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Abstract: A new method for analysis of 56 pesticide residues in vegetables using modified QUEChERS-performance liquid

(3.Guangdong Institute of Cerea

chromatography-tandem mass spectrometry (HPLC-MS/MS) was established to solve the technical difficulties of complex components,
interference and low concentration. Vegetable samples *were pretreated bymodified QUEChERS, which was extracted with acetonitrile

containing 1% (V/F) acetic aci then salted out with sodium chloride and anhydrous sodium. purified with primary secondary amine,

samples was analyzed by HPLC-MS The extract was separated on a C18 column (4.6x100 mm, 2.6 um) using acetonitrile and aqueous
solution as m& phase (containing 5 mM ammonium acetate and 1% (V/F) acetic acid), ionized in electrospray ion (ESI+) mode and then
analyzed in multiple-reaction monitering (MRM) mode. The results showed that the 56 pesticide residues showed good linear correlation in the
range of 2.0.pg/L to 100 pg/L with the correlation coefficients over 0.99. The limits of detection were less than 0.01 mg/kg, and the recoveries
were ranged of 65.8%~114.0% at three spiked levels in vegetables with the relative standard deviations 0f0.1%~14.5%. This proposed method is
rapid, simple, low-cost and effective, which can be applied to rapid screening and analysis of pesticide residues in vegetables for the risk
assessments of quality and safety.
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AR H W R, e B, MR, 2 R AN
I T 5 2 5 vt PR A v 3 A
FEAA L WAL WA - i e DA &
AR RS- RS, (B, SR LA
AR 275 B R 5 VAR R TR, B SR
fedteefe 2y, HpARS, FER. iRz m
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SEITRIFH T AL o tr, BEAYGE. fHf.
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1 HRSES

V4
L1 F#
1.1.1
2 i (m'b‘%ﬂﬂgﬂg‘;
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I R A 2 T B M B SR A 36 PR AN R
PEIA 245 AR 56 Fh, 380 ARV
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BLh A 1000 mg/L ¥R 1 45 FH PR R o Rl e o
H53 8 10 mg/L WHRAFRMERIR, FIT-18 CIKFE
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Pl (HPLC). ZJif (HPLC) A1Z —J&-N-pj3&
ke (PSA) (£ Agilent AF])); SALHN (AR) FlI
IR (AR) (J7HIMZERA D ToKmiREE (AR
FBSEREN (AR) (£ Agilent AF]); HIER (AifEN
98%~100%, Merck, Germany) FZ /4% (HPLC.
TIDIA 1 USA); SIS /KIS N—ZK.

122 REEE

HL PRSP ([ Sartorius, BP211D #Y); JigiiE
&% (2£[H Scientific INDUSTRIES, GS60E %); &
AR B OHL (f5E EPPENDORF, 5810R-ZY); Wik
- = UM A 1>< (EHE SCIEX 7,

4000QTRAP AD); yiAH L CHA SH U],
LC20A). ;

1.3 RRFZE .

1.3.1 QuEChERS F ik

i ,mééfjéﬁw_ﬂf FREX 10.0 g FEb, A
20:00 mL FZ1b 256 (WL 2GRN 1 mL LD $2HY,
R 10 min. {EFEHUSIIA 5 ¢ SALEFI 1 ¢ &
R4 jEﬂ%}(ﬁ%l min, 4 ‘CZFF 10000 r/min

0> 5 min, bo HU 8 mL _LiE# i A\ QuEChERS
TR SR ER AR RS RS 15 mL, & 150 mg
PSA #1.900 mg MgSO,) "', ¥#ajiE 1 min, 10000 r/min
B0 Smin, HU2.00 mL _BiERT S mL A, DL
AKES, 1T 0.2 pm JEMEEFE A 2 mL FEatdiH, Al
1.32 LC-MS/MS 5477 ik

1 RSO B 2% A«

1%+ Phenomenex C18 #(4.6x100 mm, 2.6
um, P/N:528230-87); iiahtH: #zMH A NS mM (1)
PR 0.1% P RIKIEW, st B N, Bt
B : 0.0~4.0 min, 95%B; 4.0~10.0 min, 95%B;
10.0~10.10 min, 30%B; 13 min, Stop. #iiH: 0.5
mL/min; HFFEE: 10.0 pL; AER: 35°C; E4THH:
13 min.

J G A

AR +ESL AR . 22 SR Il (MRMD:;
AR 15 psis B 15 psis FEIINAVS: 15 psis
fEHES: 15 psi; HEBIZHE: 5500 V; =FHEE:
450 C; #AKZ MRM Z#0L3K 2, Sciex AT
PR .

BHEAR: oo pxVxV,
mxV,

Hd: o BHFRTRHZRGNEE (245 mgkg); pfs
AR FE (£45: mg/ll); V FRRBGRAR (4
mL), BP 20 mL; V, #5844 ($#4%: mL), BP 2 mL; V,
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FEREMAAR (42 mL), BF Sml; m 8H SR E (f42: g),
B 10.0 g.

2 ZR51Me

2.1 REBGEMLERMA

QuEChERS J7yEHu i H 1 g ARSI 1
mL FEHGR, IIATEKBRER BT AR ER T, ATy
PFIISRBCRARA A SULNERYT, BRI
BRI, OER ZRIACR . RN R4
PRERA R THEEL, S mRg ol Eh i R A F ALY,
AN R RS A AR E 1 pH A, By IE&E AR
PEECE B E AT E AR LGRS, PRIEN 2 45 R IR E
PE.

1 LC/MS/NS 434 20 MEHI SR ATELESAE RPN ELER
Table 1 Determination of 20 organophosphor in leeks by
QUEChERS-ultra performance liquid chromatography-

tandem mass spectrometry

BARE KRR

R4 AR EIE /Y%
M(ng/L) /[(ng/L)
RiB AR 5 4.88 97.6
HHE 5 4.86 97.2
EX R 5 4.97
oA 5 4.93
R B 5 4.89
W Ak 5 5.12
5 5 493
RS 5 4.97
V& & 5 4.86 97.2
R 5 4502 100.4
i3 5 491 98.2
FRIRE 5 6 99.2
b 5 4.92 98.4
g miAh 5 5.02 100.4
B 5 5.02 100.4
F AN 5 5.05 101.0
TR 5 4.96 99.2
AR 5 492 98.4
T A 5 491 98.2
Pt et 5 4.84 96.8

[ A BB B4R PSAL A sa bR B
(GCB) 1 C18 %%, PSA & EBREMANIR. KL
Je—SERERIR TG ROR 75, GCB X 3 521
PR, C18 2 Al LRIt 2 R 7,
WFAEREA, AR 18 R A CRAIEAE TRk

R R A, A8 A s EROK G 500 mg)
B, SA PSRRI MR . U A LS
FEOREE ISR BRI R, 8 T EIN FE 2R e
UL21 B, GB/T 19648 1 GB/T 20769 1 ALFL T
TER A S8 TSR AR, AR e 2R FH 2+
2R (B+1) Bl AWFFEOUER PSA #4711k, %
B R S5 B ST TH 45 M 1R AR 29 1 38 TR AR T
90%.

b 2 Pl AR 2R B A I HR AR AR AR AR RS, B
SRR T B AT BIS R RS W, AHT
TR R ROTT AL FRRE s, 45 R R A
PRSI . 4k, R A EUE 0 B
AT F B e
PR TR RN
5 ng/L BN, f%
F 2 SRR 96.8%~102.4% (£ 1), KRBT
g B 5 R K AR B 2 T R 205k B 25 R — 50
LOL, B ] P4 B BRI X 4 K3 F AR (<150 A

R AT RGN

221 LC-MS

<EI3’H*F:1%EEIEI KAE 70%~120%, &4 T 2Rk 255

A A

AR AN AH P2 AT 2 2 B bR &R
BRI FIETE, B2 m B BT8R, TSI
I REE AT A ZIERUKIER (B 0.1%
i A S mmol/L (1) ZFR%) MM shAH, A% S
CIEIATHEEL, AT DM RE SRS AR R R
—3 0.1%FEEA 5 mmol/L 1 Z %Ak R Al 1 e
LC-MS/MS 134 2 S5 87 i 1 25 745 502 BT A AR [ o
HIE TR . BT RAMFREAN, EEIM+H]
B MANH, ] BES T T i, 2/ DkBL &
XTI, —XNEFENEREET, X
PERsE b U B Fe ot 56 B H AR 24 0 M 4%
PEAT TARAL, R E HRRAE B T AR 22
f WL RO ik R B2 5 S 4, T SRS S A I A 2%
MRM #2570 B AN R U 2B 4
W R MRS, AT PR A R AR =i
ZHR —MEEEFINE KSR 2, nIAERER A&
AT, DMRIER SRR, &R 5
MEETR &2,

23 Jrik &M EA IR

FHRAAL B S 3 AT S AR X B R 2 A T 40T s
S5 R IR KEB I AHTE 2 ug/L~100 png/L A R UF 2k,
HAHRRECRT 099 FEHRSEBRACERINAT AR FE
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THEL, KR 258 H LC-MS/MS 3 Bt Rar il BRAC T
2 pg/L, MERERFRAERTIR, WIS &MLy

VEREIIBRAE T 10 pg/kg (58 3), A DA & M Er R EE

KNS R g e AR 2R PR K
2 2 56 TR Z5534 MRM B8

Table 2 Multiple reaction monitoring parameters of 56 pesticides

R RHEWE ABEEAD AERE TR

R4 AR CAS & #HEBFmsz FEFms
/min DP/V  @EEPN  CEN & CXPV
3HALER 16655-82-6 2382 163.1%, 181.1 3.19 82 11 28 13
FTéEE & 71751-41-2 890.8  567.4%, 3052  7.10 63 10 21 7.4
KEEFHE 119446-68-3 4063  251.1%, 3373 588 85 10 63 e 9
otk d2opk 138261-41-3 256.1 175.1%, 209.1  3.33 64 11 28 12
P 41198-08-7 3732 303.1%, 3451  6.25 72 10 28 12
M R 35367-38-5 311.2 158.1%, 141.1 536 65 11 27 12
vk R 96489-71-3 365.1 1472%, 3092 692 50 10
#HH & 52-68-6 256.9 127.0%, 109.0  2.84 80 0
HHE 62-73-7 221.1 109.2%, 127.1  4.13 70 o R0 26 11
2 Rk 135410-20-7 223.0 126.2%, 90.2 3.45 75 p . 35 8
Fi 2921-88-2 350.1 198.1%, 97.1 6.47 58 10 25 9
SWHR 10605-21-7 1920  160.1%, 1321  2.60 70 11 50 9
ZFRR 40487-42-1 282.2 212.2%, 1942 50 40 10 17 13
el 372 333-41-5 3050 169.0%, 153.0« 6.08 80\ 10 14 11
R F AR 2310-17-0 3680  182.0%, 3220 98 71 10 20 6
AR 71422-67-8 5402 3832%, 1583  6.41 88 10 29 9
F IR T4
FETES 155569-91-8 886.8 1582%,1262  5.89 80 10 38 12
T Rz 10265-92-6 142.0 2.03 64 10 20 12
Gk s 298-02-2 261.0 6.00 51 10 21 10
Eike72 2588-04-7 293.1 3.80 64 10 10 10
FHBEER  2588-05-8 2770 171.0%, 1989  3.10 58 10 21 9
WA BMEE 99675-03-3 3323 231.1%, 2732 5.90 26 10 20 10
R 63-2 2022 1453*, 127.1 449 60 11 25 10
TR 57837-1 280.2 220.1%, 248.1 4.54 84 10 12 12
A 2157-98 2242 193.2%, 98.1 241 50 10 8 10
I B \23103-98-2 9.1 182.2%, 72.0 4.06 65 10 12 10
é“:‘ ©1563-66-2 2222 165.1%, 1233 434 73 11 30 10
i 2312-35-8 368.1  2312%, 1752 651 60 10 17 12
=i 13593-03-8 299.0  163.0%, 1470  5.83 66 10 31 11
FRR 60-51-5 2300  125.0%, 1990 342 56 10 29 10
BRI 947-02-4 2562  140.0%, 1680  3.53 70 10 18 12
B 95465-99-9 271.1  215.0%, 1590  6.10 65 10 24 10
RAEFFBAE  500008-45-7 484.1  453.0%, 2860  4.82 74 10 38 10
LA 121-75-5 331.0 127.0%, 99.0 545 64 10 17 9
ok BE I 67747-09-5 3762  308.0%, 2660  5.78 50 10 12 7
) B 131860-33-8 404.3 372.2%, 344.1 5.15 54 10 10 12
B 53112-28-0 200.1 107.0%, 168.1  5.20 86 10 46 9
TR
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R % R, 16752-77-5 163.1 88.1%, 106 2.88 53 11 24 7
R 4Pk 196791-54-5 309.2 156.1%, 139.1  5.51 65 11 28 11
kA 153719-23-4 2020  211.1%, 181.1 290 63 10 17 12
A 69327-76-0 306.0 201.1%, 116.1 6.58 70 10 11 12
L 55219-65-3 296.1 70.1%, 99.1 497 50 10 20 10
= 24017-47-8 314.1 162.1%, 286.0  5.49 89 10 20 12
= i) 43121-43-3 2942 197.1%, 2251 528 91 10 22 12
FAbsk 950-37-8 303.0 145.0%, 85.0 5.10 56 10 13 8
FRA 57966-95-7 199.2 128.1%, 111.1  3.69 60 10 13 10
R, 116-06-3 208.2 116.0%, 89.0 3.92 20 10 11 8
R 1646-88-4 2403 148.0%, 86.0 2.58 25 10 17 11
HRBIH 1646-87-3 207.2 132.0%, 89.0 2.11 51 10 1
JRPLEE 107534-96-3 308.1 70.1%, 125.0 5.41 50 2
Mok 110488-70-5 388.1 301.2%, 1652 491 g2 o 18 12
F R 14816-18-3 299.1 129.2%, 77.1 5.99 70 | s W 18 11
T ik 732-11-6 3180  160.0%, 1330  5.16 61 10 17 10
AR 1113-02-6 214.1 155.0%, 183.0  2.07 76 10 22 12
CEEFHRE  30560-19-1 184.0 143.0%, 125.0 50 10 7 9
TR 2631-40-5 194.2 95.0%, 137.1 69\ 10 37 10
B R, 144171-61-9 5281  293.1%, 2492 97 10 26 10
etz 3689-24-5 323.0 115.0%, 1711 5.95 70 8.5 43 6
AT B 3766-81-2 2082 95.0%, 1524 5.06 70 10 42 10
A PAREBT, A B THMATHET,
7 3 56 MKz « FBRRE RD FIEHIR
Table 3 Linear ranges, correl ;nts and limits of detection of 56 pesticides
R4 AR KobkS EEE LS # i PR/ (ng/kg)
3BT R 0.998 5
Mg E & 0.999 10
AR T W 0.999 5
0.999 5
0.999 5
0.999 5
0.999 5
0.997 5
0.999 10
0.999 5
0.999 10
0.999 5
0.999 5
i 0.999 5
1R R 0.999 5
A 0.999 5
PR E Z R TR 0.999 5
TR
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LR
¥ fchk 2~100 0.996 5
¥ R s 2~100 0.999 5
L 2~100 0.999 5
TR 2~100 0.997 5
AZHh 2~100 0.999 5
LB, 2~100 0.999 5
FUB B 2~100 0.999 5
FHhE 2~100 0.999 " 4
v B 2~100 0.999 5
RE 2~100 0.999 5
FRIRH 2~100 0.999
AR 2~100 0.999 5
AR T B 2~100 0.999 5
B 2-100 0999
oK 8 2~100 0{97 R 5
YR B 2~100 0999 5
R e 2~100 : 0.999 5
R % B 2~100 0.999 5
R4 2~100 99 5
K k% 2~100 0 5
i 2~100 0.999 5
= 2~100 0.999 10
Sz 0.999 10
= 0.999 5
= v ] 1.000 5
A1 R 0.999 5
H R 0.999 5
# RN 2~100 0.999 5
HRAER | A 22100 0.999 5
< 2~100 0.999 5
2~100 0.999 5
2~100 0.999 5
. 2~100 0.999 5
2~100 0.999 5
Tk P e 2~100 0.999 5
TR 2~100 0.999 5
Y 2~100 0.999 5
TG IR 2~100 0.999 5
AT 2~100 0.999 5
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Table 4 Recoveries and relative standard deviations of 56 pesticides (n=6)

R4 AR AR E mgkg  MEM mgkg EERE%  RSD% AR E mgke MEAL mgkg EEEY%  RSD% KR mg/kg  MFEAL mghkg ERE%  RSD%
3HAETR 0.0100 0.00957 95.7 0.7 0.0500 0.0459 91.8 44 200 0.197 98.5 0.7
T4 & 0.0100 0.01090 109.0 0.5 0.0500 0.0512 102.4 6.6 ’/0.200 0.195 97.3 0.3
Bk T IR 0.0100 0.01100 110.0 35 0.0500 0.0543 108.6 14 0.200 0.205 102.6 34
ok, 2ok 0.0100 0.00820 82.0 6.1 0.0500 0.0470 940 . 128 0.200 0.190 95.1 6.3
ISP 0.0100 0.01130 113.0 10.1 0.0500 0.0541 108.2 77& 0.200 0.219 109.5 9.1
A R Mk 0.0100 0.01080 108.0 4.1 0.0500 0.0520 0 Rk 0.200 0.209 104.5 43
AL R 0.0100 0.01050 105.0 2.8 0.0500 0.0520 & 0& 0.200 0.192 96.2 2.6
HAE R 0.0100 0.00658 65.8 11.8 0.0500 0.0351 1170 ZT 46 0.200 0.141 70.4 11.8
HER 0.0100 0.01080 108.0 3.7 0.0500 0.0565 113'(;1 i241 0.200 0.228 114.0 39
uZ RIK 0.0100 0.00855 85.5 4.1 0.0500 0.0431 86.2 0.9 0.200 0.170 85.0 3.9
ES 1% 0.0100 0.00810 81.0 13.5 0.0500 94.0 13.8 0.200 0.197 98.7 13.5
2ER 0.0100 0.01010 101.0 39 0.0500 96.8 4.3 0.200 0.195 97.3 38
ZFRR 0.0100 0.00831 83.1 6.7 0.0500 834 5.7 0.200 0.164 82.0 4.7
et X 0.0100 0.00931 93.1 2.8 0.0500 98.2 5.1 0.200 0.201 100.3 2.7
IR I BB 0.0100 0.00972 97.2 2.5 0.0500 104.6 7.1 0.200 0.227 113.5 2.8
AR 0.0100 0.01000 100.0 4.1 0.0500 107.6 7.0 0.200 0.207 103.5 4.0

FRAEER
0.0100 0.01010 101.0 5:3 00 0.0518 103.6 24 0.200 0.208 104.0 5.5
KT B

W f Bk 0.0100 0.00689 68.9 J 0.0500 0.0346 69.2 0.4 0.200 0.154 77.2 6.0
W R Apsk 0.0100 0.00996 99.6 5.\ 0.0500 0.0487 97.4 2.3 0.200 0.200 100.1 5.0
A 0.0100 0.01010 101.0 53 : 0.0500 0.0510 102.0 1.0 0.200 0.209 104.5 5.0
FHER 0.0100 0.00991 99.1 3.1 0.0500 0.0525 105.0 5.8 0.200 0.196 98.0 2.7
R 0.0100 0.00829 82.9 10:3 0.0500 0.0413 82.6 14.4 0.200 0.161 80.5 12.9
FEF R, 0.0100 0.00917 91.7 4.7 0.0500 0.0463 92.6 5.6 0.200 0.175 87.5 2.8
5.8 A 0.0100 0.01050 5.0 3.0 0.0500 0.0516 103.2 4.4 0.200 0.202 101.0 32
A 0.0100 0.00962 v x 4.4 0.0500 0.0464 92.8 2.6 0.200 0.175 87.5 4.2
LTV 0.0100 0.0098 98.8 3.0 0.0500 0.0491 98.2 0.8 0.200 0.209 104.5 34
RE 0.0100 0.01050 105.0 1.3 0.0500 0.0520 104.0 1.0 0.200 0.207 103.5 1.3
R 0.0100 0.00988 98.8 2.2 0.0500 0.0520 104.0 4.5 0.200 0.198 99.0 35




(454

R L4 AR AR E mgkg  MEM mgkg EERE%  RSD% AR E mgke MEAEL mgkg EEEY%  RSD% AR E mgkg  MEM mgkg EIEE%  RSD%
A 0.0100 0.00942 94.2 2.7 0.0500 0.0478 95.6 49 0.200 0.186 93.0 1.5
A REK T BAE 0.0100 0.00904 90.4 6.3 0.0500 0.0489 97.8 6.6 0.200 0.192 96.0 5.0
B35 5 0.0100 0.01130 113.0 4.4 0.0500 0.0555 111.0 5.1 200 0.216 108.0 4.6
ok BE R 0.0100 0.01000 100.0 37 0.0500 0.0508 101.6 L5 ) 02200 0.207 103.3 3.6
" ) B 0.0100 0.00935 93.5 1.1 0.0500 0.0476 95.2 1.6 0.200 0.206 103.0 1.0
o e 0.0100 0.00883 88.3 8.4 0.0500 0.0486 972 % 9.1 0.200 0.193 96.7 8.6
R % A 0.0100 0.00892 89.2 7.8 0.0500 0.0463 926 _ 36 0.200 0.168 83.9 7.8
R 4 Mk 0.0100 0.01030 103.0 11.0 0.0500 0.0510 1020 9.0% 0.200 0.211 105.5 10.8
Rk 0.0100 0.00842 84.2 12.6 0.0500 0.0476 2 5& 0.200 0.168 84.2 125
i 0.0100 0.00841 84.1 5.0 0.0500 0.0440 A0 Al 0.200 0.164 82.0 2.9
= 3Re 0.0100 0.00898 89.8 15 0.0500 0.0461 92.213 i—i3.5 0.200 0.170 85.0 26
=B 0.0100 0.00873 87.3 14.5 0.0500 0.0457 914 5.0 0.200 0.171 85.5 122
= o 0.0100 0.00886 88.6 0.1 0.0500 90.4 1.8 0.200 0.184 91.9 0.2
= o iR 0.0100 0.00874 87.4 9.5 0.0500 86.8 0.8 0.200 0.192 95.9 3.6
F 315k 0.0100 0.01110 111.0 3.7 0.0500 107.0 3.7 0.200 0.195 97.4 37
R, 0.0100 0.01056 105.6 6.2 0.0500 97.2 7.1 0.200 0.176 88.0 6.2
Ho R 0.0100 0.00824 82.4 32 0.0500 79.2 2.7 0.200 0.148 74.0 2.5
# R 0.0100 0.00773 713 23 0.0500 77.4 4.6 0.200 0.146 73.0 24
SR EE 0.0100 0.00862 86.2 3.7 , 0500 0.0446 89.2 3.4 0.200 0.165 82.5 2.0
Wi Bk 0.0100 0.00908 90.8 51 0. 0.0481 96.2 5.4 0.200 0.186 93.0 6.8
FHHE 0.0100 0.01010 101.0 9/ 0.0500 0.0523 104.6 102 0.200 0218 109.0 9.7
T AR 0.0100 0.01070 107.0 38, 0.0500 0.0512 102.4 4.6 0.200 0.207 1033 3.6
ARR 0.0100 0.00872 87.2 6.2 770.0500 0.0444 88.8 1.8 0.200 0.182 91.0 6.2
LT A 0.0100 0.00746 74.6 1.9 0.0500 0.0369 73.8 L5 0.200 0.148 73.8 2.0
SR 0.0100 0.01030 103.0 59 0.0500 0.0513 102.6 0.5 0.200 0.212 106.0 5.7
B R 0.0100 0.00909 90.9 6.9 0.0500 0.0482 96.4 2.7 0.200 0.173 86.5 3.8
G 0.0100 0.01070 7.0 3.6 0.0500 0.0548 109.6 23 0.200 0.209 104.5 3.4
AT B 0.0100 0.00950 ‘&l 6.6 0.0500 0.0506 101.2 4.1 0.200 0.199 99.5 4.7
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