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Abstract: A novel method for rapid determination of eight lipophilic pesticides in vegetables was

developed using dispersive liquid-liquid micro-extraction (DLLME) coupled with gas chromatog-
raphy-tandem mass spectrometry (GC-MS/MS). The analyte in the vegetable was extracted with
water-acetone (5:1, v/v) solution. Then, the extract was transferred into a centrifugal tube with
25 mg primary secondary amine (PSA), 50 mg C18 and 25 mg graphitized carbon black powder.
The important parameters that affected the extraction efficiency were studied, such as the extrac-
tion and dispersed solvents, and the extraction time. The results showed that a good extraction
efficiency was obtained, with acetone used as the dispersed solvent and 50. 0 L chlorobenzene
used as the extraction solvent. Under the optimum conditions, the enrichment factors ranged
from 526 to 878. The linearity ranges of the eight targeted compounds were 0. 005— 10 mg/kg,
and the limits of detection (signal/noise=3) were 0. 001 —0. 02 mg/kg, with the correlation coef-
ficients varying from 0. 992 1 to 0. 998 9. The recoveries of the pesticides ranged from 60, 1% to
82. 5% with the relative standard deviations between 1. 2% and 9. 6% The method has been used
to analyze the eight lipophilic pesticide residues in vegetable samples with satisfactory results.
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Table 1 Retention times, qualitative and quantitative ions, monitoring ion pairs and
collision energies for the eight pesticides in MRM mode
o Time/ Qualitative ion Quantitative Monitoring Collision energy/
Pesticide . . . .
min (m/z) ion (m/2) ion pair (m/z) eV
Phorate( ) 6.736 75, 260, 121, 231 75 260/75. 260/231 10, 5
Parathion-methyl( ) 7.496 109, 263, 125, 79 109 125/79, 263/109 8, 16
Chlorpyrifos( ) 7.743 97, 197, 286, 314 97 314/286, 314/258 10, 15
Dicofol( ) 7.905 139, 251, 111, 215 139 251/111, 251/139 35, 15
Bifenthrin( ) 9.493 181, 165, 141, 422 181 181/165. 181/141 25, 20
Fenpropathrin( ) 9.655 91, 181, 265, 334 181 181/152, 209/181 25, 10
Cyhalothrin( ) 10. 145 181, 197, 208, 141 181 181/127, 181/152 25, 25
Fenvalerate 1( 1 13. 339 125, 167, 225, 419 125 419/167, 225/119 10, 18
Fenvalerate 2( 2) 13.704 125, 167, 225, 419 125 419/167, 225/119 10, 18
Fenvalerate 1 and fenvalerate 2 represent the two peaks of fenvalerate, respectively.
1.3 100 mLL , - (5:1, v/v,

’ 10.0g )
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Table 2 Recoveries and relative standard deviations (RSDs) of the eight pesticides (0. 5 mg/kg)
cleaned-up by different sorbents (100 mg) (n=3) %
o PSA C18 Graphite carbon black powder
Pesticide
Recovery RSD Recovery RSD Recovery RSD
Phorate 93.0 4.2 92.2 3.8 90. 7 6.5
Parathion-methyl 96.5 3.7 93.4 2.6 90. 8 4.9
Chlorpyrifos 90. 1 5.8 93.6 5.4 68. 3 3.7
Dicofol 89. 6 2.4 91.1 3.1 87.5 4.6
Bifenthrin 93.5 2.5 92.8 3.8 86. 2 5.1
Fenpropathrin 83.2 7.9 81.8 8.5 75.8 6.8
Cyhalothrin 92.7 3.3 97. 4 4.7 85.5 6.2
Fenvalerate 1 88.2 4.9 89.7 5.5 72.2 4.5
Fenvalerate 2 84.3 5.1 82.9 6.3 73.6 3.7
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Fig. 2 Effect of pH value on the recovery (20 C)
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Fig. 3 Total ion chromatogram of a mixed solution [17]
of the eight pesticide standards (2 mg/kg) (FQPA) °
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Table 3 Enrichment factors, limits of detection (LODs), limits of quantification (LOQs), regression equations,

correlation coefficients and linear ranges of the eight pesticides

Pesticide Enrichment LOD/ L()Q/ Regression equation C()rre‘laltion Linear ’range/
factor (mg/kg) (mg/kg) coefficient (mg/kg)
Phorate 794 0. 005 0.02 y=15.2542—0.013 0.9967 0.02—10
Parathion-methyl 878 0. 003 0.01 y=18.2292+0.001 0.9943 0.01—10
Chlorpyrifos 663 0.01 0.02 y=6. 246 2-0. 006 0. 9989 0.02—10
Dicofol 813 0.01 0.02 y=9.7752x+0.011 0.9937 0.02—10
Bifenthrin 526 0.001 0. 005 y=235.557x+0.003 0.9933 0.005—10
Fenpropathrin 545 0. 005 0.02 y=12.5472-+0. 005 0.9921 0.02—10
Cyhalothrin 551 0.01 0.03 y=7.168x+0.072 0.9986 0.03—10
Fenvalerate 1 537 0.01 0.03 y=23.894x+0. 066 0.9977 0.03—10
Fenvalerate 2 648 0.02 0.05 y=3.278x+0. 045 0.9948 0.05—10

y: peak area of the quantitative ion; x: content of the analyte, mg/kg.

4 8 RSD(n=5)
Table 4 Spiked recoveries and RSDs of the eight pesticides (n=35) %
0. 05 mg/kg 0.5 mg/kg 5 mg/kg
Pesticide

Recovery RSD Recovery RSD Recovery RSD
Phorate 60. 8 3.1 62.3 2.8 65.7 5.7
Parathion-methyl 80. 9 4.9 82.5 5. 5 77.2 6.3
Chlorpyrifos 66. 1 3.6 63.9 4.7 68. 4 5.8
Dicofol 70.5 5.2 66.7 3.1 80.5 6.2
Bifenthrin 63.3 4.3 60.1 5.5 69. 2 9.6
Fenpropathrin 78.2 5.4 80. 0 2.6 82.1 4.3
Cyhalothrin 72.9 5.2 75.3 6.2 78.3 7.8
Fenvalerate 1 77.6 2.9 73.2 1.2 80. 6 2.6
Fenvalerate 2 67.1 4.4 70.1 3.8 73.4 5.2
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Table 5 Comparison of LODs and recoveries of the three methods for the cucumber sample
spiked with the eight pesticide standards at 0. 5 mg/kg
Pesticid NY/T 761-2008 NY/T 1380-2007 This method
esticide
LOD/(mg/kg) Recovery/ % LOD/(mg/kg) Recovery/ % LOD/(mg/kg) Recovery/ %
Phorate 0.02 82 0.016 76 0. 005 62
Parathion-methyl 0.02 86 0.003 84 0.003 82
Chlorpyrifos 0.02 92 0. 004 80 0.01 64
Dicofol 0. 001 88 0. 004 82 0.01 66
Bifenthrin 0.001 90 — 78 0.001 60
Fenpropathrin 0.002 86 0. 008 90 0. 005 80
Cyhalothrin 0.001 80 0. 007 74 0.01 76
Fenvalerate 1 0.002 78 0. 007 80 0.01 74
Fenvalerate 2 0.002 76 0. 005 84 0.02 70

: not detected.
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