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Abstract: To enhance the efficiency and accuracy of detecting systemic pesticide residues in fruits and vegetables, a
microarray biochip method was utilized to screen antibody and antigen materials for six systemic pesticides: carbendazim,
carbofuran, acetamiprid, procymidone, fipronil, and clothianidin. A microarray biochip was prepared, and a rapid biochip-based
detection method was established for simultaneous quantitative determination of these six pesticide residues in fruit and vegetable
samples. The sensitivity and accuracy of the developed method were evaluated across six types of fruits and vegetables, namely,
garlic chives, leaf lettuce, tomato, sweet orange, pear, and grape. The linear correlation coefficients were >0.99 for the six pesticides within
the following mass concentration ranges: carbendazim (2~32 pg-L ™), carbofuran (1~16 pg-L™"), acetamiprid (2~32 pg-L™"), procymidone
(15~240 pug-L ™), fipronil (1~16 pg-L™"), and clothianidin (0.5~8 pg-L™"). The limits of detection and quantification for all pesticides
in the six matrices were below half the maximum residue limits specified in national standards. Spike recovery rates ranged from
74.55% to 121.69%, with relative standard deviations (RSDs) below 14.13%. A comparison with confirmatory methods using actual
positive samples showed RSDs of 5.32~15.98% between the two methods, indicating that the microarray biochip method possessed
excellent sensitivity, accuracy, and consistency with confirmatory methods. The simplicity, high efficiency, and high throughput
of this approach demonstrate broad application potential in agricultural production and market circulation. Overall, these findings
provide a theoretical basis for developing rapid detection methods for systemic pesticide residues in fruits and vegetables.
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Fig.1 Photograph of the microarray biochip
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Fig.2 Microarray biochip scanning image (left) and antigen spot

array arrangement (right)
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Table 1 Correlation coefficients of the standard calibration curve

across different mass concentration ranges
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Fig.3 Standard curves for carbendazim, carbofuran,

acetamiprid, procymidone, fipronil, and clothianidin
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Table 4 LODs of the biochip method for garlic chives, leaf

lettuce, tomato, orange, pear, and grape (g-kg )
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# 5 0.02 05 / 002 05

3 3 0.02 2 / 0.02 2
#EH 3 002 05 5 0.02 07

2.4 FEREE RN E

FR 3 DA S ARG T v, AR S Z T TR R
i VSR AT I 2, CAVEAR T3 v e it . BT IR
B R ERRE S CIESE. P B E . A0 /. 24, Hi4D),
BT ER R NS B ZE R wH B, EHR

Bk TR FOAE . ME SRR, 2R
05 30 1 5 & $05r 308 0.5 £ MRL {E. MRL {H
A2 % MRL A B FF dl, BN 00 8 20 B0 3 AN FE
HAE ., WL REENA (4 HFEREE, s R
W 7,

-G
R= c, x100% 4
BN
R——ED &,

C\—— Mt e M2 R ERE, ngl’;

C,——IArZ AT R R, pel';

Cy—— AT R e Bt S L, ngL.

K msEm g RER, WS R &E
AR, MR B E. F . B AL H A 3
i, % B R IH [FR A 81.05%~116.31%, AH X}
b e 22 8 2.02%~11.10%, 3¢ F B0 H [FICR N
83.40%~118.83%, #H X A5 #E i 2 9 2.19%~13.89%,
mE R I H B UL R A 74.55%~116.15%, A7 X bR
#E i 2 N 0.91%~14.13%, J& & F T H B & N
79.07%~121.69%, AH X} b5 #E I 25 9 1.24%~12.78%,
SO T E [ U R N 79.07%~119.43%, A1 X AR
TE i 22 N 1.34%~10.77%, & B % T H [ U R N
75.59%~114.60%, AH X b5 #E i 22 4 3.67%~12.42%
SR 25 R R oR A R S R HERR R, AT A
WA UL B R 2 R . T E R ek, JE AR
SRR P U A 5 5K

2.5 ELFEARIIE

AHIF 35 I LC-MS A 45 5 2 B A4 1 SR A
A0 R B iR AT e, USRS IE AR 8
T30 LR B A R I (AR . Sl S LK 8.

SEUG S5 R B R, X T LC-MS K I 25 5L A BA 1
RGBS, AV R ARSI E K B,
L. dESE. A, PEE. SERFERSE RS LC-MS £
I8 SRR AR 22 5B /N T 9.8%,  BAA BT —3K
P, FRBAAEADE R N SVEA I b IR B SRR A
B, PTHT MRS ZEA . AR e Sk,
FRAER] R mE dR B A . TS
FAL EGFFESBRIG RS LC-MS kil 4 S
St B 2 1E 10.85%~15.98%, B A —EmZE, 7 fE
A& T DL FR S AR AE IR 0 IR AR 5 BiAd = AR T
TP, MMIGEN TSI 5 R, 7 EAE 5 S MR A X
AT A BT VE AT AL AHERR TR T, 50 0 1k A S
IR ERE AN G % P S DN i 7/
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Table 7 Recovery rates and rsds for garlic chives, leaf lettuce, tomato, orange, pear, and grape

BMRE HBAR O AERRES A (gke) AR/ (ugke ) WIKE/Y%  ABsTARER £ /%

1000 911.67 91.17 5.46
EX 2000 1 862.87 93.14 461
4000 3839.33 95.98 8.99
2500 285125 114.05 4-.-39
tRHE 5000 5142.37 102.85 8.28
10 000 10 878.27 108.78 8.03
1500 1652.84 110.19 8-.-26
E 3000 3489.33 11631 5.32
6 000 6 049.16 100.82 11.10
5ER 2
2500 2205.54 88.22 3.23
ix 5000 5096.87 101.94 4.13
10 000 11 362.73 113.63 3.45
1500 1230.72 82.05 8-.-53
S 3000 3032.51 101.08 2.02
6 000 6 621.70 110.36 2.33
1500 1215.73 81.05 8-.-43
#HE 3000 2905.33 96.84 6.49
6 000 6 880.56 114.68 8.24
10 8.45 84.45 1;.89
EX 20 18.69 93.44 2.19
40 34.77 86.91 7.78
10 9.66 96.57 2-.-44
tHA®HE 20 21.05 105.23 5.10
40 39.63 99.09 9.67
10 11.60 115.99 5-.-34
e 20 23.77 118.83 10.51
40 44.73 111.83 7.67
B R .
10 8.34 83.40 13.06
s 20 18.49 92.47 3.95
40 42.76 106.89 6.95
10 8.61 86.12 8-4-63
£ 20 19.45 97.26 6.62
40 44.42 111.05 6.95
10 10.26 102.60 2-.-60
#E 20 20.45 102.26 9.21
40 39.21 98.02 5.22
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gER7
BWRE HBAER AR E A (gke) BN R/(ugke) EHRE/Y%  ABRTARER £ /%

1000 931.50 93.15 6.22
EF 2000 2126.20 106.31 3.60
4000 3 658.00 91.45 7.46
2500 2681.67 107.27 11.34
tAREE 5000 4942.63 98.85 8.71
10 000 10274.97 102.75 13.05
500 580.75 116.15 8.02
& 1000 1119.60 111.96 7.04
- 2000 1939.51 96.98 4.27
250 216.09 86.44 7.89
#a 500 499.98 100.00 3.57
1 000 894.94 89.49 5.71
1000 836.88 83.69 6.16
£ 2 000 2038.92 101.95 7.63
4000 3 696.28 92.41 2.77
250 186.37 74.55 0.91
#E 500 493.19 98.64 3.98
1000 1065.36 106.54 14.13
2500 2737.76 109.51 7.54
EX 5000 5447.98 108.96 5.43
10 000 10 117.80 101.18 747
7500 743445 99.13 3.55
tHAEE 15 000 12 822.90 85.49 7.91
30 000 36 052.70 120.18 5.29

J& B A .
1000 1150.72 115.07 3.22
& 2000 2048.61 102.43 6.65
4000 4867.71 121.69 1.24
2500 2353.68 94.15 10.05
HE 5000 4794.88 95.90 12.78
10 000 8 406.93 84.07 8.48
10 9.04 90.44 3.77
EX 20 19.16 95.80 6.48
40 42.55 106.38 7.74
10 7.91 79.07 4.90
tARHE 20 20.69 103.43 4.00
40 4739 118.48 4.88
10 10.33 103.32 495
& 20 22.63 113.16 10.77
40 40.12 10031 7.58

AR o
10 8.74 87.37 8.67
e 20 16.43 82.17 9.25
40 41.46 103.64 3.88
10 10.91 109.09 3.68
3 20 20.92 104.60 7.50
40 4777 119.43 1.34
10 10.13 101.28 10.72
nE 20 22.02 110.10 6.72
40 33.34 83.35 2.35
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BWRE HEBAER AR eSS/ (ugke )

Hemss R A(ugkg ) BE/%  ARSHARER E/%

1000 755.93 75.59 421
tAREE 2000 1785.37 89.27 4.87

4000 3788.21 94.71 5.75

500 570.79 114.16 10.96

& 1000 979.78 97.98 9.61

2 000 1861.79 93.09 6.89

250 256.70 102.68 467

o R & 500 468.22 93.64 10.42
1000 785.15 78.52 5.71

1000 1141.80 114.18 9.75

£ 2 000 2110.82 105.54 12.42

4000 3934.69 98.37 3.67

350 326.05 93.16 435

#HE 700 681.50 97.36 9.33

1400 1604.41 114.60 5.49

* 8 WA AR AR
Table 8 Biochip method detection results for confirmed

positive samples

) ‘ Mht}%ﬁ Elﬁﬁ-;z SR
MR AR A Mk ﬁ“’:/ Mol 25 ffé/ 1 £ %
(hgkg) (ngkg)

22k K R e 64.09 73.35 6.87
FIK oK R 128.27 143.74 5.78
Eid Rk 216.32 248.50 6.92
ES J& A 577.45 642.37 5.32
EX J& F A 485.14 558.64 7.04
5L g D 106.33 121.74 6.76
S AR 88.74 102.82 7.35
T4 2@ 658.78 796.59 9.59
FEe 2R 496.35 603.75 9.80
HX 2HR 245.38 305.04 10.85
E BHR 507.35 368.29 15.98
Ha¥ 2HRR 172.17 136.25 11.63
*2F 3ER 190.44 149.11 12.24

LC-MS S5 (& G 28 iE A e 1 =, =3
Ko AEACES A R I A0 5 vy, A 0 R 2 P I ) 4L
K, BLANEE A AR 245 5% B 1) T 3 M A AE 200~500 T / T
H, Rl 8] 752 1~2 d 5 MARES AP0 il &ont
FAANFE i 6 PR 24 5% BE T [ SRS £ T 3 0 A AR
30~60 7o, FEMET a3 752 1~2 he FFESI A0 ik
FHET AR A3 7V e A Rt P AR il 2 F L 3R
ol 252, AR R PR 7 1k B B A R B AE o 1 O
HE TSR, AE T R SR %. B

350

I S A gt I8, SR B AR 0 VR R X 22 b
R AHAT Loy HrAT [E A, m DA — 2D 4 moxd Y
WA A 2k B 1 9 1 2K
3 g

AR T T RSP Z AR EE B
HOBRS EER] ARG MEHURE 6 Fh TRtk 25k B TR
B BRSS9 AR 08 o iR s, FR T R
PE. BHER . mER. IIFREICER . SHUE % — 8k
BT TR, AWFFUERAAESE. MR E. B A
AL, A 6 MURBREHT TR IR R RS s R
MR, SEIbat FA R, @ RIRF AR ER, 28
R FLEBG BERIK AR s, e R R E
W 2 78 T 23 591 4 81.05%~116.31%- 83.40%~118.83%-
74.55%~116.15% 79.07%~121.69% -
79.07%~119.43%+ 75.59%~114.60%, i X e {2 )
1£14.13% LUR, HERtE S B R MR . @i seprpH
FES SR 7R T, BEOK. N, L. B3R,
3%, “Pol. SERFE SIS 5 LC-MS Jrika il &5
B AENT bR U 22 BIAE 9.8% VLR, X TFEE. HH.
T SRR AR T 45 R 5 LC-MS AR I 45 SR AR X A
HE i 2276 10.85%~15.98%, & WA 7 K0 3 73
B SERE S S HAE Tk — BUE R, T A Ak
GRS IR A — W22, 5 BEAE J5 St 5t rh 4k 2 gk
1T 8 BRI, AW TG S IR B AR ik
RGE. FrRbe. dERITE. ERMRE, KKE
S B B 1 358 SR 5 A AIE v — B R, AT
TEBRRE I TR A TR IE S TR B AR
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