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Abstract

Aims: In order to solve the problems of low integration, cumbersome operation and subjective in-
terpretation of traditional detection in multiple detection of pesticide residues, this study aims to
develop a simultaneous detection method of 16 kinds of pesticide residues based on high-through-
put microarray immunoassay and intelligent recognition system. Methods: Based on the principle
of immune lateral chromatography, 16 kinds of pesticide antigens, such as paraquat, were fixed on
nitrocellulose membrane by non-contact spotter, and the microarray chip was prepared; the specific
antibodies were labeled with colloidal gold or colloidal carbon, and the chip and microporous reagent
were assembled into a detection card. Combined with the microarray reader, 16 kinds of pesticide
residues in agricultural products, such as cowpea, were detected and analyzed based on the machine
vision optimization quantitative algorithm. Results: The image acquisition of this intelligent recog-
nition system exhibited good repeatability, with intra-batch coefficient of variation (CV) for grayscale
values at each detection point < 1.59%. The edge positioning accuracy reached sub-pixel level. Under
optimal conditions, the detection limits for 16 pesticides in three matrices ranged from 0.003 to 6
mg/kg. The recovery test showed that the false positive rate and false negative rate were both 0%,
and there was no cross reaction with structural analogues, with strong specificity. The whole detec-
tion process took only 13 minutes. Conclusion: The high-throughput microarray biochip detection
system established in this study breaks through the flux limitation of traditional methods in multi-
residue detection, and provides an efficient and accurate solution for the on-site rapid screening of
pesticide residues in agricultural products.
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1. 5|8

RALELRBEAR T =& B B 7 TR A AT ERME .« SR, Bl 5 A 248 2 i 38 n &
SEHIFIE b, A7 i I RR ISR, TBRE ST, g, SREGERKE T E
FET NS 350 /3, FBEAEAR S S AR Z55R R 10 OO A BRI B S e e, A R — Ak
B BRI R G0 A LA 2 AE SR PR A rp [P i 25 2 MR 2R B M T R o DRIk, A 7[R 20 0 A SR B A5 AR 7
o2 PR R B IR I T, T IRRE S R B A AR R A EEE .

HHT, ARZ55% 8 E 00 F B 2 BRI J7iE, . ARG LC) [1]. S E(GO) 2] )
FHETE - FREREH (LC-MS) [T (3 - B (GC-MS) [41 AL Gk 5k, X777 B RIS
s AEFRPELE . AT RIETR I 2 A AR A AR A, R SIS IR SR V. EAEE R B B AT
By KB . B LN RARIES SRR, #E DA 2 I PR 07 2 R KRR AW 0 0 75 R 2Tt
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RO 7 1t 45 A () G2 A AT RO, LB IR 6 925 T B I i v (ELIS A) FH S %8 IR AT i 4R 5%, B R AR
KPR . AR ER AR S, T2 B T ISR E[S] [6]. B E fs% EHT R4 R R . Tk
MRS, RN EE 2 I A PR T A R Ak V(7] SR, ARG B RAR & g% IE M HOR 2 00 o A i,
— R R Rekrill —Fr H AR, HARRNIR AL, FAAE BRI, TG R R 22 AR 251 J FR
[8]o AfARYZ TR AR IR n) &, W08 S0 2 P PR S e T — k4% b, PR T 2l )k 2
MR BN, @5 B2 4 killZk, TR I 3~5 Bk H R . (H 52 IR T IR 2 4 22 I 1) 9 A
For i 2 1a] PR, A I3 B e DAE— B4R T, HAS RSN R (B W] BEAEAEAS 4. PRI, ST ik & F K AT &E
il e, FEe . IS A R R PR I A B, A I SR S A o ) AR 24 e T TR R R R
WRRREE,

WS F (Biochip) X R B #1145 R (Bioarray), 38 i 78 [ AH 44 L % 5 [ e 22 AP ) o F(ande i
Pk ZBRARED), SERUN ZANSEARI RIS PR AERRASII[O]-[11]. ZHEARBEA mEE. M. 5
THFED . ATIFAT AT SR AL, CAEFERRE T IR IZIT. 29 0Rik S U Bz A [12]-[14]. 3T
R, WL S S R BIN R e s, JER THY EEER. fiER. REZ4KRE
SERITTVE15]-[18]0 T 06, ABFFTER R H AR 2 2 5k B P ke il Fh A2 7E Rl 24K #RE BT, s
EEER S, BRI EAR SR e EUR IR R GRS, TFR T — P T 56 4 G e ] S5 3 1) ey J
ARTT 5 AR [ E T 2GRS G SN, AR R AT RIS I A AL AE 16 Rl 245k B R T
ISR R, JFECE B EWPR MSR100 S BEU, 2 “ B3R - (E5 04 - 8538 HE” 1)
—IEA R ekl . DLELE, R, SERONAGRMEEER, XHZT R R AR AR R M T RGO
Wi, HFEIA AV R TTE AT AT, B AR AR AR 2 2 5k B I I P O A SR A — Pl
R PIEERIR T & .

2. MN57E
2.1. MRS

BB BE UK MLk, ET RIS ME R, ME R, WEPAES . S PREE. SRS, SPMEERE. K
TUE B3-S E . SRR FIE R KRB bR E 5 (75 E Dr.Ehrenstorfer A ), M )
AR 25 B o BE AR AP R (AL 3 32 IE AR A IRA R s AR 2F 4 R (NC)IRE (38 2 RIS R (i) B 5
EIRAT]): BB 4ERE TR 8965, W K4 TWO311. &5 F i TW0212 (L&t MR A IR A 7):
& LUV V(g R T AR R R i A IR A 7D S (NaCl). S LB (MeCl). FALEH(KC). B R
(K2CO3). ﬁ%@é%:%W(NazHPOO\ ﬁ%@ﬁ?:%%ﬁa(KHzPOO\ ﬁﬁ@ﬁ?%ﬂjﬁ(NaHCOﬂ\ %7K@ﬁ@§%(MgSO4)\ ik
RN (NaCOs) (At XA XFNA R AR G AEE . HEROMVKEHEED R R G R AR); H
H(E 2GR AAERF G R A R); B eI EE £ 2 SPECIAL BLACK 4 (SB4)RR (LIt TH R A
).

22. UES5RE

sciFLEXARRAYER S3 s FE{X (2 [E Scienion /A #]); Sorvall Legend Micro 21R Centrifuge 250 HL(3E [E
Thermofisher A F]); LC-MUC-30 A EVEN( LRGSR ER A H); LC-85L BHTFRE (LB HRIL
WRHCE R A ) 2Q200 fi Fi i B Zh BT VIHL( L &5 VIR R A F]): MSR100 TP 51 S8 (AL 5
LIEEMFHARAF); 2 IhReinEIRZ 1 (EE Scientific Industries A 7]); E A (RS 7% SLE
FHBRAFR).
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2.3. SRR

2.3.1. ZZMiREcH

(1) Ve M(PBST): &N 0.05%t: 3 Tween20 1) PBS & -

(2) PUIEMBMR: SEN 0.1%HRH PBST.

(3) HM: SEN 0.2%WKH CBS.

(4) B0 AW: FER 9.33 g, NaH,PO4 12H,0 36.8 g, A MG M Ha020.18 mL, MK E&EE
1000 mL, 4°CI A7 .

(5) & B (TMB ¥%i): TMB 600 mg /il & — BRI AR 75 B AR f5 2 A % 500 mL, 4 CRA7#% .

(6) Z1bE: 2 mol/L BRER(98% IR AR 11.1 mL + 88.9 mL Z&1#/K).

(7) B A: & 0.2%H M. 1% BSA ¥ PBS &

(8) B B: & 0.5%H M. 1% BSA [ PBS ¥#K -

2.3.2. HFESIES RHI&

(1) PR SRR

BRI 25 B A% HR 200 pL NN 0.5 pL BELLVEIRS], 2 )5 FH 220 nm JESs I8 5 % FH . d% iR
| IREE AR Z5FPIKE AL B B33 1.5 mL TR MRREOE T, IR RIREERCH] 16 ok 25515
W, IRA)EHEE 20 min, &R 5E RS ECSFH ERE R0 L 12,000 r/min B0 20 min, HUEE 4°CEH.

Table 1. Antigen information used by each item of chip products

=1L BRERERERERNNERER

5 (SR R 2 BUJEIR E S A
1 A FEPLR [gG 7 mg/mL 0.60 mg/mL
2 B FPhifk 1gG 23 mg/mL 1.00 mg/mL
3 B AEAM-Ag 17.4 mg/mL 1.50 mg/mL
4 B ATP-BSA 6.1 mg/mL 0.01 mg/mL
5 B HHEE-Ag 11.1 mg/mL 1.20 mg/mL
6 B I R -Ag 10 mg/mL 1.20 mg/mL
7 B B E-Ag 10 mg/mL 0.15 mg/mL
8 B —Me-Ag 10 mg/mL 0.07 mg/mL
9 B FAE-Ag 5.9 mg/mL 0.09 mg/mL
10 B S M -ag 10 mg/mL 0.13 mg/mL
11 B MEL-BSA-1 10 mg/mL 0.60 mg/mL
12 B - TOH B-Ag 10 mg/mL 0.40 mg/mL
13 B “HIER-OVA HiR 6.6 mg/mL 0.40 mg/mL
14 B FP 2 S At 70 iR 10 mg/mL 0.16 mg/mL
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(2) BEESE A%

VG R AT Y 2 EUREG T-205 F IAR i 58 X 4k, B OR-T TR 4 . 95 sciFLEXARRAYER S3 =k & A5
FEAX, A5 BC 3 AT R 2 TR B SRR 2 SRR NC R B S RESOR B R 1 R . RSB E N
SRR 12 nl/ 88, mAEE X 7] 1250 pms Y 7 1) 450 um, JEAL 18 51 x 10 AT HI ARG R o mFERRES
MR FEFSHITE 55% + 5%, WAL 25°C £2°C. RFESERUE, RO BT 37 CHERMAM TEE R, (o574 [E
fi] 72 T L

Hag NCE MRk IR

[ /

Figure 1. Schematic diagram of point template
1. REIRREE

(3) FEm AR

B O BRI BE T 60°C~70°C A HIEMR, JFFELH] 0.5% S17 JHIEAKIFW & . B S 7k 8965 3
TS LT YEERE AR BICT F BT, IMNGEE 0.5% S17 T FITERG S22 8 Bl 78 0=, JE 30 min,
JHCE HAIF R 10 min BHZ)— K. B AT IR Z PR T2 M b, 37CHTF IR BT SRS T
EFEAKAEES, BATER, WEEH, iR,

4) BRAREEHED

VTP S5 00 P AR e i 29 TR P 2 AR UCORE W AR R S5 PO RE S R (B8 3.5 om) FIIROK AR(FEE 2.2 cm),
PR IE S . 6 E sh T UINUG AL 0 KA D) & 4.5 mm 58 RGN 2%, BEANEFRFeH, KBRS
P, 2ERAT &

2.3.3. FRichidHI&E

(1) RikEEH %

KT BRANIE IR ) & Bk 4x o BT AT BRI B LA F/KIR A, B Al /K ph e T3 5 it T & . B
100 mL 0.01% 5 SR BOMAE IS, HGEMN 2.5 mL 1% BRENTA I, 4k 528 1 2 1A LB W TS 4
o, fREFBIE 10 min f5 510034, AHIERE, 4CELRGFERH . Ko - v e R ER, #
B A & f KRS TE 520 nm,  Fi4E40 20 nm.

(2) BRI

FREX 120 mg SB4 fHr, MO 30 mL B4E/K, KA T ARG T3 75%, A 3s, [EkE3
s, MUNFTE] 45 min)o B BB IE R FE A 0.2 mg/mL, 7500 r/min B0 15 min, HU_EIER & .

3) Pkt S5HT

IR A F B R AR I 26 1 W & R AR S R DU 2 ) 5 I A & BUR AR B I R & T 719 pH
% 8.0~9.0, ZEifF 30 min, MIA 10% BSA BAWKE 1% TH . brid7EM)E, 4°C. 12000 r/min £
O 30 min, FF EIE, UOERPUERBIRE R . TG AR ICPUREREZ B 100 pL 75 R HRFLR
=50 CA VT 24 h, HERIEEH .
2.3.4. HRATNE

BRFA FE (L. 3. ERARE, MR 1.0 g T 7mL @08, A3 mL & 1%
5 Tween20 1) PBS 28U, JIZI4R%% 5 min, 4000 r/min 250> 5 min, B E3EWAE AR %
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2.3.5. BB ET

B 100 pL FFIBIMA S A VR TARCTUA RIS, SRREWRAT 5 RAEBGH 78R 2], =il H 3 min.
AL rh A B RS AT R INREAL T, SRR 10 mine LA RILE AR, SLRTEA MSR100
RS, B ZhEEBOFC S SR A KB . DA R CEPUR [gG) IR NN 2, i
T 5 o4 s AR BE LU ABL(T/C fE), AR 4 R A

2.3.6. ZER¥IE
R B S B 5 SR BEAT S b, AR AS IR AR TR PR A, B S g B 2R, 4454
W FEE A TR PR P ST, B 5 SR SR RH I s ARG AR A R v TR R R, RIS 7 B

2.3.7. FFEFEEM

(1) REEEERN

SIMELIE . R SERA AR 16 PR ZIFRAEA, FCH 0.5 f5 1A%, 1.5 A5 Flseas iR
W INARREAS, RNREE IR E 3 A P47, EREME 3 K. ARERINZS R e SR ALk IR, JF
T BE P 2 RO B 2

(2) FrRERA

PAFT GONARR I, Ain — W R R % 3 mg/kg, FIFTESLRIT AT R0, R AR A 15 Ao
I RPN, BEFEAREE 10 K, WA TR

Q) NBERMRIE

1 MSR100 FiBE S, 43 5hF [l — St 2 il 48 RO B PR R BEPESES (S H R, 3 mg/kg) HEAT
Krll, S AEESL 10 K, TFES K SR EER SR8, NS RGN E R RIS E .

2.4. YRR

AT I S5 45 I LOF I £ FRifEZE(Mean = SD)ER, AR REUCV) = briEZE/BME x 100%.
2K H Origin 2021 B A2

3. ZRE S
3.1 WS R R S E SR A e T

BB P ) AR I A2 A AR 22 SR R PR R 6 Atk . AR 78R sciFLEXARRAYER S3 =ik 4 9F
LA AR, K 16 PR 5P T IR [ 2 TR 4E 2 I b, TERL 18 B x 10 47/ siBEAT /R, A
BB E N X J7 1) 1250 pms Y 7711 450 pmo VPG SRR R B S PERURE L, XS4 1 10 5k8 ik
1T BB RAG T, DR S I E AR SERR A B S ER AL B M . SEREOR, BT AR A S I E A
BRI EIE£0.32 mm JEEIN, 76T EARHE(<£0.32 mm). 8T 10 305 BRI — 0 & A
PIALRRAR S R, X T RAY JA CV AE2 5N 0.87%F 1.12%, RFMFERGEA RIFHEMES
PEo SEES TR A B MSR100 TS S 8CR AP GO SE VR B N AR, WA B ECR S T A2 i
BB RENDGENFIETIE VAR RIS E, B 10 5RAFLE e ARz 504, W R0t
MRS AR Z/NT 0.5 MEZ, BIIR T EARFERS A« A FEHE A A, 36 5] — 4G 00 A A FR 3R 53 X 3
8 BT A E WA T N RRI R % .

3.2. ERRERGMRELIE

MSR100 R4 41 13 BUACR T s 70 78 23 TALARAL, $ATE 6500 K LED 1H G IR 1238 St ot 2 i 2 [ R
EARG(A 2), FTABANHIAED T, MRS - FUARMIE OGS UPUR - §iik - RE e/
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Figure 2. Microarray chip image acquisition module

B 2. WSS R EIGRERR

3.3. RGEFETHIEITR-

VPG RESERTHER P, R E T T B R EL S TSNS SRR S BEAT AL B S, s A
[RIAR B T EA L e HUBKRSE 16 R ZGARAHEIEIL RN 0.5 M RIIFR . 1 sl R AT 1.5 fis
TURR, BENREEEREE 2 K, FIARESI A A AT R, T EAT SR ARG PR A 428 B E S 56 s
EAAInbR o AU DLANEE 2 Flro, AR SEa 4 SR e PR P A PRANMERAE . the 2 W1, 16 PR 2548
HLE. Jraies SERPAIH HBRVEEDY 0.003~6 mg/kg, RBAVESRANERYIy 0%, S5 RAEFTTEE, B
AR5 AT DA SEBILNS L2 A5 AR A T AR T B E HUBKAEE 16 oAk 245 16 [ 22 07 25 20 A ARG

Table 2. Experimental results of detection limit (n = 3)
7 2. WMPREIGLER(n=3)

A0 2 S
I FR IOAIE S50 IR FE (mg/kg)

1N I 2 B3 S

o R 0.003 3/3 33 3/3

[EEE BRI 0.0015 0/3 0/3 0/3
LRk 0.0045 3/3 3/3 3/3

S R 3 3/3 3/3 3/3

AEYE AR IH 1.5 0/3 0/3 0/3
R 4.5 3/3 3/3 3/3

AR 6 3/3 3/3 3/3

Lt HL bk R A 1 3 0/3 0/3 0/3
BRI 1 9 3/3 3/3 3/3

o R 0.6 3/3 3/3 3/3

BN TR BH 0.3 0/3 0/3 0/3
Bt 0.9 33 3/3 3/3
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RS R 0.6 3/3 3/3 3/3
Mg £ g8 R R 0.3 0/3 0/3 0/3
TR 1 0.9 3/3 3/3 3/3
S R 3 3/3 3/3 3/3
N L Bk {EEERES L5 0/3 0/3 0/3
R 1 4.5 3/3 3/3 3/3
R BR 0.12 3/3 3/3 3/3
% TR i s BA 1 0.06 0/3 0/3 0/3
Bt 0.18 3/3 3/3 3/3
o R 0.6 3/3 3/3 3/3
=T R A 1 0.3 0/3 0/3 0/3
B3RS 0.9 33 3/3 3/3
IR 0.21 33 3/3 3/3
I HU R R 0.105 0/3 0/3 0/3
R 0.315 33 3/3 3/3
RS R 0.06 3/3 3/3 3/3
T M e R R 0.03 0/3 0/3 0/3
R 0.09 3/3 3/3 3/3
R BR 0.6 3/3 3/3 3/3
K i {EEERES 0.3 0/3 0/3 0/3
TR 1 0.9 3/3 3/3 3/3
R BR 0.006 3/3 3/3 3/3
PTNED R BA 1 0.003 0/3 0/3 0/3
Bt 0.009 3/3 3/3 3/3
o R 0.021 3/3 3/3 3/3
3-FRAET A B R A 1 0.0105 0/3 0/3 0/3
B3RS 0.0315 33 3/3 3/3
IR 3 3/3 3/3 3/3
THRR R IH 1.5 0/3 0/3 0/3
R 4.5 3/3 3/3 3/3
RS R 0.3 3/3 3/3 3/3
F 2 e A ELERE 0.15 0/3 0/3 0/3
R 0.45 3/3 3/3 3/3
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R BR 0.3 3/3 3/3 3/3
K T 1 {EEERES 0.15 0/3 0/3 0/3
TR 1 0.45 33 3/3 3/3

3.4. FFRMETN

FESAR IR AR, EEEL G RE G, A ST TR — R AR 24 BRI N 3 mg/kg, FEHZTT
DT, AT 10 YCPAT SRS, XHZOO R IR SR AT IR . R R AR B IR A B R
FHE, STHREESS A B HAR 25 s A AR R AT P, 45 3 BoR NBA T, SEIIAR 7 v B A mE bk
85 16 PhAR 2 B A BT IR Sk
4. ¥Wig

ABEFEH, MSR100 HEEF B A 6500 K LED 180G M2 18 R S S RGRER S, W4
BAMHIAT T, AN RUKEELER CV BT 1.59%. 1X—455 5 ki i 56 T8 g F AL kil
REGML, AHHEIFMESHMFEEME. Liv 2 A[1917F R IR GETF YU AT IS & B0l 7 20 FhE
WEER MR, (B M T ds, MARG LI T — RIS EEE, ERMETREL.
Chen %5 AN[2017F K FIRULFLIC UER G E ATV 45 6 0 e TR I 2% B, S = 0 A 253 3 A 1) S R
JAHE A 3.0%~8.1%: Tian %5 A [21]FF K& A3 T2 B8 FHL 2 G0 ) A M O B il ms th & 8 % A, AR
HEMZEHN 3.9%~9.1%. AT HIERE, vEE= T % S DR IRF g R R & Ak vt dk e 7
REF AU A WL 6 AR YR8 7 (s 22 ), S5 3LMh i dfi b, B RS EMfa e . Mk T
gl e REAUE, BAEEET MR, RIERKIZW . i 22 4 S5 AU I PR R A
THARS .

TERT PR TR, BF Xt AR 25 2 R B AR I A B s i R T rp, 5 OR BRI . 5%
O BRI VA EG (R 3), AT VEXS 16 PR ZG K H RN 0.003~6 mg/kg, Lan %5 A[22]17F & 1 LL 5
PP B0 Pyt 7 FiAk 25 R PR 0.02~6.45 mg/kg. AR5 70 K IS 2 L A I R DA K% Gy 0 s 1) 45 7 T
BIRPLH B e, ARG R B e, AT AN AR 2 (1 e KR BR B AR, XA PR SR A
A R A o/ B AR B DU A SR [ & B B . AR 2GRS HE PR ZE K, AT RE S S Bupk rIsE g
PR BB EE DL B 5 4 A1) S RE PRI RO 6 o AERE SRRV D7 10D, AT V25T 16 Bl 245 T658 XU, B FH
PER AR I Z IR 0% — 7 T2 H T AT I B s e B ik B ke et s 59— J7 T, SR 508 7 )
B A B RS IN p AF ELBR ST, 3Bk T A% Gt 2 8 T TR AR % AR A TR I 4 1) 11 2 1) 4

S5UERN A, AR ER AR = A — 0] LI E AN, [ 16 F
K2y, WERITIRERRE; REEWME, BARAENG 13 min, SCHL T AR EURE;, =2
SER G, B Ash e R, B T IR MR . B R AT
BOUE TULE . ok SR MR, XTSRS AR R A E A R — PR, e R R
DFEARFP,  HEBIZH ARAE 3 22 A PRodUs W A 2 R

MR SR, AT T i 6 57 1 i 18 5 S 31 G 928 2 TR R W8 S B = A AL . 350 H e
6], 5 BN S A6 B E AR R A Bl S T BB AE R R, MTBERIL T “RP=m%E
B BRI B AR i R R A SRR, T T RUR S SR R AR E R, B, &
AR AR, NI PR R . BREE IR S SR — 25 e RS
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Table 3. Comparison of rapid detection methods for multiple pesticide residues using biochip technology

3. EME R EARRTRASHRBRERN TS AL

Foll i KT I e
(mg/kg) (min)
B IZ ENT T E . FAEIEEE 3 R W . JERREE.
e s wR 0.02~0.5 15 [23]
G IR iug%% 103 SR WIN. 4% 1.49~15.72 90 [24]
TR . B & m
P A TERS R ;?ﬁ 6 F v NEES 0.02~10 5 [25]
— R T o A S
WG s ig"ﬁm{l %ﬁg ;;*%ﬁ 0.02~6.45 90 [22]
WU T IR 7 4R I, AARRE E9)\N 0.18~2 5 [26]
ooy R A
R R TS S Eﬁ“‘ia%”“ﬁ ST, . R 00036 3 Ao

HAT, XTEIE. AsE. RS mE R G, IR T RIS S — MRS R R R
MSR100 P46 SRR, F RS T AR Gl BB bRE, FE7E L 28 . VAL b AT 7 S 7 F B0 E KTl
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