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ABSTRACT: At present, the demand for acaricides in agricultural production in China ranks second only to
insecticides. As an important chemical pollutant affecting the safety of agricultural products, acaricides, represented
by heterocyclic compounds, have relatively stable structures, long half lives, are not easily degraded, and are more
likely to remain on the surface or inside of food, causing serious food safety problems. The development of
economically effective detection methods for heterocyclic acaricides has become a current research trend, which is of
great significance for ensuring the safety of public vegetable baskets, promoting green ecological agriculture, and
advancing high-quality agricultural development. Immunoassay methods are widely used in the field of pesticide

residue detection due to their fast, simple, efficient, and sensitive characteristics. This paper reviewed the research
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progress of immunological analysis methods for heterocyclic acaricides pesticides from the aspects of synthesis of

haptens, preparation of antibodies, and their detection applications in agricultural product matrices, analyzed the

challenges and future development prospects of immunoassay methods, which have certain reference value for the

detection of heterocyclic acaricides residues.
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Table 1 Design status of haptens of heterocyclic acaricides
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Table 2 Immunoassays of heterocyclic acaricide

oS53 BT s . -
V&) i Bk T b I 8 7 Z%
N e icELISA F) ICso A 4.04 ng/mL, ITS A4 5E P4 H B
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icELISA pAb. mAb. scfv .
k 25.6 1 62.3 ng/mL
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Table 3 Advantages and disadvantages of different
immunoassays for heterocyclic acaricide
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Fe R R G S A v N e S IZ 1, 5 ELISA A
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FGER, SR RN B 0 2 Y — PR AR B
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TbR S5, I LRSI DL Sy T I 2 TR e
TR e B 8 JZ AT 1, o 2 25 T R e e, 2 1 e LA
Wk R AT I, AT AS R R 1000 pg/L,
T AL AU X 2 TG v R el 2 T B B O 2 S RGE A HT I
SR LT 2L i 45 8 HUME R T B UAEE Y T TILS,
T AESMET, &3k ELISA B 1Cso FAS R 43 51
25.6 ng/mL F1 3.8 ng/mL, B4 BRPTHET 19w IR
BN 8 ng/mL, PIRATFE 10 min YIRS S, WK, £
e, B3R, Foah. H M ELISA JinAx [\ %k
78.0%~114.5%. LIU ZPLRFHing du bk o v B i M if &
TOATS, XfhE B kAR R 1 ng/mL, #&JRAISERAR G
BRIAS: Y R3304 5 ng/mL 130 ng/mL, et E] 95 5 min,
LIU 203055y 7 —Fh 3t F4 1 & (quantum dots, QDs)fY
ITS Kl Jrids, FHF AR MDA bl v e s bk i s o R et A
K Fl QDs-mAb B BCHRET E 7 55 4, X K A A AR 2
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R BOF . AWTFE0AR ENCR A 78.38%~126.97%,
TE T ASFE AL A v, QDs-ITS 5 48 v R0 AH £, 3 - 53 Bk
JOR T AR 25 R LA R i AR S . WU AR O g
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rbiE B R A RS S BR 433108 5 ng/g Fl 10 ng/g.

G RE IR AR SR Ty 23R 28 8 W R0 P M g 8 )32 1
B, RS BRSE L AR AR I B RS b R T R
KEGFE o MR e iR AR 4k 1 RALEE Ffe e bk, 3 JLAF
RIS 5 % K o IR ARA SR AT RL, i . 4k
WKL GMER . TR S GE G, B REER  fk
2RI DS RIS AS [ R R R A LA 2R 0
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2.4 FIA

FIA 205 5¢ 6 ) SO mT 4 5 40 D 1k G 328 I 1L 11
SR MLAS A . FIA AT LAYy TRFIA, FPIA .,
FLISA.

F I ST L T — e R TRFIA -4 g
RS, RSP R B, W ORI = A 2 AR A
R, 2RI ST T RGN e Y TRFIA, W H iz A1E 1
Wk [ IR 4G (14 H 7 5, FLISA FmE i FPIA, 3 Fhyvem
ICso 4339 2.07. 12.5 F1 87.3 ng/mL, £5$3¢0: TRFIA 7%
ERPOE AR T B R, BT R G ik
FLISA 7 7T [vi] Hsf Xof 1€ 11 frde e el bR f 7% B8 o A
FPIA WL T oy B VR AL B, eIt Ia] . BRYEAB B8 | R
Wk v T S H R P BRAR AL T i 4%
(B IE B K BT B BT S T ARG I E HUBKR B TRFIA, il
BRACAR, A RBUE Dy 2 pg/L, X0 e PR A Hh
FR>4 0.1 mg/kg.

FIA 38 0] DU BT I 1A I I 2 75 5 243 15 43 R 494
PECAPENNT . AT AT, L1 ELW EHE1bgk
Wi K7 (UCNPs) i 5k B4 BA. 58 [ PR R 96U, 4 40 K Bokr
(AuNPs)BIRHL IR R 26T SR, Be K7 EH IS i
SR, ST TR E R A S R S A ) R B AN A
SN E J7 VL (IFEIA), ZEAHTIAE icELISA H1 ICsy 4 0.15 pg/L,
TR RABEEAE IR 4R R 3.75 54 0.04 pg/L, Kl
o 0.002~0.58 pg/L, XF+48, B4, /NE | BNNARTT-3
E 2R 75.1%~104.7%.

FIA 1EN—2m R BURE AR T vk ] SEBURS ARG,
WL TERRICY) . AR ik B Rk, i & o
F K ALK IR | 5 & G Y LA R SR W Ay
BRI, LA X ZFREA ORI T R o
2.5 HRERRkEE

G P AL TR B T2 — PN G 8 0 DN 5 A R A SR R AR 45
B GPE I HTEIAR, Gy (AR B TR ) U AN 5 1
VE R AR IEOTIE, T3 it A 38 0 5% S LR R B0 i 3
ARG S, s BN B RIIR B AR R 2 B Y. 5B
FLIRAAF S HORRINE R, g2 43 BT 1 72 505 ARy S bl
ZHEE . IERIERSR IR AL . Bk ARk, AT
A 0T LA R S o AR A 11 ) % e

XU ZEPE R T —Fh 3 T2 5 B R e 4R 5 (half
antigen grafting program probe, HGPP)/F 3R Sl o1
BT e ME AL S R B AL BRAR TR, MRS E Rk
HGPP i o £ 5 MR 5 5 B il il gk A B AR 45 5 Se B )
RGN, TR R BR N 3.2 ng/L, TETEAE, BRI
B A 93.7%~104.3%, FIXTFRIERZE N 1.89%~4.66%
P R — B e R AR ST O B, BAT D55y
TR T —FIET Bi 48/ A kbR B 4L IR A MR ) S

P2 M 257 (Bi semimetal/zeolitic imidazolate frameworks
hybrid material-immunochromatographic test strip, Bi/ZIF
HM-ITS) %/, FHF e s bk %) GO . Bi/ZIF HM ARAY
HAT LB i . 5 B vg BT Y 5tk o A R R A1 2R )
MZEE, W HAENEShRIC, TE5E RUKAY 5 BRI e o8
o Bi/ZIF HM-ITS {&E&E5 0045 R A 4.68 pg/mL, Lk
R 0.01~6 ng/mL, HALSE & HKIRI A 1TS (0.457 ng/mL)
Ik 98 fir, 7EBL. AL TR IVRE i b A I [l ey
80.3%~118.5%, HIXTHRAEMRZE/NT 3.67%. BAI NI %
Bi,Se; ki T % B J2 M 4 H (BiSe; microparticles-
immunochromatographic test strip, BS MPs-ITS)f& i+, Fik
o thBRA 8.78 pg/mL, ARG A AN AN AL ITS (0.54 ng/mL)
Ry 62 5, 73 H F 3 i B 5 P F Xy R N
83.823%~99.223%, HAXIARAENZE AN T 1.7% . SONG %10
LTI IA] S BRSO F icELISA JE3, B T —Fh T
PR T IR A7 PR [ s ARG 1) R G ET A WA A
FHP R 50 5 R (BB 0 6T v 1R —Fh o B
VIRED, SEFRAEAERE, MR BUU 25 A 00 S 0t e, 14
PREF R HTIARIED, REOUE 5055, m i 5
I 568 nm 1 702 nm(& ) I PEGAF 5 A BE JL bk
RIS 0 B i ek PR ORI G U Py 2 e s vz 3 L 43 531
14.2~225.4 ng/L F125.1~162.8 ng/L, #HBR435M 6.51 ng/L
F117.8 ng/L, RIXE 3 FPERIEARE ih H g H BN G A R A A
W, IR RIS T 90%~128% . i 4 03V 37 T I AL ML
FAEAEE 0 i, AT [ RS e rp 2 T R L W O
BB 3 PR 2GR R, 1% vk X A bR B4 A AR T
0.3~4.8 ng/mL, ¥t BRN 2.47 ng/mL.

AR, TEE AL B AR I Semh b, B & UEAT T 90
JRIEAN, Ry i i (immunochip) & iV, T 44K 5
P2 R AT R I ASI 22 D 254 KA E AR R, HA WAL
P R R O AR A L A SR A
FEAR 24557k BR 0 R 37 R AG I0  ThT A S5 0 R TR RT3

3 Z5RIE

Y I3 HT 5 T TR 2 PR 2 o7 Wl 0 ke B ARG 450 A
HEEA, HIESR B, R MEER T ke, H
TER R AAEE Z . AT, C2400E 7 iln ik
PRI SR ) S A DN T 3k, (EL A — BB AR PRI 5% i 57
AGUE LS, Toikl g i, Ol g AT iR g
DLy REBUA R 2 so BT Ol 32, U TR FEE ST IR L L%
FEAGUAR . TR Z S TR T % 07 IR AT LE X S
AKAEF, PUATRENEZE, REERAE, #1025 K%
AL, TS CREUA AT 1/ . R TS . LKA
ZEFN . PEIEEAR . ATEAPESR | ARSI A, R T
MOBITFE PR, B TEAR 257N 00 LA Tl 5 0 S 8 S W D5
THTARAT 2 N RITER ABIESE
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HE ARG G AT 7 i ELISA 5 ITS %%
JZ N o ELISA AE N S 4347 7 vk vh il 8 I i 0 1%,
FAERBUEAR S . AN B2 T, A Hix
P—ZEHLN TS B 6 —Fh 3 TFBE, (EARI R 41
FEABR L JCRE 0 A A Ak | AGE B TR S O,
SRS 552 T, A, ELISA 355 ITS A 7E 2 i
YEFR IR 5 BB PR o FRAIF S N BT BETT
I BVRESFEPUR, REPUARTRE k; PR E R,
g iR, BT 2R R BRI RS, B s
ITS i it BIR 25 S MPIAR, 5510
SRR ZE I T B BH M/ B M 45 SR 1) B, &5 6 RE iR &
5G 4 iE— 2542w AR IR B R B Zr T P AR

LA, CLEIA . FIA FlnfE Gkt & R, Bl
PRI T AL B G 43 M 5 A F A 1 R A0 25 R0 7 2 R e 5 )
L, AR — R, bRk et 4%
SNRIREEN R T4, KRS 005 | T I A8
R A3om A L AERI AR ik ik B e R e
P, R K ZmE RN R LSRR & AR
7, BRA MBI AR S 2 5% 8 i ek A sh A A

FIA MR RHME SR . etk . B2
A BT DRI R B, KRR
Ji N T JF R AR . JCTS Y AR IC A R
MOIEARIEEE AR, fEdE FIA 41000 % &, SCEtae ks il
IR R S fh 2 S 55

R E R E B 2, TR Tk, BF
S5, DRI B A B K BUNER A5, AR5 )5 [0l
T @R FEF ] 45630 B A S B R B %
GEPUEPUARR S 2SS B, S5 G 90KRMRH, &7 RS
Pk v A% IR LB PR B, TR BT RV TR IR . IR R
Jy5ik . AT E A P GOR AR AR I b KR BE T
Bl 3D ATERHEAR | “= 15 Bl A 5 H R 4 i 3 e e
I T 4

AMETEA AR, By bt sk, BRAERiE
EANHE AR A2 ER IS AR W70 G 2 A Iy ik S i e ok o
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