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Automatic detection of 3 kinds of systemic pesticide residues in vegetables by
magnetic solid-phase extraction combined with a microarray biochip kit
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ABSTRACT: Objective To establish an automated and rapid method for the detection of clothianidin,
dimethomorph and carbendazim residues in vegetables based on magnetic solid-phase extraction technology and a

microarray biochip kit. Methods Magnetic solid-phase extraction was applied for sample pretreatment. The
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extraction efficiency for systemic pesticide residues was improved by optimizing sample preparation and
pretreatment conditions. An automated and rapid detection method was established using a microarray biochip kit and
a fully automatic biochip analyzer. The sensitivity and accuracy of the method were validated using cabbage, eggplant
and tomato matrices. Results The limits of detection and limits of quantitation for clothianidin, dimethomorph and
carbendazim in cabbage, eggplant and tomato matrices met the detection requirements. The spiked recovery rates for the
3 kinds of vegetable matrices ranged from 81.48% to 120.48%, with relative standard deviations between 0.88% and
14.90%, demonstrating good accuracy and stability. The relative standard deviations in results between the proposed
method and the confirmatory method for actual positive samples ranged from 0.12% to 9.95%, indicating good
consistency. Conclusion This method exhibits high sensitivity and accuracy. The application of magnetic solid-phase
extraction allows for rapid and simple removal of impurities from samples, effectively reducing instrument costs. The
high-throughput and multi-parameter characteristics of the microarray biochip improve the coverage of detection items.

Automation through instrumentation reduces the technical requirements for operators, providing technical support and

FH1TE

a theoretical basis for the popularization and promotion of food safety testing.
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Fig.2 Microarray biochip image and antigen spot arrangement
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Fig.3 Photograph of the automated biochip detection system and
automated detection process

1.3.6 HPLC-MS M % &4

HPLC %% f#i[§ ACQUITY UPLC HSS T3 f&iftk:
(100 mmx 2.1 mm, 1.8 um), A& 35 °C; FshA A N 0.1%
FRIY 5 mmol/L ZFREHAW, B A M, Wik 300 uL/min, 3
FERE S uL; BREEVERRARE WL 1. MS £ KA Mm%
FUii(electrospray ionization, ESI), il 77 = A8 & v W
il (selective reaction monitoring, SRM), 1F & T4, HiMmE
ZHLE 3000 V (ESIH), Rl FXF5 MS S5k 2.
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Table 1 Program of gradient elution

Fi [ /min T A% TSI B/%

0 95 5

1.00 95 5

1.60 60 40

2.20 30 70

2.50 0 100

5.00 0 100

5.10 95 5

6.50 95 5

®2 EEBTIMRIESHSH
Table 2 Quantitative ion pairs and mass
spectrometry parameters

EREHE RpERE R/
e Vaxiit BFR(mvz B
T Sa ik B (m/2) v oV
N 250.0/132.2 74 20
1 g H
250.0/169.1% 74 23
) YT 388.1/165.1 80 28
M Bk 388.1/301.1* 80 18
o 192.1/132.1 87 25
3 ZWR
192.1/160.1% 87 14
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r? BRI 0.99, 3 Flf 24 i X A v A R A S R T
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®3 EHER. BEEM. SEREMERASRESHIRY
Table 3 Linear regression equations and correlation coefficients
for clothianidin, dimethomorph and carbendazim

LA RY R

K zi H el R ;]
() (ng/L)
BEHUH:  Y=—31.730X+59.433 0.9934 0.5~40.5
IR Y=-35.963X+83.417 0.9976 2~162
ZHER  Y=38.334X+87.072  0.9989 2~162
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S T 2 3 T AR 2% BRI, AL G5 (L3 7 v R R

FERE S BT TR S BT BT A TR . AR BIFSRASHIN A H AR
E R | Ik . 2T RECEA NIRPE, A TR
HI T, SR BT IR S VIR ) 7 2 64 TR R 45, W RBTC I
FEAT PRI AR S B R AR 2R B, 5 R D 4 SR AN R

A 5T FH A UET7 15 GB 23200.121—2021€ £ %
S EFARE YIRS 331 ik 2 R ARk
WIIE AR G- B R 2 ) K H B R | A T o |
Z DA RER N PHVE B S RE &, T8 3 BT RR 28 T B R r
HEATRES 45, 87 HPLC-MS #6300 P 7 v 4 RO RE
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24 FHAEFSMSREM

eSS RAR R O ik X A AR iri S5 Hoth Ak &4
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Table 4 Comparison of detection accuracy for different sample preparation methods

R ey TR LIS L
(ng/kg) Mgt 5/ (ng/kg) AEXT AR D 22 /% For il 45 5 /(ng/kg) AEXT AR IR 22 /%
R I H i 143.73 90.67 22.64 136.53 2.57
HX Lk 725.28 514.95 16.96 634.91 6.64
KA Bk 138.82 90.52 21.06 127.75 4.15
3 ZHR 304.97 222.63 15.61 284.86 3.41
kB ZERA 603.65 452.74 14.29 507.23 8.68
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Table 5 Background levels in negative vegetable samples using
different pretreatment methods (pg/kg)

GB/T 27417—2017¢ SA%PEE ALy ik AIB AR ),
HGEPATIE 20 AL EBATERE S, 0 E 25 2R - 20

g g EREE I ARAE Al R R A
co e HUb R} B! FEIN 3 AR 22 B A% v A R, B REBRLA 3 %
E iz 0.50 3.14 ¥ H PR3
HiE  KSE 0.99 13.23 AT ZHIE 7 GB 23200.121—2021 I E A
LR 0.57 20.66 TRMEN R IR 2R WEE . A A
15 ot i 0.16 1057 FE S, 6 TR AN ZE IO R A TR AL B, o RS A
/4\*; Ao | A= = (vxcn (%‘TI 4t Sy =y {T\
T e 0.39 3126 %u}#ﬁtuumﬁﬂﬂﬁfm‘u, K5 38 T#@l*/:ﬂjﬁﬁ\
prm— e s ERPRRIE . GB 2763—2021 { &AL EFARE &
- ' ' thofe 2 B R AR B PR AR ) R B B Y R 25 B R AR HE R
W T 0.94 23.83 i ) .. g R
(maximum residue limit, MRL, PIFiEAHOGHIER 7, &KXH
A IR L2 13.49 VAT HIE . BT BRSO TR A L 8, Kot
ZHR 041 2156 BRULFE 9, EBRILE 10, SCHGES IR, R4 AR
< 6 AERTAIE 7AW A B A o E T
Table 6 Comparison of detection accuracy of different pretreatment methods for positive vegetable samples
. FE i BH AR 6T FH R A [ AR 2K BORE A RV 0 A A BB )
F K H - — - —
(ng/ke) K2 5/ (ug/kg) AR AR D 22 /% K2 5/ (ug/kg) A XA o O 22 /%
I W i 143.73 133.67 3.63 100.61 17.65
B Nk 725.28 696.27 2.04 761.54 2.44
KA MRk 138.82 156.87 6.10 174.91 11.50
B 2R 149.05 183.33 10.31 196.75 13.79
i ZHR 304.97 265.32 6.95 243.98 11.11
S ZHWR 603.65 549.32 471 476.88 11.73

%7 GB2763—2021 1 HIE, #iF. EFMKZS MRLs (mg/kg)
Table 7 MRL:s for pesticides in cabbage, eggplant and tomato

#9 HIEE, fiF. EMEFRKEHR(@eke)
Table 9 Limits of detection for cabbage, eggplant and tomato

according to GB 2763—2021 (mg/kg) matrices (npg/kg)
FE WE rf i 75 T 1) I ZHR BT WE th 1% 75 THE M) I ZHR
T 0.50 2.00 0.50 HiE 13.58 26.99 22.12
i 0.05 2.00 3.00 it 12.20 13.91 40.05
] 1.00 1.00 3.00 g 25.38 15.41 45.07
F10 HE. fF. BHERFEEER(ng/ke)
+=8 HIE #nF. EmERFRM Table 10 Limits of quantitation for cabbage, eggplant and

Table 8 Method specificity in cabbage, eggplant
and tomato matrices

- piu alll RIS W ol UEAR SR G AN DS S R )

W 20 20 100
HE B 20 20 100
ZHR 20 20 100
19 1 e 20 20 100
T TR bk 20 20 100
ZHWR 20 20 100
158 1 Jiz 20 20 100
FA TR bk 20 20 100
ZW R 20 20 100

tomato matrices (ng/kg)

FER WE th i o175 T S b ZWR
HiE 40.75 80.98 66.35

HiT 36.60 4172 120.14
i 76.15 46.23 135.21

FEEU R 5050 A s Frikanl & B shAbA I H i i
FTeHRESD, BN 100%, KBRS & & RISE T Eir T
FUEXT LA MRL H, $R50-5 R 80 mT LA 2 A
2.5 HmEYER

AT EPRZHNIE T GB 23200.121—2021 ME A
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EAVER . IR . AT T
T it R [ A A8 UM LS5 3 90 A s e iR & B 3D
ARSIy LA T bR ISR A IR, PEAL ket . S
% GB 2763—2021 &b L& E Rl B A 2in Kk
B RRL ) BT RN I 25 T e e | M IR IR . 2R
MRL {H, [u] BI1E2S FURE S Ao SRR, i 45 B 7 A e
R TR . 2T R IR S, RES S 0.5
% MRL {f \MRL {E A 2 fif MRL {8, & MKEH% 6 1F
FIRESRIEATRIN, SEEREE R L2 11,
SCISE TR BN, A FH R A 2 IOM RS R 81 A
WRRA & AR E ., . B, e
WOH E RN 94.37%~110.99%, FH X A% UE W 2= N
3.12%~13.20%, eI H [FIEh 81.48%~105.17%,
AR FR HEDR 22 0 0.88%~14.90%, £ 57 101 H [0l i % K

92.04%~120.48%, FHXIFRIEM 24 0.95%~11.93% % 7 ik
WERR PRSI, AT DA R X A 32 5 g U . R T P O
Z T R AR 2K
2.6 SERRPAMERE SR

AW T 200 )7 GB 23200.121—2021 5 K
FEAE ) SR BR AR S, 1 AR AR BUR R R A TR AL B, i
FHRR S A ies o ialR & AT B SR, T84 kX
SEEIG P AR G 000 4% SR 5 8 326 0 24 SR ] g AR s
22, PRARIZ T 1A% B S B AR S A I B MR P, SRae g
BT 12, LIS EoN, 6 FHRE: BAH 2 IOk L5 i
G AR R R B S AR I S R BH M B SR A, S
UEJ7 VR I 25 SR A X PR EAR 25 7E 0.12%~9.95%, FREZ 7
LGRSOy, TR TR S e .
TN bk . 22 P 2 4% B 0 AR

&1 OHE, 7. ENERMARE KRS ENRERE(n=6)

Table 11 Spiked recovery rates and relative standard deviations for cabbage, eggplant and tomato matrices (n=6)

Lioalll ISl [EE 951 TR B /(ng/kg) RV B /(ng/kg) 15 2/% AR AR AR 22 /%
250 242.80 97.12 8.24
i 500 513.10 102.62 3.12
1000 943.67 94.37 6.54
25 27.29 109.15 6.75
W st T 50 4736 94.72 8.55
100 107.55 107.55 13.20
500 528.05 105.61 9.57
F 1000 1109.91 110.99 8.47
2000 2021.19 101.06 13.10
1000 870.75 87.08 11.59
Hik 2000 1999.09 99.95 7.39
4000 3945.04 98.63 11.50
1000 841.04 84.10 9.68
o T N fii 2000 2082.18 104.11 2.52
4000 4206.95 105.17 3.06
500 407.39 81.48 14.90
F 1000 985.54 98.55 0.88
2000 1902.79 95.14 10.03
250 241.75 96.70 8.32
ik 500 530.60 106.12 3.25
1000 920.37 92.04 11.93
1500 1602.70 106.85 0.95
ZHR Wi 3000 2863.78 95.46 2.63
6000 6461.42 107.69 9.16
1500 1807.23 120.48 6.09
it 3000 3466.13 115.54 5.07
6000 6632.10 110.54 9.49
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Table 12 Consistency of the results for actual positive vegetable samples with the confirmatory method
B ST ioallRE| il BH P B (ug/kg) A R R 25 3 (ng/kg) AT AR 22 /%
A2 WE H iz 343.81 343.00 0.12
¥ WE H iz 255.68 237.98 3.59
HH s T 1 b 725.28 864.92 8.78
KA 5 B P 138.82 157.06 6.16
R 75 T 4 I 810.54 691.69 7.91
i ZWR 380.80 311.90 9.95
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