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Abstract ; Organophosphorus pesticides (OPs) , malathion, methyl parathion, trichlorfon, and

acephate were used frequently in vegetable cultivation, mainly metabolized into O, O-dimethyl
dithiophosphate, 4-nitrophenol, dimethyl dichloroviny phosphate ( DDVP) and methami-
dophos, respectively. A method of liquid chromatography-tandem mass spectrometry ( LC-MS/
MS) was developed for the determination of the organophosphorus pesticides and their metabo-
lites. According to the difference of coloring matter contents in vegetable matrix, the pre-
treatment for vegetables with high coloring matter contents were performed using activated car-
bon coupled with a Florisil solid-phase extraction column, and others were purified by a Florisil
solid-phase extraction column. A hydrophilic interaction chromatographic column ( ACQUITY
UPLC BEH HILIC) was used with acetonitrile-5 mmol/L ammonium acetate as mobile phases.
The MS/MS detection was performed under positive or negative electrospray ionization ( ESI)
in multiple reaction monitoring (MRM) mode. The results showed that the matrix effect of the
LC-MS/MS was 15. 3%-45. 1%, the recoveries of the four organophosphorus pesticides and their
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metabolites were 76. 9% —102. 8%, the precision ranged from 5.92% to 10. 19%, the limits of
quantification ranged from 0. 001 to 0.01 mg/L, and the linear correlation coefficients were
0.998 2-0.999 9 in the range of 0.01-1.00 mg/L. This method was applied in the analysis of
Chinese cabbages, hot peppers, tomatoes and onions from markets. This method can be applied

in rapid detection of the organophosphorus pesticides and their metabolites in vegetables.
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phate, DDVP, 4i ¥ 99. 8%, Fluka 2\ ) , ZMEH iz
Wi ( acephate, 4l Bf 99.5%, Fluka 2\ fl), H e i
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Table 1 Optimized mass spectrum conditions of the organophosphorus pesticides and their metabolites

Compound Precursor ion (m/z) Daughter ion (m/z) Dwell time/s Cone voltage/V Collision energy/V

Trichlorfon 257.0 [M+H]* 127.0" 0.02 30 18
221.0 0.02 30 10

DDVP 221.0 [M+H]* 109.0 0.02 35 15
127.0" 0.02 35 15

Acephate 184.0 [M+H] " 125.0 0.02 15 17
143.0* 0.02 15 7

Methamidophos 142.0 [M+H]* 94.0 0.02 25 13
125.0" 0.02 25 14

Malathion 331.0 [M+H]* 127.0 0.02 20 12
285.0" 0.02 20 8

Dimethyl dithiophosphate 157.0 [M-H]"~ 111.9 0.02 30 20
141.9" 0.02 30 15

Parathion-methyl 274.0 [M+H]* 256.0 0.02 40 20
88.0" 0.02 40 25

4-Nitrophenol 138.0 [M-H]"~ 92.0 0.02 30 20
108.0" 0.02 30 15

* Quantitative ion.
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(a) Gas chromatogram and (b) mass spectrum of dimethyl dithiophosphate
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Table 2 Recoveries, relative standard deviations (RSDs) (rn=6) and matrix effects of the organophosphorus
pesticides and metabolites spiked in spinach

Compound Spiked/ ( mg/kg) Found/ (mg/kg) Average recovery/% RSD/% Matrix effect/%
Trichlorfon 0.10 0.0843 84.3 7.33 34.6
DDVP 0.10 0.0887 88.7 7.25 45.1
Acephate 0.10 0.0952 95.2 6.39 18.7
Methamidophos 0.10 0.1028 102.8 5.92 15.3
Malathion 0.10 0.0836 83.6 7.93 29.4
Dimethyl dithiophosphate 0.10 0.0769 76.9 8.86 19.8
Parathion-methyl 0.10 0.0821 82.1 10.19 32.3
4-Nitrophenol 0.10 0.0914 91.4 7.86 33.6
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Table 3 Limits of quantification (LOQs, S/N>10) in

spinach and correlation coefficients (r?) of
standard curves for the organophosphorus
pesticides and metabolites

Compound LOQ/ (mg/kg) r?
Trichlorfon 0.005 0.9985
DDVP 0.005 0.9991
Acephate 0.001 0.9993
Methamidophos 0.001 0.9983
Malathion 0.001 0.9980
Dimethyl dithiophosphate 0.01 0.9982
Parathion-methyl 0.01 0.9992
4-Nitrophenol 0.001 0.9999
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Fig. 2 LC-MS/MS chromatograms of a mixed standard solution of the organophosphorus
pesticides and metabolites (0.05 mg/L)
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