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Determination of 6 kinds of new types of pesticide residues in vegetables by
gas chromatography-tandem mass spectrometry

GOU Yuan', LIU Yi-Feng'?, SUN Qian-Ran', CHEN Qin', LIU Jun"’

(1. Chengdu Customs Technology Center, Chengdu 610041, China; 2. College of Food and Biological Engineering,
Chengdu University, Chengdu 610106, China)

ABSTRACT: Objective To establish a method for the detection of residues of 6 kinds of pesticides such as
pyrazolimide and benzophenone in vegetables by QuEChERS-gas chromatography-tandem mass spectrometry
(GC-MS/MS). Methods Adopted the improved QuUEChERS-GC-MS/MS for detection. The samples were extracted
with acetonitrile, separated by SH-1-5SILMS capillary chromatographic column (30 mx0.25 mm, 0.25 pm), and the
multiple reaction monitoring (MRM) scanning mode was used to monitor the target ions of pesticides. Results The

linear relationship of the 6 kinds of pesticides was good within the range of 0.002—-0.200 mg/L, and the correlation
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coefficient (r?) was all greater than 0.998. The limits of detection were 0.33—1.23 pg/kg, the limits of quantitation

were 1.10-4.09 pg/kg, and the average recovery rates were 93.66%—111.29%. The relative standard deviation ranged

from 2.79% to 11.27%. Conclusion This method enables qualitative and quantitative analysis of 6 kinds of

pesticide residues, including pyrazoleanilide and benomyl, in vegetables. Characterized by good repeatability, low

cost, and efficient convenience, it provides a methodological reference for routine testing of such residues in China. It

offers robust technical support for advancing pesticide residue detection techniques and enhancing safety oversight

within relevant industries.
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K LC-MS/MS 5 M & 3 - & Bk BT 3% 75 (gas
chromatography-tandem mass spectrometry, GC-MS/MS)H
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#¥(gas chromatography-electron capture detector, GC-ECD)
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Table 1 Minimum pesticide residue limit requirements for new
pesticides in the regulations of the United States, Japan and the
European Union (mg/kg)

HFR 2[E MRLs H4A MRLs BFX% MRLs H[E MRLs

IE s 5 e 0.01 0.30 -
NI
N 0.01 0.30 0.09
Rt
2 WE P T 0.20 1.00 -
IR TR i S
) 0.01 0.01 0.01
R
IR - 0.05 -
I 0.01 0.01 0.01

T KR B PR (maximum residue limit, MRLs); - A 78 I [ A5 i
rh o i FLARBR AR R AR 24

1 MR5ERZE

1.1 KSR

NG N, R BR(EiELl, i ieE R
14 BR 2N #l); N-T4 3 2 — i (N-propylethylenediamine,
PSA). f1 21k % (graphitized carbon black, GCB). JC/K#i
FREE(MgSO,) . AALEHI(NaCl) . FPHERRH(CsHsNa;0,) , #7
1R — 4 (NapHCHO7) (4 B dli, IR = il IR FE 41 45 B
INFED); MR R (R E 1000 pg/mL, C,sHj FeN;Os,
926914-55-8) K IE B (JFiFH & 100 pg/mL, Ci5H,CINOs,
688046-61-9) . — M Bt B B (T & WK FE 100 pg/mlL,
CisH4CLF,N,O,, 212201-70-2) 5 A< N 08 T i (o 12 ke
100 pg/mL, CigH oFsN;O, 942515-63-1), ZRME R et N 1
(REHE 100 pg/mL, Ci3H,4FN;0,S, 177406-68-7), i
Jie (W 100 pg/mL, Ci6Hy,CINO,, 106700-29-2) 5 il
(RHEPRIERHL A BRA |

SERGRT SRR BRSO R AR /MAE. AE M.
3¢, 3200 ByFESL IR BRI DCH ARt R RRE i
1.2 UFE5E%

GCMS-TQ8040 S AH A, 33 - = H PUM AT B i ¢ A
SH-I-5Sil MS {4i%4E(30 mx0.25 mm, 0.25 pm)( H 4 & 4y
Hl); 3H2RI & 8041 . 3H2RI £ V2 R 55 O L R PG 2
Hl); AE240 BUHLFRF-CREEE 0.0001 mg, i L AfEHE-46
FIZ 3wl MTV-100 28 10 ER % # (H B HUXT A Ao
1.3 LI FFE
13.1 &iEiu

gt SH-I-5Sil MS {43430 mx0.25 mm, 0.25 pm);
FHERF: RIAEEN 50 °C, JH4ERE 1.0 min; Ffi/5, HHE
25 °C/min HYFHEE R, FHEERIZE 125 °C; 3%, FHL
10 °C/min F, THEZE 300 °C; Jifk: 1.6 mL/min; JEREAFH:

L0 pL; ZANAR, MHESCHTS; SHREAIREEA 280 °C.
132 &4

WS HEREWNT: BFHEEHE TR LR ERE
(electron ionization source, EI); ¥4 = : £ & gl
(multiple reaction monitoring, MRM)#Z; K5l B, HEAHAL T
FEAE R E R 0.3 kV; ERIERAH S 5.0 ming &1
U8 TAEREEFH4E 230 °C.

14 A&EREH

B —FRUERE VAR R EAR R, T
—20 °CHEEIRAF, AR 2 4.

TRAFRAE R R R R RS B — 8 AR TR & AR 2 b
WERE TR, LA R R 0 B il 0T i Mk B 10 pg/mL IR
BAREP AR . R TEFE-20 °CHREGEME R iBTE, 7
FEMIRR 292 6 1~ H .
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FCELA .
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TR ZS 1 FE B bR M TR o
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6.0 mL F¥EW, MA%EH 0.15 g PSA 1 09 ¢
MgSO4 B4, FESEIR-A %] 5 min, FELL 7800 r/min
2.0 10 min, F 0.22 pm WALIERBEETIE 1.0 mL IS, #F
GC-MS/MS 5E .

1.6 IR

Bl R %t LabSolutions 4.30 X5 AE b SR HE b 1%
B #4743 ¥, g Microsoft Excel 2019, Origin 2021 il 3
228, BT 6 AT,
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Table 2 Mass spectrometry analysis parameters of 6 kinds of pesticide substances
F5 EW CAS & M BT X (mV2) TE B3 TR (mz) HE RV R Bl /min
18
1 I H 106700-29-2 260.00>119.10 260.0>147.10 — 14.57
9
2 TG N 23 R i 942515-63-1 148.00>101.00 148.00>128.00 — 17.15
18
3 IRIE PR 688046-61-9 334.00>304.00 350.00>320.00 — 17.60
, 24
4 L A T % e 926914-55-8 137.00>56.10 137.00>66.10 — 18.44
15
5 A TR 5 TR T 177406-68-7 116.00>57.10 116.00>55.10 T 18.73
) 24
6 M R fr 212201-70-2 198.00>156.00 198.00>128.10 — 19.62
120000 TR TG PR A 13 AR08, 43R 2 Ry 4R ORI g et
100000 4 fie, 6 Mg 25y it RIS 5 7 R X o 245 57 25 [l R 5 F
I T0%%I 120%:22 6] (9 B3R . 76 4b P K 2385 B0 i AR 7 i
80000 | MET 2R CER A B B FPE R, G AR BOE 7
- PR T R o RS X K AR P B R 2
7 00000r ¢ HLA TR BB, REOSIE RN FEFITA 25 5
= 1 23 PR K, T AT OB T PR VAR T A P 1 5
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Fig.1 Chromatograms of 6 kinds of pesticides under optimized 40 U
conditions
e “ . 20 H
2.2 BRI
22,1 RIEF ) ikIE 0
FEF A B AR LY 5T B P40 R A 1 0 )%‘%‘f ,@‘@f /égé% @%@ %,(‘zif*‘r @‘é‘r
FREFHE DS, APRSSHF/2 QUECKERS Mdbsmee i, @?‘ ﬁﬁ = @qgﬁ‘ /ﬁ’*’ &
W HEE AR R AGY R IRBOE A NG R, 2 & Fols
R T2 2, 2 S ULIR] 20 MRS AT, M AR R R

PIERAT, S MR . FRBE R R N RIS R T 70%1A
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Fig.2 Recovery rates of 6 kinds of pesticides in different
extraction solvents
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BEEEAS 3 AEATIRER, AUAbPRALBERA 1.5 By, ARE
Bl 3 AL g, BEE R, i B2
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Fig.3 Pesticide recovery rates at different extraction
agent dosages
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PSA JEFEAE B AL B S5 2 1 W AR
VIRERECN SEIR, (B b4 A% PSA BHeH], REMCHL(L
FoE Z LR AR e R B, P A & S AN S 2 ¢
BTG PEAL ST, PSA WM I B TR, S
P, 28 WA HLIEFIFl—& pH TG E N L2 e vk R AF, fE
ORI B CR — 3, HRMEEEE, TS ERAE, R
LA YITE U, 4R pH 25, i & LA 23
AL E 5 B T B G R A R ac e, I AR Ak
A AR PR BRI A A B4 o At e T 0 ) 70— R 1Y
SMEF, BAKTEM 3 AT, AR e T A
YIS ZHEE, 5 AR BTN [R5 =X s R s
Wi: 100, 125, 150, 175, 200 mg, 25K 4, HiELE
FIAHL B PSA FHELRRGIN, BB HERE S LT mE T
%, 7€ 150 mg FAGAEHE, FISERBI0EE, BASTTSR
PSA fl&R M 150 mg.
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Fig.4 Pesticide recovery rates at different PSA dosages (n=3)

224 GCB AZHAL

YE% QuEChERS 75 i H BL AU g 0 [ 5%, GCB i o i
MORLE A SR A, SRR R RIS TOIR S R RN R
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Fig.5 Pesticide recovery rates at different
GCB dosages (n=3)
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B E B 6 i Bl fe 24 5% B4 303

o A v 2 Ak 2R/ R b o 2R A 1) 100%, 24 ME=0
iR ME, |ME|<20% 453 ME, 20%<|ME|<50% 4 H1 %
ME, [ME[>50% 5 MEP"], 455 3, A 5 Fh#) 5 iYME|
TE 3.49%~14.24%, H|MEWKT 20%, AT RLA X 525

o, ISR MEY 24.49%, R4 ME, M
T, ARSI E A M, LA 5 TR
OBRE T A A A

3 6 MRZH MEs
Table 3 MEs of 6 kinds of pesticides

b= K224 MEs/%
1 YL e P 4% e -4.19
2 15 IR I 8 TR -8.59
3 IRIE BT -3.49
4 IR IGE TR i S5 P B -8.62
5 A R e —14.24
6 I —24.49

2.3 FHEFWIE
231 FREMEE . R RAE R
TEARRWIFE R, IRE R TAEE R I/ E ST

FESL ST TRCH 0 o 38 AR S 6 e min A 3y 7 A
SR 5B GC-MS/MS JEIFIE T AFE . DLt L 0
AFR(Y) . TRV EE MR AR AR (X, pg/kg) 2 il b i h £k,
PEMTARAS T 6 PR 2GSk I e . AR 252t
Rl DA B AH 26 R B EANAE 2, PRI 4, TR R TE Fl7E
0.002~0.200 mg/L Z P, 6 i HAR R ZG7EIL FArfE i 4k T 2
BN RAFIZRIE R R, HXREE ST 0998, ki 3
FEAR R LA e R B, 10 A5 s B, 280, A9 B
IbF 1.23 pglkg IR, ERBRIYTE 4.09 pelkg AT . SECH
I ASE E 7R T AR R “— AR PR T 0.01 mglkg
SRR,
232 EDRERAEEE

BUZS FIRESL 5. 10, 20 pglkg 3 SISO AR S AR
AR, e 1.5 Jrikmnab B, AR ER 6 K, #iE TH
R FOKE B OBE, 6 B H AR R 25 B AR Rk
93.66%~111.29%, X #1 i 2 (relative standard deviation,
RSD)H 2.79%~11.27%(F 5), A L5 i 2k R4 L
WA X A 24 - Y i e 2R, IR AT 70% % 120%
(DX (IS L Y, ERE R R 22 /N T 207,

)

R4 o MRAKMEE. KMFE. BXAYK. KRUR. EEIR

Table 4 Linear ranges, linear equations, correlation coefficients, limits of detection and limits of quantification of 6 kinds of pesticides

/N /—‘—»E
Fri K5 S5 (/L) Lot egme  WHR ERIR
M(png/kg) M(pg/kg)
1 I A P e 0.002~0.200 Y=564.268X-787.43463 0.9982 0.38 1.28
2 IR IR A e 0.002~0.200 Y=315.12126X-128.71991 0.9999 0.42 1.39
3 HIE TR 0.002~0.200 Y=259.35956X-205.22522 0.9999 0.33 1.10
4 IR BE B I S5 TN g 0.002~0.200 Y=142.55583X-236.88772 0.9998 1.23 4.09
5 IR B 0.002~0.200 Y=245.75485X-439.22557 0.9996 0.40 1.33
6 I 0.002~0.200 Y=153.75362%-23.703963 0.9997 0.39 1.29

RS5 HMRWREAERTME, FHREWERSHEEE(n=6)

Table 5 Addition amounts, average recovery rates and precisions of 6 kinds of pesticide mixed standard products (N=6)

K TR 5 ug/kg 10 pg/kg 20 pg/kg
B IR % RSDs/% S RIICR /% RSDs/% B ISR % RSDs/%

975 FL i 103.87 5.82 93.66 10.19 95.11 7.89
156 2 b e T 105.96 11.27 108.28 425 98.44 7.95
IR IE TR 111.29 4.57 103.74 5.73 109.80 2.79
ML e 4 e 108.78 7.90 106.61 5.13 108.02 7.00
AR WE TR e S TN TR 105.48 6.22 107.67 2.81 94.58 10.39
A g i 103.62 4.80 110.05 4.77 107.53 6.19

2.4 SCPRMES

FETH0E AR 7 ik, XF 2024 4E 12 H—2025 43 A
Wik | R T . ARBATE . SRilmT . ST ERTTHE T Y
KA., DAFE., AF MRS 4 288838, Bl 200 4t
UORE S HEAT TR . K8 GB 2763—2019 (&% 2 E %K

PRifE £l o 2 ok B B ) BUMLE AR v, e
BiSRHATE FRA, A WR ALK AT #OF MR S . 8
TRAYE AR AL RS I A RE SO, PEARBR TR 4745 2615
B, R TR E 20 CHRIVKAT P 2817, LI&G
Srg i . REARRINZ R R, X 200 15 SEEREE A1
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FH1TE

KAt HARY I
25 E5MBEMRIILE

Hir, #EZOARLGRFEIRE GB 2763—2021 5
GB 2763.1—2022 H1, [ARE X Bk 6 e 2l 2 B 3%
P B B B R, T R 2 AR Z BLE ARSI vk . B
AW, EaRAg 24 AR 24K f LC-MS/MSS, ZUO %8
SR LC-MS/MS A6 SR 5% r 178 bk nee 4 e 2 AR 14, (R
JE AR AR T A5 il FH A9 57 . KWON 25005 1+
LC-MS/MS N7 T A4 fi # bk v I 8 g Py ARG 72, (HLJS
2T R R H BRI A o B 4 B001E b 7S T A 1 B8 =
VLU RBOER TA S 2. KIM ZM5 S Le-MS/MS 5
GC-MS/MS Far A ™= i H R BE RN, AHOC RECH 0.998,
RTF AT A A A SE 2280 0.9999, GB 23200.12—2020
RO HR P E IR LC-MS/MS A& 75 1 GE it R
0.01 mg/kg), AR TE GC-MS/MS FEA . = WREES I A
WA JANG 2SR H GC-ECD 43 #1345 & GC-MS i
CERFR 0.01 mg/kg), 1H 57k RBUETHAHTH25 7] ABESE
ALY GC-MS/MS K J5 vk, AT I SCHk o3k ok
) LC-MS/MS iR, 7E BARKZ55% B8 3 Hr b R Bl £ )5 T
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