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Abstract 

 

Chlorpyriphos (a broad-spectrum moderately toxic organophosphate insecticide) is widely used in the 

prevention of both agriculture pests and urban public health pests. It has large effects on the environment 

resulting from its long residual period in soil and water. During present study, survival and chlorpyriphos 

degrading capability of four bacterial isolates (SB1, SGB2, HIC2 and HIIGA2) was investigated in sterilized 

as well as unsterilized soil upto two months under laboratory conditions. Viable count of all isolates 

increased upto 45 days and decreased later on and it was higher in chlorpyriphos amended soil as compared 

to unamended soil at all stages of incubation. Viable count of inoculated bacterial isolates was higher in the 

sterilized soil as compared to unsterilized soil. Chlorpyriphos level decreased in inoculated as well as 

uninoculated treatments however, in the inoculated treatments at 60 day of incubation, residual 

chlorpyriphos was less as compared to control both in sterilized as well as unsterilized soil. Percent 

utilization of chlorpyriphos was more in unsterilized soil as compared to sterilized soil. Maximum 

utilization of chlorpyriphos was observed with the isolate SB1 (66.0 %) followed by HIC2 (58.0 %), SGB2 

(48.0%) and HIIGA2 (36.4 %) in sterilized soil and same trend was observed in unsterilized soil i.e. 

maximum utilization of chlorpyriphos with the isolate SB1 (79.2 %) followed by HIC 2 (74.5 %), SGB 2 

(60.4 %) and HIIGA2 (43.3 %) respectively.  
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1. Introduction 

 

Organophosphorus pesticides (OPPs) are widely 

used pesticides or chemical warfare agents due to 

their high toxicity towards insects, mammals and 

other animals. Extensive use of these pesticides 

contaminates the environment. If the pesticide is 

not degraded or detoxified rapidly, the risk of its 

offsite migration may pose a health risk to 

humans (Surekha et al., 2008). OPPs are known 

to cause inhibition of acetylcholinesterase 

(AChE) in target tissues which leads to 

accumulation of acetylcholine. AChE is an 

enzyme vital for normal nerve function and its 

inhibition leads to over stimulation of the central 

and peripheral nervous system resulting in 

neurotoxic effects in organisms. OPPs always 

pose acute toxicity but not chronic toxicity on 

organisms because of their quick degradation 

(Ye et al., 2010). 

  Chlorpyriphos is one of the most 

commonly and widely used commercial 

organophosphorus pesticides (Ajaz et al., 2005). 

Considerable literature indicated that a wide 

range of water and terrestrial ecosystems might 

be contaminated with chlorpyriphos (EPA, 1997; 

Yang et al., 2006) which has increased the public 

concern to establish an efficient, safe and cost 

effective method to remove or detoxify 

chlorpyriphos residues in contaminated 

environments. Biodegradation of 

organophosphorus pesticides by soil 
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microorganisms has been reported by many 

workers (Oshiro et al., 1997; Kanekar et al., 

2004; Ortiz-Hernández and Salinas, 2010). It has 

been suggested that bacterial cultures with the 

ability to degrade specific compounds can be 

used for bioremediation of pesticide polluted 

sites (Jilani and Khan, 2004). Number of studies 

on chlorpyriphos degradation have been 

accomplished, but it was still a problem that how 

to eliminate chlorpyriphos residues in the soil 

(Thomas et al., 2002). 

 

22..  MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

 

2.1 Bacterial isolates  

 

Four bacterial isolates viz. SB1, SGB2, 

HIC2 and HIIGA2 used in the present study were 

isolated from the chlorpyriphos contaminated 

soils collected from the fields of HAU farm and 

Shahpur village (Chawla, 2011). These isolates 

were maintained on Nutrient agar slants by 

regular transfers and stored in a refrigerator until 

further use.  

 

2.2 Survival of bacterial isolates in sterilized and 

unsterilized soil amended with chlorpyriphos 

under laboratory conditions 

  

Sandy soil and field soil collected from 

the meterology field (where pesticides have not 

been applied) of CCSHAU farm in Hisar district 

of Haryana State was used for the experiments. 

Two hundred gram soil (100 g field soil+100 g 

sandy soil) was taken in 500 ml capacity flasks. 

For unsterilized soil experiment, flasks 

containing soil were kept as such whereas for 

sterilized soil experiment, flasks containing soil 

were sterilized at 15 psi (121
0
C) pressure for 1 

hr. The water holding capacity of soil was 

maintained up to 60% and then it was amended 

with chlorpyriphos (100 ppm). For inoculum 

preparation, actively growing cultures were 

transferred to Nutrient broth and kept on a rotary 

shaker at 29±1
0
C for overnight. Finally the flasks 

were inoculated with 3% fresh inoculum of 1.0 

O.D and incubated at 29±1
0
C for 60 days. Viable 

count of inoculated cultures was determined in 

the soil at 15, 45 and 60 days of incubation.  

 

2.3 Determination of chlorpyriphos in the soil  

 

Chlorpyriphos level in the soil was 

determined initially as well as at the end of the 

experiment by the method of Jain et al. (1974). 

For this, one gram of soil was taken in a test 

tube, vortexed with 5 ml of chloroform for 5 

minutes and centrifuged at 10,000 rpm for 10 

minutes. The supernatant was evaporated to 

dryness followed by addition of 0.2 ml each of 2 

percent 4- (p-nitrobenzyl) pyridine solution and 

2 percent cyclohexylamine solution prepared in 

acetone. The lower part of the tube was 

immersed in a oil bath maintained at 175-180°C 

for 3 minutes and cooled for a few seconds in a 

cold water bath. The absorbance was read at 520 

nm after diluting to 3 ml with ethyl acetate 

within 10 minutes. The chlorpyriphos 

concentration was estimated by referring to the 

standard curve. Standard curve was prepared by 

using gradient concentrations of chlorpyriphos 

(0.5, 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 

ppm) and developing colour after adding the 

reagents and measuring the absorbance at 520 

nm.  

 

3. RESULTS  

 

Viable count of inoculated bacterial cultures 

increased with increase in the incubation period 

up to 45 days and decreased with further 

incubation. It was found to be more in the 

chlorpyriphos amended soils as compared to 

unamended soil at all stages of incubation with 

all the cultures under both soil conditions. In 

sterilized soil, the cultures SB1, SGB2, HIC2 

and HIIGA2 showed 202.0 x 10
8
, 156.0 x 10

8
, 

190.0 x 10
8
 and 238.0 x 10

8
 cfu ml

-1
 respectively 

in chlorpyriphos amended soil at 15 days of 

incubation which increased to 390.5 x 10
8
, 360.0 

x 10
8
, 460.0 x 10

8
 and 430.0 x 10

8
 cfu ml

-1
 

respectively at 45 days of incubation. However, 

viable count decreased in all the cultures at 60 

days of incubation both in chlorpyriphos 

amended and unamended soil and it was 270.0 x 

10
8
, 220.4 x 10

8 
, 280.4 x 10

8 
 and 310.2 x 10

8 
cfu 

ml
-1

 in chlorpyriphos amended soil with the 

cultures SB1, SGB2, HIC2 and HIIGA2 

respectively (Table 1). Same trend was observed 

in unsterilized soil i.e the cultures SB1, SGB2, 

HIC2 and HIIGA2 showed 170.0 x 10
8
, 126.0 x 

10
8
, 166.0 x 10

8
 and 205.0 x 10

8
 cfu ml

-1
 

respectively in chlorpyriphos amended soil at 15 

days of incubation which increased to 366.5 x 

10
8
, 410.0 x 10

8
, 436.0 x 10

8
 and 402.0 x 10

8
 cfu 

ml
-1

 at 45 days of incubation. However, count 

decreased at 60 days of incubation both in 

chlorpyriphos amended and unamended soil and 

it was found to be 240.0 x 10
8
, 205.4 x 10

8 
, 

265.4 x 10
8 

 and 290.4 x 10
8 

cfu ml
-1

 in 

chlorpyriphos amended soil with the cultures like  
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Table 1: Survival of bacterial isolates in sterilized soil amended with chlorpyriphos (100 ppm) under 

laboratory conditions. 

 

Bacterial Isolate Treatments Bacterial Count 

(cfu x 10
8

ml
-1

) 

 

Days of incubation 

15 45 60 

SB1 Control 66.6 140.4 90.0 

Chlorpyriphos 202.0 390.5 270.0 

SGB2 Control 22.0 90.0 65.0 

Chlorpyriphos 156.0 360.0 220.4 

HIC2 Control 88.3 220.0 115.2 

Chlorpyriphos 190.0 460.0 280.4 

HIIGA2 Control 96.0 285.4 170.0 

Chlorpyriphos 238.0 430.0 310.2 

CD at 5% 

SE(m) ± 

4.23 

1.40 

5.90 

1.95 

4.63 

1.53 

Isolate (Initial Count): SB1(31 X 108 cells g-1 soil) ; SGB2 (9 X 108 cells g-1 soil) ; HIC2 ( 22 X 108 cells g-1 soil) ;  

                                     HIIGA2 (36 X 108 cells g-1 soil)  

 

 

Table 2: Survival of bacterial isolates in unsterilized soil amended with chlorpyriphos (100ppm) under 

laboratory conditions 

 

Bacterial Isolates Treatments Bacterial Count 

(cfu x 10
8

ml
-1

) 

 

Days of incubation 

15 45 60 

SB1 Control 46 110 83 

Chlorpyriphos 170 366 240 

SGB2 Control 18 56 35 

Chlorpyriphos 126 410 205 

HIC2 Control 74 182 102 

Chlorpyriphos 166 436 265 

HIIGA2 Control 86 255 150 

Chlorpyriphos 205 402 290 

CD at 5% 

SE(m) ± 

3.51 

1.16 

2.91 

0.96 

2.16 

0.71 

Isolate (Initial Count): SB1 (28 X 108 cells g-1 soil ) ; SGB2 (11 X 108 cells g-1 soil) ; HIC2 (23 X 108 cells g-1 soil) ; 

HIIGA2( 32 X 108 cells g-1 soil) 
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SB 1, SGB 2, HIC 2 and HIIGA 2, respectively 

(Table 2).  

The added level of chlorpyriphos was 100 

ppm but initial detectable   chlorpyriphos   was 59.0 

ppm in the sterilized soil and 53.0 ppm in the 

unsterilized soil. After 60 days of incubation, 

chlorpyriphos level decreased in inoculated as well 

as uninoculated treatments under both soil 

conditions (Fig 1, 2). However, in the inoculated 

treatments, residual chlorpyriphos was less as 

compared to control. It was 20.1, 30.7, 24.6 and 

37.5 ppm with the isolates SB1, SGB2, HIC2 and 

HIIGA2 respectively as compared to control (59.0 

ppm). Maximum percent utilization of 

chlorpyriphos was observed with the culture SB1 

(66.0 %) followed by HIC2 (58.0 %), SGB2 

(48.0%) and HIIGA2 (36.4 %) respectively in 

sterilized soil (Fig.1). Same trend was observed in 

unsterilized soil i.e maximum utilization of 

chlorpyriphos with the isolate SB1 (79.2 %) 

followed by HIC2 (74.5 %), SGB2 (60.4 %) and 

HIIGA2 (43.3 %) in unsterilized soil 

respectively (Fig.2). However, more degradation 

of chlorpyriphos was observed in unsterilized 

soil than sterilized soil.   

             

4. Discussion 
 

Viable count of inoculated bacterial cultures 

increased up to 45 days and decreased with 

further incubation. It was more in the 

chlorpyriphos amended soils as compared to 

unamended soil with all the cultures under both 

soil conditions. Same trend was also observed in 

unsterilized soil. Our results are similar to Anuja 

(2005) who studied the survival of strains JA-15 

and JA-8 in chlopyriphos contaminated soil and 

found increase in viable count of isolates after 30 

days. Increase in bacterial population was 

apparent due to degradation of the pesticide by 

the inoculated strain. The populations of 

chlorpyriphos degraders were found to increase 

wherever chlorpyriphos degrading bacteria were 

inoculated.   

After 60 days of incubation, 

chlorpyriphos level decreased in inoculated as 

well as uninoculated treatments under both soil 

conditions. In the inoculated treatments, residual 

chlorpyriphos was less as compared to control 

and more degradation of chlorpyriphos was 

observed in unsterilized soil than sterilized soil. 

Our results are similar to Yang et al. (2005) who 

studied the degradation of chlorpyriphos in soil 

using bacterial strain YC-1. Its addition to 

fumigated (sterilized) and non-fumigated 

(unsterilized) soils at a concentration of 100 ppm 

resulted in a more rapid rate of   degradation than 

that of uninoculated controls. They observed 

complete degradation of 100 mg / kg of 

chlorpyriphos within 15 days. Zhu et al. (2010) 

also observed higher degradation rate of 

chlorpyriphos with the inoculation of ZHU-1 

strain in soil treated with chlorpyriphos. 

Degradation rate could reach 99% or above after 

14 days with inoculation. While the degradation 

rate in soil without inoculation could reach only 

36% (in fresh soil) and 19% (in sterilized soil), 

hence it was considered that the strain ZHU-1 

possessed well viability and could degrade 

chlorpyriphos effectively in soil. They also 

observed higher degradation rate of 

chlorpyriphos in fresh soil than those in 

sterilized soil. It might be due to some natural 

microorganisms present in the soil which possess 

the ability to degrade chlorpyriphos. Reduction 

in chlorpyriphos level in sterilized soil without 

inoculation might be with time caused by some 

abiotic reasons like hydrolysis. In the present 

work, bacterial isolates successfully decreased 

the level of chlorpyriphos in sterilized and 

unsterilized soils, suggesting that these bacterial 

isolates can compete with and survive with the 

native microflora and can be used for the 

removal of the pesticides from contaminated 

soils. 
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