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Abstract; Objective To develop a method for the determination of 23 pesticides in vegetables by atmospheric pressure
gas chromatography-tandem mass spectrometry ( APGC-MS/MS). Methods Acetone was used to extract target compounds
in vegetable samples, while multi-walled carbon nanotubes was used as purifying material. The extracts were separated by
DB-5MS column (30 mx0.25 mm, 0.25 pm). APGC-MS/MS was operated in positive ion multiple reaction monitoring
mode (MRM) for pesticides detection. External standard calibration method was used for quantification. Results The 23
pesticides showed good linearity in the range of 0. 01-20 wg/L, with correlation coefficient (R*) above 0. 99. The detection
limits and quantification limits of 23 pesticide residues in vegetable substrates were 0.02-0.40 and 0.05-1.25 pg/kg,
respectively. The recoveries were between 66. 7%-110. 7% with relative standard deviation (RSD) <14.8%. Conclusion

The method had high sensitivity, reproductivity and specificity and was suitable for rapid detection of multiple pesticide

2020 4E55 32 B4 1 1)

residues in vegetables.

Key words: Pesticide residues; vegetables; atmospheric pressure gas chromatography
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s 5 % 17. 64 341 189,205 30 30,30
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Figure 1 ~ Chromatogram of 23 pesticides
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Figure 2 Extraction efficiency of 23 pesticides in spinach using different extraction solvents
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Figure 3 Purification effect by different kind of MWCNTSs
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Figure 4 Recoveries of 23 pesticides in spinach purified by different amount of MWCNTSs
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Figure 5 Effect of purification of filler on matrix effect
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Table 3 R*, limits of detection( LOD) and limits of quantification(LOQ) of 23 pesticides
et T X ]gn%% RS/ ( ;Lg/I%(zQ ?Zi)ﬂﬁiﬁ/( ;Lg/fi))Q
RN PN Y=21387.9X-420.6 0.994 2 0. 006 0. 020 0.05 0.15
75 0 Y=10085.3X-356. 5 0.991 2 0. 009 0.030 0.10 0.25
% Y=15450.9X-511.7 0.991 7 0.003 0.010 0. 05 0.15
H T ¥ Y=30634. 9X-103. 525 0.992 9 0. 006 0.020 0. 05 0.15
ES Y=9061.8X-291.6 0.993 6 0.012 0. 040 0.10 0.25
e T iz Y=20327. 1X-217.71 0.994 1 0. 002 0. 005 0.02 0.05
B Y=36607. 0X-220. 3 0.994 8 0.003 0.010 0.02 0. 05
FR Y=6557.9X-201. 5 0.994 2 0.018 0. 060 0.08 0.25
£ T B Y=17096. 9X-706. 2 0.991 2 0.003 0.010 0. 05 0.15
LI RA) Y=18543.7X-670.9 0.992 0 0. 003 0.010 0.05 0.15
= i Y=21889. 4X-686. 5 0.995 4 0.003 0.010 0.02 0.05
2% 1k g Y=28424. 8X-360. 0 0.993 8 0.015 0. 050 0.08 0.25
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ZE Tk 2 g Y=9871. 6X-269. 1 0.995 8 0.018 0. 006 0.10 0. 30
ik 24 T8 Y=17326.6X+81.6 0.993 0 0. 009 0.030 0.05 0.15
L Y=3964.6X-47.3 0.997 8 0.015 0. 050 0.08 0.25
iR Y=1431.9X-62.9 0.995 0 0.045 0. 150 0. 40 1.25
TR 95 T e Y=28424.5X-105. 5 0.994 2 0. 009 0.030 0. 05 0.15
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RS B Y=13095X-117.2 0.991 7 0. 006 0.020 0.10 0. 30
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190 % 45 5 F1 64 £5 . %N 45 5 . 8 Tk 25 i GC-
MS/MS [#{¥ % LOD 435l tb APGC-MS/MS & 29 fi%
A1 290 f%, UL 3% 4, @ LAl WL, APGC-MS/MS ¥ if
FARK IR 1 23 FhAc 24,



AR (033 v 8 R - B 0K T R R B SR 23 R 255k B

AR, 55

423 P e = Al B RS A5 R 9 LOD (pg/L)
Table 4 LOD of 23 pesticides by three mass

spectrometry method

X2/ APGC-MS/MS  LC-ESI-MS/MS  GC-MS/MS
ERN PN 0.05 50. 00 0.20
7y 3 i 0.10 1. 65 0. 65
F5Au 0.05 1.40 0.23
FET W 0.05 2. 00 0.13
A i 0.10 4.50 0.13
SRR T 0. 02 1.80 0.13
B 0.02 2.50 0.08
(&N 0.08 — 0.13
% T 0.05 9.50 0. 60
IR RZA) 0.05 3.50 0.03
= A ] 0.02 1.20 0.65
EN A 0.08 1. 80 0.10
ik 0.05 1.20 0.08
= 0.05 3.20 0.18
5K 0.23 30. 00 0.63
K I8 B 0.08 1. 00 0.05
H Tk 4 g 0.10 2.50 29. 00
ik 44 g 0.05 2.20 0.35
VR 0.08 2.00 0.65
i Y 0. 40 1. 80 0.08
PRI 0.05 18. 50 0.03
815K 35 g 0.08 — 2.30
I T TR 0.10 1. 50 0.13

RS OWIP ZABIIKET 23 R 2578 R IR KRS

U — R kA th
2.3.2 [l SR AR %

T 3 R B 22 40 0 S R b, FH A 57 1 7 3 i 1
KA 23 A H ARG Y000 B3 VT LA R R
VER 28 LRI, 23 I ARG v L =S KT 1 b 1
N W, 3453 H ARG 9 3 i 7K 43 51 o LOQ
1A% 2 F5 10 £5 . BAS WK 6 AT,
THE 4 ARG 1 i, B b B 5 28 0 A b
AN 2R 1T 58 T A5 Y R B S BRI bR K T Y LA
W HAR R IR 5, i Bhr R 251
Bl 2k 66. 7% ~ 110. 7% , K% 7 i 2% (RSD) ¥
< 14.8% , il 'L B SR AR 2 5% BR A M I 75 oK o
2.3.3  ERRN

S R NG i NI N v A = = N B
BTN o AR B 50 3 L AT AR 3R 1k 10 I 28 8 3
EANTE Sy AUEAR NG Ty i B O &
T 90 ) 5 TR A e — B VY . 45 SR R T
B ANTEAR I SR LB I S E R (Tl S B it
RN #E 0. 75~1.32 Z ], W3 6, WA Jy i3t
BT s, oA AR R
2.4 SZBRAEE R

SR AR 6 7 5 05 2 % T B B T4 1 i SR R
i EAT AR 2 AR BRI, o SR e R T 55k
AR R R R R L SRR R A Tk
BT | Bk 45 TR . B PR AN R S R4 R Ak 12 Fhof 2

HE(n=6)
Table 5 Recovery and precision of three levels of pesticides
in spinach
R v B2 7K T rpe BE KT o R 7K

wEY g% RSD  [Elg&E  RSD  [EYg#HE  RSD
/% /% /% /% /% /%

AR R 106.6 2.5 98.9  11.2 9.6 7.3
[ITEERE 103.2 1.7 96. 8 2.9 102. 6 4.4
75 L 87.1 7.5 101.2 9.4 97.7 4.0
BT 75.1 0.4 106.1  13.4  93.3 4.3
2 I B 95.3 8.9 109. 3 1.3 102.9 0.4
R B e 92.5 5.5 94.0 4.7 103.5 12.6
47 B g 78.7 5.0  97.5 3.8  107.5 14.8
T W 82.2 2.3 84.1 1.4 110.7 6.8
A% W W 103. 4 1.8 101.7 0.9 87.5 1.1
Yoyl 72.7 3.4 92.5 7.5 96. 6 0.9
= A ] 101. 8 8.7 104. 1 9.8 101.4 12.2
2 ik T 95.6 2.4 99. 4 0.7 99. 8 8.6
TR W 88.8 12.0 95.4 4.2 100.9 10.4
— Wk B 78.1 0.4 104.0 12.9 81.5 5.4
5 IR 100. 4 3.7 102.3 6.0 96.0 13.0
s 1% A, i 74. 6 6.1 93.2 6.0 82.2 3.0
K Tk 2 g 73.8 10.0 87.3 9.2 93.0 6.6
ik 44 i 90.9 9.6 88.7 6.0 91.4 13.0
L 66.7 10. 6 87.3 6.7 74.9 6.1
i Fk 80. 6 1.6 97.0 4.9 81.7 3.6
BRI e 77.9 7.4 101.0 7.5 104. 4 8.8
TG 2 BiR 91.6 6.6 88.6 9.7 81.6 11.4
JiL S 2 s 92.2 8.7 103.7 8.1 96.2 13.4

F 6 AR SREL T B ARG W 1 5 BT RN

Table 6 Matrix effects of target compounds in three

vegetable matrices

L& i G 21 fif + 5
AN R 1.20 1.03 0.83
G B 1.32 1.06 0. 89
75 L 1.17 1.12 0.96
FET 0.83 1.02 0.92
ES 1.23 1.17 0.97
R T R 1.26 1.15 0.83
AN 1.29 1.07 0.90
A B 0.89 0. 86 0. 81
5 6 1.15 1.02 0.92
AR KA 0.94 0.99 0.84
= e i 1.16 1. 11 0.75
I It i 1.23 1.00 0. 86
LR 0.99 1.05 0.79
= 1.05 1.01 1.02
5T R 1. 06 1.15 0. 94
I 15 5% 1.17 1.00 0. 88
ATk 4 s 0. 86 0.80 0. 88
ik 44 g 0. 82 0. 86 0.78
Z T 0.79 0. 87 0.90
i Ras 1.01 0. 84 0. 83
P98 1 0.98 0.93 0. 86
SRR 45 TR 1.17 1. 11 0. 81
A B e 1.08 1.02 0.78
Bk KR 1. 4% ~29. 7% K 13 W BEAE 0. 003 ~

2.460 mg/kg Z 1], H v 35 5 HE R 5 TR IR 09 G R
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R, B 29. 7% (22/74) o 1 A 35 JEFE b v 5 TR R
B B R 2. 46 mg/kg, J& A A I T A5 19 B VK
BE o X T E SRR A, TR E GB 2763—2016( & i & 4>
[l AR £ PR 2 e R R R R ) AU
JIVFN & ih i S5 A J0R 0 A K 8% B PR & 43 il o 5O
2 mg/kg, W& A B AE A A9 AH G RLE , (H &R EC
396/2005 454 HLE T Wi 5 K 5 9% S IR )
KILE R E R 2 mg/kg, K% FE 5 b 5 08 Bk 19 5%
I T MK A S K AR B R bR o AR AR AR
B & A R

3 NG

A S R T 2R 19 QuEChERS #7 AK , I H
MWCNTSs X} i 3¢ & i i 47 % b, APGC-MS/MS £y
D, ST TR kL RO B R R 23 b Ak 2 A%
AT . APGC HoR M F 4 & T 7 6 11
RAPEE BT, F ] MWCNTSs (17 b 3 1 B2 F A8 5%
W R B FH 2D o A v Ak A4 RE B AT S B A R 8 SR
BEJRE S Ak, SEI TR SR h £ Rl A 25 8% BRI
PR A BT o 3 T (LR R S AR v L B
PEGF 25 SRR R Al F T B 3 b A 24 5k R A
I3HT o
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