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Abstract: Drugs play an indispensable role in the fields of medicine, agriculture, and animal
husbandry. However, their long-term and improper use may lead to drug residues in food, the
environment and organisms, posing a potentially serious threat to human health and the ecological

environment. For instance, antibiotic residues may induce bacterial resistance, pesticide residues
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may cause neurotoxicity, and hormone drugs may interfere with the endocrine system. Therefore,
developing sensitive and accurate detection methods for drug residues has become an important
prerequisite and current hot topic in drug research. Meanwhile, the complicated matrices and low
contents of the residues make it necessary for the widely used chromatography/mass spectrometry
(MS) determination technologies to be coupled with efficient sample pretreatment procedures.
Molecularly imprinted solid-phase microextraction (MI-SPME) technology combines the rapidity,
high efficiency and solvent-free characteristics of SPME, and the specific recognition and selective
adsorption capabilities of molecularly imprinted polymers (MIPs), and shows significant advantages
in the highly selective separation and enrichment of drug residues in complex samples. In recent
years, the MI-SPME technology has become a research hotspot in the field of drug residue detection.
This work systematically reviews the research progress since 2019 on the application of MI-SPME
coupled with chromatography/MS in drug residue detection across food safety, environmental
monitoring and biomedical fields. First, this work introduces in detail on the working principle and
operation process of SPME technology. SPME achieves efficient enrichment of target analytes
through the selective adsorption of the stationary phase-coated fibers, offering simplicity, speed,
minimal solvent use, and compatibility with analytical instruments such as chromatography/MS.Next,
the review focuses on elaborating the preparation methods and new technologies and strategies of
MIPs. The traditional methods for preparing MIPs mainly include free radical polymerization, in-situ
polymerization and sol-gel methods. However, traditional MIPs have defects such as template leakage
risk, limited binding ability, and irregular material morphology, which restrict the application range.
To this end, researchers have developed a series of novel preparation technologies and strategies,
such as surface imprinting, nanoimprinting, dummy template imprinting, multi-template imprinting,
multifunctional monomer imprinting and stimulus-response imprinting. These technologies and
strategies have significantly enhanced the recognition and enrichment ability of MIPs for trace drug
residues in complex samples by optimizing their structures and performances. To meet the re-
quirements of different sample types and analytical instruments, MI-SPME media need to be designed
into specific technical configurations through chemical or physical methods. This review summarizes
six different MI-SPME device modes: MIPs-coated fiber SPME, MIPs in-tube SPME (IT-SPME) ,
MIPs stir bar sorptive extraction (SBSE), MIPs dispersive SPME (DSPME ), MIPs thin-film SPME
(TFME), and MIPs in-tip SPME. Each mode offers unique advantages for the separation, enrichment
and determination of drug residues in real samples. For example, the coated fiber SPME is simple
to operate and suitable for direct immersion or headspace extraction of liquid samples; IT-SPME
features miniaturization and automation, with excellent compatibility with chromatographic and mass
spectrometric systems; DSPME achieves efficient separation and enrichment by dispersing ad-
sorbents directly into sample solutions.Then, the applications of MI-SPME in the fields of food
safety, environmental monitoring and biological medicine are summarized, highlighting typical
research examples. In the field of food safety, MI-SPME can be used to detect pesticide residues,

veterinary drug residues, and drugs for human use in fruits, vegetables, animal meats and dairy
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products. In environmental monitoring, it can be used for the detection of drug residues in aqueous
environments and soil. In the field of biological medicine, it can be used for the analysis of drug
residues in biological samples such as plasma, urine, and serum.Although the MI-SPME technology
has shown great potential in drug residue detection, it still faces some challenges. For example,
the preparation process of MIPs needs to be further optimized to improve their selectivity and
stability ; the development and application of new materials (such as graphene, metal-organic
frameworks) for composite MIPs still need to solve problems such as high cost and complex
processes; the integration of MI-SPME technology and automated equipment is also a bottleneck
and important direction for future development. Looking ahead, with the advancement of green
chemistry principles and point-of-care testing technologies, MI-SPME is expected to play an even
greater role in drug residue detection. It will provide more efficient and precise technical support
for food safety, environmental monitoring, and biomedical research.
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Fig.1 Schematic diagram of the main content of this work
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A A A A A A R B VR ) 4R TR
BIRCR ., Jian 5V HEGE R £ X 2,4-D 19 MIPs
L 4-VP 5 52 3 nY SR A AT S R R
B X T B A AR w4 IE A A5 1 259 (i TCs)
A SR 4 J B A7 B A X 22 D R B R B[R] SR, 40 L
SR AT MAA 5 H RN IR R 2-% £ 5 (HEMA) XL
T fig B AR E 52 H 68 P [R5 TCs A R 25 1 72 2 A7
R, DT Jp 3 SR R PR

2 MI-SPME #&3%

SPME ) %6 HUfE 2 32 AR 1 56 A S Ry (A
AV Y NN 2 5 ) R E AR S B AR AT
2 6] B A B AR . MIPs D) H: s e 8 v g A 3, 78
5 SPME %5 & )5 , Befi% i 25 4 /55 26 ) 18 51 sl
o T U AN T R DR A R R ARG DN A 2 1Y
BLK  MI-SPME 4 Jii 75 28 b 27 (W) 3L T B ik it s
e 1) A A AR X DA A S PR A i 1Y 43 8 e AR O e
SRR BN H . R 259 53 B 4R, MI-SPME 11y 3=
BRI AT MIPs IR )2 £F 4 SPME 3T MIPs iy IT-
SPME . MIPs-SBSE . MIPs-DSPME . MIPs-TFME #
MIPs 43 SPME' ™,

2.1 MIPs RE 4% SPME

ZAL A LAVR 7 MIPs 119 A 95 21 2 ol AN 55 0 22 1
R W BEE A BT, A 4 A DU (R %) R 1 B O M-
SPME (1) 5E il JE 20, H A SROL thl 44 fE T H b 7+
i 3 T 5 R 2 ) B PO o BT . #RAE U E
A HERAAMBIAE X, HEBAXERKS
A2 A WAL b U HE B b/ oy F b S
HirnbiER) @ HEEMIT R EE. %
2 TC T A R AT ALV R 45 A ELER AR 10028 5
D)2 £ 4 B F R O T A X8, S TR
PERLESRE R E B AR, 3 Fh O 2 B8 98 A Rk f 52 T ik
J T AT B T % AR A g R R
32 PR T U 2 bl 2 R IR B A X R B 2 A A
X R, BT JZ B 5 R S DRI 45 i i

75 ar s, R3S BT B s A6 55 SRR /N R 43
Br B SERBURE AL HAG, B4R AL SPME 75
254 4y AT UL Tz o o, Li A OOR DT TE
G TR T I M A HLAE 22 (COFs) MIPs
(CMIPs) iz )2 B SPME £F 4 (45 , A U3 B T 4+ 1%
e B R o P A B R 2 11 B %R (TOB) .
2.2 ETF MIPs i IT-SPME

IT-SPME [ H i A& fk . B dh ik DL & 5 a3/
W R A S Z e, EEMUFEREL K
PRAE R FE A 5 3 P2 AL S Z AR B
R FEWUCRE LA A AR S8 RIS ) SR R R
T4 A A0 P 3 e ) T R MR i (OO0 I 2
JKRE E YRR TR H bR 0 =l i H BT
2ROy BT, 6 52 2% 6 0 RE B R B T A A O R R
tho ANad, A AALE— @ /B, ) sk S8 B H br
W 6 BURE 3 A 5 , HL B ANAS N AR /N T 1
SRR b H R A2 BRUY L AR 25 4y B S, MIPs 5
IT-SPME (%45 & 3 35 03, B anh & 2
() B 2 R AR R IT-SPME.,
2.2.1 MIPs #% & & IT-SPME

MIPs % 20 IT-SPME, 235 MIPs #4 ¥ % H
Wy PR B B Ak 2 s T SAE AN R M T Y B A48
BE LA A BOR 2, DAL RAS B A& RE E A I RE Y
EEFES . BN, Kefayati 45 % H 43 7 B8
mit 6 55 4R AL 5 1 90 oK B2 G A R (MIP@CuO) 1
IT-SPME (9342 , M E 52 B0 T 3 WA ifi 3% R 5 rp
P F-(CBZ) 1 = BRI, AN & T e bR ] e
fa A 1A i AL B A
2.2.2 #F MIPs #y ¥ A4 X IT-SPME

5T MIPs 9% & 41 2 IT-SPME, J& 45 1| F it
LR VM-S T B R B AN N H AR
MIPs & R fF . 1% 88 (b H A W% 22 454, BB 1%
BUoE K AL S ol AL I AL R R . RifL
5 3F 70 R A EL S ARE YB g R R) A ) B G O
TEAE G i R A, AR AR TR AR MR
fifi i %5 g #0A — 2 2 7Y . Zhou M LL E2
B 53, R F AL 3R & i T B R 20 MI-
SPME £F 4 14 51] , Jhy 52 2% 5 Jo i e 330 38 5% #4042
HET — P R R R AR Bk
2.3 MIPs-SBSE

MIPs-SBSE J& — Fft 4 J i 37 £ HU 5 8 25 o
BT — IR i T A R A O I ARG ) B
AR 38 K MIPs A R OR R T P R 0
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TERF S P FF R b SE B H AR I A RS &
SR = R S U E TR AR NI s N A
A B E m TG4 4 SPME 19 W [ 25 &, Jt HE H
TIRBE ST S BT K. 1559 5 b G5k,
MIPs-SBSE £ 3k 5 7z W . fil i, Tang %"
il #& T —FhoBr B MIPs ¥ J2 1 £ 0 | R s 42 B 6 Fif
B-UBh R, k2 IR £ b BN 7 Ak BRI A R At
T—FamAa ) TR,
2.4 MIPs-DSPME

MIPs-DSPME J& — F fiif 5 PO 2 55 i ik .
i K MIPs A Sk W BR300 T 422 0 020 A S
185 Bl #7701 S Pl B S B R AR IR, & TR
149 . 5 D0 S5 T W B 5 55 A o T T ) T 0 A M, A
A0 3 B v T A ROCR TN B AR A A, IR > TR
TH B, 4 0 B AE o a] R 05l T T A2 AR LA/ [
TRFE (AN PO 2 (AT 20| 4 1) 4 BT 179 Dol A 3%
H §i , MIPs-DSPME 7£ 254 53§ €045 8] 1 )92 hif
H . 40 , Bazmandegan %' & 37 T MMIPs-
DSPME J5 % , X} £ i FlK FE A (9 % 35 6 8% (FNT)
LA 358 e 1) W R B ) R R
2.5 MIPs-TFME

TFME K3 8 0 52 4% 55 o7 4k 3168 ) i 4% 32
XevE . 5% 24 4L SPME 1 IT-SPME #f It , i%
B R 2 R A R B 7003 3, 38 KA R
T AR SRR L 78 D47 O 5 A% 32 2l 0 2 1) [m] ) e 35
PETE T A BORCR , FLRE DL A B W FEP A X
oo 38 ) SRR P A L0 52 e R T ELA R B A AR B RE )
Kt TFME i 1] T 5 236 B 40 56 BT 1 48 58 s Fi ik
AR B S 5e 0 i TGy R A ) 205 M MIPs
BCR TEME (1% BAE W AR, B AT R by [ 44 58 IS S
PEWERE b w] ) e Sy MERSERE . i, Fazli %7
TEARNGE M & T —Fhopr 8 5 i MIPs R, s 2
FAVE AL 245 ) SPME 3 4 4 W B 500, T 20 b
VE A JBR R 245 W0 199 4 i 22 4k (TP) , R & 2% 25 ot v 119
TP 53 B4 Bt 74 800 .
2.6 MIPs %% SPME

MIPs 2R %y SPME % AR i ik 76 7% Wi 8 2 v 35 78
o Yk 7 MIPs Mok, SEEL X H bR 2 B 4 10 o B v 4
B, MFES MW AR, Bir i 5
MIPs - (9 5 i PN A7 i AH B AR T i At 1 8 9
o V0 4 A ACHE B L DA S 3 A 43 B 400 1 A IBCRI 43
B8  AREAE A A T AR A BB T
BAEh O B AW B W R T SR AL

R 3 A R AR A DR 2 A o AN, Arabi
AEUOOE o L R G TR TR R R R e A R T
MIPs U )2 , I 07 250 A 2 T B0 R
BRI R R AR

3 MI-SPME &4 ®Big/RiEEZD WK BN
E H B9 N A3

YRR E TR K e YRS T
Bij B4 5% 05 G Ko 2k 40 A Ak il B A 7 i B A T B
XY MI-SPME H A ¥ 51 1 #€ 2> RF i Ak 2 v 4
AEPh R A G A S T N TR
I K A= R T B 25 sk R R . 3R 1~3 43l
LR T A [F MI-SPME 2% & 75 £ i 208 58 F A ) b
st HH ) SR 7 DA 4k AT
31 EmRE

I AE K, MI-SPME £ AR 78 8 i % 4 U, 4 5l
JETE AR K LA 2 R R Y 25 ) % B R T
I &4 T HEAEA . 1% Bh MI-SPME, fE %% = % H.
1y b RS ) o A 2 ) R B, AT R R A Y
S BT, AR N T8 R 28R
B L0017 TR0 OL 10003 o 2] g R 28 4380010013 A H]
254 S R

Lu %57k F 2 D 66 AR EQ S SR W, LA TC Ay 8
B, UL MAA F1H BN 06 PR 2-%2 £ 55 (HEMA) 2 3L
TIgE SR, R it i 2 8 LR Oy i MIPs [
ERFEWLL b AT — e B R A FE B
MI-SPME. % 4F4E 7] H4% 5 HPLC-UV B M, T
SRR (R G R R 28 ) b TCs 8% B R
O E . 45 RFEW, TCs LM Bl 5~1 000
wg/L, % B (LOD) g 0.38~0.72 wg/kg, 1l I 3
77.3%~104.4%. Z 4 4k B A R 47 0 2k 5 i
P, M X A5 7 22 (RSD) 2l 6.2%~7.8%. % 58 %
B, 3 il 4 {5 5 0K 3 25 ) MI-SPME £F 4 15 &2 2% 5%
JT IR i TCs 1 RO 5 5 43 85 07 1l EA T R 19
JHHT 5

Liu g T —Fopr #9f ESI-MS 7k, H
T4 2% SRR S R B KIS AR (MACs) 1 R 8053
Bro DA 0% 2 (ROX) N B AR , >R FH 2% 1f1 B3l 42 R
FE AR TR AR R A B MIPs i 2, ah il 4 17—
Flvr A1 MI-SPME £F- 4k, 454 ESI-MS 3%, % H 7k
Rt ARG E 24 B SR i 5 A H AR MACs
AT T B E R BUE MR, SRR, E
T (EF) 435K 244~1 604,72~370 Fl 12~82 1% .
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RERE S B R 2K 2590 (SAs) o 1, DA i ] H
S IR IE (SMM) M it \MAA HIhRESAIK 2 — i —
FH 35 T 045 2 155 (EGDMA) by 22 BE ) ol o L W SR &
Bl T MIPs. K5, FIH# BT 28R g5
T MIPs (1) # L 97 22 35 W e B A ol 508 & W
MIM. J7 il & B9 MIM 9 U B3 7 G 40 4 4 3R 0, mT
£ HPLC-MS/MS 743 H1 1 H 42 Fl T 32 Uim)RL R i o
) SAs. Z5REW, T35 H) MIM XF SAs HA R
LF B 28 B BE M (REREE R R 2.3~2.7) R 471
A= BE A AT & Al I . 1% 7 K LOD S 1.5~
3.4 ng/g, SEBRAE A IRl 80%~89%. X, %
B AE AN [ Bl ) ek v R S G DR ) B
JERARKE S, BRI T — s
BT HE BB T

Mirzajani Al Kha!'™' DL i Bz W5 5E 48 Ry A5 e 43
T \MAA N IIE A EGDMA N A2 B 8 A — 5%
TIE (AIBN) 5] &/, il % T 2 7 8 4 J& MOF@
o U /B 3 5 U R4y F B G 52 A BB (Co,sZn
(MeIm) ,@HNT/DES/MIPs & 4 #4 Kl ) (1 Hy 95 22
A K £F 4 . FE R H T TFME £ K, 454 HPLC-
UV, SCEE T 2R 3G FIXS P 4 Fh SAs 5% 83 B9 R
ok . 25 SRR IZERETE 0.01~50 wg/L 1 2tk
YN E I R, LOD A 0.003 wg/L,LOQ & 0.01
wg/Lo %5k A PR TR A AR AR IR L AR AL
R BT /NEL S . B IZ RS SAs 5%
R RHE T — A @A R AT AT
B R £ it 1A IO B 1 2 B N 2 ek

Zhang %" 3L 3 Be 4K F1 431 B3 A L 3
BN, UL E2 R ELAR 4> F MAA Sh I Ak R A
J A B A 1 i A A5 B 3 BC AR -4 7 BRI (Apt-MIP) ,
ZM BT E2 B A R S v U R R AR g
EF 5y 187.58. %t T Apt-MIP [ IT-SPME %5 &
HPLC-UV, Wl & 5 A XS P MRS FE L i B2,
[\ K R 79.61%~105.70%, LOD & 0.03 pg/kg;
Apt-MIP £F 4k 3 2 HA R A4F i feoe vk, ol & &2 il
15 W LA E o ARWFSE 03T MIT B9 R & ar b BEH R
PEAL T BT R AR AR S B T o TR RE

Wang 25" % FH M $U0 B A B0 328 5 w7 L 1 B

FH A LT MIPs Gk, I 45 FLAE S W B ), v T
MIPs-DSPME J7 i , FH T & BUAF TR v i) 28 R s 2%
2% (BZs) , b J5 i #+ UHPLC-PDA #4790 % . %
MIPs #4 ¥} 0] [6] i 35 50 7 #f BZs, B A & WUk %
(36.23~38.88 wg/mg) , nl & fifi ffl 5 K . % MIPs-
DSPME-UHPLC-PDA J7 %) 7 BZs HA B m i
EFs(21.5~37.9) , f£ 4 W #E & ) LOD #1 LOQ 43
SI7E 0.2~0.5 ng/g A1 0.5~1.5 ng/g i A, [k % 55
(92.3%~97.1%) o Ptk , 1% J v F T R 280 i v
BZs 5% B (15 B0 A2, o8 £ i 4 A WA B A T S 1Y
PR HE

Seebunrueng %' 3R F I 34 1 B2 SR L
TR A M 2 S Ab 4 9 K UKL AR hy R P 804 N-52 T
SE N W T A Ol AR | 2 B B R R A HR  MAA
1 R Ty B BAAR R AT SR A BN, il A5 T — T 7 7 AR B
WEME oy T EN I R A (TMMIP) . ¥ H: 4 DSPME
(% B 550, 38 3 GC-FID e 3 5 A+ A4 & A
W2 M i L TCR AR RS R A S R
OPPs. % Jy & H A R 4F 19 26 1 ¢ % (0.50~2 000
pg/L) . f& LOD (0.25~0.50 pg/L) . fi& LOQ (0.50~
1.50 wg/L) LA K i K B2 (RSD<7%) , [l Ui R ol 93%~
117%, S 80 T X Z2 F S 55 A 5 OPPs 4k 25 5% B 11
HERA = 20 o 3B 5T % B T T R O vk AE R
1 B A R A ) O LA B S B N
1B, Bl 77 08 J 23 A% At S I 2% 25 A Ak

Wang % "SR A RS H ARG & T —Fh
MRE ) MI-SPME £F 4k B 571, L) 5 W % (CLT) by AL
M5y F \MAA Ry T REFLAA | 2 Il — W BRI M R TR
(EDMA) J 52 5]  AIBN b 51 & 7, 75 3% 55 & 40 4%
t & W CLT-MIPs, ¥ HAE &y IT-SPME (1% W B} 551
B % 4 4E B 51 5 HPLC-UV B¢ R, T 07 16 72 5 ke
it (5% Ip R ) rpOBT AR B R AR 2 I 3R . S5 Rk
B, 55 5 B 5 Ml £ 4 B 51 AH B, CLT-MIP £ 4 [ 5]
XF 6 BT AR KL G e R ER ST
1189~2356 1% . Itk 4h, CLT-MIP £ 4k [4 %1 if 3 3
R G M N T AR A F D el R
100 ¥, H W B #4684 B & F % . LOD & 0.03~
0.58 wg/L, [ 3y 85.4%~116.8%., 3% Fh E[J 3 2T 4k
P 0 LA v e L R AT DL K 2 A ) R 1Y
A5, Ay v R A R R A ) A A R R
ALY IFRE T B 1 TR P AR R R
0 £ 2850 23 B A

Kardani %"/ L A7 e 22 A5 Ay S B AR 43 1, FF
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KT —Fh 3 T A A A 55 (GO) @ZIF-8 MOF/MIP
54 MR B A X IT-SPME J7 5, 454 GC-MS #
A SEIT X OB RN ZE b A B N 0% 22 3 b A AT
A R BRI . % )7 ik LOD I &
0.023~0.033 wg/L, Ml K K T 96.2%, 7t 70 uE B T
HMem T SEvE ., MR Tk X EET
GO@ZIF-8 MOF/MIP f# IT-SPME H. /4 ¥ £ ¥ 5 |
PR AT B BUAS R 5 v AE R S RS A AP &
TR B ERAT R, 'R R
RS AT TR B 2 5 R S 24

Hayat 5" % FH 2 D) filt B 44 B 30 SR s, LA itk A
ik S AR 43 R T B (AA) R 3-( = H AR Rk )
FH 5 TR 4 T2 TN TR (TMISPM) Ay I i B 1A, 2R FH I e -

VW 2 A WA T BNl A L ek tE — & Ak E (MIormo-

sil) . LA Mlormosil 25 DSPME g [ff 5 , 45 &
HPLC-DAD 0 5 50 45 A% it b O ML P B . 45 R 3R,
ZJ7 1) LOD A1 LOQ 43 3124 4.93%107° pg/mL il
1.49x10™* wg/mL. Mlormosil i 4 fif () fe K45 &
25 L 25 5 13 mg/g(n=5) Fil 97.3%, 1]
EMHHAEL S K. AL, %% T Mlormosil A9
DSPME J7 4 2y 45 45 60 i v it 7 Jk % B8 A oo 2%
YA A0 G U A T 1) i Ak B O A A AR B
LT R ETAEM .

Jian VYR R M B H R ,2,4-D R #iAR 4-
VP R I fE ik (PTFE Bk 3£ 6 AL, i & 7 37 Al
f) MI-SPME ¥ 2, Fl T4 RE v 2,4-D AR,
% MI-SPME & 2 X 2, 4-D ) W B 725 & 15 41.8
mg/g. £ 137 WA S A 3R 890 A = i 4544
Fea E Ve TR A2 FHME , RSD<6.35%., JIr #f 7 (3L T
MIPs f) TFME-HPLC-UV A] ] - 2 W4 #¢ 5 v 2, 4-
D 19 & £ 1 £ BRI 2, 9]l % 88.8%~96.6%
(RSD<5.1%) ,LOD 4 0.03 mg/L,LOQ & 0.1 mg/L.
I, 12 MIPs A8} o5 faf B, AR, A i, A 22
Ry B R R At R O W R e AR AR A R
SPME #i i)z -

Dowlatshah 2% ] £ Tj fig 54K B[ 36 56 W
LI APTES F1 PTMOS b Ty g B4 | 56 3% 1 B[ il 4
AR e -5 e i, 7E AL Ak i (MCM-41) K 1
P T =4 M 4 4y BRI R )2, P il 4 T MIPs
W24 SPME, 454 GC-ECD, SZ Bl T X} i H
PRI 1 v e R PR AR ORI R L % T R B R
(9 43 A P BE , LOD fik = 0.002 ng/mL,LOQ & 0.005
ng/mL, 7£ 0.01~1 ng/mL 75 Bl N 5 K 428 % , RSD

/NF 10%, % MIPs 42 £F 4k X SPME i3 i H F
JINZZ TR SRR i v 2 Tk PR R e ) AR, Ry B 4
AV 0 4R R AR T — bR R A i T AL

TE £ i 2 42 4538, , MI-SPME 4% A #E {8 MIPs 1Y
I EPEE S SPME 5 20 SR A 1, © B T
N N Wl I U DDA R P A LR T i
25 5% B BRI, 6 55 2 (40 TCs  SAs) (& 2 (4
OPPs Fi Mk 2 ) Je i 4r N 25%) o i i TFME
IT-SPME \DSPME . % 2 £F 4k SPME ,SBSE %5 £ ¢
P 5 o i/ 3 6 L AT A AR 6T £ i i I R
FIT B 2846 T 90 o3 1 5 e, S LR 3 4% B 1
REE M. H LOD HZ MK E pg/L % = ng/L
G, R 2 AEFRTE 70%~120% JE N . R, 38 i
2 F FTH BRI AL AR 49K B R K 22 Ty R A R Ep
U NE QU VRSB W SR G A D
Ty R LA 2 T B 25 9 R REOR | SO e S B
B - e W AT A R ), Sy B o b B e A% i 2 ) ok R
(v S A AR AL TSR R S B B R e
B R
3.2 IREMM

5% WA Ry DAk PR BT 0 1 T B
RGAED 5 53 B Ry SR B O AP 4R R AR . M-
SPME 1 gy —Fh e i A S AT b BE B R, & 712
HFRME  EEERBEL TR 4R E K
st g SR T TR OR S ERE . A
PR AR A H A 2 UGS A B R 2 phe o ) e B ARt
TH N FE R A R SR EEEfr  SCBL T FR LR K
JR LA HEEAEH.

Barahona 45" DL B 70 2 (ENRO) 4 #4743
T .MAA NI fE ¥k EGDMA N 32 BEF| , ¥ MIPs
It 7 16 B N b 23 2F 4k (HFs) i FL B b, il oh &
T MIP-HFs & & Mk, #3773 T A& MR
EFEE IT-SPME J7i: , 454 HPLC-UV, /i T Hi % /K
IR 7K PR 85 rp G600 45 T 2 (FQs) P 2 R 3% B I A
W o 25 2 W T RN 9.4%~24.5%, RSD B /N T
20%(n=3) , H.A7 [ & (% Fa 2 v A e o 7 . LOD it
FIH 0.1~10 wg/Lo. ZME5E R I EE W I FQs 458
15 Y Wy 00 R I A T A AT B

Monnier %7 i R[] 1) 3 36 & % 5] (DES)
B NA FEA LA CInH 28, DU il A 95 6
AR TR SR R R DU A B S SR W, LT IR
AR AR | IR D L= o B () BT A L 1 D) TR
4% °h DES B ALA, KRBT —FMHT =%EbEY
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9 % 4k =0 IT-SPME J7 % o %087 7 28 HUEF 4 1T-
SPME %54 HPLC-DAD, I T + 3L b 4 b =15
KA AW FE T, IR R 75.7%~120.1%,
LOD # 6.2~15.7 ng/g. %MW 55 AUAESE T DES 7
IEE 40 B v i 1 R P TR s 4 3 T £ B 4 R
(149 % J | Sy B 358 M 00 0 3l it A1 1 e EL A £ R K
P B LA i A B

Chen %) GO/MIPs N W [ 5], & J@ 1 —Ff
1 B 2 85 b i Y &L (NOR) B9 7 AU B & A1 Ab
5 ¥ . % GO/MIPs DL NOR N 43 1, % T
TER AL S RN H R I GO F il A M MIPs,
A ) GO/MIPs 3 A58 = Mg Ir & RN
# Bt , - 8 7. MI-SPME 4 {& (MISPME-p) , H 41 %}
[ 1 £ 1 SPME ¥ #2 UL & 3. 454 HPLC-DAD
FE L AR R 90.1%~102.7%, EF 4 7.01, RSD
H2.06%~5.29%. ¥ 7K 1 SR i g LOD 43l
9 0.15 wg/L Al 0.10 pwg/L. %75 36 B AT K I A9 A B
RN ] EE A P L) R T AKOR SR AR
ARG, Sy ¥ A PR i pT AR R A AR A T AT A
XHFo

TE PR 85 105 I 45 5, MI-SPME 4% A 65 % %) 52 4% 3
355 L 01 R A AL BE AR T, BT N T K AR (b 3
K CHL TR KO R A R 2 W AR B R T V5 ) FQs
SREBAEGYELZFIE Y. O R RS T
il IT-SPME .DSPME 458 5 (4 45%/ B i 5 0, A
B0 AR R B A i P B R T SE R AR B R R
oz . H LOD (2K E pg/L % %= ng/L %, [

NOR MAA

0L
[ |
a
Elution
-
Adsorption

R Z R F5 7 75% LA L, Hoal it 5] A DES 45 4% (4
BRI A BRI E A MIPs 45 e T A R0 5 R
PE o AR R IR BT 5 G W 4 PR G A | AR A U TF
Al B AL T TT FE B AL BT B, B ) R B S T R
33 AYEZH

A= Wy 2 2 0 A8 R AR W iR AR A 2 B R Ay
PEAT 25 W 5 A 7 i A0, FE A O H B AE T B
2591 N AR 9 A BIL I ORS oI AR 25 W97 Ak, OF
BRI R 25 e vk 5 & B M . 3T 4 ok, MI-
SPME $ AR &) 12 W FH T IR L3 | 13 S A 4 45
Az R iy 263,08 7T 8897 0 0. DT SH e LT 2 g (1
TR U S A

Rahimi %5 f] MIP £F 4k 14 J2 & SPME 4%
4 HPLC-UV $ AR , #E 57 T — Bl i 3% 38 1 46 DU PR
SRS NN N R T R DN N o T e
LAWK (VD) 2l D RE PR 8538 S (TG) o RIRAE
Bl AR MEWME SR, ERLZE
J¥e Dy 6 A AN 85 5W 22 3R A #E T T A RS E 1Y MI-
SPME £F 4 ¥ J22 W 5 45 S 2 W 1% 07 125 1) i R
# ° 131.77 ng, LOD & 2.68 ng/mL, LOQ & 8.95
ng/mL, fil bx FE & 1 B 94.01%~96.20% , £F 4
PRI £F 4 (8] 19 RSD 43 il O 4.30% Fl 5.06%. FE
0.007 1~0.2 wg/mL i [ Py 52 80 R4 2R 2 &R, Il
1 F T PR R B 9 A2 ORI 2 o 1R 45 R
UE T 207 L ER o A T H AT R R TEAE Y
R i 245 4 A T 45 3 B R g, Sl A SC B 5 R

GO/MIMPs

HPLC-DAD

Supersonic
Elution

Vortex
Extraction

Polypropylene

MISPME-p

Membrane

E3 GO/MIPs K #l & ¥ 27 SPME i i R @ "

Fig. 3

Preparation route of GO/MIPs and SPME procedure!'?"”
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I R S BRAR AL T H AR S+ AR — s Y I
2543 1 KR

Ansari 2221 OXY AHH /T .MAA K Ihfig
PR, SR 3R TSI R R A T T REYE GO Rl
H 90 ok kLT ) MIPs (MIP@MGO/CDs NPs) . %
MIPs 45 4 #8 7 % B DSPME (UA-DSPME) 5
HPLC-UV, SE 3 7 AR H OXY By E 5V 25 B
25 KW, iz MIPs 1Y fx KW B i35 99 mg/g, Bk
¥k 3.39. #EMAFMAT ,LOD 4 0.80 ng/mL,
LOQ 4 2.67 ng/mL, £ 43 [l 2 1~2 000 ng/mL; A
PR " OXY 9 8] Yt 3% Sk 92.50%~103.20%, RSD<
3.65%. %07k B PR AR BUAS | T 2 Pk S A
RAPEERE R, N IR R RE L rh OXY YR il A3
PR TR R e Ak L A R T B BRI LA
I A I FH H 08 Je BR P 2 v FH 245 28 4 1k

Tu %7k Al RAFT Vi e % 4 (RAFTPP) £ K,
Ll MAA N IIBERAIA EGDMA A2 BEH], &l T H
A B AR AR W BN M R 7% £ TR (PHEMA) Wil B 587
B MIPs fd Bk . 38 o 7€ 5] & ] AIBN 177 F %
PHEMA K43 T 4% # #2 %] (macro-CTA) 5 MIPs f#%
BRE BG4 T R K ME MIPs AR K HOR
DSPME M [ff 5 , 4% & HPLC-UV, 52 B T M oK Hi B
B 52 % A IV RE o v L O R MR A R 2R R
7 Ry 85.2%~97.4% , 1 i i 4% &5 (RSD Hy
2.3%~3.7%) ; LOD 4 0.002 pmol/L,LOQ 4 0.006 7
pmol/L, 7E 0.01~100 pmol/L i [ P 1Y £& 1 41 56 &
R 0.999 4. H YA H [E] 20 A7 ¥ UESE T 7 0
KB % 3K MIPs (9 nl M R 4. 1z &3
T MIPs 1 3% Kk ¥ DSPME W Ff 1) 75 e 38 o i
A HE N A S A A= WA R 2 ) i T R ED ORI
T, A R R XT3 25 0 IR A 2 W E R oA A i R 1
TR B R Ry i DR 245 4 SR 2 AR 3

15 4= W) B2 24 91, MI-SPME 4 AR £ X5 bR . 1L
WM WEFE AT, LT RER FRH W
W28 RGBS B A . S AR MIPs
R R SR B BE 1, 455 1R 2 47 48 SPME i
i 1 DSPME S5 A5 2X , AG 2800H B A ) 2k JoT v 2 11
JE Jot 4 B4 B T AR 5 A0S/ S B, LOD AT 3k
ng/L %, iR 3508 76 85% DL o A E, 5B K M
MIPs il 3 e i 8 MIPs 45 (4 i, i — 2032 1 %
HERE S AR PR 2 TR A B AR AR AR N 2
YA I 5T I R FH 24 722 4 W I K% B B4 2 43 A 4 At
T A UE B R S B A W R 2 4 1 A

WL 5 Bl 22 3k
4 RE5RE

MI-SPME ¢ AR 76 £ it IR B R WU AE o 55 2 Fi
S22 O RE SR AL B P R AR T S AUR A A A
/TSI, A 24 W 5k B 4y A b R B B R
J1 R A RS WE I A ) R 2l A5 A A G AT
FEARME T TR S L R H, MI-SPME 5 A AP I I 1#
e W - T I N O S Tl 1 B
B

fE MIPs il & 5 0046 75 1, )48 56T MIPs 1
W o 700 A 52 A4 R 3 T B B LT T I
B 437 kO AR 7 40 A AN 38 B 3 B A 1 22
PRI S iRax Se R W AR A T, —
J5 T, 0] R FH % 2 bR RS (DFT) 543 1 3 g 22 4
L0 1 Ty Rl B 55 A8 B ) A e A G G AR
MIPs (1) = 2 25 ¥4 F10% B 68 5 55 — 7 Ll g 51 A
T TR0 B30 SR W, A0 LA Al | 2 AR AR B IR S 35 e )
(n pH R 6 RE) Y KAk 2E BRI R T gk
— R T MIPs A 358 5% M AR 55308 1 1 . b4k, R
F ST A2 38 B 5] R BGOSR B
e, ARG SR MIPs (9 HILA R B 25 4 e 1 o

1£ MI-SPME #5224 8 77 I, 1% 48 4F 4k ¥ )2 X
AR FE 2 SPME o HL A i 18 £ 1 AR e o L (A7
2 PR T A T R A L A8 52 2 KA e A ) R, G
A5G e 3 rp U S A BRI Sk, 5T B
TEBT) T 0 8RR J2 MR R AL K 25 4, ol
BT 9Kk 19 MIPs U 2 (HRE R 98 Kk 5 ) 7] 42
1o A USRI TR A G o B B AR A B B A R
Yr(an GO 45 ) SR i Lo e i AURIAE S AR e e T
i 2 35 MIPs 19 U0 5 2 BURe 15 A Loy + i
(1 MCM-41.,SBA-15) I H & JEA P M fLIE 4549 |
A Y FLAR R T Y 3R B A 4, Dy MIPs $2 it
THUAE AR kB MIPs 54 L T E A,
AT R TR A% G2 B30 4 A% BT BHL 0 R A i R IR
8 1) B850, (] B 2 6 Ko F 25 (i 2E R R AR
BN R RN = a1 ) B B o = R [ A
MOFs'"*! F:4r A5 HLAT 42 (COFs) ™ Fl & bt A7 HL - 42
(HOFs) "85 Z2 LB 2L 4 A AL AT 5 B 1) 45 4 ]
M RN Ak 2 R A REE RS B 4 AL AR AN R
27 1 T S B AR 43 1 1R R0 AR R4y 25, AT
W R e MI-SPME 47 R () 1 H i . 28, 8 Y
AR T DR AF FE PR G o, 4 oK A R B AR A
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A A A = BT A A A LA 0 0 A LR
A, (B H A MI-SPME (1% I RE Ak 46 i ( 40 2
FeAb B HAR) AT T oAk SRy 2% A LA 3k B L 2 5E
ZALE ZE MR A AR 2 0 SR R A R T
FR R, BT = R KA A PR T ROk
W58 T A il 28 120 (B IR AR, JF R 2 m A%4R AR
T

It 4k, MI-SPME 5 [ ghfb 4 AR (il & 2 5 2k
JR R, TE T A BRI AR B R R AR ) R g i
5 2R 3% 2%, m AL 2 R A sh A AT & 8
4R T 24 4 5% B8 43 AT 10 o B M RN RLR 3 T S B
B AT AR B ) = o T o o NS A | R 7 P )
SR SR . R VRS SPME £ AR #0156 F
Rl I AT o R 5l NI NI = R A €l VBT Al L
HPLC- 5 43 ¥ % i 3% 5 (HPLC-HRMS) " S M (1
T -1 27 ME R U3 % (GC-HRMS) 2 DL K A4 03 -
B IS (GC-IMS) 1 55 i DL K AR K 5 22 42
TEAG I iy 58 AR e B LA e kA2 2 Ak A W (ln St
Fa A ) B S AT B T o (5 i/ T A 38 B4 /N A 15 485
1k (4 Mini-MS, Portable GC-MS/LC-MS)!"“14 )
RO 8 - B R B R i D S B P
G I 4 T AR A T H . KOk, MI-SPME
AR A B 5 e A 45 /N Ak £ 38/ AL 2 S
S B H A 56 (POCT) |, Sy i PR 32 W LA A s ) 4
AL BB | A A RS SRR R R AR 512 I R R
Pk o R EE, 60 n] Ry 2Lk R A B T B O MI-
SPME AR MHF & 50 H . B ARAR & HA %R H
RV e Skt cd Y B S N L
MIPs ¥ )22 0 PR 0 il £ 1225, an i i fiff il DES %5 4¢
L RO B A W nT B R RE O R R AR Il P
FIHE A5

25 LT ik ,MI-SPME % K 75 25 4 5% 8 & ) vp 2
S NS S G 6 = O N N < BN 7 S
BRI KA Sk R B R, DL & POCT
ISR =S PN RN TR 5 B N €l = 11 o i
IRBE W A s 24 Rl Ak I A5 S K #E B R
EH o

S E Wk
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