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Abstract: Polar pesticides can be primarily classified as fungicides, herbicides, and insecti-

cides; their rich variety and low cost have led to their extensive utilization in agriculture. How-
ever, the overuse of polar pesticides can lead to environmental contamination, such as water or
soil pollution, which can also increase the risk of pesticide exposure among human life
directly, or indirectly through contact with animal and plant-derived food. There are considera-
ble differences in the physical and chemical properties of polar pesticides, as well as their trace
amounts in complex food and environmental samples, posing immense challenges to their accu-
rate detection. As a kind of artificially prepared selective adsorbent, molecularly imprinted pol-
ymers (MIPs) possess specific recognition sites complementary to template molecules in terms
of the spatial structure, size, and chemical functional groups. With many advantages such as
easy preparation, low cost, as well as good chemical and mechanical stability, MIPs have been
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widely applied in sample pretreatment and the analysis of polar pesticide residues. MIPs are typ-
ically used as adsorption materials in solid phase extraction ( SPE) methods, including magnet-
ic solid phase extraction ( MSPE), dispersed solid phase extraction ( DSPE), and stir bar
sorptive extraction ( SBSE). To rapidly detect polar pesticide residues with high sensitivity,
MIPs are also used in the preparation of fluorescent sensors and electrochemical sensors. Fur-
thermore , MIPs can be employed as the substrate in surface-enhanced Raman spectroscopy and
as the substrate for the ion source in mass spectrometry for polar pesticide residue analysis.
Thus far, various molecularly imprinted materials have been reported for the efficient separa-
tion and analysis of polar pesticide residues in various complex matrices. However, there is no
review that summarizes the recent advances in MIPs for the determination of polar pesticides.
This review introduces imprinting strategies and polymerization methods for MIPs, and briefly
summarizes some new molecular imprinting strategies and preparation technologies. The appli-
cation of MIPs in recent years (particularly the last five years) to the detection of polar pesti-
cide residues including neonicotinoids, organophosphorus, triazines, azoles, and urea is then
systematically summarized. Finally, the future development direction and trends for MIPs are
proposed considering existing challenges, with the aim of providing reference to guide future
research on MIPs in the field of polar pesticide residue detection.

Key words: polar pesticide residues; molecularly imprinted polymers ( MIPs); sample pre-

treatment; complex matrix; review
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Fig. 1 Application of MIPs in the detection
of polar pesticide residues
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sorptive extraction; MSPE. magnetic solid phase extraction.
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il T — o 0 3 2% 11 1 H P A A R . TE
RIRR G, Bk A B R A B E TS (N-
GQDs) R AJELL T, SR)5, Z B (DA) 558 Hupk
AR H RGP R SR £ L (PDA)
JE, JeBRIE HUBBRAE AR 5, T2 ) PDA-MIP i n] 4
SEPER SO BRI 5 1 Uk, L7 A 19 H
FRk R = N-GQDs B & ik %, Zhang % L)

X200 B R W R (VBA) B fE SR 7E A7 BB A
(GN) RifiAESFREWAIN MIP )2, K5, 851
MIP/GN 53 B EL 23 72 3l 0' 1) 3% i L A% ( GCE)
e iE A T DR, B AR SR ORI A T MIP/
GN &1 GCE , FH T 4 Fn 22 St la Ak 4 1
WS KAE e IMI FR 88, 12 A% R I i FE i 5 IMT
A EAE 0. 5~ 15 pmol/L Ju N R4 E & K
PR 0.10 wmol/L, Kumar 25" 38 T —Fh FH7¢
ek (P FE  FL) FELE R A WE M B 515 24t
s SR AR 2k 44 K i T ( FL@ SPIONs @ MIP) 7 %
BN 22 IMI A9 HL Ak 24/ e XSG s . B il 2 1)
JEER T IMT BLAT 35 1R B, COBLE 30T 8
36 IE KA SEERRE S IMI ORI, AR AL R Y
il g B2 rp 5] A MIPs 18 iR B, 454 17 MIPs
X E AR AR 2 A 24 B R S U R T, B K b
I8 T AL GEAL AR AR 52 i g FH 3o R v i 2 5+, 52
LT RS BRAE L R PR R ARSI
2.2 BHBEERERARE

LA 2 (OPs) IR AIE 5 Y i) —
BORIE, R AT AT 1% | =, S Fh=F 5 Fak e
W SR SNz XAl o R B AR B VEY
B, KB PLIEA 2 2 2 Tk NE 68 A ] 5510
FERE RIS B AR e g e d ™ o Tk
Ho NFS KK & S il A LB A 24 5% 1
Y P ) o 5 s AT AL AR 24 5% B 1
B, eI R U B A3 F 407 BN A1 R} e 45
PR B PR s AR A A R AR A, AR TR 2
02 =L 5 R 4y BRI A AU A 25 1 5 i

Boulanouar %5 DL A ki AR, R T £
FhREAS e ME Al B I F oA ML A 245 11
A3 TENIEE 50 . Sanagi 258 DL AR wE AR AR , A
HAMERIE I A A T MIPs , 455 A Ay 76 A0 2 B
B9, A iz B 3 Bl OPs (A |
AR FNFEFEM ) ) HPLC A&, He %7 #£ 2015 4F
IR VLSRR A 43T, Y I DN 0 1R 4 7K H il
Fis( GMA) hy o 7K M 3L B iR & 1 — o B 1Y
MIPs PRI A AR ( RAM-MIPs ) . #4 HAE Ky & A8
LW B B3], X 6 FlA LB AR 25 ( SR mL e | £
SAUE PR RE T BB R AR ARTIOOR B ) ny ik R
PES Tl AT A BUREA 4 H 20 R, Arias 4519 5y
WIFHEESEIE FEALWAA G Y R IR RS
VE MBS T 4 b MIPs, 45 R0 LI ek
B 43l % 1) MIPs X2 0 000 — e e I H 44K



559 1 20 AT ENE R A AR A 25k B I v 4 10 2 -+ 937 -

T ELA B BRI BE T, BE % 2 1% 1 11 AH 4 B
JRAREM AN . FEF & is 4t 74 N
K BR (0. 07 ~0. 12 pg/L) , A4 # MIPs R
R R B (S50 IEE M) . HiZr
PR T AR KA (A KK 5K WK F A HLeE
A 25 B FETUR & 4, o H A R Y

FOH B (GLY) & — B 35 i P A HLBE Ak
2 HAME RS , R SOl s &, B2k Rk
WA ik 2 AL R (AMPA) FI S BE R . GLY
T AMPA il P &, AN T R ZECE LG, B
FEX 0 g/, /b e e B RS G AT L a5
B E2A AR AT K J v e R 1k 1) i A
AR 45 GLY F1 AMPA , Jf sk /b 56 5 T 40 %) H
Kol 4 & % & X, Gomez-Caballero 27 ) 4% 74
SR (ATU ) F L N IR R 2- — W1 O 2 Bk & LR
(DMAEM) 1E 2}y T fig 544, R AT A 16 19 GLY A
M, BT —F A R K 7 0BG 4 T B
FEEE T DOKA BTk v SE L GLY
23 ZIEERERAKRE

“RRARATERN E )T TR A A
K e R K =R T T KR K
X SR R G AR, TATTIA FT e IE i) A P v
NI, X AR T TE 1 < S0 B0 SR AR
FH,ATRESEURIE JRRAE | R A= SR RN 43 I ZE LA
e ) 77T DAV AG I RN AT P =R
GV BRI NEE,

Geng %7 LN (PPZ) R HAR 43 7, il 4 T
— P R B 4 oK — A AL ER SR 1T MIPs , 455 S 40 R W
MIPs X} PPZ HA K47 (W B RE 7 A s i 1R 51
Bk, HLXHP6 0% (SIM) FIBT4FH7 H (ATR) HA 58
Nk FEE, Wang %0 @i Z LB KER S, e
Iy T EVE R AW (H-MIPs ) 3% I J5 07 4= K @4 Pk
Fe,O, IKKLT, il £ T B B Y M-H-MIPs, H-44 3
BTN F oK AN IR AR A 4 Ff =R 2k
ZYRY AL, Barahona %5 il % T —Flugi B4 43 F
B3 SR Wi )2 vh a8 £F 4 (MIP-HFs ) |, 455 43 B
TRBE AR A G A B AR 3 B KR rh i) =2k
Y, TESEBR N # %% MIP-HFs B %= A K
FEPEFE— 2 B R, HARREIA 5 IRE & P Bl i 2
HEH S SR H0E MIP R E 45 B0k, 45
4 HPLC-DAD HIF A K /K Al K i - = e 2 e
25 5% B B AN A5 A R PR A 0. 03~0. 1 pg/mL, [l
WCEAE 0. 8% ~6. 9%, Diaz-Alvarez %> K J& T —

Fhiag B8 732 | il 4% F T SBSE A4 1 1 431 B 3 4
FEFE 454 HPLC-UV ¥ H T 1 =g 2 24
R B ) E RN, RIS 2. 4% ~8. 7%, K6 HE FRAIG
T 7.5 ng/g,

NIE S E 2 B =V Ny Gl e o
£, Wang %5 L ATR NS4 (PMT) S #5iA , il
2T — T B R A 43 ER 3 3R & 9 (DMIPs ),
FEA A Ry — 2R S M W B 500 0 T oK /N2 R
RS2 2 it 2 o v ) o e R T AR TR 17 =
BRI S HAR Y, 7R T DMIP-SPE 7£ (=i
EARBURIT G E R 1. Zhou %57 RATRI K —
My | — SR U RN Ry D, SR FH — S i B kil & T
TR 27K 3T BRI AR i ( MMIR ) |, F6 2 L D fig
ARG AR5 | B 2% K 43 BRI A B v,
T ST AR RE Y 6 B =BG .

TE =R R R v BR T TR S AT AL
FRAY W [ff 75 48, MIPs 34 4 £ Fh W H, Nsibande
LT CdSeTe/ZnS 1 /5 (QDs) A1 MIPs, JF
kT CdSeTe/ZnS@ MIP ¢ 1% &4 , T ATR #Y
VeV, 1245 a5 ATR A0 B AE R AT 32 b
Me J32 Fsf 8] (5 min ) |, 2G5 EEAE 2 ~20 mol/L ) ATR
(A Bl N R AR K K A BR A 0. 08 pmol/L, 75 7K J5it
W ELA BT AT S . Yan %0 DL PMT oH
Bt , it 7RIS R B R 479 MIPs, 45 &
A R R R BEsiRE 1 4 AN K TR 2 T B 5 s
27 (Au-NPs-SERS ) |, U KK A/ N R b i
PMT #1 SIM,, 1§ MIPs HI{E SERS i 3L)IK, KB
I T AR R ARSI ) L R, AR B T T S
fE5. %ok B A M Y 4r /) 8l 2 (72, 7% ~
90.9%) , RSD } 1. 7% ~7. 8% , ¥ Hi FR M 20 pg/kg,
SAEENE R A YA, PMT (ENTEE T4 5. 3, SIM
[ENTE R T h 4.2,

24 MRBERGER

WA 2 R — R AL ISR R, BB
FEBKMEAS =S FE RSl O AR e MR A
KA 5 0], b 2 2 4% )3z b TRk AR
7 LA iR SR AU AR i 25 2 B R | (HH AR &)
FERETEY) L3 KRR R HiF5R
HRIE T MRS B R X K A A W A L sh i B A A
RHRERK B AT R T R e 2
AR B % B W Ak N2 B 7 A T 0
AL b v ARG T P R 0 v i A 2 X DR AP AR 2
BRI 2 X,
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Zhao %11 DL = M R R BEAR 43, Y 3 T 0 R
(MAA) A Ifg s, = F2 H P e = W JE P 0 BR IR
(TRIM) M AZBEFH] | 25 (ACN) A GFLF , R HITTE
R DM T BRI 5] ) MIPs, ¥ HAE & SPE 1Y
M2 BT 551 ] s 0 8 TR s oy 20 b = MRS B 7
R AR IFHIH] . Wa 2510 R #2521 B ARG R
PEXUEY A(BPA) A 3 e B ( TBA) [] Bof 35 2 7
RO b Hil 55 T HA ZBFEERN YK
L1451 BRI I ( MIMs ), FH T[] i 4 BB =5 2R
TR A S AR i BPA R TBA, AR RE &
F MW R T 70. 33%, RSDs /MT 9. 57%

Martin-Esteban #{ #5531 20 % 41 % M 4% 2
JRKER RS A 24 1) K ) £ T 2 Fh MIPs b
G SR A IR A WA LR 3t i — S L RERE TR 9K
LRI TOTE LR il 48 T WE TR R (TBZ) 73 F BNl 4%
FRETEANKIL A, FH T AT AR A o v 1 e [T 4 2 B
TBZ, I HE R A B35 - 2 6 I (HPLC-FD ) I
5E TBZ, HA PR M 0.2 mg/kg' ) @14 MIP 1%
BRIFUE B R b 23 21 4 B v, XPAH A AR & i TBZ
47T SPME Flifb, a8 4 4k B Ge % - 37 MIP
IINERASAZ [EVAR I 5 19 5 e, B BORN Ak H bR Je A
o P U - | VA = WINES A SR < L 2
TBZ £ i BR 43 o 25 0.004 mg/kg F1 0.009
mg/kg' ', 2019 4E b AT A B 38 ZE VR B AL
PERETEAN KR T AL B AE MIPs il % T — A T
SBSE (1) P40 P | 8 N T 4% -+ & vh TBZ
FIZ P R (CBZ) By A I, b 2% B 790 0 4 S BR 43 531
9 0.13 F10. 10 mg/kg'*

2.5 BRERMERATKREB

RSB B0 VR - R BRI , &) T 4Ai
YRR, Bl 7% 19 A FH TR AR B8 A7 4% 5 2 4
JiL, 7E G BER AT RE AR VAR YA B I B, AR
RIS VE I B SRR 5340, IR B w5
7K PEARRE o, W 5 5% B T AR Bk ik, R &
R 1 5 R RS D 2 AR X B R A 5 i R i
JEBR AR B ) W R R B

Tang %51 DL W i [ ( BSM ) A5 AR il £ T
MIPs, #5371 3T 43 B3l [ 46 25 HU ( MISPE ) F i
ARPRTTIL T BEE FR OR EAE S P ) BSM, R
iR (TBM) | A 2 ( MSML) 108 85 i [ (NS) .
She %" LIS B ( CS) R B 43 F, F 36 79 M iR
“CAKFCTE (DEAMA) g A TRIM S 232 Bk
AR FHUTE R A VLA WL T B IEIR S MIPs, I # 7

T MISPE-HPLC-MS/MS ¥ F Tk RE M CS |
WA A (MIN'S ) FHME WY it [ ( TFM) % B2 1 (1300 2 | [m]
AR 75% ~ 110% Z 4], K i FR 435104 0. 02.,0. 75,
1.45 pg/kg.

Xie 4517V DL TFM AR, SR FHULTE B A il
# TSRS FEL ek, TFM 18 i S A0 576
VEREME LI [T 7E MIPs JE0R I XHEKi%-H, 0, Z[H]
S ALF &G (CL) [ N A & s /e, 2 T ik,
HENT T e DA P IR S B 5] TFM f) 3 284 MIP-
CL L2 AL 1A AT S A 58 4 Hh BRAIT, %
PEVELT, RG % B, v E 2 A A0 L, ke h BR R
0. 83 nmol/L,
2.6 HMRERAKE

MIPs % F T HAth 4 14 % 25 5% 88 A9 kGl
Chen %7 &1 T —Fh ZIhRETOL YLK 6,8- 33k
BE-1,3- ik — 44 ( DHPDS) , ¥ H: 5] A A2 B i 58
(NITR G- TN ERE ) B b 1 & T 55T MIPs (198K
FR(DQ) FA BAL (PQ) L FEPE DGR s | 1% 4%
JEAS T LA 3k H ar 7 B8 A AR TR B A 7K )
DQ 1 PQ g F 5, & FR 430l b 162 FI 281
nmol/L,

2,4-"HERE LR (2,4-D) B — Rk = Ak
TEPER N T3, B 0 r Ak 2 R AR HE LAAS I
Shi %% SR R ML MIPs & KU I 1, 7 TiO,
YR Bl T HA RS E e A iR e
11 2,4-D SeH A AG RG24 KA 2,
4-D HIZEEEMESHT

Pereira %1%/ 7 —Fhf MIPs FI4% 558 Hy
5 (PSL) M45 A 37 A MIP W 55 /i ik 1%y
LUK FRER 2,4,5- = KA LR (2,4,5-T) A
Moy, T £F 4 R I B 34 L MIPs, ¥ HAE Ky
PSI-MS 73#r i LB 2R, 1% MIP AT DURE Sk
GRS AR A S K SR PRI R R A
2,4-D, 4 T AL 58 PST 7441 52 4R S A7 i R
ROREAIG L B S5 R R

3 FHitERE

VE R —Fp N T A et p R, MIPs HA il
FARPUAHH 24 TR 50 35 A0 7, vl DA B8 40 5 4 42
Hbr A4, HL 2% 15 5, 3 o AIC R, vl LASE &2 1
AR, PRI I A 5 0 4 I T P M R 24 1Y)
SYE o ki AR, MIPs A /ESh SPE |
MSPE .SPME |SBSE 45 ¥ fiy fif &b ¥ 7 12 Ay W Bff 551
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AT IR Ay Jo e A 00 ) g - 5 Jo i o A Y

SR B, S A MIPs 288 Bl TR 4Ok
L R AR IR SBAR A 24 1) PR A

H AT MIPs 75 il £ F1 52 by ) b B 3 A o, 475 9%
FELERIAR 3 (V0 100 T 2 T AR R S A AL ), LM
PLSE A B, G ai A Tt i DA 7T 5 SO A 245 %
BA 78 T A R HERA , DA S EE R SRAIR  ER A A
D HORIES] A 00 P 18 A oS | T R SRR 1
AR BT R B BNk &2 A R R £ 5 MIPs 1Y
I B 5 i X AR A 245 8% B I TRURIAR%

Aok MIPs TEM A 24 5% B8 A b 1) 1o, FH A &
WEZAEM, T MIPs 506 8 i e LU LA
JrT (1) MIPs 5 O LR eGE . ¥ & R &
Trax iy gy 2, R R AR R et s e R T
MIPs & i B2 bl B S Al D e B0 22 3650 | Tl
JE U R AE R e PR 2 G I g, DA D SEBR YR B, I3k
FUIE A 5 Brb 1 A 24 % BA K DU Y MIPs 119 f5c 1 4%
fF. 54 B g AT AR ERAEERET
2 LA B 45 B34 40 () MIPs fiBk t ) it Hok
it (2) W2 MIPs & & ARG, gk
MIPs (1l 5 , AR AR 5 4g 0 /K A 28, 3 T /K
AR R PR EA 2 R, BT AN R A A
T N T RE A i MIPs , 3 i % B pH LI 1
GEIABE R AR | S B H bRl A 24 5% R ] 4
W B0 TS, A T Uik 20 4% 2 MITPs il 85 R 1 FH o 72
TR EA LA R R, NS & Sk tufb 2 & R
BE, (3) JF &30 M T 58 0 B AR M A 24 4 i
MIPs ¥ & — A E LT 5T J7 17, MIPs Y R 48 1]
P 2 Tl g FETAR AL A — 2EAH X 4 F
JIN AR SR AR M A 24 5% B R il T A B RRS: ) £ AL
THEZA R,
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