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¥ E: BMY @7 —Fh QuEChERS HIALFRES &AM €23 - = DUARAT- ER K BT 374 (gas chromatography-triple
quadrupole tandem mass spectrometry, GC-MS/MS)IllE AR . BEeh 222 Fhfe 245 B0 Mr vk, Ak FEM
M IER B, QUEChERS HARSEHUAISH L, 28T EIE 2, l GC-MS/MS 13 25 22 [ I i il
(dynamic multiple reaction monitoring, dAMRM)YBES T #EA 7RI, ZERTVCECARERS IR INFRILE . ZE5R 220 F
ARZGAE 0.005~0.200 mg/L 15Tk FEVE TN ZR M OC R AT, AHOCRE(r)Y > 0.9900, A[FIIEFAE 0.01, 0.05,
0.10 mg/kg MIEMIKET 216 Bk 25 19 F- 3 I EAE 90%~120% 22 (1], HH X7 #E {2 (relative standard
deviation, RSD)N 1.2%~8.9%, 59K B A 0.005~0.010 mg/kg, &R (limit of quantitation, LOQ)JN
0.01~0.02 mg/kg. Z5i® ZPPRE . WERN. REL TR, & T RHCE K SRS S b A 2558 B i P
i 43T o

KB AU 6% - = E DO ER IR BT, RZG5R A QUEChERS; Bi3E; KR

Determination of 222 kinds of pesticide residues in vegetables and fruits by
QuEChERS-gas chromatography-triple quadrupole-tandem mass
spectrometry
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(Xi’an Institute for Food and Drug Control, Xi’an 710054, China)

ABSTRACT: Objective To establish a method for the rapid determination of 222 kinds of pesticide residues in
vegetables and fruits by QuEChERS-gas chromatography-triple quadrupole-tandem mass spectrometry (GC-MS/MS).
Methods Samples were extracted with acetonitrile, purified by QuEChERS, then separated by gas chromatography,
detected by GC-MS/MS in the dynamic multi-reaction monitoring mode (IMRM). The analytes were quantified by
matrix-matched standard solutions with internal standard method. Results The results showed that 222 kinds of
pesticides had a good linear relationship in the range of 0.005-0.200 mg/L, and the correlation coefficients were
greater than 0.9900. The average recoveries of 216 kinds of pesticides in different matrices were in the range of

90%—-120% at the spiked level of 0.01, 0.05, 0.10 mg/kg, with relative standard deviations (RSDs) of 1.2%—8.9%.
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The limits of detection were 0.005-0.010 mg/kg, and the limits of quantification (LOQ) of the method were 0.01—

0.02 mg/kg. Conclution The method is rapid, accurate, sensitive and reproducible, and suitable for screening

multiple pesticide residues in a wide variety of vegetables and fruits.

KEY WORDS: gas chromatography-triple quadrupole tandem mass spectrometry; pesticide residues; QUEChERS;

vegetables; fruit.
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RAFRE RN TR FERNEZ —, T
Ok H 7 7R it D v A 24 Ty S K R U, S BUR
B P A2 R B U, AL G I B — R 2 5 BRI vk
COANBEE N B IS ZoR . Bk, RRPLE , Wi, Ry
S R AR 25 5% B A3 BT HOR, N PRk i A Z2 b A 24 5% PR
DIy e e

IARA 25 5% B o A e — WU e R i o BT H R, A%
e B AL H AR © 0 kil 2 AR 24 5k B 0 A 9 K
BT, ENAMER R T 2R IR ATk,
24 NS5 5 A i R W [E AH 25 BV (solid  phase
extraction, SPE), {H SPE SLiid B BIFERS, HFFZAE
FEIE AL IR, T LS00 A, W PREE TS e
g B R IE AT R ot A A B A T [ A R A R
(solid-phase microextraction, SPME) . #8 Il JL i 14 2% Bt
(supercritical fluid extraction, SFE) . 3 I % Bh 2% B
(microwave assisted extraction, MAE) . 431 E[l 35 & 32 74
A (molecular imprinted synthetic receptor technology,
MISR)® V%, BOR HA w0, Pk, 4. fafl . XFERbE
TS YR B R, EMTEIR JC T8 FE X 4 R 2B 2 I it
R[] B Ao 0 A 4 R BESK . QUEChERS J7 vk A HI R i, Bk
ORI YN IARIRER SRR A, TERA IR T
PYRTAE Ly A 3] T Tz 0, BRI FRE R R
LRl LN B N L (1 N S R 5 e A
SR AT 2 AR 27 5% B 43 BT ek

B A2 Z AR A SR s S
o - UYL A - R OTOSA L R RO
PR A - T T B KRR ZEk
H o, k- Bk HEOR R B A SR o s Re ) L E
PR ERRE ST, WA EBR b R i i . SOM
0 38% - = H DU FE - 5 1 BT 1% 7% (gas  chromatography-triple
quadrupole tandem mass spectrometry, GC-MS/MS)!'8L 275
S A 4,33 - [T 3% % (gas  chromatography-mass spectrometry,
GC-MS) R At b xfBE B 7~ 9047 e, AR+
THEMPEENEFELS D SRR, ST
JIR, FERE XA e B BT 0 ER B o i, SR 2 RO
W (multiple reaction monitoring, MRM)#: 2 A9 £ B i 1%
T H L B Ry S % B il i R it b 2 A 24 5% B H AR

G YT T AR R AR

AWFFER A QUEChERS Jrikdelit kAt i, #sr—fh
SR - — F PR A BT (GC-MS/MS) TE IS 22 S L 15
F W5 (dynamic multiple reaction monitoring, dMRM)FEZ, T
[RIEF N E B AR 222 Rk G 28R BR 0 s, LASOTS 2
FTHEEEBESE | KSR A 2455 B A bRt e 1k B e T AT I e 22 o

1 RS

1.1 #R5EF

222 FlRFEARME (50 mg/L, VLSRR By
HFRAH)); 44 L 4 (heptachlor exo-epoxide-B, Fluka,
SZBE034XV, 98.1%). QuECHERS Extract Pouches(ZEHth
1), Dispersive SPE 15 mL, Fruits And Veg(i4fb/ME). P
BT (3¢E Agilent Technologies 23 ]); & (fik4E,
% [E Honeywell 23dl); ZMRZ MR (T %4, 5E Thermo
Fisher Scientific ZA%]); 0.22 pm FLIEME (R He Huls s2 5
WA BRARD;, 528 /K Milli-Q HakiK,

BRI R B SR S 34 R 22 R T K
12 UFE5EE

Agilent 7890B-7010B — T P4 g ¥ AH (6 33 - A 1K T i
A EHS mac(H ¥ & &) s 7, &E Agilent
Technologies /A ]; HC-3018R =34 7k & DAL CL B AL
FREER 2R AR A FRA F]); ME204E 4347 K- (i AR R4
F 254 BR/ZA F]); Neuation iSwix MV Ft 7 Al JE= £ 47
Jok s e i 3 s COT RS B 2 A IR A o
1.3 XWHEREH
1.3.1 AREERS &

TRAPRUERS #8222 FIATRARE R (50 mg/L)5r 0 A
B WAL IRARA W, L AB PIZHARIE A 0.8 % 20 mL 25 R,
MR OERRER, BB 2 pg/mL RS RIEM &, —18 °C

AT RS EFREL 4.572 mg /MR E B, H R
CBREFS R 50 mL 25 a0, Bl 89.7 pg/mL Y A bRt
HW, BT 18 °Ciffi.

RAUET MR WHURGRMEME A 1.0 mL £
10 mL A, ACROERES, Eiil 200 ng/mL
[, —18 °CHEIEHAE o

IR AR A2 IR AR 25 1.0 mL & 50 mL
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Hafd, HOROBRES, Bilila 1.794 pg/mL B AR T.
YRR, ETF-18 °CHEfT
1.3.2  RAAFE TAE i KRR B4

RARELAENZ: WHGR S HnEP I 25,50, 100,
250 pL; WEHURAPRERE SR 50, 100 uL F /NG,
FER S LA BEZE 1 mL, fIA 50 uL B9 F: TR,
TR2, Fehil BB R B 43514 0.005, 0.01, 0.02, 0.05 mg/
LA10.1. 0.2 mg/ L ) RINEEFETRER R, AL,
1.3.3 #fomara

(DHFHL

FREX 10 g R ARECKE B 2 0.01 @) 50 mL ¥R1E L
B, A 10mL ZJE . {8 A QUEChERS # Bt fu(4 g i
FREE . 1 g @ALEN . 1 g FPIEIREA . 0.5 g APIEIR A ) 2 1
WP 7, % EEOE s, B TIRMEN LS, iR
&% 3 min, LA 8000 r/min ¥R E.L> 5 min,

()b

WHC 6 mL F3EROIMEISHLE NS 900 mg BlREE K&
150 mg Z —Jii-N-PN RenEbe b ik I8 (primary secondary amine,
PSA) 15 mL BURHELAE], X FEEABERIIREE, 15 mL 3
BHELOE N 885 mg BiFREE | 150 mg PSA J2 15 mg A 8:1k
fil 24 (graphitized carbon black, GCB), 4 iZiE 4] 3 min,
8000 r/min #.0> 5 min, {fEFI 2 mL F3EE T 10 mL 2.0
B, 40 OB RS ELT, A 100 pL fNFR(GME
AEE)FW, 2 mL ZREBER R, 1 0.22 pm AHLIEM, it
GC-MS/MS & .
1.3.4 544t

() SAH AT

Agilent HP-5 MS {@3##:(30 mx0.25 mm, 0.25 um); #HE
FIEUEE: 280 °C; H:jfii#: 0.716 mL/min; THEFLRE: WA
60 °C, 1445 1 min, LA 40 °C/min FHEZ 120 °C, FLA 5 °C/min
FHEZE 310 °C, HasfrBiA] 40.5 min; S A (LLE =
99.999%); I AR, AT 0.5 uL.

Q)BT rE At

B SRR TR, SRR 280 °C; ML
figt: 70 eV, FHININARERIRLEE : 280 °C; PUMRAFFIRLEE: 150 °C,
VEFIIER : 4 min; W52 AMRM; VERASR: SR i
A AR R QQQ FRAAFX BT S BA T 40T -

2 GR55HH

2.1 GC-MS/MS &gtk

1E 1.3.4 (DBEMSMFMAT, fEREECH 50~1000
I B I P A R 222 Rk 23R B EAT A4,
TEH AR A 2520 43 3 1 v HLT s B R 1 B R B s 7,
SR 5 B B T R AT 7 8 3 il (production scan)f5 £ T
B AE 5~50 eV ZIDA B F R R Re it T Ak I

¥

KTE MRM WA, DU BR 2 AR 78 R R IR
BRI N, Hef 1 DFEERS 1T E
HET, AR 3 T EEE T B RA dMRM
BRI LH 53 HEAT R 1 2047, TR BRI AMRM (035 4] UL <]
1o Horp 116 Mgy 5% B AL IS A BEES 7-XF . 78S 7 LUK
MR SF R LR 1.
9x10¢ 1
8x10°
7x10¢F
L, 6x10°F
& 5x100f
?‘é 4x105 |
3x10°F

2x10° |
1x10° |
0 L 1 1 ]

0 5 10 15 20 25 30 35 40
Fi5} 8] /min

1 28 U RE B R A bR VA Y dMRM 8 3% K] (1 mg/L)
Fig.1 Chromatogram dMRM with 1 mg/L mixed standard in blank
cucumber matrix (1 mg/L)

2.2 REUAFIEMRIK

YT H KA LT 2%, FEARIGL R h 2R 2 5%
B 11 [vi) st B2 B A5 0 Sk T, RO i R R B3 7 a0 20 %o
— R A RIT R IRTE, A REIRIEAS AR 25 R iA 2 45
R, AR ZGER RN s PR IBGRIAT G . R
HEERICBR CBR . 43 BIEZS BRI 0.1 mg/kg 1Y
222 Fhfezly, RN . ZFRZHEG . HEEA ZNEUEFT4RE, X}
RECRGEATAT . WFE 2 ATRAE Y, FINERIRER, RBCR N
75%~120%M A 2520 0 5 BB 78.8%, PRAERAE R HEEGHI A
B FERAE A I B R SR, (AR NI 5K, REAE
Wbk B 2 5t 25 [l g 4R B Ok, TR 2 ik
ZTRARI, BN 75%~120% R 25 445 1 M1 74.3%,
LR RS KEARNEY, R L R REH B B
HUA R, SREBCSCRA; F R B, PRI A i H R HCR
TE 75%~120% %5 ik (58.6%); FH Z W5 4R B, K K
75%~120% M4 254 53235 97.7%, T ARSI %
TR AR By, L R, HARBCICR RAT, [
I 2 5 B AT LIS 390 ) B R ANAE A S0 28 A i A A I R A,
IRUAMIE e 8 2 1 AR B o
23 RHGEEFRBMEE

FE SRR SR A8 FE i O BR 2 BT L AM R 2H 43 XT3 BT )
B A BTt B W T, o B A R i R, X kY
Wil AT AR R FE TR . AN AR 2GRS . ORI AE
F R A B TSRO AN AR TR], F B30 (matrix effect, ME)RIAH
XoF 5 JEE = JBT A A Ve AL ) W T AR/ 5 B 9 S YA Y 0 T
B)x100%21,
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Table 2 Extraction rates of different extraction solvents (n=3)

[ LR TR I i
A%
REHHA Hfl%  REECR/F Lhl%  Ahgat/m Lhl% g/ /%
<75 34 153 41 18.5 83 374 1 0.45
75~120 175 78.8 165 74.3 130 58.6 217 97.7
> 120 13 5.9 16 7.2 9 4.1 4 1.8

AR5 38 A B A 35 5 P ) A o T AR ) ) (R 4
VS SR TC T P A A VR 14 i o 1A 80 R AL /DN, %
JIVRSERE T 222 PR 25 I SRRV AT 5], BEREUR,
SPEIR R TCRE B 30% DAL (Y H bR 4 0 3 A0 AE
100%~120% Z [0], 43 50% L b A9 H br 80 55 5 5500 7
120%~150% 22 8], FIARAF] 10% 14 B B340 i) 3L 5T 5400 >
150%, e o . Sl A o Vs VR i o 05 AR B, e B Dl R o
BN . RN, BRI, B S S E
TR TGP S 2 A, AT DU 88 A6 20 1) B AR
FEAS, TREAES & KA . 2. BRERS
P R B ) B PTG X g A S 2 A, NI RIS H R 5
TEPEAL S S AL, 15 H AR e AAIN G5 i & 138,
FEAR SRRV o PR A S v SR A 1 R I b
WERRZR, LAV /NI S5 38 4o Ak A 0 A 45 SR R R
24 JIEEEFIIE
241 AMTEE. BB ER

2% GB 2763—2019 {( &L EEZRmME SR
il RFR IR ) MER, AR, SER A A
YRECH 1.0 mL 5T 25154 0.005~0.200 mg/L #) 222 Fi
PRERIR G FRUETR IR, EFRHERIR T INA 50 pL R TAER,
£ dMRM BT, bR E . 20 A b o i 42
VLEEFI Ak A 1) e T FR AN AR DS TR R EE S AR AR (Y) o X i
14 5 H VA B3 5 AR T VAR B O R AR AR (X) . 2SR RBH, 7
0.005~0.200 mg/L Jii it i B3 I P9 220 Fife 2535 i R 471
RVESER, MERE( 1 > 0.9900), 555 et ¥
0.9712, FLA B r* 9 0.9814, LIEMEHL(S/INYZ) N 3 F1 10 B
25 PR i TSI e BE A5 H 5 7R ARG HH B (limit of  detection,
LOD)# 0.005~0.010 mg/kg, < FR(limit of quantitation,
LOQ)H 0.01~0.02 mg/kg, HIFF4 = A HMERL A G5k B
FRL 3R
242 FEEWKEE5HERE

FERE I 28 VPR S GO L SRS b, Wik B2 43 51 R
0.01. 0.05 mg/kg. 0.10 mg/kg 1 222 Fhfe 2R A FRUEA I
TOMAR TS, B IR I E 6 K. LI
R, Hrr 216 A BN 90%~120%, FHXTARiE
{22 (relative standard deviation, RSD)A 1.2%~8.9%; A% .

EhRr S B AR 25 1 KGR KT 120%, RSD KF 10%,
X3 A2 1 B TS0 FRIN BB R R B B o, i R P 3
JRBCATR A B 5T A TH BRI BTN , B IR B s et |
AL 96 Jeie A 245 1) R A T 90%, RSD KF 10%, X m
TR AL SARTE TR AR, AR5 B 48 W R AT 53
SRR, KB BEA 25 19 B3 20%, RSD KT 20%.
o T K B R W R A 400°C, T HERE O EIRIE N
280°C, ARERGIL TS, SRR,
2.43  FIFRH AR

FAAH 58 fr 2 07 15 17 L AE 5 19 2 Rk R e 3t
1500 BiFE S IEATINE, FEAS R AR R 28 7K S v 4G 31
AR EEAR 25, Hodb LIME e . Se g
FH . WIEMR Z, WRIETEFITE 0.02~5.00 mg/kg.

3 ZR5ITR

AT KR | BRSEH 222 B 2 i PR
Mr oy R BT B Bt . K PRAK, R S SRR AR
HEAT 1 YRTTAC S, BIATAE 40.5 min 528, 222 RhAe255% B 4y
Br, W T OH H RS . BESERE S h 2R 25 5R B s
B NG UE A
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