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Preparation of Bitertanol Magnetic Molecularly Imprinted Polymer and its Application in Food Detection

TIAN Jingsheng, ZHANG Zhanzhan, QIN Sinan, GAO Wenhui*
(College of Bioscience and Bioengineering, Hebei University of Science and Technology, Shijiazhuang 050000, China)

Abstract: A method was developed that the magnetic molecularly imprinted polymer (MMIP) of bitertanol was prepared by surface
imprinting technology, and in which Fe;04@SiO, grafted with KH570 was used as magnetic carrier, bitertanol as template molecule.
The MMIP was characterized utilizing these methods such as infrared spectoscopy, transmission electron microscopy, magnetic
measurement, etc. The adsorption properties of the MMIP to bitertanol were evaluated by static adsorption test. The MMIP was used
as solid phase extraction (SPE) adsorbent to extract the target compounds in various food samples such as millet, wheat, etc, and to
cleanse simultaneously the samples. And the target compounds in the food samples were detected by high performance liquid
chromatography. The results indicated that the bitertanol MMIP exhibited molecular recognition ability for bitertanol and its
structural analogues; the linear relationship of the method was good with r=0.9996, the detection limits were 0.01 ug/mL~0.02
png/mL, the average recoveries were between 87.7% and 104.3%, the relative standard deviations were less than 3.46% (n=5). The
bitertanol MMIP was suitable for separation and cleansing of triazole pesticides in foods, the detection method could selectively and
fast analyzed triazole pesticide residues in foods.
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B Se HRTER X = MR SRR 2 ARSI T v 3 A v A 1% (High performance liquid chromatography, HPLC) (8-
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Fig.1 Structure of bitertanol
Tt 5B sk R I S R oy T BRI R R B U A N A 2 —,  BEPE SR Gk v DAFE A VR R iR 5
AT B, A TE A I Bs 0o Bl 3 isk 8 AR B ATk B S B R A AN o B2, kIR, TR T REWIRHERT
PR, RSN R AFTEIR 2 BN 2SI, BT DOz LA & R ik bk Re20); | Rrid i 5 Sk
CEPR MRS 2327, R pE e, B 2 B0 AR BN . ARS236 L) Fe,0, (B NI, BT 688
Si0, H-7E H R MR RE B KHS70 (HE S PYIAIE A R N 2 = A B aEbD) BRI ER, SR 5 R R Ak,
DU =R AR 7, & B - RS W N R AW . EROEIMAE. BEEE R R E AN %54
X BRI S A BN R (R SR o DAAZ R 1 B3R 55 W) O B AH A O L & SR AN AR, FF 455 HPLC X6 sk
=R LA TR o

1 #R5T5E

L1 A5

LC-1260 B i RO 4, e BPHE AR AR SHZ-82A BMER/KIBIRG %%, RT3 M) ; HH-4
RUE IR K, BRI A IR A R] . DZF-6320 R TA4E, DUIHIRFHE AR AR KH5200 A48 5 i
e, R EREESE IR A A s SHB-3A RUEI/KAXE S5, B KRR AR AR ; TENSOR37 4
AR LT AN AL, [ Bruker A F]; JEM-2100 BUE ST fE%, HA HITACHI A7 .

PR =MERE (Bitertanol, 99%) , VLZRHE N T aUHEHREM L) s 5 (FeCl, + 4H,0, 99.7%) , =&ALk
(FeCl; » 6H,0, 99%) il IiX &ML s #ERRIUZRE (99%) , HELEEGT (KH-570, 97%) , WBFARHEA
IRAw; o -FEEPAIRNE (methacrylic acid, MAA, Zr#frél) , WMEATAHRA R, —HFENKEK O 1N
(ethylene dimethacrylate, EDMA, Z3#r4l) , DWUJINEHERHECA R AR 20K, 4B (P , el iRiEm@f T
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HRAR; 2,2-MBEF T (azobisisobutyronitrile, AIBN, 4-#14l) , #Mig@th TERAHE; 285, B, 1K
W, SEE OOMra , BESRIEEA TH R A LI K NEBAiK .

1.2 R AR i ) 46 R sk

121 FLPTiE ikl & MU At =2k

53 BIFREL 4.72 g FeCly-6H,0 F1 1.72 g FeCl,-4H,0, JH 250 mL () = IR, AR5 M H A 80 mL 7K, FEiEA
N FIKHHILE Y 80 CHISBLZFAT T, BN 10 mL 3KZEK, #HFMF T (800 rpm) , 44K 30 min, PR HIREEE
KR r= o es, SRR RAUKE = B b, K OB 3 G, F 50 CTRHEZETFE 240, RIFF550H]
Fe;0,o
122 R A =8k
FREL 300 mg Fe;0,, BT 250 mL =i+, 4 AIIIA 4 mL /KA1 S0 mL 5 A B, #RARE2] 20 min, EL:4EE (800
rpm) N, JIA SmL %K, Fif4 2 mL BERRIU ZFGiZw AN, fESRMF FIRM 120, SRJ5 FHRESE =M e, H
K= =i, FHJOK BB 3 Ik, BEJEAE 50 'C R T 24 h, 1525050 H Fe;0,@Si0;.

123 Fe;0,@Si0, #H; KH570

FREL 200 mg Fe;0,@Si0,, BT 250 mL = IUfEH, A S0 mL HEE, BFERA. EEHH (550mpm) T, %3
mL KH570 iZW N, FEZR A T RN 24 h, FRIBOR Y00 855, FIJ0K CRERIKAE B e = un, e 50
CTFEZTHE 240, H3KH Fe;0,@Si0,-KH570,

1.3 J7i&
1.3.1 RPN RA I f %

B 0.2 mmol HXZK =MEEEAN 0.8 mmol MAA ¥ T 4§, A IRY 30 min, JAANUKFNTES 6h, ff MAA 5k
MRS MER], BEJSE N 100 mg Fe;0,@Si0,-KH570, 1.5 mL EDMA A1 40 mg AIBN, %f H#H7# A B, AR
310 min fEFHE Y EEAE, HEEHIEIRY (150 tpm) 24 hy I FREE- ZFR(9:1, VWXL B3 BRI R S AT
ek, DARBRBINU T ORISR RS T RE SR . SBETRISE, A ISR R M 2R . 60 CHE T (0.04 MPa) H1H
SRR TENE A4 (magnetic molecularly imprinted polymer, MMIP) , N TIE%E N o FEAIIEER = Mz
PIZAE T, % BRI & FE A0 IE NS &) (magneticnon-imprinted polymer, MNIP)

1.3.2 RERE VIR T

2 B IEPLINE v > BTN IE B (4% A 7 2 FE (15 mLy 30 mL. 50 mL. 70 mL). ARZEE (5 min. 10
min. 15 min. 20 min). ANFEEAEES0°C. 60°C. 70 °C) F il ] MMIP /& MNIP, F3HIIIA 5 mL Beok = Mg
CIERRUEVA (0.1 mmol/L) , 7E 25 ‘C FEIRIRY 24 h, B.0»(10000 r/min, 5min), #E, B Ei&EW. A HPLC
X SR P B ST S IR BEREAT I 8, TRA N ARG & O FIF ORI Z2 [ HEAT TR, ~PATIE 3 e
eSOl
133 FHASHT S5

12 R FEPIE T 3 HIONE E ) MMIP & MNIP, 70N 5 mL #KEEA 0 pmol/L~5pmol/L B =M 2 Jif
PRUEVAT, 25 C FIHIRIRS 24 h J5, Al HPLC RlIpess = MEEEMIIR T, FitSTATIE 3 IRSLib s R, %
YR BRI S AR O R HOREM ZZE TS, DI IEIBIRIE C WRRALAR, Z56 8 O NAARIER], JExH
HEAT Scatchard 43 HiB1.

O W5 A PR,
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1.4 WATEENZE A1 I 2

WA & L RN TR EX R W HATRR R, SR LR S LU R AR

(OFRECT 1 B BE . (100 mL) & m .

QFRBUINMN T S (B 23 T+MAA+Z. ) BRI 5 B myo

(3) 1) EAEVKAS TR B I A RSB NN EDMA . BEPERERIE, BRI NAA R m;.

@I AIBN, 7R, BRES, 60 CRIIN 24 h, DIt FE B dkir.

OV IRBLTERUE, EARBCE £, FREHRE my.

(6)F [ N Z h T PR SR G0 S Ay B, RPH B AT, RE A AR ms.

(DA EREEREMBRT I E R A, 1292 W, fFEARET, HREMEERAVNBORN R =

(8)F FRE-BEMR(9: 1, V/V)XBRE AT IS, (B, SRR W 2SR o7, P R SR B E R AW
IR, RJEEEA TERAE (60 °C, 0.04 MPa)EAT T4, FRERA B AR R & m;.

A= R %=T G I TR /m s ) X 100%

=(mr m)/(ms- my+ myy) X 100%

1.5 RAMMRAE
151 {8 B AR LT AR I e

FAERE N SR A S ATHEES . BB, T 400 cm'~4000 om! 1935 K 6 [ I % Fe;04v Fe;04@Si0, Mkt 4y
FENER G AR S VAT, BRI T R AMER, AR Co, Tk
1.5.2 B4 L SR il e

/DB Fey04n HEMESD TENBRGWIBNE OB P, XK B LA, A 85, oEUSE— /N
BN L, FZCAMT RRGHE I, AR5 & ST B B AT
153 fgmi i RE A 52

FREUS BRI R A E T 10 mL B0, A S mL ZB5EW, 5 10 min IBEI5] . 78BSO I i
BRI, FRESIE, CRREWIR B
1.6 FEGE
1.6.1  FEA AL ER

SYRIFREURES: CNK. NEE. AZE. AL ERE) 10.000g () , BRI, SR AT KRR
5.000 g, BRFELZHAKS, BWHAID , A2 QomL) #HE, #ATIRIWEIR, R 10 mL), 5], A
20 min, B0 10 min (1000 t/min) , WRHC BV 1 mL SRAVEENZESRE SRR, H/K (20 mL) #hik, FHHRE-2
F2(9:1, v/V) (10 mL) Pefbi, WA BE BT R e,
1.6.2  HEMEENTE SR A YIRS FRERE L 3 25 50 &

Frit 10 mg BEPES FENER A E T 10 mL RZE= MM, A 5.00 mL K, &G T, #]RE% (150
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rpm) 5h, BEGrBEWERFETR . SRJGH] 2 mL S > IRV RS M IMER R I AR R R B F I, WOy B A
Velki. P 2 mL FEE-ZR(9:1, V/V)or PR UK W B AEREVE SR & B0 B AR S B T ok, BE o> SR e i -
RIG, REMBGHEAT 2. T, M 1.00 mL HEEX BT B9, FIGALIEEE (0.45 ym) 29E, 45 HPLC il
1.6.3 HPLC & 41

g Hypersil BDS Cig(25 mm X 4.6 mm, 5 um); EAMEMPFHA: 210 nm; JRshAHZ FE-/K (83:17, /) 1]
RAW; FOEN 1 mL/min; RN 25 °C; BN 20 pL.

1.7 BIEG T R B RZH1 771K Origin 8.0 1 Excel 2007 Xt S236 Hds AT VE B X Go it b, A4 s256 8 2
B3, HARBIRN 3 AT S A .
2SR5

2.1 A[FZRE AR TR AR B RE (52
I E A — AR DhRE AR MISIBGII N 26 F AL, I B R ARSI FRRUN TRl R A TR TR R
EYIREHERIE (R D, SKIRARENER 1 IF RoR, IF R ENERCR A R bR . IF KA 0©2)
B
TF=Qvip/Onip @)
X
Onyp——EVE TR W)W BT TR IR = e )
Onrp——ARENIZE IR A MR BRI — e ) B
R1 FARARGFENRESYRI BRI

Table 1 Effect of different polymerization conditions on the adsorption properties of polymers

ENGEE 5 G5 Ouip/(umol/g) Onip/(umol/g) IF
2% 15 mL(ZER S 15 min. BAERE 60 C) 20.73 20.52 1.01
2% 30 mL(ZEER 15 min, BAEE 60 CT) 23.67 13.30 1.78
2 50 mLGFEA< 15 min. AR 60 C) 31.45 15.05 2.09
ZJE 70 mL(FEE S 15 min. FE&IRE 60 C) 29.88 17.79 1.68
R 5 min( 20 30 mL. BAEE 60 C) 18.66 16.51 1.13
FERA 10 min(Z A 30 mL. AR 60 C) 20.45 12.94 1.58
FEHET 20 min(ZE 30 mL. RAIRE 60 C) 30.21 15.98 1.89
RAWE 50 C(4ME 30 mL. FZS 15 min) 23.69 12.40 1.91
R 70 C(ZHE 30 mL. 8% /X 15 min) 27.53 16.58 1.66

M 1 HSEIBER T3, 285 50 mLy A 15 miny RAWE 60 °CHIWR P &K HEPERAURLF. By, 4
CIEHEN 15mL i, RERNMESAREGHERM S, MAERKREYNIR, 5 CRREREN, LiEADE
BRI A BEUER, SECRGMSEMREL MLl ED 50 mL I REE R 2 a1, (H2 L5
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EHINE 70 mL B, REWAR G, Hik, S5 R 50 mL NEAEZ KGR, SRR T RS, A AE
S5 min B, PAERIERESYRAD, ZRBTRANMETEDARKE AT SR 20 min LR RS
D FFRAS 1S min M ERIREY, XRFAZTAN K S SBEEURER: Mm% 10 min B4 SR &)
Frfm K, REERET 1S min KT, KN 8h A RAMEALIA K. TRIETR T RAEES RS
FIsZm, BEEEE R T, REEE R, 70 °CHf, 7E 6 h BEA R E R MMIP: 60 °CIF, 8h /=4 I K&
MMIP; 50 °CHf, W 24 h LU, REWSAERELZ 1) MMIP; SEIRIE 2 T 1E 45 ) C P RA, M 48 h LA, MR
TR, EREWAER. SREW, BHEEELRE (W070°0) i, hREHRERE, SEEEWEWAL—;
AR ) 4 1) SRS e RO I B, (R A SRR IS, SEAN AR 21 51 57 AIBN BEAT #M IR, ARERAE
WA B, RIS Ak 60 °CHE Ay it S SEILFE -

2.2 RAEWIII I RE

22.1  FRALTAE 2

IVIIE R ik B Cy NREALRR, Wt O AMARFRIER, 753 MMIP A1 MNIP 5 SRR, M 2 Fix.

150

MMIP
120}
~ 9}
2
[=]
E eof
2 MNIP
Qi
30}
Ot . .
0.0 15 30 45

Co/ (1 mol/L)

B2 MMIP Fl MNIP 3B = R (K A IR PR IR 2%
Fig. 2 The static adsorption isotherms of MMIP and MNIP to bitertanol
HIFE 2 FTLAAR i, MMIP b MNIP AR 7354 SEAF IO R, ZEAR IR EE T, MMIP 195 bt & dzeoze K T
MNIP ({5 B 5, 32 B T/ MMIP 14 it 72 b o5 3 T i 23 (R 45 K RES SRR 20 T W06, TRIERIZE S 7%, &
ATLL 90RO, AT DR SRR R RRAR 4> T 1T MNIP FRORAEEREAR > T, thRREIR IR ENIE 23X, [H Ik MNIP
SRR 53§ TC A I B
2.2.2  Scatchard 43 #H7
18 F Scatchard R0 S AP I EEREREAT RO, i ARG) TR
O/Cy=(Ona-0Q)/Ky (€)
e
Opo— GBI B KR
O——MMIP W AR 731~ B B
Co—— RG> T IIHI 4 o B AR JEE
K454 I 1T 18 A 5
Lh O WREARR, O/Co WM AHRZ: I Scatchard #HZk, W&l 3 PR .
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0 F O R R T T Y R
O C nmol/g)
&3 MIP WP Scatchard 4

Fig.3 Scatchard curve of MIP adsorption

3RW, 0/C, 5 O MMAER LKA, XEERE MMIP H (145 & 605 ALK, B MMIP W H b5
Yo, AERAL AR —, HEABRG SRR, 2 M E LR I 45 4 AL Al — SeE I s S R R 4
Pret, GREETEXEMEEOEER . BE 3 PIERIF K EL, SrTHENre N2 A RS G0, BHBE=
ML MAA TETE R AR B &I, IR BAE BB o J5 T B Fh 45 G M RS IR (R 6 A st o TS A
FIE, BRI TR 5 — 2K S RN y=62.051-0.337x, K;=2.97 umol/L, Q,.4=184.29 umol/g;
TR A AT B T REA y=0.0707x+26.089, K, =14.14 pmol/L, Q,,4::=368.90 pmol/g.
23 BEVIFEREME

RSB R BT VA R RS TR AN AR T T, DR R R B R A v AR 4y T

BEMINF= %=V T m s c) X 100%

=(mr m)/(ms- my+ mypes) X 100%
=76.4%

24 BEMEEEREG IR
241 LAMEEE M

SEIGIAE T FesO4n Fes0,@Si0,w MMIP Al MNIP [HZL /M GIE (LI 4). B 4(a)rT WL, 572 cm! iy Fe-O [H4FIE
Wi, BB CHI4 T FesOu ki 1o I 4(b) 1097 em!y 952 em!y 563 em! Ab43 51l Si-O-Si 1 % B A 4 iR 5h i
Si-O-H (1175 R Z IR Fe-O [RHFEIE, 794 cm! AT 468 cm! kb4 BilE Si-O [RH4E FIZS fhHREHIE, I3 LLh AL g (1)
HMUERH Si0, C I B Fe;0, 0T Lo B 4(c) AREYEENE R AL AMER, 3440 cm'. 1094 cm!. 948 cm
1. 578 e b2 DN RERS R (1) O-H 3 [ 1 Ak h 6 . Si-O-Si O FRIHZEIRSNIE . Si-O-H {25 Hi IR R i e A
Fe-O [IRFIEIE, 803 cm! A1 463 con! 4b7p Al /& Si-O [IH4EANE #iRzhIE, ERILZ 4k, 2990 cm! 1736 cm! ALy AN
C-H ({145 IR ENR M IE AN C=0 FRAFIRENLTIE, 1631 cm! AbXF K C=C 45 RSB ITIER /IS, WIS 5 Dhfg
SRR A HEAT 1 ZZ R TR JRSE, 3K e REAIE U (1389 I 158 FHPE L8 T Si0, 1 FesO4 R IMAH R A4 B 4(d) ikt
FRENIER AV AME I, e RSO B 5 ] 4(c) RIS BB A —3, (H 1736 om! A C=0 {45 HR 2 I SCIgE A
%t 1093 em! ib Si-O-Si KO FRIMGEARBNUE, ARNFIEAE A ok, Ut WA FE REVE SRR 1] & 25 R & 1 AR BN R S
o ERFY, DhEEFRE MAA SR T =W EEE R MEROR R T HER & A A AR T REW RS .
il P =l E 38 3R A 0 O VR AT 37 B 15 P 4 R e E 30 2R 45 0 R MR AT O o7 B e A — 380, I Ak B SR 5 P A ED
DR A VTP ARSI Y B BRI A R . 25K, TEEREA SO, MBLTE Fe;0, HUR MR A VR A
SRR o
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B4 Fe;04a). Fe;0,@SiOx(b). MMIP(c)F] MNIP(d)HILLAM G B
Fig.4 IR spectrograms of Fe;0, (a), Fe;0,@SiO; (b), MMIP(c) and MNIP(d)
HIIBCHE — MR A 3T S5 A 0T TS, TR = MERE ) 1 vh B =R, fRfEE A IO IO N R, AL AERR
K, ATEREEPT H RS PO =My it S A, W5 MAA ik Ei O TR LAMPIR =1
B2y IR SR —EHIBRE, T AN RE SR MAA FFRIE ™ AR 7R s Hy U mTHEI B3 731 IR = Wl 5 Ty e
& MAA BIfERITES, Wil 5 B,

O,
H;C O
>_% + < . _N_ OH
_N OH H,C OH /HN /> \E)
N\L /> HQC -O/ \\\N\\
“HO
HiC O CHs
H.C
Bl5 BeR=Mm5TsRaERER

Fig. 5 The action form between bitertanol and functional monomer

242 ESTHRT R
Id Fes04 Al MMIP iZ 45T HUEE KR (LI 6)FRAEILTES, I 6(Z2) T %1, FesO4 N R/NZT 10 nm FUERIERL T, H.

AR, WUHE TS Fe,O4 NAUKZOR ¥ I 6(CH) %1, FVZEREYIRAZZIN 100 nm, HRAZEL Fe;0,

Ry KIRZ , WHALE Fe;0, RMHIER G LT EEWZ.
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B 6 Fe;0, () MERY CH) KEHHRER
Fig.6 Transmission electron micrographs of Fe;0; (left) and polymer (right)
2.43 R AERE AT
N T EEIE RSN LR, BT ORI, BEA S0, IR E TR0, SRR
Us A —, CRHAESMINIL T SR 0 SR, 3km A s 7(E)PR. SERRIL, Wk ENiE R & W7E
Wi E RIS, REIRH SRR S A A s e b R BE B, M SRR A 10 s I REVE BN SR S R 5 2 SR AR BE b,
T . SHCESMINE G, REVRLTIRR & HH 7 HUE R, 32088 E IRERA, Wk 70 PR . 58
gt REH, fECHEEAT, WEPEENE R &Y BA BT REmE SR 7 Bk BE -

. ¥

B 7 FESMESHIER T AR A REL R E) B R ) Ry

Fig. 7 Photographs of the gather process of the imprinted polymers (left) under the external magnetic field and dispersion performance (right)

2.5 VIS RH R
SEHKE 4 Fh =R 2 £ (100 pg/mL) 73 AIEC A AN R EVR E (0.01 pg /mL~100 pg /mL) HIARHEA R, £
MSEfG, CARRIADIR AL bR, VTR AR bR AE T 26, 45 R W03R 2 Fron. R 2 WIAN, EoR = PREE L1k
JEFEH 0.06 pg/mL ~100 pg/mL, —PRER ., 50 Re FIE PEEE 1) Z6 VY5 A 0.03 pg/mL ~100 pg/mL, MK &RE, Rt
FRLE 0.01 pg/mL~0.02 pg/mL 2 [f].,
R2 DIF=MEREGLERR KR

Table 2 Linear relationship and detection limit of the four triazole pesticides
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AP o e i For R
BilE| ALy
E 4 /(ng/mL) /(ng/mL)
=R y=2.32x10%x+2.80x103 0.9999 0.03~100 0.01
R y=1.07x10%x+1.76x105 0.9999 0.03~100 0.01
5 L A y=1.79x10%x+2.22x103 0.9996 0.06~100 0.02
I I y=1.57x10% +1.13x10° 0.9998 0.03~100 0.01

2.6 BEIR = WREE MMIP X it 15 A A B g

T B GEIR = MEE MMIP HFE i b = PSR 2 (R B AT G BE T, DLIBCR =L MMIP F >y [ AH RSB B,
FEMHZ 1.6.1 72403, £ 1.6.3  HPLC M8 564 FREATIE . SEEREs SRR, ASLE Bl i) 2 Pk S rh 3 At b
R4 Fh =R . B 8RR 9 Sy B AR IR S il oy B

16 20
a b
15+
>10
[S
5L
0 W
0 2 4 6 8 10 0 2 4 . 8 10
tYmin t/min
80
70 3 c

mv

a FEELIRBUE: b FERIRBUEE MMIP SbHLE HISEIATE: o FEGINARIREUEEZ MMIP AbH 5 ¥ it i
B8 4T BN ARRR RN KRR 5 I B AL R

Fig. 8 The molecularly imprinted solid phase extraction chromatograms of millet
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80 20
b
a 16|
60 |-
12
40+
= >
(S c s
20 |
4
Sl — 0
. . . .
0 2 4 6 8 10 0 2 4 . 6 8 10
t/min t/min
80
1 = Mefi
60 - 2 R
3 R ZMeE
4 JfEmeEE
40 |
>
€
20 |
0
0 3 12 15

t/min

a FEALIRHUE; b PR REURZE MMIP AAH)E R o BEMINARREURE MMIP b3S ¥R
B9 4T ENIL AR AT AURE B v AR
Fig.9 The molecularly imprinted solid phase extraction chromatograms of pear
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Table 3 Experimental results of recovery and precision (n=5)

K N SP2 A S
V&) kR P/(ug/mL)
0.1 10 0.1 10 0.1 10 0.1 10 0.1 10
AR/% 93.2 95.3 89.5 934 93.2 95.3 94.2 102.7 92.8 94.9
= e
RSD/% 2.16 2.23 1.87 2.16 2.16 2.23 2.02 2.11 2.25 2.35
AR/% 88.6 93.8 87.7 91.2 88.6 93.8 95.2 96.6 95.5 104.3

RSD/% 3.23 2.78 3.13 3.05 2.43 225 2.39 3.11 2.31 2.54
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AR/% 97.3 92.6 90.5 94.4 97.3 92.6 90.8 97.3 94.7 95.5
R = I
RSD/% 3.46 2.35 2.12 2.46 3.46 2.35 1.53 3.39 2.08 2.33
AR/% 95.3 92.6 90.5 92.4 95.3 92.6 89.4 102.3 92.6 96.6
S
RSD/% 2.19 1.49 2.68 2.51 2.19 3.13 1.54 2.26 1.39 2.03

FHER 3 AT%, 4 Pl 251 P [RIZTE 87.7%~104.3% 2 [H], AHXI A5 ZE(RSDY A 1.39%~3.46%(n=5). %A
TN MR PG RIS A s, KGR R o TR0 ) 2% 1Y) B2 A S s 5 At SCRR D7 VR ARSI S BRe iR AT LS,
R APIR, ZITFAERATA B REE,  HoAs PR A

F4 POTE S AN B SR B

Table 4 Comparison of this method with other methods for the determination of bitertanol

VRES L& MY/ (ng/mL) Hz H PR/(ug/mL) SCHR

GC-MS 0.17~4.20 0.05 [33]

MIP-HPLC 1~200 0.5 [34]
MMP-HPLC 0.06~100 0.02 This work

3 &%

LA Fe;0,@SiO, AR, BR=MBOABN 7, BRI AR, AT RA R R AR,
MM TRETLZ, HEALNOHMEN S0mL. BEIREN 60 C. RN 15 min W EER T IF fem, R
SRR RE ST, IR BT RN 76.4%. ERASIEE K, MMIP £ 1REFHMEE; i Scatchard 4347 AT %1
BETE = IREE A MAA A PRI S 07 5, Ky=2.97 pmol/L. Kp=14.14 pmol/L. Bt 2L ANk . 37 5 ri A S R v 3o 58
EHAT T RAE, SRR, MMIP & I ENE R A PR L4 100 nm,  HL 3 A g SR 53 0k RE BT«
PASAR 25 AF 1 4% O SR G 0 N B AR AU RE, % 22 e EAT B, IR o OB EL VR AT o S5
BE SR INFREICR A 87.7%~104.3%, RSD A 1.39%~3.46%(n=5). % 7L Pl ePetEog, AR T Iebke i itk
HATALHE S .

S

[1] . =M A MRS R T 7T [D]. RE: RE TR, 2012: 1.

[2] RUTKOWSKA E, LOZOWICKA B, KACZYNSKI P. Three approaches to minimize matrix effects in residue analysis of multiclass pesticides in dried
complex matrices using gas chromatography tandem mass spectrometry[J]. Food Chemistry, 2019, 279: 20-29. DOI: 10.1016/j.foodchem.2018.11.130.

[3] WANG X M,WU H L, et al. Rapid Determination of Bitertanol Content in Banana Using Three-dimensional Fluorescence Coupled with Second-order
Calibration[J]. Chinese Journal of Analytical Chemistry, 2009, 37(6):811-816. DOI: 10.1016/s1872-2040(08)60109-7.

[4] fvigh. BRI T B I AL AR IRER BT ST (D). KR REFHRY:, 2017: 4-5.

[5]1 AF, FE, KREW. =M AEMT TSN AR =505 8H, 2007, 19(7):721-729. DOIL: 10.3969/.issn.1004-1656.2007.07.001.

[6] Z&M, FHA. RS EEZN E & =T B R[], 424, 2011, 50(2):128-129. DOL: 10.3969/.issn.1006-0413.2011.02.016.

(7] BRIEES. 857 fr bl oh = MR ) S A LR 295k B BOR BT FE[D]. S2FH: SRR, 2015: 1.

[8] MAFFUE, i SCEL. OO E A M Rl op = R B AIBR A (0], R ERL 2015(3): 24-25. DOL: 10.15906/j.cnki.cn11-2975/5.20150307.

[9] MO, T, RBUE, . RSOROME E- R TS L R I e A 7 R KR 255 (D). i, 2018, 36(2): 136-142.DOL:

10.3724/SP.J.1123.2017.10012.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

W BRRZ RETY

REJCZAK T, TUZIMSKI T. QUEChERS-based extraction with dispersive solid phase extraction clean-up using PSA and ZrO2-based sorbents for
determination of pesticides in bovine milk samples by HPLC-DADIJ]. Food Chemistry, 2017, 217: 225-233. DOI: 10.1016/j.foodchem.2016.08.095.

AP SRR VLN 2 KPS S 4 Rh = ek Z55R BE (D). 0 7T, 2018, 40(3): 209-216. DOI: 10.14012/j.cnki.fisc. 2018.03.006.

LOPEZ A, COSCOLLA C, YUSA V. Evaluation of sampling adsorbents and validation of a LC-HRMS method for determination of 28 airborne
pesticides[J]. Talanta, 2018, 198: 211-219. DOI: 10.1016/j.talanta.2018.06.078.

MARTINS M L, KEMMERICH M, PRESES O D, et al. Evaluation of an alternative fluorinated sorbent for dispersive solid-phase extraction clean-up
of the quick, easy, cheap, effective, rugged, and safe method for pesticide residues analysis.[J]. Journal of Chromatography A, 2017, 1514: 36-45. DOI:
10.1016/j.chroma.2017.07.080.

Li Y, Dong F, Liu X, et al. Simultaneous enantio selective determination of triazole fungicides in soil and water by chiral liquid
chromatography/tandem mass spectrometry[J]. Journal of Chromatography A,2012, 1224: 51-60. DOI: 10.1016/j.chroma.2011.12.044.

WINE, WOEER, IR, 5. UPLC-MS/MS JE St il b 4 Rk 2555 B [0]. & SLBEFE 5TTK, 2017(20): 140-144. DOI: 10.3969/j.issn.1005-
6521.2017.20.027.

SILVA E A S, Avila V L, PAWLISZYN 1J. Fast and robust direct immersion solid phase microextraction phase microextraction coupled with gas
chromatography—time-of-flight mass spectrometry method employing a matrix compatible fiber for determination of triazole fungicides in fruits[J].
Journal of ChromatographyA,2013, 1313(25): 139-146. DOI: 10.1016/j.chroma.2013.07.071.

RUTKOWSKA E, LOZOWICKA B, KACZYNSKI P. Three approaches to minimize matrix effects in residue analysis of multiclass pesticides in dried
complex matrices using gas chromatography tandem mass spectrometry[J]. Food Chemistry, 2019, 279: 20-29. DOI: 10.1016/j.foodchem.2018.11.130.

KT, FHIL, FOCH. REFUSERR 201 BT [ AH A - v OB A AR b = MR BRI]. FTAERH R 224, 2013, 34(5): 417-421. DOL:
10.7535/hbkd.2013yx05009.

FOCH, X, PEEE, A%, READURSEAR 23T B ] AH 5 - i OB (o R A £ i T PR = e S AR R[], DA SRR, 2013, 29(10): 2504-
2508. DOI: 10.13982/j.mfst.1673-9078.2013.10.015.

O, X, T, S DR SMEE TENE R AR A R MR ]. BURERARE, 2013, 29(3):  1761-1765. DOI:
10.13982/j.mfst.1673-9078.2013.08.018.

XIE L, GUO J, ZHANG Y, et al. Novel molecular imprinted polymers over magnetic mesoporous silica microspheres for selective and efficient
determination of protocatechuic acid in syzygium aromaticum[J]. Food Chemistry, 2015, 178: 18-25. DOI: 10.1016/j.foodchem.2015.01.069.

B, BETERR ORI E SR S ) & S W PR BE BT T [D]. ARJR: RJREE TR 2%, 2018: 7-8.

CHANG L, CHEN S, LI X. Synthesis and properties of core-shell magnetic molecular imprinted polymers[J]. Applied Surface Science, 2012, 258(17):
6660-6664. DOIL: 10.1016/j.apsusc.2012.03.102.

GHOLAMI H, ARABI M, GHAEDI M, et al. Column packing elimination in matrix solid phase dispersion by using water compatible magnetic
molecularly imprinted polymer for recognition of melamine from milk samples[J]. Journal of Chromatography A, 2019, 1594: 13-22. DOI:
10.1016/j.chroma.2019.02.015.

ANSARI S, KARIMI M. Recent configurations and progressive uses of magnetic molecularly imprinted polymers for drug analysis[J]. Talanta, 2017,
167: 470-485. DOI: 10.1016/j.talanta.2017.02.049.

Li Z, Lei C, Wang N, et al. Preparation of magnetic molecularly imprinted polymers with double functional monomers for the extraction and detection
of chloramphenicol in food[J]. Journal of chromatography. B, Analytical technologies in the biomedical and life sciences, 2018, 1100-1101: 113. DIO:

10.1016/j.jchromb.2018.09.032.



[27]

[28]

[29]

[30]

(1]

[32]

[33]

[34]

W BRRZ RETY

ESR, WO, R B R PRI N AR T B R 2T A SR DR A 4 S PR RET]. AR SE A, 2016, 37(8): 1551-1558. DOL:
10.7503/cjcu20160248.

HEMMATIK, MASOUMI A, GHAEMY M. Tragacanthgum-based nanogel as a superparamagnetic molecularly imprinted polymer for quercetin
recognition and controlled release[J]. Carbohydrate Polymers, 2016, 136: 630-640. DOI: 10.1016/j.carbpol.2015.09.006.

Wei X X, Wang Y Z, Chen J, et al. Ionic liquids skeleton typed magnetic core-shell molecularly imprinted polymers for the specific recognition of
lysozyme[J]. Analytica Chimica Acta, 2019, 1081:81-92. DOI: 10.1016/j.aca.2019.07.025.

B, ERR, KRR, & BRI T BN T A ) S H - e RO (S - R IR B S L S U P 4 R ER A [J]. L2, 2019, 40(2):
318-325. DOL: 0.7506/spkx1002-6630-20171020-216.

X, K, FEBEL, S PUERGEN S K Z B TEERE Y LB ] TRHARIEE), 2016, 33(3): 243-248. DOL

10.14066/j.cnki.cn21-1349/r.2016.03.012.

bk, ZEEEE, XU, S5 JRA =R 4 EZE E AR AL B R TR A TR =R 2RI, R BRI 4R, 2016, 31(10): 131-136. DOL:

10.3969/j.issn.1003-0174.2016.10.022.

T, &N, R SO E R RN AR S IOR MR AR )] RGBSR, 2012, 33(7):29-33. DOL
10.3969/j.issn.1002-5480.2012.07.015

X, FHIL, XUSCLL, A& 43 B R R AE E - s R € s A W P Rl P IS = B[] R 4R, 2013(15):33-34. DOL: 10.3969/.issn.1004-

3314.2013.15.009



