.70 respectively.  In response to 10 ppm 

chlorpyrifos the mortality of 3.4  0.55, 5.4  0.55, 7.4 

 0.5 and 9.4  0.55 was recorded after 24, 48, 72 and 

96 hr exposure respectively. The corresponding value 

for the medium containing chlorpyrifos inoculated with 

the bacterium (24 hr incubation) is 2.8  0.84, 5.0  1.0, 

7.0  1.0 and 9.0  1.0 which is 4.26 percent decreased 

from the control value (Table- 2). 

 

Table 1: Mortality of L. reticulates fingerlings in water containing 2,4and 6 ppm concentrations of Chlorpyrifos 

enriched nutrient broth bioremediated at 24 and 48hrs 

          Hours of observations of  

Replicates 

  
12 24 36 48 60 72 84 96 

No. of dead 

24 at 2ppm 1.2 ± 0.8 2±0.7 2.8± 0.8 3.8 ± 0.8 4.8 ± 0.8 5.8 ± 0.8 6.8 ± 0.8 7.8 ± 0.8 

24 hrs at 

4ppm 

1.4 ± 0.6 2.4±0.5 3.4± 0.9 4.4 ± 0.9 5.2 ± 0.8 6.2 ± 0.8 7.2 ± 0.8 8.2 ± 0.8 

24h 6 ppm 1.6±0.55 2.6±0.55 3.6±0.55 4.6±0.55 5.6±0.55 6.6±0.55 7.6±0.55 8.6±0.55 

24h 8ppm 1.6±1.15 2.8±0.84 3.8±0.83 5.0±1.0 6.0±1.0 7.0±1.0 8.0±1.0 8.8±1.09 

48hrs at 

2ppm 

0.6 ± 0.5 2.8 ±0.5 3.6±0.9 4.8 ±0.8 5.6 ± 0.5 5.6 ± 0.5 6.6 ± 0.9 7.8 ± 0.8 

48hrs at 

4ppm 

0.6±0.9 2 ± 0.7 3 ± 1 4 ± 1 5.2 ± 1.1 6.4 ± 1.5 7.8 ± 0.8 0.6±0.9 

48h8ppm 1.4±0.90 2.6±0.90 3.8±1.09 4.6±1.14 5.8±1.09 6.8±1.09 7.8±1.09 8.8±1.09 

 

Table-2: Mortality of L. reticulates fingerlings in water containing 2, 4 and 6 ppm concentrations of Chlorpyrifos 

enriched nutrient broth bioremediated at 72 and 96hrs 

   

Replicates 

       Hours of observation 

12 24 36 48 60 72 84 96 

  No. of dead 

72 hrs 2ppm - - - 0.8 ± 0.5 1.8 ± 0.5 2.4± 0.4 3 ± 0.7 4 ± 0.7 

72h 4ppm - - 0.4±0.55 1.6±0.55 2.6±0.55 3.6±0.55 4.4±0.55 5.4±0.55 

72 hs6ppm - - - 1.2±0.45 2.2±0.45 3 ±0.70 4 ±0.70 5 ±0.70 

72hr8ppm - - 0.8±0.45 2.2±0.45 3.2±0.45 4.6±0.55 5.6±0.55 6.6±0.55 

96h 2ppm - - - 0.4±0.55 1 ±0.70 1.4±0.55 1.6±0.55 2.6±0.90 

96h 4ppm - - 0.4±0.55 1.2±0.45 2.2±0.45 3.2±0.45 4.2±0.45 5.2±0.45 

96hrs 6ppm - - 0.6±0.55 1.4±0.55 2.2±0.45 2.8±0.45 3.4±0.55 4.8±0.84 

96h 8ppm - - 0.6±0.55 2 ± 0.70 3 ±0.70 4 ± 0.70 5 ± 0.70 6 ± 0.70 

 

DISCUSSION 

 Bioremediation which involves the use of 

microorganisms to detoxify and degrade pollutants has 

received increased attention as an effective 

biotechnological approach to clean up polluted 

environments [6]. Previously, [13 ; 7] discussed about 

the several chemicals had been successfully removed 

from soil and aquatic environments using degrading 

microorganisms. In the present investigation, 

Staphylococcus sp. was utilized for remediating 

chlorpyrifos. Based on the findings of this work, the 

bacterial strain used in this study was more effective in 

the remediation of chlorpyrifos this kind of similar 

observation made by several researchers [14; 12; 15; 

16]. When L. reticulates was exposed to the medium 

containing chlorpyrifos, maximum mortality was 

recorded within a short period with a mortality rate of 

9.8  0.55 in 12 ppm whereas the corresponding 

mortality rate recorded for L. reticulates exposed to 

broth containing Staphylococcus sp. is 8.4  0.55 after 

96 hr incubation. Which is 14.29 percent decreased 

from the control medium similar findings also been 

postulated by [18]. 

 

 The bacteria Staphylococcus sp. has a high potential 

for chlorpyrifos degradation. Staphylococcus sp. are 

known to metabolize a broad range of organic 

compounds and therefore an ideal choice as the bacteria 

to be used for degradative biotechnologies [19; 20]. In 

fact, an extraordinary range of catabolic pathways in a 

single species such as P. ceparia utilizes more than 100 

different substances as the only carbon, nitrogen or 

sulfur source [21]. Later, [22] studied the degradation of 

chlorpyrifos by Flavobacterium and Arthrobacter sp. 

and reported that the strains were able to use 

chlorpyrifos as a source of carbon. However due to the 

absence of the standard metabolites for chlorpyrifos in 

the samples tested they were not able to characterize 

and quantify the biodegraded products of chlorpyrifos. 

This kind of similar result also been studied[7]. 
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Similarly in this study the inoculated Staphylococcus 

sp. could utilize the chlorpyrifos as a sole of carbon and 

phosphate [23]. Therefore the pesticide medium 

inoculated with the bacterium was less toxic to the L. 

reticulates when compared to the control medium 

containing chlorpyrifos alone [24]. 

 

 The higher nutrient availability and larger microbial 

population of cowdung slurry and soil pesticide mixture 

was found to affect bioremediation of pesticides under 

controlled environmental conditions[7]. This is in 

agreement with the finding that animal-derived lagoon 

effluents are a good source of inorganic nutrients and 

organic matter and they have an impact on degradation 

and transport of soil applied pesticides [25; 26; 27]. The 

adaptability of microorganisms during bioremediation 

releases enzymes, which metabolizes wide spectrum of 

anthropogenic chemicals [28; 29]. The bacteria used in 

this study could survive in the medium containing 

chlorpyrifos either due to tolerance to the pesticide or 

due to their ability to degrade it [17]. This is an 

agreement with the studies done by Singh et al.; [30] 

isolated fungal strains from the groundnut fields in 

Rajasthan and found that A. niger and A. flavus utilized 

chlorpyrifos as a sole source of carbon and phosphorus. 

They reported that when A. flavus was provided with 

200 mg Kg
-1

 of chlorpyrifos it utilized about 96.2% of 

chlorpyrifos as nitrogen and phosphorus source within 

24 hrs of incubation, various authors have also reported 

that chlorpyrifos is degraded metabolically in liquid 

medium by a Flavobacterium sp. and also by an E. coli 

clone with an opd gene [22]. 

 

CONCLUSION  

Bioremediation is a one of the process which 

involves the degradation of the unwanted pollution and 

other pesticides by various microbes. Several chemicals 

have been successfully removed from the soil and 

aquatic environment using degrading organisms. These 

specific microorganisms detoxify or degrade the 

pesticide metabolically and co-metabolically. The 

present research work as been highlighted the bacterial 

species of Staphylococcus it’s a native bacterium 

growing on the chlorpyrifos contaminated soil was 

utilized to degrade the chlorpyrifos mixed in the broth 

medium. 
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