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Simultaneous determination of chlorpyrifos and its major impurities sulfotep and 3,5,6-trichloropyridinol
in the technicals of different companies by liquid chromatograph
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Agricultural Research, Education and Extention Organization (AREEO), Tehran, Iran

Abstract

Impurities of a pesticide, even in very small concentrations, is toxic and in some cases may be equivalent or greater than the active
ingredient of the pesticide. This toxicity can be dangerous for the consumer of agricultural products as well as the environment. So, in this
study, the purity percentage of chlorpyrifos as well as the amount of its two important impurities sulfotep and 3, 5, 6-trichloropyridinol
(TCP) were evaluated in their technicals. The technical samples of 31 formulation companies in Iran were randomly sampled and analyzed
by LC-MS/MS instrument equipped with a triple quadrupole analyzer. The results showed that 6.4% of the technical samples contained the
active ingredient less than the standard limit. In 9.7% of the samples the amount of sulfotep was higher than the value recommended by
FAO. The amount of TCP was higher than the standard level in 32.2% of the samples. The results of this study showed that reliable sources
of the pesticide technical supplies and the evaluation of their impurities are inevitable necessities and should be given serious attention in
their quality control stages.
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Fig. 1- The reaction of chlorpyrifos degradation during
the formulation process.
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Fig. 2- Products resulting from the degradation of chlorpyrifos
during the production process.
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Table 1. Washing conditions used in HPLC to extract of
chlorpyrifos and their impurities.

Time % mobile Flow Maximum
(min) phase (% ACN)  (ml/min)  pressure (bar)
0.1 20 0.6 400
2 60 0.6 400
60 0.6 400
7 20 0.6 400
15 20 0.6 400
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. Optimized parameters for maximum intensity of chlorpyrifos and their impuirities.Table 2

Quantification ion

Compound Retention time Parent ion [M+H]+ Qualification ion (m/z) (m/z) (collision Dwell time
name (min) (fragmentation voltage) (collision energy) energy) (ms)
. 352 198 97
Chlorpyrifos 9.5 (90) (15) (40) 70
323 171 97
Sulfotep 2.3 (90) (20) (20) 70
198 134 107
TCP 14 (90) (20) (20) 70
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Fig. 3. a) Total lon chromatogram (TIC), a) quantification ion of TCP, c) quantification ion of sulfotep,
d) quantification ionof chlorpyrifos in 1 pg/ml of mix of standards.
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Table 5. Specifications of technical samples containing sulfotep
exceed the limit.

% %

Company Source Calculated Deviation
Kimia karan .

. . India 7.4 7.1
Zarin mamtir
Avra sanj shimi India 157 1.27
Giah India 1.23 0.93
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Table 6. Specifications of chlorpyrifos technical samples
containing TCP exceed the limit.
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Table 3. Results of chlorpyrifos purity and impurities analysis
in technical samples.

Formulation % % %

companies Chlorpyrifos  Sulfotep TCP
Oxin shimi afagh 99.99 0.01 0.00
Sayan shimi 99.99 0.01 0.00
Gol sam gorgan 98.06 0.53 1.41
Kimia sa’adat Iranian 99.81 0.06 0.13
Kavosh kimiya Kerman 99.25 0.15 0.60
Keshavarzi khooshe 99.21 0.03 0.76
Aras sanj shimi 82.93 1.57 15.50
Razi shimi Khorram 99.77 0.01 0.22
Moshk-fam Fars 99.97 0.03 0.00
Shimi keshavarz 99.91 0.09 0.00
Raja shimi 99.30 0.08 0.63
Hef 99.76 0.01 0.23
Bahavar shimi 99.84 0.03 0.13
Ghazal shimi 99.89 0.00 0.11
Teyf sabz 99.95 0.01 0.04
Alborz behsam 99.19 0.31 0.49
Farad 99.97 0.01 0.02
Gita shimi sahand 99.67 0.01 0.32
Pak sam Iranian 99.31 0.14 0.55
Sabzavar parvin 98.72 0.11 1.18
Parto naar 99.88 0.01 0.11
Arya shimi 99.91 0.02 0.07
Sadat mahan 99.52 0.17 0.31
Giahl 96.37 1.23 2.40
Giah2 98.57 0.26 1.18
Gol shimi sepahanl 99.81 0.01 0.17
Gol shimi sepahan2 98.30 0.16 1.54
Kavoshkimiya Kerman 99.86 0.08 0.05
Mahershimi 99.77 0.17 0.06
Klmla- karan zarin 8745 742 514
Mamtir
Mahab shimi Rey 99.38 0.08 0.54

Importer company  Source % %
Calculated  Deviation

Ara sanj shimi India 15.5 15
Kimia karan zarin India 51 46
mamtir

Giahl India 2.4 1.9
Gol shimi sepahan India 15 1
Gol same Gorgan China 14 0.9
Keshavarzi China 0.8 03
Sab avarane parvin India 1.17 0.67
Giah 2 India 1.17 0.67
Raja shimi China 0.63 0.13
Kavosh kimia India 06 01
Kerman

Pak same Iranian India 0.54 0.04
Mahab shimi Rey China 0.53 0.03
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Table 4. Specifications of chlorpyrifos technical samples
containing less active ingredient than FAO acceptable.

Compan Source % FAO % %
pany specification Calculated Deviation
Ara sanj shimi India 94 % 83 % 11%
Kimia karan
India 94 % 87 % 7%

Zarin mamtir
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Fig. 4. a) Total lon chromatogram (TIC), b) quantification ion of TCP, ¢) quantification ion of sulfotep,
d) quantification ion of chlorpyrifos in a sample of Ghazaal shimi company.
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Fig. 5. a) Total lon chromatogram (TIC), b)quantification ion of TCP, c) quantification ion of sulfotep,
d) quantification ion of chlorpyrifos in a sample of Kimia karan Zarin mamti
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