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Automated QUEChERS Sample Preparation System Coupled with Ultra
High Performance Liquid Chromategraphy-Tandem Mass Spectrometry
for Determination of 20 Pesticide Residues in Zanthoxylum bungeanum

Maxim
Zhong Donglian, Ding Ming
(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400)
Abstract: An analytical method was developed for the determination of 20 pesticide residues in
Zanthoxylum bungeanum Maxim. using an automated QUEChERS sample preparation system
coupled with ultra high performance liquid chromatography-tandem mass spectrometry. The
automated QuUEChERS system integrates vortex vibration and centrifugation functions, seamlessly
combining the extraction and dispersive solid phase extraction cleanup steps of the QUEChERS
method. The operating parameters of the automated system were optimized. Analytes were
detected in multiple reaction monitoring (MRM) mode and quantified by matrix-matched

calibration. The automated and manual QuEChERS methods were compared from a



methodological perspective. The results showed that the 20 pesticides exhibited good linearity
(R2 > 0.995) over a concentration range of 0.005-0.2 mg/L. The limits of detection were in the
range from 0.4-3.0 p g/kg and limits of quantification were in the range from 1.8 - 9.6 pg/kg. The
average recoveries ranged from 62.5% to 111.2% with relative standard deviations (RSD) less
than 11.8% (n=6) at three spiked levels. No significant differences were observed between the
automated and manual QUEChERS methods. The application of the automated system greatly
improved the efficiency and reduced the labor intensity of pesticide residue analysis in edible
forest products.

Keywords: QuEChERS; pesticide residue; liquid chromatography-tandem mass spectrometry ;

Zanthoxylum bungeanum Maxim
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min, 4200 r/min 20> 5 min, WREC_E3EWGE 0.22 pm HHLIERE, fE UPLC-MS/MS %€
2.2 £ H3) QuEChERS J5i%

HERRFRIEL 2 g FERUFESD ORI 0.01g) B THRAEIME (B D, KK 10mL #
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EETESED, BESETN SI0-6512 FHLH, 1817 <1847 7715794 1200 t/min k3 5 min,
LA 4500 r/min &> 6 min; L 1000 %3} 5 min; LA 4000 r/min &0> 5 min. 2745 H 5 H

G, WERIEL 1.00 mL E3ER, iF 0.22 pm HHLEME, fit UPLC-MS/MS llj5E .
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4. ACQUITY UPLC HSS T3 # (100 mmx2.1 mm, 1.7 um); #Eif: 35°C; Jish
FH: (A) 0.01%H FR-2 mmol/L H % K IFAN (B) 0.01% H2-2 mmol/L H R #: H BE 1 5
PIE : 0.3 mL/min .o 56 5 et : 0~1 min, 97%A; 1~1.5 min, 97%~85%A., 1.5~2.5 min, 85%~50%A.,
2.5~5min, 50%~2%A, 5.0~6.0min, 2%A; 6.1~8 min, 97%A; HEFEAFR: 1puL.
2.3.2 JRiG A

B BSIUE, B BFIRIRAL: 150 °C; B 2 &MIEN (MRMD
B A AURE: 500 °Cs BUVAFIASMIE: 900 L/hs BAEHIE: 0.5 kV; HEFLHIE:
50V iR EAEER (99.999%). 20 R ZGHIFESBLE 1.

=1 20 FHRARILSH

FF5 &Y ) HEFLHLE (V) hEREfRER (eV)
1 FH frc sk 142.0>93.9%; 142.0>124.9 8 13;13
2 PES 163.0>88.0; 163.0>106.0* 20 10;10
3 AR B 166.0>94.1; 166.0>109.0* 11 27;12
4 LT P e ke 183.9>125.0%; 183.9>142.9 10 18:10
5 =IRmE 190.0>136.0%; 190.0>163.0 10 25;20
6 ZWR 192.1>132.1%; 192.1>160.1 10 30;15
7 7 N 194.1>95.1; 194.1>137.0% 25 15;10
8 A% Uk 197.1>89.0%; 197.1>117.1 30 40;35
9 TR 199.1>111.0%; 199.1>128.1 8 24;12
10 W% 5 ik 200.0>82.0; 200.0>107.0* 25 24;24
11 7 P 202.0>96.0%; 202.0>124.0 40 22:16
12 M T R 202.0>131.0%; 202.0>175.0 15 30;25
13 FHZE 2l 202.1>127.1%; 202.1>145.1 25 25;10
14 Wk i 203.0>113.0; 203.0>129.0* 15 10;10
15 IR AL 203.1>104.0%; 203.1>175.1 10 22:16
16 T 208.0>94.9; 208.0>152.0* 25 15:10
17 N 210.0>111.0*; 210.0>168.0 15 15;5
18 15 K JE 213.1>89.1%; 213.1>116.1 35 20;11

19 HAR R 214.1>125.1%; 214.1>183.1 5 20:10



20 e 222.1>123.0%; 222.1>165.1 5 20;10
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BEATARAL, 2l LR % #4600+ 800+ 1000 A 1200 r/min, #R¥FHHFE] 1. 3. 5 F1 8 min,
AT A AL ER (IR 2D, S HTASE LI 4% 5% H AR A RISCR (5 . 45 LR 1,
YR 5H N 1000 t/min, FEEUN ) 5 min, [FICERLE BT 80~120% 2 (A R ZAHUA 16
AN, ARG HGA AN RIS [H 4k RGN, RIS IR R 1t e, UL IR G e

1000 r/min, &3 HEIN 5 min.
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(r/min) (min) <80% 80~120% >120%
1 600 1 10 8 2
2 600 2 8 9 3
3 600 5 9 7 4
4 600 8 7 10 3
5 800 1 9 9 2
6 800 3 8 10 2
7 800 5 6 11 2
8 800 8 4 13 3
9 1000 1 7 9 4
10 1000 3 5 13 2
11 1000 5 2 15 3
12 1000 8 1 14 5
13 1200 1 5 11 4

14 1200 3 3 12 5
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3.2 HHERLETER. KHREERR

CATERUBHVERE A PR 5T, i 26 R SR UL RCARHER L, DML S I EIRIE (mg/L)
DA ARER 5 BB 10 FRUEE T A DA N AR 32 ST AR HE 2 o FE A STHRAL TR AL BT VR AR 25 5%
7R, BAS HARME SNy 3 AT 10 FHEMEEL (S/ND I X B2 (& B AR 7 i e

R (LOD) FlE &R (LOQ).

ZERRW, 20 B HERRAES B EN, SO R

LR R, HKARE (R BIRTF 0.995. 20 FA 2 rke H RV N 0.4~3.0 ug/kg, T8
PRYEHEY 1.8~9.6 pglkg, 45BN 3.

T3 O20 MRAMEMERE. &MHRE. BXRY. WHRFEER

LG MHRERH KR EER
&Y SRy
(mg/L) R? (hgkg)  (ngke)

FH it 0.005-0.2 y=1.1538¢007 x -8540.52 0.9985 12 3.4
KZ 0.005-0.2 y=1.8023x106 x + 4377.27 0.9973 23 8.0
K 0.005-02  y=5.13549x10° x + 4998.74 0.9988 2.1 7.6
LT &R 0.005-0.2 y=3.4988x107 x + 974.309 0.9998 0.9 4.2
7N 0.005-0.2 y=1.92278x107x + 33331.4 0.9979 0.8 2.6
LW R 0.005-0.2 y=3.68443x107x + 53484.9 0.9998 1.0 2.8
7 N 0.005-0.2  y=1.46807x107 x + 12261.7 0.9990 0.7 3.1
o dUpk 0.005-0.2  y=5.92113ex10° x +-1237.01 0.9992 1.8 6.4
Fa R 0.005-0.2 y=609152 x107x + 735.292 0.9992 0.6 2.0
W% 5 I 0.005-0.2 y=9.92362x10°x + 2096.48 0.9997 2.0 6.5
[iiBEERE 0.005-0.2 y=6.65775x10°x + 1761.12 0.9995 2.4 9.6
WE B % 0.005-0.2 y=1.80254x107x + 15877.2 0.9996 0.4 1.8
FHZE L 0.005-02  y=1.52871x10° x + -543.341 0.9999 1.9 5.6
Ik i 0.005-0.2  y=1.97336x107 x + 8299.92 0.9999 0.8 4.2
R 0.005-0.2 y=2.40412x10° x + 5334.5 0.9972 1.0 2.7
T B 0.005-0.2  y=1.92838x107 x + 20476.7 0.9994 0.7 2.4
SN 0.005-0.2  y=4.74658x10° x + 10282.2 0.9988 3.0 8.6



T KB 0.005-0.2 y=115410x107x + 131.404 0.9994 1.1 3.4

AURR 0.005-0.2  y=4.02774x107 x + 10291.7 0.9995 0.8 32
T H B 0.005-0.2 y=2.59342x107 x + 52284 0.9986 12 4.1

3.3 ERESKHER

F REARAG S I T AL B 7 AT TN I s, SR ZGLL 1 fiFE = IR, 2 f5E &R 10
e B IRONRFR UK, AT 6 YCFATIREE . 20 PR 251725 Rl ik i
N 62.5~110.0%+ 78.5~111.2%F1 87.2~111.0%, FHXSAR{EMZE3/NT 11.8%. SR IEK 4.

R4 20 MR EWEREIRERE

IR

&) 0.01 mg/kg 0.05 mg/kg 0.1 mg/kg

B Z/%  RSD/% ]S /% RSD/% 5 /% RSD/%

FH &g 78.4 43 90.0 3.0 97.5 2.4
KZ 88.4 52 96.0 1.3 105.0 2.6
K 79.8 2.4 105.0 2.1 111.0 3.4
T P T 62.5 1.8 87.5 5.4 97.5 2.9
SNl 79.0 3.0 92.5 32 100.5 2.6
Z R 84.5 1.4 78.5 2.4 83.0 1.0
S 92.5 2.2 87.5 1.8 89.0 1.2
ENLEY 90.0 3.0 92.5 2.4 99.0 1.3
TR 87.5 9.6 91.0 8.8 108.0 52
W% B Ji 78.9 35 90.2 2.1 95.4 3.6
[iiEE}EA 90.0 42 87.9 2.7 93.2 23
VEE A R 92.5 2.8 94.0 1.9 103.5 1.2
S~ 110.0 8.6 92.0 7.4 93.0 6.5
W da 80.2 53 102.0 4.2 97.5 3.8
TR I B 85.5 7.6 90.3 5.1 87.2 3.0
i TR 83.7 53 99.0 3.7 102.8 25
R 89.0 6.4 87.5 3.1 90.0 1.4

T K, 109.0 11.8 111.2 8.5 108.4 9.4



HIR R 87.0 43 89.3 2.2 98.4 1.7

PNER 78.0 2.8 97.5 1.6 90.0 1.3
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