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1. Introduction
 
  Organophosphate pesticides are a heterogeneous group 
that it’s members have a phosphoric acid derivative 
chemical structure. Diazinon (0 ,0 - dimethyl -0-2- 
isopropyl- 6-milhylpryimidin-4-yl-phosphthionat ) is one 
of the organophosphate pesticides which is used widely 
in the world[1-3].Diazinon and other pesticide, applied 
directly to the soil or gross, can be washed off into nearly 
storm drains and ditches, which typically transport water 
to streams and lakes and when pesticides are distributed 
in the environment they become pollutant and require 
remediation[4-7].
   Chemicals break down in soil and degraded by biotic 
and abiotic pathways.However, microbial biodegradation 
is the primary mechanism of pesticide break down and 

detoxification[1,8,9 ].
   Previous studies have been showed that Pseudomonas 
species are attractive microorganisms for bioremediation 
and biodegradation[9-12]and within this genus, relatively 
recently recognized Pseudomonas plecoglossicida 
specie has been attracted many interest to itself[2, 12]. 
Pseudomonas plecoglossicida is a soil habitant, motile, 
oxidative, and Gram positive bacterium which is able to 
grow in the presence of 0-5% (W/V) NaCl at 10-30oC[13].
Pseudomonas plecoglossicida is also able to produce 
catalase and cytochromoxidase. This specie can grow on 
different substance as a source of carbon including many 
carbohydrates such as D-Fructose, D-Malate and Glucose, 
many amino acids such as D-alanine and D- aspartate and 
many other chemicals[14]. So, this study for the first time 
investigate  that whether Pseudomonas plecoglossicida can 
grow on diazinon as the sole carbon metabolic  source. 

2-Materials and Methods:

   Diazinon as a pesticide is used  in a 2 in 1000 of 60% of 
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Objective: This study done to assess that whether Pseudomonas plecoglossicida can grow on 
diazinon as the sole carbon metabolic source in laboratory and agricultural soil. Methods : 
Serial dilutions of pure and commercial diazinon in Minimal salt Medium were made and 2.5 
micro liter of  these liquid cultures before and after inoculation with Pseudomonas plecoglossicida 
were injected to the high performance liquid chromatography and growth of Pseudomonas 
plecoglossicida by culture and concentration of diazinon by HPLC were measured. Results: 
Results of this study indicated that Pseudomonas plecoglossicida can grow not only in Minimal 
salt Medium but also can grow in diazinon contaminated soil.  Conclusion: Our findings showed 
that Pseudomonas plecoglossicida  grows in Minimal salt Medium supplemented with  serial  
dilutions of diazinon and concentration of diazinon decreased in these media .Also this bacterium 
is capable to degrade residue of diazinon in agricultural soil.
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diazinon concentration ( Parto Nar Co. Ltd./Iran) .We used 
a 1/1000 ,2/1000 and 4/1000  dilutions of  pure (Wenzhou Co, 
Zhejiang, China)  and commercial diazinon in Minimal 
Salt Medium[15]and 2.5 micro liter of   these solutions were 
injected in  High Performance Liquid Chromatography and 
concentrations  of diazinon were measured.
   For a control of Minimal Salt Medium  and its effect of 
survival of Pseudomonas plecoglossicida, we supplemented a 
minimal salt medium with 1.5% of dextrose. Also as a control 
of viability of bacteria , we inoculated a Lauri Bertani broth 
medium with Pseudomonas plecoglossicida .

2-1-Bacterial inoculums

   One loop of Pseudomonas plecoglossicida which was 
provided kindly  by Dr.Faramarzi[16]was added to  two 50 
ml Falcon tube containing  10ml  of Minimal Salt Medium 
.One of these tubes was used for checking the growth curve 
and the other one was used for inoculation purpose. Five 
hundred microlitter from ml of above mentioned bacterial 
inoculating tube was added to each dilutions of  Minimal 
Salt Medium which were containing related concentrations  
of pure and commercial diazinon and these tubes incubated 
in a shaker incubator at 37oC with  250 RPM and  after 24 
hours of inoculation ,  bacterial growth was measured by 
colony counting and diazinon concentrations were measured 
by HPLC. 

2-2-High Performance Liquid chromatography conditions

    HPLC conditions  was  previously described[17].Briefly , 
Column: Hichrom C18 with 25X14 mm dimension; Mobile 
phase: Acetonitril (80%)_DDW(19.5%)_ Acetic Acid (0.5%); 
Flow rate: 1.5 ml/min; Absorbance 246nm.We used a Cecil 
1100 HPLC apparatus equipped with Power Stream Software 
(Waters, UK); All tests were repeated three times .

2-3-Soil

   Soil was collected from a field at Ashnestan , Qazvin, Iran 
for environmental studies. Collected soils were ground, dried 
in air and sieved.  

2-4-Soil Spiking

   In the treatment procedure, 25 ml of acetone containing 
diazinon was added to 250 grams of sample soil and 
containing flasks were closed for 5 minutes to disperse the 
solvent. Then the flasks maintained in room temperature 
over night and by this way the solvent was evaporated and 
the sample was mixed with remaining 750 grams of soil. All 
samples were thoroughly mixed .Soil was spiked to reach 
final concentrations of diazinon at 25, 50 and 100 mg/kg dry 
soil.

2-5-Statistical analysis 

   Statistical analysis was performed with SPSS 17 software. 
Continues variables were compared using the Students 
t-test.

3-Results

   Inoculation of  Lauri Bertani(LB) broth with Pseudomonas 
plecoglossicida was an indication of viability of bacteria 
(Fig1) and supplementation of Minimal Salt Medium with 
1.5% of dextrose and growth of  Pseudomonas plecoglossicida 
on this medium showed that this Minimal Salt Medium  has 
not negative effect on the growth of this bacteria(Fig2).
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Figure1. Pure Diazinon with 2/1000 concentration  in Minimal Salt 
Medium  after 24 hours of  Inocubation with 0.5ml of Pseudomonas 
plecoglossicida suspension(0.5 McFarland)  ,Peak area=39.1依 5.2 ( left)  
and without inoculation with Pseudomonas  plecoglossicida .Peak 
area=100.4依7.1  (right). All tests were repeated three times.

Figure 2. Lauri Bertani (LB) agar inoculated  with Pseudomonas 
plecoglossicida after 24 hours of incubation in Minimal Salt Medium 
and 1.5% of dextrose as carbon source.Growth of  Pseudomonas 
plecoglossicida on this medium showed that this Minimal Salt 
Medium  had no negative effects on the growth of this bacteria.

   Results of inoculation of Minimal Salt Medium 
supplemented with 1/1000 , 2/1000 and 4/1000 concentrations 
of pure and commercial diazinon as the sole carbon source 
with 0.5ml of P.plecoglossicida suspension in growth culture 
has showed in figure 3. 
   Our study   showed  that  Pseudomonas plecoglossicida  has  
grown on  1/1000 , 2/1000 and 4/1000 concentrations of 60% of 
pure diazinon in Minimal Salt Medium  inoculated with 500 
µl of bacterial suspension equal to McFarland’s 0.5 standard 
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after 24 hours of incubation at 37 degrees centigrade(Fig 1 ). 

Figure3. Growth of Pseudomonas plecoglossicida in Minimum Salt 
Medium enriched with (A)  and without (B)diazinon during first 24 
hours.
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Figure 4.A:Minimal Salt Medium  enriched with diazinon without 
Pseudomonas plecoglossicida inoculation after 15 days of incubation. 
Diazinon peak area= 1006.9依30.4; B:Minimal Salt Medium  enriched 
with diazinon with Pseudomonas plecoglossicida inoculation after 15 
days of incubation. Diazinon peak area=40.3依 2.8.
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Figure 5.  A: Commercial Diazinon with 2/1000 concentration in 
Minimal Salt Medium , Peak area= 1006.9依30.4; B: Commercial 
Diazinon with 2/1000 concentration in Minimal Salt Medium after 
2days of inoculation with 0.5ml of Pseudomonas plecoglossicida 
solution ,Peak area=543.0依12.9;C: Commercial Diazinon with 2/1000 
concentration in Minimal Salt Medium after 4days of incubation  with 
0.5ml of Pseudomonas plecoglossicida solution ,Peak area=415.9依9.5; 
D: Commercial Diazinon with 2/1000 concentration in Minimal Salt 
Medium after one week of inoculation with 0.5ml of Pseudomonas 
plecoglossicida solution; Peak area=361.3依10.2.Hichrom  C18 column; 
Flow rate:1.5ml/min; Wave length:246 ;Mobile phase: Acetonitril 80%- 
Deionized distilled water 19.5%- Acetic acid 0.5% ;Injection :2.5 micro 
liter. All tests were repeated three times .
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   Chromatograms of  diazinon after 24 hours of   inoculation 
of  Minimal Salt Medium  containing  1/1000 of  pure diazinon 
with 0.5ml of  Pseudomonas plecoglossicida  suspension  
were shown in figure 4.These chromatograms showed that  
concentrations of diazinon decreased  after  incubation with 
Pseudomonas plecoglossicida in mentioned conditions. 
   Analysis of  Diazinon concentrations  in culture media 
by HPLC were shown in figure5. In this conditions, 
retention time for diazinon was 4:20.3依0:3.7 minutes. Also, 
chromatogram of commercial diazinon after inoculation 
with Pseudomonas plecoglossicida and 2, 4 and 7 days of 
incubation were shown in figure 5. Retention time, peak area 
and peak height of 1/1000 , 2/1000  and 4/1000 concentrations  
o f  d iaz inon a f ter  incubat ion wi th  Pseudomonas 
plecoglossicida in  Minimal Salt Medium in these times  has 
shown in table 1. These chromatograms showed that by 
increasing incubation time, concentration of diazinon in this 
culture tube has been decreased.

Table 1- 
Retention time, peak area and peak height of 2/1000 dilution of 
diazinon after incubation with Pseudomonas plecoglossicida in 
Minimal Salt Medium *
Time of inoculation(days) 0 2 4 7
Retention time 04:20.3依0:3.7 04:51.4依0:4.5 04:20.9依0:1.7 04:27.4依0:5.5 
Peak areas 1006.9依30.4 543.0依12.9 415.9依9.5 361.3依10.2
Peak height 170.7依5.9 87.4依3.8 71.5依2.6 60.3依4.2
*All tests were repeated three times

4-Discussion

   Study of bacterial growth on biohazard substances is a 
good clue for their effectiveness in biodegradation of these 
biohazard substances. These studies leads to finding and 
isolating suitable microorganisms for these purpose[15,18-20]. 
   Application of synthetic pesticides in agriculture has 
been routine and present information suggested that notable 
amounts of these pesticide have been distributed soil and 
water and they found the first priority in decontamination of 
the environment[21,22]. 
   In this study diazinon was the only source of carbon in 
our Minimal Salt Medium and Pseudomonas plecoglossicida   
was grown on  theses media and concentration of diazinon 
has decreased by increasing time of inoculation,it is obvious  
that Pseudomonas plecoglossicida can utilize diazinon as a 
source of carbon. There are very few studies related to use 
of organophosphoric compounds as a source of carbon and 
phosphorous in growth of bacteria but our study showed that 
Pseudomonas plecoglossicida can use diazinon in its growth 
medium as a carbon and phosphorous source. 
   Results of this study is in accordance with Soruri and 
his colleague study[15]on the bacteria which were isolated 
from industrial sludge .They found a strain of Pseudomonas 
which was able to grow on organophosphoric compounds 
as a source of carbon and phosphorous but they were not 
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able to identified it. Also Boricha studies[13]showed that 
Pseudomonas plecoglossicida can degrade cypermethrin 
pesticide. These findings along with results of this study 
showed that Pseudomonas plecoglossicida can be use 
as a possible bioremediation agent in biodegradation of 
pesticides in agricultural soil.

Conflict of interest statement

  We declare that we have no conflict of interest.
 

Acknowledgements

   Authors would like to thanks Mrs.Afsaneh Mandokht 
for providing pure diazinon and Dr.Faramarzi, School of 
Pharmacology, Tehran University of Medical Sciences for 
providing Pseudomonas plecoglossicida strain. Also authors 
wish to thank deputies of research in Qazvin University 
of Medical Sciences and Neyshabur University of Medical 
Sciences for providing financial support for this study(Grant 
No:5487)

References

[1]    Arbeli, Z., and Fuentes, C.L..Accelerated biodegradation of 
pesticides: An overview of the phenomenon, its basis and 
possible solutions; and a discussion on the tropical dimension.
Crop Protection 2007;26:1733-1746.

[2]    Bala l i ,  M. ,  and  Bala l i ,  K .  Neurotoxic  Disorders  o f 
Organophosphorus Compounds and Their Managements. Arch 
Iranian Med 2008;11:65 - 89.

[3]    Barajesh, K., A. Singh, and  J. Walker. Biodegradation of 
Chloropyrifos by Enterobacter Strain B-14 and its use in 
bioremediation of contaminated soil Applied and Appl Environ 
Microbiol 2004;70:4855-4863.

[4]    Banerjee, I., S. Tripathi and A.S. Roy. Clinico-epidemiological 
characteristics of patients presenting with organophosphorus 
poisoning..N Am J Med Sci. 2012;4:147-50.

[5]    Kuo, J.N., A.Y. Soon, C. Garrett, M.T. Wan and J.P. Pasternak.  
Agricultural pesticide residues of farm runoff in the Okanagan 
Valley, British Columbia, Canada. J Environ Sci Health B. 
2012;47:250-61. 

[6]    Otenio, M.H.,da Silva, M.T.L.,Marques, M.L.O.,Roseiro, J.C., 
and  Bidoia, E.D. Benzen,Tolueb and Hexane biodegradation by 
Pseudomonas putida CCMI 852. Braz J Microbiol 2005;36:258-261.

[7]    Win-Shwe, T.T., D. Nakajima  and H. Fujimaki. Involvement 
of TLR4 in diazinon-induced neurotoxicity in mice. J UOEH. 
2012;34:1-13.

[8]    Abo-Amer, A. Biodegradation of Diazinon by Serratia 
marcescens DI101 and its Use in Bioremediation  of Contaminated 
Environment. J  Microbiol  Biotechnol 2011;21:71-80.

[9]    Fulekar, M.H., and  Geetha, M. Bioremediation of Chlorpyrifos 

by Pseudomonas aeruginosa using scale up technique. J Appl 
Biosciences  2008;12: 657 - 660.

[10]  Chang Park, S.,Shimamura, I., and Fukunaga,M. Isolation of 
Bacteriophages Specific to a Fish Pathogen, Pseudomonas 
plecoglossicida, as a Candidate for Disease Control Appl. Environ. 
Microbiol. 2000;66:1416-1422.

[11]  Raghavan, P.U.M., and  Vivekanandan, M. Bioremediation of oil-
spilled sites through seeding of naturally adapted Pseudomonas 
putida. Inter Biodeterioration & Biodegradation 1999;44:29-32.

[12]  Hall, L. Jr. and R.D. Anderson. Historical trends analysis of 2004 
to 2009 toxicity and pesticide data for California’s central valley. J 
Environ Sci Health A Tox Hazard Subst Environ Eng. 2012;47:801-
11.

[12]  Silva, R.M.P., Rodríguez, A.A., Gómez, J.M., de Oca, M., and 
Cantero, D. Biodegradation of crude oil by Pseudomonas 
aeruginosa AT18 strain. TEC Quimica 2006;1:70-77.

[13]  Boricha, H., and Fulekar,M.H. Pseudomonas plecoglossicida  as 
a novel organism for the bioremediation of cypermethrin Biology 
and Medicine 2009;1:1-10.

[14]  Fulekar, M.H. Bioremediation of Fenvalerate by Pseudomonas 
aeruginosa in a Scale up Bioreactor. Romanian Biotechnological 
Letters 2009;14:4900-4905.

[15]  Soruri Zanjani, R., Miresmaieli, S.M., and  Latifi, A.M. Isolation 
of organophosphorus acid anhydrase producing bacteria and 
identification of strains with most hydrolysis activity J Maz Sch 
Med 2008;68:19-26.

[16]  Faramarzi, M.A., and Brandl,H. Formation of water-soluble 
metal cyanide complexes from solid minerals by  Pseudomonas 
plecoglossicida  FEMS Microbiol Lett 2006;259:47-52.

[17]  Jadhav, M.,Kalme, S., and Tamboli, D. Rhamnolipid from 
Pseudomonas desmolyticum NCIM-2112 and its role in the 
degradation of Brown 3RL J Basic Microbiol 2011;51: 385-396.

[18]  Geetha, M., and Fulekar, M.H. Bioremediation of pesticides in 
surface soil treatment unit using microbial consortia. Afric J 
Environ Sci Tech.2 2008;2:036-045.

[19]  Kang, D.G.,Choi, S.S., and  Cha, H.J.  Enhanced Biodegradation 
of Toxic Organophosphate Compounds Using Recombinant 
Escherichia coli with Sec Pathway-Driven Periplasmic Secretion 
of Organophosphorus Hydrolase. Biotechnol. Prog. 2006;22:406-
410.

[20]  Paloma, I., P. I. Beamer, R. A. Canales, A. C. Ferguson , J. 
O.  Leckie, and A. Bradman . Relative Pesticide and Exposure 
Route Contribution to Aggregate and Cumulative Dose in Young 
Farmworker Children Int J Environ Res Public Health. 2012;9: 73-
96.

[21]  Relyea, R.A. A cocktail of contaminants : how mixtures of 
pesticides at low concentrations affects aquatic communities.
Oecologia 2009;159:363-376.

[22]  Zhang, G., Wu, Y.,Qian, X., and  Meng, Q. Biodegradation of crude 
oil by Pseudomonas aeruginosa in the presence of rhamnolipids. 
J Zhejiang Univ Sci B. 2005;6: 725-730.


