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Determination of 38 Pesticide Residues in Fruits and Vegetables by QuEChERS-Ultra Performance Liquid
Chromatography-Tandem Mass Spectrometry L/ Zeng-Ming, MA Chun-guang”, LI Yu-huan”, GAN Ying-ling, YANG Zeng-
liang (Xining Center for Disease Control and Prevention, Xining 810000, China)
Abstract: This study established a rapid analytical method for the simultaneous determination of 38 pesticide residues in fruits and
vegetables. The method is based on a modified QUEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) dispersive solid-phase
extraction (d-SPE) cleanup procedure coupled with ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS). Aminated multi-walled carbon nanotubes (NH:-MWCNTs) were employed as the primary purification material.
Homogenized samples were extracted with 10 mL of acetonitrile by vortexing for 10 min. The supernatant, obtained after centrifugation,
was purified using the improved QUEChERS method with NH.-MWCNTs. The purified extract was concentrated and reconstituted
before separation on a Waters ACQUITY UPLC BEH C18 column. Detection was performed under electrospray ionization positive
mode (ESI+) with multiple reaction monitoring (MRM). Quantification was achieved using a matrix-matched standard calibration
curve with external standard method. The results demonstrated good linearity for all 38 pesticides in the range of 1-300 pg/kg (R? >
0.991). The limits of detection (LOD) and quantification (LOQ) ranged from 0.001 to 0.003 mg/kg and 0.003 to 0.009 mg/kg,
respectively. For blank samples spiked at three concentration levels (20, 50, and 100 pg/kg), the average recoveries for the 38 pesticides
ranged from 63.3% to 108.1%, with relative standard deviations (RSD, n=8) between 1.20% and 14.0%. In conclusion, the developed
method is rapid, reproducible, and accurate, suitable for the efficient enrichment and sensitive detection of multiple trace pesticide
residues in fruits and vegetables.

Key words: pesticide residue; QUEChERS; ultra-performance liquid chromatography-mass spectrometry; aminated multi-walled
carbon nanotubes; fruits and vegetables
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XEVO-TQS Cronos 7 = A 23 - i 1
BRI 0.22um FfLIENRE (SEE Waters A F] s
120S BY 1R (B[ 28 2 R i A =) D5 AR
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1.2 SERTTE
1.2.1  JshAH R )

(1) 0.1%H FZ+5 mmol HER%+V(K): V(H
fi£)=98:2, T 979 mL £ & F/K, A 1 mL H R,
AN 0315 g HERER, A EM. FHIIA 20 mL H
B, HEFERS], i 0.22 um JEMEAS .

(2) 0.1%H EZ+5 mmol I ER%:+ V(H¥):
V(K)=98:2, &HL 19 mL £BF/K, JIA 1 mL H
B, I 0315 g WL, @A HE. £ 980 mL H

Frh N BRI, EAIRET, i 0.22 pm JEEA

H &

o

2.2 BT DU O AR v 2 ) £

(1) FEE 1(10 pg/mL): BEL 1.0mL (100
pg/mL) FARAE M AT 10mL R, L
EA, WA OIS

(2) a2 (1 pg/mL): FEHL 1.0 mL H[a]
W 1T 10mL AEMY, CiFER, BE (EH
PRACD o

(3) FEJRVCHCARAE TAEVE: 2 Bl BOE &
HHIE, FIZE 1.2.3 A1 1.2.4 SRR RT AL B S I =S
IS TRARE, 143 1 BChbriE TRV
F 1 bR AR H %

Tab.1 Preparation of standard working solutions

—

Standard number S1 S2 S3 S4 S5 S6 S7

Concentration
5 10 50 100 200 300 500

Mug-L")
Solution 1 / / / /20 30 50
Solution 2 5 10 50 100 / / /

Acetonitrile/ul 95 90 50 0 80 70 50
Matrix blank

900 900 900 900 900 900 900
solution/pL.

1.2.3  BERIH % SR 47

B SR BRI (2025 EEE BT
WA PR 2 U I A ) BIFR P 47K
FEFIEURE o 1 b AT A SAR A L B 45 22 5 4 )it
1T+ AMREINRE T LA s AR R4 SR
Gy IR /NG 2H 5y AN Y R it D) DA TR DT A
TRERA AN BE S, BT AR — IR RN 51K,
BTROEMS, T-18°C &M FARGAE&H .
1.2.4 P IET AR

AEFIFREL 10.00 g FET 50 mL ZORLEG.OF
H, IO 10 mL 2, iwiEIRY 3 min BLEITHE
. BfE, AN 4g TOKBRRRE:. 1g SN, 1g
FFEEREN. 0.5 g PG IRE a0 e — bR B8 i 1,
JIZIPRY 1 min, BEET 4200 t/min B0 5 min.
REGERE, B ImL EERECEH 150
mg T/KBRIREES 20 mg S FEAL £ BERR YN KA (1)
FbE T CHTBOKAEL), WHEEA 1 min. 1%
BAYIZ 4200 t/min X0 5 min J5, B 0.3
mL EEW®R, A 0.7mL EETKMRIFRS, &
428 022 um TFLIEREISBE, FER BRI DA
XA T
1.2.5 (o3l K mnE A
1.2.51 itk

itk /3T 7E Waters ACQUITY UPLC BEH C18



gk (100 mm x 2.1 mm, 1.7 pm) _EiE47. KR
PR FELERF(E 40°C, HBNHEFERR IR A
N 10 uL, BT A 0.3 mL/min. JisIAHE A
M 0.1% HIRYS 5 mmol/L FH R &4 ) /K ¥
(& 2% HEO)Y B MHHFEE(E 2% K))HMK.
el o7 XOABh BEBEL,  BARRE P W3R 2.

R2 FBIHIEL LR

Tab.2 Mobile phase gradient elution procedure

Time (min) A (%) B (%)
0 100 0
4 80 20
55 60 40
10.5 0 100
12.9 0 100
15 100 0
20 100 0

1252 &

JRVE S IR FL 8 55 87U (ESD), 1L T
BECR BLZ S R R (MRMD 75 AT 44 . Gk
WSS HBCEW T : BAE B 2.0kV, BT kR
J& 150 °C, BARIEE 450 °C, B HIAAUE 800
L/he HARPTESHOLE 3.

£33 IRANZ BN (MRMD RS %
Tab.3 Optimized Parameters for Multi-Response Monitoring
(MRM) of 38 Pesticides

par
Daug
ent
Serial Pesticide hter Ccv
ion CE/V
NO name ion(m 1A%
(m/
1Z)
2)
Dimethomorp 388 165 30
1 6
h 1 301.1 20
280  192.1 16
2 Metalaxyl 28
1 220.1 10
Difenoconazol 110.9 55
3 406 20
e 251.1 25
282 97.9 26
4 Morpholine 36
2 116.0 16
70 14
5 Myclobutanil 289 40
90 40
308 70 20
6 Tebuconazole 20

20

21

22

23

Triadimefon

Propiconazole

Fluazinam

3-
Hydroxycarbo

furan

Carbofuran

Propoxur

Aldicarb

Aldicarb

sulfone

Aldicarb

sulfoxide

Imidacloprid

Acetamiprid

Thiacloprid

Thiamethoxa

m

Clothianidin

Dinotefuran

Nitenpyram

Imidaclothiz

294

342

462

o

238

223

210

208

223

207

256

223

252

292

250

203

271

=)

262

69
197

69
159

397.9
4159

107
163

123
165

111.0

168.0

89.2

116.2

86.07

148

89.06
132.0

175

209

56.0
125.9

90.1
126

181
211

132
169

129
157

126
237.1

122
181

20

20
25

16
16

20

12
20

34
20

22

20

20

20

28

20

20

22

20

32

42

20

20

20

20




367 137.1 25
24 Piperidinyl 20
2 263.1 15
322 439 40
25 Cycloxaprid 20
9 126 32
278 154 30
26 Sulfoxaflor 20
1 174 5
Flupyradifuro 289 90 38
27 38
ne .0 126 16
364 147.1 24
28 Pyridaben 2
9 364.9 10
360  141.1 35
29 Etoxazole 20
2 304.1 15
411 71.0 15
30 Spirodiclofen 28
1 313.0 10
175 15
31 Propargite 368 20
231 10
261 47 30
32 Phorate 20
1 75 15
Phorate 97 30
33 293 20
sulfone 171 10
Phorate 276 96.9 28
34 2
sulfoxide 9 143 16
125 20
35 Dimethoate 230 20
199 10
125 20
36 Omethoate 214 20
183 10
Methamidoph 141 93.9 12
37 4
0s 9 125 14
183 94.8 20
38 Acephate 20
9 142.9 6

2 ZR5#
2.1 QuEChERS 2 E AL
2,11 HREGRIRIE R
ARSI B 10 mL IR OFE HEE. 6
PERFRBGRFA, 45 KR CNEENFRBGAFIT, (5]

WCHRAE 80%~120% [8] AL 24 5 EL B 22, AT Ik 21 90%

DA b BRI, ASERGEE LS 1R AIRIBGER . Tt

IR R, 5T 10 g M b 2 &0,
15, 20, 25, 30 mL) XJ HA5A 24 RIS 1 5w
Bl 1P G555, [l BE v 77 F 208 b m 2
Tt MAEIATR 20mL i, HARMEEWIT-H [
KT 70%. R0, WEEFIAMUERIRE, B8
DRI SV A7 5 A2 R X 3R PR o ARG s e 6
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Fig.1 Effect of different extraction volumes on recovery
7£ QUEChERS ##EGI 2, #Han4 a5 H
I e K AE AT ATUAH P R 23 BT B 08 R B AR
BORERISL, Sy, AT ForAl 1 DA [F i £ e
bt (3 gMgS04+2gNaCl. 3 gNa>SO4+ 2 g NaCl.
4 ¢ MgSO4+ 1 g NaCl. 4 g NaxSO4+ 1 g NaCl) *f
R FEN o 25 /BT, K 4 gMgS0s 5
1 g NaCl B G, FISRAT A B R A [ RAOR
27 88%I1 HARA 2 H MR IEAE 80%~120% [ 2
XN PRk, AC byl e s b 2 A -
2.1.2 R
FEBR K R i B B S 2, W
1540774 PSAI4, GCBUS), C18I'01%%, GCB f
g o FUNR PR T S5 A AR 245070, C18 BEME IR BT A AR
PEIRHGAC L, X B B R A 25 BT e 2 1181, PSA
FrRE IR L — L HIRR . R b R 510, &AL
2 BERRANKE A B I EE R AR, A7 B0 i W b e
73, BENESEILNS 22 MR TR R BT, BENE B ARA%
SRR BT, DR o R0 o PR AR SEZBG AR 7T
TREZETHBOR P A G T PSA+E I 2 BEfR
KA+ MgSOq BEAT AW SRR, TEIT A 50 mg
] PSA. 150 mg ] MgSO4 F143 A 10, 15,20
25, 30+ 35mg MIRIEAL L BERRANK G HEAT S EE S
St 2 fros . 45 RE W], FERCEE Y 50 mg PSA+25
mg I 2 BEFRIKE +150mg MgSOq A2
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2.1.3  URANHH SRR R

TEAR R BRE T RGE AL T DL S s AR
AN, I B INAS[RIARRE I B PR R (R 7K AR 2
EHIRCR . HID SR, UE I H /KB S/
IR ZRI, 22 KA 24 B g g5 L = e B S8 5]
NS INGR], o B 55 Ve A 3 5 2 i, HAE AL
HIRAL S I R RN B2 48T T AL
BRARZG I L, JX PR T HAZBE T BRI s A
5 T PR R U SE R A LU AU A R DAk 25
PRHZ AL & W) 53 A 5 1% TP RS RE O [MA+NHL]
BET, IR R ViR, REHE
B P EEAE 7157, ld e SR R AL ALY
Iy B IEREE, AT TUR BB PRV E N, Jf
B DA A AN - SR, B
BRI IE (0.01%~0.2%, v/v) THiEr, ki g
PR, WA ZE T4 R BV BE R IE 5 mmol/L
GATERELA 1~10 mmol/L) I, FiT4ER R A £ 5
TR 2% S AR 24 H L0 o B A DR B I TR SE IR« SR B 5

FARGIRBIE G BERR, wEHERXME 0.1%

FIR A 5 mmol/L W EREL I KV 5 AR i s))
FSEAE. 2 BIXHRE N 0.2 0.3 0.4 mL/min 3747
MR, SR KRBFEN 0.2 mL/min FE10&9)
U 1N, R B . PN 0.4 mL/min B 585
U 53 1 EE ARG o 5575 8 R IR AN 90 18 B2 I 4 0k 4
WA 0.3 mL/min.
2.3 JiiREAER
2301 ZMERR KR

AT 5T SR FH 25 1 268 0 UG TS0 A o V7 A A ok o
ek, LLEAMEAYIIR SRR R, DI E
X G AN AR BT R LA . 45 R SR

Y, % ARt & YFE HARRR LR N R R R
o, FrRAEmh LR AAH R R E (R2) ¥IRT
0.991. JVEMIATHFR (LOD) H#%fEMELL (SIND Ny
3 IR R EEREAT I E - 10 RFHIEMELE (S/ND
THHEEER, KHR (LOD) 5E®ER (LOQ) i
FEl 43734 0.001~0.003 mg/kg F1 0.003~0.009 mg/kg
(£,
R4 38 MRATLEHEMNANEERE . KRS EER

Tab.4 Linear range, detection limit and quantification limit

for 38 pesticide residues

Ser
Pesticide Calibration LOD/(m  LOQ(m
ial R?
name equation gkg!) gkg")
NO
Dimethomor ~ y=2756.59x+1  0.99
1 0.003 0.009
ph 199.67 871
y=5349.69x+7  0.99
2 Metalaxyl 0.001 0.003
090.73 912
Difenoconaz ~ y=2317.27x+1  0.99
0.001 0.003
ole 201.75 914
y=13637.1x+3  0.99
Morpholine 0.003 0.009
296.83 672
Myclobutani  y=1568.17x+2  0.99
0.002 0.006
1 675.06 169
Tebuconazol  y=5191.42x+3  0.99
0.001 0.003
e 477.29 761
y=3701.3x+34  0.99
Triadimefon 0.003 0.009
99.64 687
Propiconazo  y=2278.69x+2  0.99
0.002 0.006
le 531.29 526
y=1333.016x+  0.99
Fluazinam 0.001 0.003
283.006 703
3.
y=1136.94x+1  0.99
10 Hydroxycar 0.001 0.003
352.88 789
bofuran
y=442.076x+1  0.99
11 Carbofuran 0.001 0.003
88.017 697
y=7992.01x- 0.99
12 Propoxur 0.001 0.003
347.534 646
y=880.134x+t9  0.99
13 Aldicarb 0.002 0.006
28.292 679
Aldicarb y=244.079x+2  0.99
14 0.001 0.003
sulfone 16.655 495
Aldicarb y=466.29x- 0.99
15 0.003 0.009
sulfoxide 13.0516 853
Imidaclopri y=452.176x+4  0.99
16 0.002 0.006
d 76.866 750



A I ENSGRES: . 4 BI7E 204 50 F1 100 pgrkg 3 4
AKEREAT 8 UCPAT SN, HRAARAE 2632 e &
250 (R 5) R, i B a i EficE )y
63.3 %~108.1 %, #H X #r#Efw 2% (RSD) A
1.20 %~14.0 %o FF HESLE 3 d 347 1 H RS 2 FE )
A, AXFRUERZ (RSD) A 3.22 %~13.06 %.
245 RAUE AT VR B R B HER P RIS 2 S
25 HARLAPIIRR B 5 R bR 22
Tab.5 Recovery and relative standard deviation (RSD) of

target compounds n=8

y=3398.16x+4  0.99

17 Acetamiprid 0.001 0.003
380.4 791
y=6224.7x+64  0.99

18  Thiacloprid 0.002 0.006
3251 597
Thiamethox  y=1560.41x+2  0.99

19 0.001 0.003
am 939.08 547
y=666.414x+1  0.99

20 Clothianidin 0.001 0.003
114.22 686
y=1492.59x+7  0.99

21 Dinotefuran 0.001 0.003
82.805 740
y=478.036x+4  0.99

22 Nitenpyram 0.002 0.006
81.839 717
y=1044.59x+3  0.99

23 Imidaclothiz 0.003 0.009
44.085 825
y=287.228x+2  0.99

24 Piperidinyl 0.002 0.006
49.116 957
y=1360.72x+1  0.99

25  Cycloxaprid 0.002 0.006
457.63 716
y=1113.15x+2  0.99

26  Sulfoxaflor 0.002 0.006
02.225 754
Flupyradifur  y=1734.52x+2  0.99

27 0.003 0.009
one 800.85 393
y=13315.1x+1  0.99

28  Pyridaben 0.003 0.009
3766.9 722
y=11853.3x- 0.99

29  Etoxazole 0.002 0.006
7298.64 657
Spirodiclofe ~ y=5488.11x+5  0.99

30 0.002 0.006
n 721.95 671
y=3935.26x+6  0.99

31  Propargite 0.002 0.006
578.5 525
y=1666.5x+41  0.99

32 Phorate 0.003 0.009
9.635 975
Phorate y=1272.9x+21  0.99

33 0.002 0.006
sulfone 73.83 581
Phorate y=6659.47x+4  0.99

34 0.003 0.009
sulfoxide 88.274 677
y=2645.76x+3 0.99

35  Dimethoate 0.001 0.003
466.53 384
y=947.518x- 0.99

36  Omethoate 0.002 0.006
379.888 935
Methamidop  y=1454.62x+4  0.99

37 0.002 0.006
hos 11.206 904
y=795.8x+204  0.99

38  Acephate 0.002 0.006
.76 952

i NEOrRe
2.3.2  HEBSE SRS L
AR >y i ek o3t S 4 2 >
NVERE IR HER L SRS, AT T Ak

Seri Add RSD/
Average recovery
al Pesticide name scalar/(ug %
rate /%
NO ke

20 673 6.22

1 Dimethomorph 50 70.0 4.55
100 77.0 5.40

20 89.0 345

2 Metalaxyl 50 67.7 3.91
100 75.5 4.61

20 772 7.95

3 Difenoconazole 50 73.5 8.60
100 76.3 4.59

20 86.0 2.58

4 Morpholine 50 80.6 14.0
100 65.4 3.83

20 76.6 4.65

5 Myclobutanil 50 98.3 3.02
100 77.0 1.20

20 82.0 2.47

6 Tebuconazole 50 92.1 5.92
100 81.4 10.45

20 84.9 4.79
7 Triadimefon 50 86.9 12.65
100 93.3 322

20 86.0 5.52

8 Propiconazole 50 108.1 5.78
100 98.5 1.69

20 752 436

9 Fluazinam 50 88.0 13.5
100 81.0 4.45

3- 20 87.1 10.6

10 Hydroxycarbofu 50 101.9 3.25
ran 100 84.2 2.19

20 87.0 10.0

11 Carbofuran 50 90.6 13.7

100 79.1 4.60



13

14

15

20

21

22

23

24

25

26

27

Propoxur

Aldicarb

Aldicarb sulfone

Aldicarb

sulfoxide

Imidacloprid

Acetamiprid

Thiacloprid

Thiamethoxam

Clothianidin

Dinotefuran

Nitenpyram

Imidaclothiz

Piperidinyl

Cycloxaprid

Sulfoxaflor

Flupyradifurone

20
50
100
20
50
100
20

100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20
50
100
20

78.2
95.2
87.2
91.0

75.8
63.3

76.5
79.4

74.1
73.3
92.9
84.7

421
9.00
4.56

6.33
4.11

6.56
4.76

9.99

9.02

5.24
9.69

50 102.8 2.95
100 81.5 7.00
20 92.1 2.11
28 Pyridaben 50 91.6 247
100 77.8 2.01
20 812 2.88
29 Etoxazole 50 87.3 247
100 81.1 3.56
20 65.1 3.58
30 Spirodiclofen 50 96.6 5.39
100 84.6 2.69
20 66.2 5.53
31 Propargite 50 66.8 7.39
100 82.7 8.57
20 84.0 4.34
32 Phorate 50 79.6 6.76
100 75.0 2.62
20 87.0 3.66
33 Phorate sulfone 50 80.9 431
100 66.7 5.20
20 86.0 6.10
Phorate
34 50 82.8 4.81
sulfoxide
100 753 3.70
20 76.4 8.40
35 Dimethoate 50 88.3 8.60
100 66.8 5.26
20 83.6 5.38
36 Omethoate 50 98.5 13.8
100 94.1 5.59
20 86.0 5.52
37 Methamidophos 50 82.0 6.15
100 934 6.54
20 95.5 8.29
38 Acephate 50 80.5 5.74
100 81.7 2.34
e
° 2lbn AEUAILI Jg-';éw‘ -1 e taaars sy erar g



B3 kx 100 pg/kg IR 8BS T
Fig.3 Total ion chromatogram of a sample spiked at 100
ng/kg
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