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Determination of 41 kinds of pesticide residuesin vegetables by QUEChERS
automated sample preparation system and online gel permeation
chromatography gas chromatogr aphy-mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 41 kinds of pesticide residues in vegetables
prepared by QUEChERS automated sample preparation system and detected by online gel permeation
chromatography coupled with gas chromatography-mass spectrometry (GPC-GC-MS). Methods The samples were
prepared by QUEChERS automated sample preparation system, extracted with acetonitrile, followed by salting-out
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with anhydrous magnesium sulfate, sodium chloride, sodium citrate and citric acid disodium, and cleaned up by
N-propy! ethylenediamine (PSA) and anhydrous magnesium sulfate. The extracts were detected by selected ion scan
mode (SIM) and quantified by the external standard method. Results The recoveries of most pesticides in

vegetables had no significant difference between QUEChERS automated sample preparation system and manual

QUEChERS method, and these two methods could meet the daily testing requirements. The linearities of 41 kinds of
pesticides ranged from 0.02 mg/L to 1.0 mg/L were good, with correlation coefficients more than 0.99. The
recoveries for al compounds spiked at levels of 0.05, 0.10, 0.20 and 0.50 mg/kg were 70.61%~129.43%, except

methamidophos, dicofol, cyhalothrin, flucythrinate and chlorothalonil. The relative standard deviations were

1.12%~18.76%, except chlorothalonil, fenitrothion, clorfenapry, pyridaben and cypermethrin. Conclusion The

method is rapid and accurate, which can be used for the determination of pesticide residues in vegetables.

KEY WORDS: pesticide residue; QUEChERS automated sample preparation system; online gel permeation

chromatography; gas chromatography-mass spectrometry; vegetable
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Fig. 3 Effect of added zirconium beads number on recovery of bifenthrin (n=3)
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Fig.5 Effect of two QUEChERS sample preparation methods on recoveries of
organophosphorus pesticides spiked with 0.02 mg/kg in eggplant (n=3)
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Fig. 6 Effect of two QUEChERS sample preparation methods on recoveries of
organophosphorus pesticides spiked with 0.02 mg/kg in spinach (n=5)
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Fig. 7 Effect of two QUEChERS sample preparation methods on recoveries of
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Fig.9 Effect of two QUEChERS sample preparation methods on recoveries
of other pesticides spiked with 0.02 mg/kg in eggplant (n=3)
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Fig. 10 Effect of two QUEChERS sample preparation methods on recoveries
of other pesticides spiked with 0.02 mg/kg in spinach (n=5)
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Tablel Recoveriesand relative standard deviations (RSDs) for 41 pesticidesin spinach (n=3)
0.05 mg/kg 0.10 mg/kg 0.20 mg/kg 0.50 mg/kg
%  RSD% %  RSD% %  RSD% % RSD%
91.16 9.65 71.65 1.18 72.41 3.49 66.46 13.08
83.63 9.59 81.26 6.19 70.61 11.53 83.40 10.31
96.89 17.15 82.03 8.42 80.84 10.68 82.68 13.02
107.17 13.16 86.45 9.57 76.97 8.71 91.92 18.16
127.36 1.08 106.91 13.65 82.59 5.64 86.93 541
119.75 3.15 94.40 6.73 85.39 6.66 86.96 18.76
95.87 2.98 71.03 6.28 72.57 7.97 85.90 6.48
y-666 100.59 4.10 81.30 6.57 89.90 8.12 89.55 4.27
98.00 13.45 85.99 8.87 86.39 8.60 92.97 5.65
97.10 10.57 80.33 14.39 72.72 7.59 98.65 9.36
9.71 28.18 4.32 31.37 1.25 7.05 4.27 140.93
0-666 87.80 8.87 82.83 3.95 85.23 5.51 86.63 3.29
108.83 11.12 89.76 7.12 92.17 7.81 101.74 4.25
108.54 441 84.06 5.65 79.00 14.93 85.02 12.39
108.92 24.65 98.72 18.60 97.14 9.16 93.18 18.42
120.20 9.04 108.98 12.18 99.67 7.39 11041 11.49
117.89 9.95 94.94 5.06 80.31 8.20 97.41 8.87
116.99 1.67 112.74 13.31 94.58 8.00 104.19 12.47
111.19 14.20 107.85 8.21 93.53 15.30 98.67 12.63
108.67 12.60 90.39 5.16 85.07 6.43 93.46 8.26
119.14 10.60 105.97 11.27 90.93 6.85 93.49 15.01
63.02 4.49 79.48 13.00 66.12 4.02 84.35 8.50
116.22 6.69 95.26 10.00 91.54 9.10 97.02 7.79
121.51 3.02 106.53 11.73 91.01 10.12 107.26 6.27
119.17 6.58 97.05 4.20 95.08 6.25 102.52 5.43
120.18 8.68 100.07 7.48 96.17 4.96 101.96 11.49
121.78 6.92 102.90 11.24 84.48 10.83 110.97 6.69
115.17 5.86 113.28 12.42 87.19 11.12 101.69 11.47
106.04 2.73 91.32 13.45 78.46 7.62 97.05 1.50
117.71 7.81 87.42 8.49 81.68 11.90 94.39 9.30
121.04 4.18 93.78 8.04 117.14 6.89 116.55 3.83
116.57 11.65 106.03 7.13 112.71 14.34 129.00 3.23
122.64 6.00 122.95 8.99 99.75 13.95 117.15 9.70
108.77 16.71 119.69 12.67 132.02 12.36 129.43 7.95
102.51 9.61 104.36 9.09 85.17 9.51 98.19 9.34
112.99 11.10 120.78 22.19 110.70 10.72 120.94 3.34
101.87 23.99 79.14 23.66 114.39 11.18 122.20 8.84
113.26 15.30 126.19 10.77 134.05 5.46 131.60 5.20
93.53 11.77 103.90 7.09 78.01 3.14 104.86 6.94
104.07 14.40 99.20 17.97 91.85 16.41 110.20 112
112.57 3.38 98.44 24.65 82.38 15.74 105.64 8.52




1382

4

2 »

QUEChERS

QUEChERS 41

2 ,

41 GPC-GC-MS ,

SE B

[1

[2

[3l

(4

(sl

(el

(8]

(@

[10]

[11]

Conacher HB, Mes J. Assessment of human exposure to chemical
contaminants in foods [J]. Food Addit Contam, 1993, 10(1): 5-15.

, , . [J1. ,
2000, 28(7): 904-910.
Zhong WK, Hao J, Fan YB, et al. Development in pesticide residues
analysis of food [J]. JAna Chem, 2000, 28(7): 904-910.

24 [J.

, 2011, 31(3): 558-563.
Dai B, Jin HY, Zhang HF, et al. GC-MS determination of 24 pesticides in
glycyrrhiza uralensis, astragalus mongholicus, ginseng and ginkgo leaf by
combined approach of gel permeation chromatography and solid phase
extraction purification [J]. Chin JPharm Anal, 2011, 31(3): 558-563.
Beltran J, L6pez FL, Hernéndez F. Solid-phase microextraction in
pesticide residue analysis [J]. J Chromatogr A, 2000, 885: 389-404.
Goncalves C, Alpendurada MF. Solid-phase micro-extraction-gas
chromatography-(tandem) mass spectrometry as a tool for pesticide
residue analysis in water samples at high sensitivity and selectivity with
confirmation capabilities [J]. J ChromatograA, 2004, 1026: 239-250.
Stépan R, Haj8ova J, Kocourek V, Ticha J. Uncertainties of gas
chromatographic measurement of troublesome pesticide residues in apples
employing conventional and mass spectrometric detectors [J]. Anal Chim
Acta, 2004, 520: 245-255.

[J. , 2013, 41(9): 1315-1321.

Shao HY, Xu G Wu MH, et al. Determination of phthalate esters in sediment

using accelerated solvent extraction and gas chromatography-massspectrometry

[J. ChinJAna Chem, 2013, 41(9): 1315-1321.

Navarro M., Pico Y., Marin R., Mafies J. Application of matrix solid-phase

dispersion to determination of a new generation of fungicides in fruits and

vegetables[J]. J Chromatogr A, 2002, 968: 201-209.

. QUEChERS GPC-GC/MS
[J. , 2011, 32(4): 229-235.

Lu DS, Xiong LB, Wen YM, et al. Application of QUEChERS method

coupled with online GPC-GC/MS for determination pesticide residues in

vegetables and fruits [J]. J Chin Mass Spectr Soc, 2011, 32(4): 229-235.

Anastassiades M, Lehotay SJ. Fast and easy multiresidue method

employing acetonitrile extraction/partitioning and “dispersive solid-phase

extraction” for the determination of pesticide residues in produce [J]. J

AOAC Int, 2003, 86(2): 412-431.

QUChERS-
[J. , 2013, 32(8): 117-119.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Ding LR Liu W, FANG GW, et al. Determination of fipronil and
butane-fipronil residues in vegetable by improved QUChERS-GC-MS [J].
Chin JAnal Lab, 2013, 32(8): 117-119.

. - QUEChERS

8 [3. , 2012, 40(10): 1536-1542.
Zhang YH, Jiao BN, Zhou ZQ, et al. Anaysis of eight photoinitiator
drinks using QUEChERS method and gas
chromatography-tandem mass spectrometric detection [J). Chin J Anal
Chem, 2012, 40(10): 1536-1542.

Lehotay SJ. Determination of pesticide residues in foods by acetonitrile
extraction and partitioning with magnesium sulfate: collaborative study [J].
JAOAC Int, 2007, 90(2): 485-520.

EN 15662:2008. Foods of plant origin-Determination of pesticide residues

residues in soft

using GC-MS andlor LC-MSMS following  acetonitrile
extraction/partitioning and clean-up by dispersive
SPE-QUEChERS-method [S]. Eur Committee Stand, 2008.
, . QUEChERS
[J. , 2016, 35(9): 28-32.

Lu J, Ren SY. Research progress of QUEChERS method in multi-pesticides
residue analysisin food [J]. China Brew, 2016, 35(9): 28-32.

, , , . QUEChERY 31

[J. , 2016, 35(08): 1021-1025.

Xu GF, Nie JY, Li HF, et al. Determination of 31 organophosphorous
pesticide residues in fruits by gas chromatography with QUEChERS
sample preparation [J]. J Instrum Anal, 2016, 35(08): 1021-1025.

) , , - 65

[J. , 2013, 25(3): 241-244.

Du XL, Yin SY, Li HL, et al. Determination of 65 herbicides in vegetables
by gas chromatography-mass spectrometry [J]. Chin J Food Hyg, 2013,
25(3): 241-244.
290 [J. , 2013, 32(1): 9-22.
JiaW, Huang JR, Ling Y, et al. Determination of 290 pesticide residues in
tea by high performance liquid chromatography-tandem mass
spectrometry [J]. J Instrum Anal, 2013, 32(1): 9-22.
[J. , 2012, (18): 74-75.
Sun C, Ding XC, Liang YP, et al. Determination of matrix effect of
chlorothalonil in vegetable by gas chromatography [J). Mod Rural Sci
Technol, 2012, (18): 74-75.

[D]. : , 2005.

Huang BY, Multiresidue determination of pesticides in vegetables and
fruits by gas chromatography with mass spectrometry and examination on
matrix effect [D]. Beijing: ChinaAgricultural University, 2005.

(AL B 3E)

EE &N

KEE, BEIRM, TERARAR
ARFRPRAGKZERN.
E-mail: 790449170@qg.com

BREHR, REST, FEMRKAM@
ARFERRERE SN TME.
E-mail: huangbaoyong@163.com



