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Determination of 17 Pesticide Residues in Fruits and Vegetables by QUEChERS Method Coupled with High Performance Liquid
Chromatography Tandem Mass Spectrometry

GUO Bao-bao', SHI Zhi-ge'* , LIU Sheng-nan’ et al
Sanmenxia Entry-Exit Inspection And Quarantine Bureau of P. R. China, Sanmenxia, Henan 472000)

Abstract [ Objective] A rapid and effective method was established for the simultaneous determination of 17 pesticide residues in fruits and
vegetables by high performance liquid chromatography tandem mass ( HPLC-MS/MS). [ Method] Using modified QuEChERS method, the
samples was extracted with acetonitrile containing 1% (V/V) acetic acid, purified by a mixed sorbent of MgSO,, primary secondary amine

(1. Sanmenxia Inspection and Quarantine Center, Sanmenxia, Henan 472000 ;2.

(PSA) and graphitized carbon black (GCB), separated on a C; column and analyzed by postitive electrospray ionization tandomd method.
[ Result] The results showed that the 17 pesticide residues were linear in the range of 1 —50 ng/mL with correlation mass spectrometry under
multiple reactions monitoring (MRM) mode. The quantitative analysis was used by external standarcoefficients(r) over 0. 99. The recoveries
at spiked levels of 1.0 , 2.0 and 5.0 pg/kg for all target compounds in the samples were in the range of 60.2% —117.7% , with relative
standard deviations less than 12.8% . The limits of detection (LOD, S/N=3) was 0.2 wg/kg;the limits of quantitation (LOQ, S/N=10)
was 1.0 pg/kg. [ Conclusion] A simple, rapid, sensitive and accurate method was developed, which was suitable for the determination of 17
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pesticide residues in fruits and vegetables simultaneously.
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Table 1 List of standard materials

FE AR SO T
No. Chinese name English name Productor

1 iz Methamidophos i FBRIHED) B0
2 FURR Omethoate Dr. A7)

3 A Monocrotophos AR O
4 H AR A Phosphfolan-methyl Dr. /3 5]

5 It £ Imidacloprid Dr. A\ )

6 RSB Dimethoate Dr. ]

7 FiERh Phosfolan N AR T
8 REY Carbofuran R ER R L
9 it DeMeton AT .0
10 R Fenamiphos Dr. A\ ]

11 IS T s Myclobutanil Dr. /]

12 KW Ethoprop Dr. /A ]

13 LRE R Tk Malathion Dr. /A 7]

14 Es Isazofos Dr. /3]

15 Sulfotep A
16 s Fonofos KR 0
17 SRR Phoxim Dr. /A ]

1.2 FRAERBMEH  AEFPRE 10 mg R #1220, 01 mg) [#
WARHEY T 10 mL 2550, P H 1 2 28 220 B, T o ok
1.0 mg/mL (IFRAERE AW, — 18 CARAE, H AR 5
FH TSN A s L B8 B ) ok e 9 Yk s v T A9, VAR
3% KFS S . 25 R 25 00 5 AR b o T4
T, i £ FE TR DT bl T AR 2
1.3 HREEAE WRIR2 gORFI 2 0.001 g) FE 4 T
50 mLERE LML T A 2 mL B 4K, 20 mL 2 (%
1% .18 ) ,IATEIRET 5 min, JIMA 3 g @ALENFN 2 ¢ To/KAR R
£ JRAT 1 min, L 4 000 o/min #5005 min, B 15 mL |
THW, A 100 mg PSA 43,100 mg GCB By (40 AF i (0,35 17
E) 100 mg TE/KBRRREE , IR HER 215 , LA 4 000 r/min % 7 2
> 5 min, B 10 mL _F3EW,40 CHWZEIL T, A 1 mL &
I, 0.22 wm JEAE AL,
1.4 @iEEH (%4 Agilent Poroshell 120 EC - C
(2.7 wm,3.0 mm x 100 mm) ; F A : A H 0.1% (V/V) H iz
IRV, B R NG, B VAR P L3 25 370 0. 3 mL/min ; #:
1 30 C ;R S pl,

F2 mIBERERRIERF

Table 2 Mobile phase composition for linear gradient elution

i 1] RV BUE e Volume ration /%
Time // min WishAH A Mobile phase A j#izli4H B Mobile phase B
0 95 5
1.0 95 5
3.0 50 50
8.0 40 60
10.0 20 80
11.0 5 95
15.0 5 95
15.1 95 5
18.0 95 5

LS SR LS TU(ESD , IER T A, 2R
W OMRM) 15 T GRIE 325 °C, TARTHLE 6 L/min,
AL TR S 310. 26 KPa, B ST I 350 °C, B T I
12 I/ min; 8§ W55 R 4 000 V5 R BORECRAE 50 1 B
HO~55mn, 2B N55~7.5mn, 5E3ENRNTS5 ~
9.7 min, ¥4 Bt }9.7~11.0 min, 5 5 Bt} 11.0 ~13. 0 min,
SEPERS T E B BT R RE R AR AL R LR 3,17 Rk 2y
Bt 1R 6L 9 7 Ui 653 BT DL BT 1, TR SR L o 75
20 pg/ kgl A FRERTIRAY SO T (i 1 i WK 2.3
®3 17 MERMRLBEHRIESEGSE
Table 3 Retention times and mass spectrometric parameters of 17 pes-

ticides

L faaE EEE R S TAT g

E:j Compound .Relentio'n Fragmentor Prgs;zft 11(;1:1*) Collision
name time // min A% iy energy //eV

1 P e 3.081 80 14294 " 15
142125 10

2 AR 3.730 75 214.1-183" 8
214.1-155 12

3 AR 4.119 80 224127 15
224193 5

4 FILFIIAEE  4.320 100 228168 15
228109 30

5 M 3 ok 4.744 85 256209 15
256175 15

6 IR 4.821 75 230171 15
230—199" 5

7 RN 4.905 100 256140~ 15
256228 20

8 R 6.075 80 222-5165" 10
2225123 15

9 PR T 7.096 70 259589 " 5
25961 35

10 2R 8.402 110 304—217" 15
304—234 15

11 e 8. 564 115 28970 " 20
289125 25

12 R&w: 9.172 110 2435173" 10
243215 10

13 SRiswE 10.018 80 331599 15
331-127" 10

14 Zmkk 10.783 100 314—120" 30
314162 15

15 JRIERE 11.729 90 3235115 35
323171" 15

16 AR 11.763 85 247—109" 20
247137 5

17 EHBE 11.792 75 29977 25
299129 10

T« FoRERET

Note: #* indicates the quantitative ion
LS. 1 EMEE . 7EAH R0 A 0 BEAT AR Sl E I,
SRR At PG Y Y (0 5 058 £ P B ] 5 35 S o Y8 Y v e o
PR ORI LR B I 1R]— 2, O BAR TR TS 55 5 AR i
K, e PR B T B, OF BT R B T L S Ak



45 %26

71 +ESI TIC MRM CID@%% (e —> %) 20ppb-01ppb. d
S 6 8
X st
o 14
g X
2 3r 10 1517
-
w2 F 13
- 12
1} 11
9
A
0

R uTIA] Retention time /| min

L R 2. SRR 3. AR ;4. F AR IR ;5. Mk ek 6. SR
T BRI 8. T GO, PR B 10, R 11, I B
12, KEBE;13. RIBTRE; 14. SMERE; 15, 36 1% ; 16. M UG
W17, Fhnwk

Note : 1. Methamidophos ;2. Omethoate ;3. Monocrotophos ;4. Phosphfo-

lan-methyl ;5. Imidacloprid ; 6. Dimethoate ; 7. Phosfolan; 8. Car-
bofuran;9. DeMeton ;10. Fenamiphos ;11. Myclobutanil ;12. Etho-
prop;13. Malathion; 14. Isazofos; 15. Sulfotep; 16. Fonofos; 17.
Phoxim
1 17 MRZGBEIRERR(20 ng/mL) ERBEFREE
Fig.1 TIC chromatogram of 17 kinds of pesticides standard at
20 ng/mL
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Note : 1. Methamidophos ;2. Omethoate ;3. Monocrotophos ;4. Phosphfo-

lan-methyl ;5. Imidacloprid; 6. Dimethoate ; 7. Phosfolan; 8. Car-
bofuran;9. DeMeton ;10. Fenamiphos ;11. Myclobutanil ;12. Etho-
prop;13. Malathion; 14. Isazofos; 15. Sulfotep; 16. Fonofos; 17.

Phoxim
2 FMBEEHRAERR(20 pg/kg) WERERP 17 MR
EETRaE

Fig.2 TIC chromatogram of 17 kinds of pesticides standard at
20 pg/kg prepared in cucumber sample
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Note : 1. Methamidophos ;2. Omethoate ;3. Monocrotophos ;4. Phosphfo-

lan — methyl ;5. Imidacloprid ;6. Dimethoate ;7. Phosfolan ;8. Car-
bofuran;9. DeMeton ;10. Fenamiphos ;11. Myclobutanil ;12. Etho-
prop; 13. Malathion; 14. Isazofos; 15. Sulfotep; 16. Fonofos; 17.

Phoxim
H3 FMEAERR(20 pe/ke) MERHER R 17 MR
BEFRERE
Fig 3 TIC chromatogram of 17 kinds of pesticides standard at
20 pg/kg prepared in apple sample
2 ZBRELW
2.1 REUAFIWERE 7 TR IR 1% (1K
FRLL) LR LI BN AR 25 PR IR IR . X 17 Fffk
2RSS0 SR R 5P b [l Wi S g AT L X, n b i
20 pg/kg, ZEHR WG4, K4 TTLIEH,80% (1) B AR 2%
RGBS 5 1% 2R 251 A AR U AR 2, 1
FEE AR 1% SR CIERBCRA Frilg .. 256
O, 1% LTRIN OGRS & T ARG A P 2R 2y
ARSI, DR, B 1% CIRA) CR AT R ERIBGE
x4 FEARBUAFIX 17 FARZGHR M@K A b8
Table 4 Comparison of the recoveries of 17 kinds of pesticides by dif-

ferent extraction solvents

[T N R R A 2518 Recoveries

ﬁtgiifg colvent and the number of pesticides required // 4>
o <70% 70% ~120% >120%

NE Acetonitrile 7 10 0

1% BRI 2N Acetonitrile 5 12 0

containing 1% acetic acid

2.2 LS ARMmA 25k BRI o A AR A
PSA HI GCB, PSA J&—Fh[EAHM R, 7 Rt A5k 70 (1 iy
Ab BRI R PR Z BT, AT LA A 25 B L P A B B T
AR, XHE 5 BA RAFREHVER] HR7E R BRE R
1 A 207 TSRO BR AR T GCB 7R L BR324k
AR ZFRAFTT A RE B , (E T H S OU IR A4 2 W R X FR &
Koy B V- T 25 R ) A 245, S BOX BE 45 K ) AR 24 1 [DISCRFEAIR,
JITEA GCB B I BARE AR il (U 3 5 DR E , B B i (A
I, SURBRCEAZ ([l =

RIS IR G RE R AR — KR AR T’
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B PR R s OGRS R A — R AR SR
B, PRI TR, s AT . i i A B, X T R
ERED AL, WISEAAE AL, i R PRI GCB i R]
IRFIFUIRICR , A 2xt HARL 3 IR 7= A 520 . W FEER
FRAE ARE A, LUSTVRE AR B, SO PSA i LR A
4, T GCB B 25 KB (8 3R, BRI 4 g DR . Pk, 2R
PSR OIS IS0k AT UL, b2 10. 0 we/ke, 73
5T GCB Hith 20.50,100,200 mg X} FARZH 73 [l
AR, 25 R UL 40 BT 4 AT LU ), 4 GCB JH &
100 mg B, 17 Fhfe 25 (49724 [ 1 80% , HLE IR
THIEY], FrAe st GCB HIE A 100 mg X ARG A 1AL .
100

80
60
40
20
20 50 100 200

0

g
Average recoveries [[%

GCB/A & Amount of GCB [ mg

El4 GCB B2 17 #RZGEHEIENFIN
Fig.4 Effect of the amount of GCB on the average recoveries of

the 17 pesticides
2.3 EFMNMER LR 255k B I A2 E
BRI, T RSB 2, 2 ad T A B LR R RESE
LR EART, TP A ORI R AL 3 23 5 HL IS 55 4 11 4k
EARE AW ES TR, ik BE P4 R 1 1 B BT 2 735 2517
W5 | i , BEL LR AR 1 S/ N R o ARl Ak f
R R Ty s vy ol MR A NP S o S N 2
RELAS B3 43 9 B M 0 S5 8 1 RO L, ULl 2~ T 0 ) e
JECASORE 2 2 e R R o VA T o o o 2,
Kl A5 R PEATIEIE o

A 2 LT P 7R DE AR 5 VR S5 UE CAR HE I

WG9 22 7R ALY . R 20 ng/mL 1 5EFTVT T
P VA YL (SRR ) -5 4 1) 3 J32 3 790 P o s 5 T ) W T
TR 22 TR B AL BN, 45 R W3R 5 IR S, thak 5 ]
LT R0 AR SRR I TR . Iy
TR o D BC AR MR VRS B 2O T T

£5 17 HREGEFRERRIAR MR R

Table 5 Matrix effects of the 17 pesticides in the apple extract

T FESTRN L PRI

No. Matrix effects ration The number of pesticides required
1 <0.7 6

2 0.7~1.0 11

3 1.0~1.2 0

4 >1.2 0

2.4 EFBFOZE —RINF, 8 7 IAE RO

T r +ESI TIC MRM CID@#x (#+ —=> %) pgjz—20ppb. d
L 8
é 6
5t ’
= 2 1
4

é 3 59 10 1517
-
wl 2 F 13
- 1 1112

1t ﬁ_ )

0 3 6 9 12 15

PR BTIA] Retention time [ min

B 5 20 ng/mL &5 ECARfE AR A A BT D B AR AE IR il X EE
Fig.5 Comparison of the solvent matched standard solution and

matrix matched standard solution of 20 ng/mL
P O TE | YRORE (0 T8 A DA ot i Ak BB AR T2 T A A 1 52
VAR 22 ) U U St AR B (AR L S 00 i 3 s AR B R
I AR B, RN IR S A (5% 201 +95% % 0. 1%
R K T80 VR S IR, AR M AR 25 I AN 4, L Il
R, MR RE AR . PRIk, 25 s v E B A AR AR 25 K H
B 2R, BT LA T 3 T[] L f91 ) 52 75 7 77
XHAZ R, 705 0 5% LM +95% % 0. 1% HR/K
ILS50% LNE +50% 5 0. 1% W RRIKIE W 100% L. ik
AR B, SRR 5% LM +95% & 0. 1% W R
IR, VP PR AU AR S A M |t WA I [R) 5 B g 1
BT A, 1WAy, T SR e Bl | D PR B L K 2l N TR
Mg TR I W | 1 BRI M B RS O B I TR S AL
EYNCRILT 50% . LR 50% M +50% &
0. 1% H /KRN 100% LI 4 24 R 2 H AR AR 25 i
RCRIAF, IS ELAHXS AR , A3 P P o A0 45 SR A
BB E W BRI , W A 22 HLIRDSCRAR . TP R]
RE XS T M A A5 0, 0 PR PR A A A SR 2R A5, LA
125 LUK AR P RE R, T o LA A LA P g AL 22,
H BRI W AS 22 ISR P E RS AL S I TE =
LU HIUAH PP e BE B, ISR ey ELRRXIARAE o IR
BB RN FI A W R A S AR R S AV ) Dy 5%
LN +95% % 0. 1% IR AR 15 Bl IR 2 e 50%
M +50% % 0. 1% WK WS
2.5 HEFER
2.5.1 ZMEYulEl R BRAE EEER 0ol R e A 2
SR BRI SR 2 PR BB IO o b v T B0 YL, T
il 17 Fhefe 24 Y JE o DG e A o ith 48, 7 © A0 A 1 B WA €
T - BB A T AT INGE . LA AR S W) 1€ 1 B 1 0%
AL AR, A Wk B R AL b, 2z il et 2k, LUE
RT3 AR E M LA E Dy IR IR (LOD) , U BB 7 10
G LR E D7 5 2 TR (LOQ) S5 R LR 6, 3k 6 nl LA
AL 17 FARZEAE 1 ~ 50 ng/mL i3 N 52 RAFIOZRIEC R,
LMK RLBIIR T 0.99, KRN 0.2 pg/kg, R
Y09 1.0 ne/ke.
2.5.2  [IBCRAEEE . HIBAVERE S IAR 7 12 2047 il R
FRIHE 5 P o 73 01 0] S SR i R TTRE W AT 3 KK
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Table 6 Linear ranges, correlation coefficients, LOD and LOQ of the 17 pesticides
LRI LM [IES- 3
e &4k Linear ranges //ng/ @L A linear equation A Correla}ion coefficierAlts KPR EER
OF Compound PHUER SO FRER HTIER FRWE  SUER 10D L0Q
name Apple Cucumber Apple Cucumber Apple Cucumber pg’kg  pe/kg
sample sample sample sample sample sample

1 FH el 1~50 1~50 y =1 918. 59 Ox —408. 021 6 y=1891.888 Ox +1193.9435  0.999 3 0.99 7 0.2 1.0
2 FUARR 1 ~50 1 ~50 y=1788.606 4x +1200.610 8 y=2252.2439x+3734.2304 0.99 8 0.999 9 0.2 1.0
3 AR 1~50 1~50 y =1453.321 4x —443.580 1 y =2 134.603 Ox +313.057 9 0.999 2 0.999 6 0.2 1.0
4 B RN 1~50 1~50 y =2 987.491 5x +783.588 1 y =2 786.037 0x +593.461 0 0.999 7 0.99 8 0.2 1.0
5 AL 1~50 1~50 y =126.251 7x —46.949 6 y =193.425 1x +113.385 9 0.999 9 1.000 0 0.2 1.0
6 IR 1 ~50 1 ~50 y=11558.119 7x —29.496 6 y =2 141. 326 4x +592. 465 8 1.000 0 1.000 0 0.2 1D
7 I 1~50 1~50 y=2818.5156x+1697.6047 y=3186.8657x+2962.4283  0.997 0.999 8 0.2 1.0
8 EAEY 1~50 1~50 y=7616.427 8x +2 445.266 9  y =9498.316 6x +7 347.14742  0.99 9 1.000 0 0.2 1.0
9 A 1~50 1 ~50 y =695.794 3x —108. 114 3 y =790. 156 2x —103.738 5 0.999 8 0.999 9 0.2 1.0
10 TR 1 ~50 1~50 y=10955.122 6x +8 797.796 0y =8 790.379 7Tx +6470.6527  0.999 4 0.999 7 0.2 1.0
11 5 1~50 1~50 y =2 354.465 Tx —606.253 6 y =2 042.749 1x +885.309 4 0.99 9 0.99 9 0.2 1.0
12 KM 1~50 1~50 y=3366.159 0x +1 060.070 0  y=3221.839 5x+1087.3839  0.999 1.000 0 0.2 1.0
13 LR 1 ~50 1 ~50 y=4957.412 0x +3451.391 4  y=4371.2714x+3030.3250 0.996 0.999 8 0.2 1.0
14 S 1~50 1~50 y=60644.934 8x +4 206.703 8  y=5075.538 4x +3 063.4674  0.99 7 0.99 9 0.2 1.0
15 TR 1~50 1~50 y=2351.9852x +3344.1478 y=1718.9755x +1 130.7129  0.999 7 0.99 8 0.2 1.0
16 b AU 1~50 1~50 y =210.729 7x +327.923 9 y =92.574 1x +169.421 7 0.997 5 0.998 7 0.2 1.0
17 SERE 1 ~50 1 ~50 y=191.779 1x +343.464 8 y =126. 885 6x +86.8%4 9 0.998 9 0.99 5 0.2 1.0

BRI , fds e 5 4 LOQ . 2L0Q SLOQ, B /K47
TZE 6 U, V12 [ UL A< R X A i i 22 (RSD ) , 5 58 L

RT 17 WRGRIMIRERFIBEEZEE(n=6)
Table 7 Recoveries and RSDs of the 17 pesticides(n =6)

F T, EAREIMAFT, 17 Fige 25 IR 7E 60. 2% ~
117.7% X R 2 /N F 12.8%

il SESIELTT Apple sample NI T Cucumber sample
i feiar Spiked THRIE A TR FIRThiE 2
Compound . ) 4 i . VR (HEVR
No. name concentration Average recoveries RSD Average recoveries RSD
ne/ke % % % %
1 FH iz i 1 71.2 3.8 63.2 5.2
2 64.1 1.6 66.7 0.7
5 67.5 1.8 67.3 2.8
2 SEURR 1 66.9 6.3 61.3 5.2
2 68.0 3.2 69.3 4.0
5 71.5 2.5 86.9 7.2
3 AR 1 92.2 1.8 61.5 1.4
2 84.2 1.8 74.5 1.7
5 87.1 0.3 74.9 1.0
4 LA PR 1 81.5 1.9 68.0 1.7
2 74.8 1.8 74.3 1.4
5 78.9 4.2 67.3 1.6
5 I, HEL BB 1 83.1 4.0 63.3 12.8
2 56.3 3.7 72.4 6.1
5 66.7 4.7 63.3 5.2
6 IR 1 87.1 1.7 65.3 4.5
2 65.3 1.5 67.2 2.0
5 79.5 3.3 72.0 0.7
7 N 1 85.1 1.8 61.2 2.9
2 72.4 1.4 66.9 0.7
5 84.0 0.8 73.8 1.2
8 LNy 1 85.6 1.0 60.2 2.2
2 73.8 1.3 63.2 0.9
5 85.9 0.6 73.4 0.4
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No. name concentration Average recoveries RSD Average recoveries RSD

pe/'kg % % % %

9 A 8% A 1 60.0 2.0 86.9 2.0
2 84.3 1.0 84.5 0.9

5 75.4 1.3 82.0 0.4

10 R 1 73.7 2.1 62.9 1.2
2 85.4 2.2 62.9 0.5

5 81.7 3.0 64.8 1.6

11 I BT 1 75.8 1.8 79.3 1.1
2 68.3 2.0 73.1 0.9

5 68.6 2.8 78.6 1.3

12 KLk 1 83.4 1.8 62.7 1.1
2 78.7 1.5 69.0 0.7

5 79.6 0.8 76.3 0.6

13 R TR 1 80.9 2.2 61.8 1.2
2 97.6 1.1 74.5 0.5

5 95.5 1.2 81.0 0.7

14 Y 1 93.8 2.8 71.0 2.2
2 92.4 2.9 76.6 0.6

5 105.7 0.4 84.2 0.8

15 R 1 74.8 8.5 69.4 3.6
2 86.3 6.7 73.2 2.3

5 85.8 2.3 70.6 1.8

16 b A 1 81.6 6.4 60.7 3.1
2 81.7 7.0 66.3 2.5

5 99.4 1.8 68.5 1.9

17 LT 1 75.4 4.3 63.0 7.3
2 97.2 5.3 69.5 3.3

5 117.7 4.2 60.7 3.5
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FE2ERL Litter size
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