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ABSTRACT

Molecular imprinting technology has the advantages of specific selectivity and specific identification,
which the compounds with similar structure can be effectively separated, so it has been widely applied to
food safety, environmental protection and biological technology, and application prospect is broad. In
recent years, solid phase microextraction(SPME) and stir bar sorptive extraction(SBSE) as sample
pretreatment technology has been applied in environmental samples, biological samples and food testing
and other fields. This paper mainly prepared a series of magnetic stir bar and a kind os steel fiber and used
them to pretreat some food samples, coupled with high performance liquid chromatography(HPLC).

1. A novel monolithic stir bar based on molecularly imprinted plolymer (MIP) was firstly developed by
filling modified neodymium magnet (Nd;Fe 4B) powders into a glass tube (60 x 4 mm), followed by the
imprinted grafting with bisphenol A (BPA) as the template molecule by thermal polymerization. The
experimental conditions of MIP-SBSE, such as, extraction time, desorption time, pH and salt concentration
were optimized. Under the optimal extraction conditions, a simple method based on the coupling of
MIP-SBSE with HPLC was used for the selective determination of the model mixtures of BPA,
4-phenylphenol (PP) and phenol (P) in bottled water. The recoveries of BPA, PP and P were in the range of
88.5-96.1%, 78.2-89.7%, 81.3-89.5% at three spiked levels, respectively.

2. The new matrix of Nd,Fe ;4B powders with high magnetic and super paramagnetic property was
used as a muddler magnetic supply in order to prepare sorptive extraction stir bars based on the molecular
imprinting technique. It was carried out by a stepwise polymerization using malachite green (MG) as
template, methacrylic acid (MAA) as functional monomer, ethylene glycol dimethacrylate (EGDMA) as
cross linking agent. The experimental conditions such as extraction and desorption time, pH value and
concentration of salt were optimized in SBSE process. It was successfully applied to the pretreatment and
analysis of MG by HPLC in real samples. The experimental results indicated that under the optimized
experimental conditions, the method showed good linearity in the range of 10-500 pg/L with a detection
limit of 0.10 pg/L for MG and a spiked recovery in the range of 87.5%-94.0%.

3. An in-situ polymerization method was used in the preparation of a novel SPME coating, where

butyl methacrylate-ethylene glycol dimethacrylate (BMA-EDMA) was directly bonded to the surface of a

modified stainless steel wire. Coupled to HPLC, the prepared coating was applied to the extraction and

I



determination of sudan [ —III dyes in fermented bean curd. The experimental conditions of SPME, such
as extraction time, desorption time and salt concentration were optimized. As a result, the run-to-run ( n=3)
and fiber-to-fiber (n=6) relative standard deviations of this method were lower than 9.19% and 16.48%,
respectively; and the recoveries of Sudan | —III dyes were in the range of 79.54%~86.37%; the linear
relationships between the concentration 50 pg/L and 900 pg/L for Sudan | —III dyes were obtained (1*>
0.9232) ; the limits of detection ranged from 0.303 pg/L to 1.808 pg/L in the optimal conditions.

4. An in-situ polymerization method was used in the preparation of a novel SBSE, where a-methyl
acrylic acid-ethylene glycol dimethacrylate (MAA-EDMA) was directly bonded to the surface of modified
Magnetic powder. The experimental conditions of SBSE, such as extraction sorvent, extraction time,

desorption time and salt concentration were optimized. Coupled to HPLC, the prepared stir bar sorptive
extraction was applied to the extraction and determination of plasticizers in water sample.. As a result, the
recoveries of DBP, DMP and DEP were 89.2%~92.1%, 91.9%~96.6% and 94.3%~96.7%, respectively; the
linear relationships between the concentration 5 pg/L and 800 pg/L for DBP were obtained; the limits of

detection ranged from 0.09 pg/L to 0.21 pg/L in the optimal conditions.

KEY WORDS: molecular imprinting, high performance liquid chromatography, solid phase

microextraction, stir bar sorptive extraction, DBP, bisphenol A, beverage, malachite green
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1.3 REMAREXSEMRAS
13.1 WAREX

Tt 2 A ) R R BB NI D) S R i, I Se A AN A B A IR e,
WU, ISTAL, SRS, AR ATTSE N DGR £ i SR A s S M, TR £ P sk
IR TR T S R R . AR SCAER B T KR AN ORISR, 455
FHTRTAT S TR E NG, St T i MR B P M X 1 5 1O 7k Pt T S8
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LRI KRR R85 Ry 2R, LR Rl o i AR s i n) FLAE A 2k i 2 M e
. BATROKKIN A

1.3.2 #HRARE

(1) KA R SES B RS (RIENGR— 2 8 HRENGRED
(MAA-EDMA) #ELES G, Wil T W BN A o FH e 80RO B 1525 s 7K R o
[FIRRA R — T EE(DBP). 284 - HIR I ER(DMP). <FK iR — ZB&(DEP) X =
Fi¥B AL o

A (BPA) JgSii (1) AL e A4 5 23 7 EZE W R A< B FE#E (MIP-SBSE), Jf5 HPLC X
FHISE T8 SR (R0 A

(3) R i RETE A B L BRI R 15 g Bk b, AFLEASE (MG A HEkR,
IR AL 28 il % 1 OB R A A4 5 o) 1 DR B A 44 (MIP-SBSED, Jf5 HPLC
BRI sE T Atk g fLAE A 2k

(4) KRR O VA LB EN L RS (FRNER T —2 8
AL IR IRER) (BMA-EDMA) A1k, IME T ANBI L2 B HTAAE (SPME) 2143k, 5
HPLC B¢ 7 @A maarta 1. 1. 1l






BB BRI KR R R IR

2.1 §5|F

SRR Y IR, & —Fh G SRR B S 2 AR B A, wT DAKG s SR 2R B
FE Tk )2 R 7270, 2011 4EH], G WA 051 T At S 0%
A, SO T IR S A, 2012 4EK IR RS T AMIXHBR
FE BT, KEWFRY, WA MG TE,  RERE R R A 2 Th i,
A T il 2 180 B ML S P B, , 5 KA, S 4 S Buman g s ™. i Tk
85 DUR BB AR T ROV R AR FE S T, TR T — g IR AL BE, HAT, AT40
K H R IR A R ACER s AR (LLEY U280 EMIAEE (SPE) 23 4
P % R, 7 A BOST) fuipty oh 38890 ) 2 AR ORI [ MM AR X (SPME) P12
A, UTBAESR, Rk A0 B SR I v AT A e R e ikl A i
(GOS8 AR TG (GC-MS) P2 10U A i B3 15 533 12 (GC-MS-MS)
WO A itk (HPLC) VO OSVRIgo e - o i e U018, iy e 3 4k 0 A R
LA T L, R A UUNMEER. TR E SRR T EENE .

FE it A DU A0 £ A AR 4 g SR AR U0 77 V25 0K P 5 A gt 21 i ot 2 4 R W 7 v PR
FIT ), IXFERENT AR (8], S0 /0 M kR o SRR B AU I 4 R R oK ¥ — ol
B 1) S0 T AL FE4 AR o Cacho 251 LKL PP M WL B 25 U A 5 40T BB Y 4 45 W00 2 8 S P it
BB PAEs. SEREMZ kS BRCRE . KRB, RHREE 127 M
1058 pgg s i T & M AILALRE &b PAEs (5 44 GC B i dinr . (H &
AT IR B A AR REA T B FE AL IR 2 S S8 o R B B v, S8 AU R« AR S
AR T WG S BERERE R OV, MR GRS B E HR A REE WIR G, &Kk
AR SR G o il 26 BV E e P, AN NS B B e sedie b, SR T BRI H bR
P e e it o SEEG A il g B R, e Dhb 7 7 SBSE 55 HPLC 1 HI I € 5k b
AKFE IR AR A

22 SEERERSY
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AK — HER T HE(DBP, 99.5%), A8 —HIEE —HIfE (DMP, 99.5%) MARHE —H
MR W& (DEP, 99.5%) %5y Hral, EZGEPML 2R A R A R, ERERR O
(TEOS, 98%, Jbit i R o-FILHMEE (MAA, 99.5%, New Jersey. USA); Ak
FIL NI R IR (y-MPS, 98%, Jbnt E R ) & K ~HILNHGRRES (EDMA, 98%, New
Jersey. USA); 2, 2% % T H(AIBN, RyFH AR T, -iral); TR
(99.5%, A E-FARARAA) D &7 GHIR AR FAR ), ol (i, R
FERHEAT R ATD); FA (Toluene, failfali, WPATIILFARM); R (s, R
HIEF IR A R A T)); UK Z R (CH;COOH, 4h#4l, Rt Bk A 4T PR A =)D,
SUALEN GEBATTARTA s 9250 K IR 288K JLARRFIE ko b4l

WAEF P1201 WA (38 A CORIEMCRIEF 73 B AR PR 2 7] D5 Quanta200 4 L 5~
#4%% (FEI, Hillsboro, Oregon, USA); P1201 “EAMEINE COEWRFIEF 0 HH X284 R
N W5 BEE OB MIEEAEMBHBATIRA F); TWCL-D R fiibr2% (il 52 14
FHER EARATF]D; KQ-5200DE AU A G vedy (RALTEA (A RAR)D; HH-4
BRI S G R R R B A IR AR]D; DZF—6020 B2 T4 (Lilg—{H
FHEABRA D GM-0.5A TIRGBEFL A5 CRESTTAM LI %A AR AR D; BOS60-S
BRI B BB A (SRR AR ),
222 IEENHIEEE

H—SRHpeAR, Sl ok FH TS v Yo A0 38 30 min,  FFAH 1 mol/L (1) NaOH ¥
T80 C4AF T 20 min, #RJEH kaliKiGvk =k, BUHES THR&H.

WA ) S0, (.78 HY 20 g AL 9ok B T 250 ml =0/, JEhnA 50 ml
FIAEAAT 4 mL k4K, 82, REEEREIHEE (500 rpm) &4 FEGEHIMA

5mL % /KF1 5 mL TEOS, #HFES N 4 he 5eR)a FIRETE /> B 480y Bk, 1 —walik
TEUESI B AE 100 °C 4 F A T 2 E A Sio, R -

y-MAPS &4fi: % 20 mmol (3.334 mL) y-MAPS T HU W HHIEL 10 % (V/V)
(R, K 20 g A3 A RERY Bt T Fodk F 2RO, S0 FHEHE Y. 2 h 34T y-MAPS
1t FHRE S 7y B4 0y B RENT . P HORVESS 3 I, JRAEELAS A 120°C 414 FF
HRAT BB (I RERS -

FERY 2R MEFIFZI 4 mmol (0.341 mL) MAA, 30 mmol (5.67 mL) EDMA,
WRAE 5.0 mL S0, SRJGMA 0.1 g ZIELTHER, B HE LA R R LT, &
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INNOSEP
高亮


JE N 0.03 g AIBN, 8 75 %5 i 25 b iU B AE VKA TR A5

W NA20.4 cm, KIS e BRIEAY, H3009801 1 FiR vk S61t ih TER i K 2.48
g4 6% LG H A TR R G0 A6 60 A (0 4 PF TR B T i A v o 383 5¢ S5 8 75 10 min,
A Sz . T AR R JE 5, ARG TION80 °CAK I HA T 58 2742 ho B H Rt A1 T ) B I 45,
Rk, VIEIACE 1 emfig I FEE 45 H .
223 IEEEGRR

Wt 5 N AR G R ] i/ 2./ (viv=90:10) YEIIE, 451 hife—Ryblim, ok
812 hy SR 520 PR A TDE I, B30 minde—IR, BELE EWAHR A B 24 51 M k.
2.2.4 WEHIRHEBIRRAE

K HQuanta 200 H -4 S A8 4 B i) 46 P40 B P A 11 s 1) 38 L 8 R BEA T 20 BT
2.2.5 SBSE %2

REHL: HERIRS HU ACHUAWS mL 2 ZROMM, NS U RE S BeFE s 1, AR
FEW T3 o ARG AERE Sy 3P 2% b T 305 F LL400 rpm 13 5 2K HL 70 min.

fift W HU1.S mLA S 0E, A inA200 uLi B, ASEOM P B HS R 3

P, ML B FRBELWINAEILRII AT, RGBT ROE W, 13 LR,
R, 20 min, BT A RGO R DE B O REAT I E .

2.2.6 HPLCHM &4

HREF ODS-C g {435 K: (150 mmx4.6 mm, 5 um), FsIHIk 25K (VIv=80/20),
RO Z0R, FUE A 1 mL/min, AWK R 224 nm, AR 20 pL.
227 HEmFAIE

AKHES R I r R B U, AR5 P 0.45 nm KI8T 98, 5BRib A B s
e BT B AL . HRASERGF (0 ACRE 43 5 R 5 50.1 ppm 0.2 ppm. 0.4 ppm &2

MR TR RBIK IR — LB AN A — W R — W lie =R B IR & KR, AR5 12 82.2.5
REREREAT AH AR o



23 HFER5TE
2.3.1 ImHEERRIE

FH A B R AE BT A8 O RE D BEFERE I TE SRR T 45 4, anB2-1FT7Ras by e difJX
KAEEY ) H23. 264 400, 50001% . MR WL, G PRI TESOGHT, 26 1 45 F X
&, HAMRLERNIL.

& 2-1 BHEENFERAGEH TR HEERE

Fig 2-1 Scanning electron micrographs of stirring bar with different magnifications.

2.3.2 SBSEEERML

M AF AL LIS, 0T PR PR AT AU AR AR R4, SEEG 5 T AR
VTR ASHCS TR] AR IS TR R ER VA B2 A SE M, 5 S5SNI EA A2 0.5 ug/mL ) DBP % i .

(1) ZEHEE A 52 e

WRAE A IR EA ], 5 75 WABGER: IECki. BR, &, SIFHK. 1%
W 2.2.5 I BREAT AT . el 2-2 AT, FHZKAMCEHOE A, ARG Blf, )
SI UG HIOK A A RS )



peak eara (mV.sec)

Extraction sorvent
B 2-2 ZERUATIX 2B R
Figure 2-2 Influence of extraction sorvent on extraction efficiency
(20 ASHUEa] R 3

AR ) 2 5E W AU A — KR R, U2 H AR AE A 70 v 2 W B~
7, A REMEIRAF IR MALUSCR . R 2.2.5 MBAHAAE, [lse SIS AR R, %542
TR T LE 30 min-110 min PFFEEEXT DBP IR 52mT . & 2-3 o WL, 7EHT
70 min 4, DBP [RACHUR SURIRI K, 43K %] 70 min &5 HAXRCRIT 468 1765, R,
i 5 e LA HUINE 18] 2 70 mine
450~
400: "—n
350:
300
250-

2004

peak area (mV.sec)

1504

1004

T a T i T L T

20 40 60 80 100 120
Extraction time / min

B 2-3 ZEERAT(E] XS ZEERSI R AR

Figure 2-3 Influence of extraction time on extraction efficiency
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(3D fiFp Wt i) £y 5 i

LK ARG, AR IR PHAX S LSRR 70 min, AR SR 6] 104
20, 30, 40 1 50 min X AFRSCR 56 M . (114 2-4 W51, 75 20 min B, iR CAEA
BB, L, w5 S UUAR RN 18] Ol 20 min.

450 -
400 - —_— .
> 350
g |
o
2 3004
-]
§ e
S 250+
(]
[-F} -
=7
200+
150 —

10 20 30 40 50
Desorption time / min

& 2-4 FRIRETE) RS 2= BR AR A R0
Figure 2-4 Influence of desorption time on the extraction efficiency

(4) Rl S5 1 5% i

AR SH I I R AN R 5 1Y) NaCl K eS8 HE R 1 2519, S InRE3500 0 % 5 %
10 %+ 15 %+ 20 %+ 25 %, MEEE TR0 45 R a8 . &l 2-5 a4, BidF NaCl ik
BEMIRE N, BiFERE0T DBP [ B o 52 568K 5 vl Rk 3, FEERIREE R 15 % (wiv) I,
PEFERE AL RS D) ds i o B DS AT R #h ] ASR v v & 1o, BRI T A L ek b
e, ERMTIMER, 113 DBP {EBikebE LaitE, kRN, RESUT
MAERE AR EAE IR 9 . B A€ NaCl SHEds il 15 %,



450+
4001
350-‘
300-.
250
200-.-

1504

peak area (mV.sec)

1004

50

510 15 20 25
NaCl% (w/v)

& 2-5NaCl RN 23T ZEEN R AR

Figure 2-5 Influence of the amount of NaCl on the extraction efficiency
233 EHERIRIELZ
KR H G T A FAWLTEFE W (5-2500 pg/L) FEFEHEXT HARIDBPIIA R PERE, [512-6
FESFERERTDBP P 2k . RIS, 7E5-800 png/LIFITE RN, BEAT A OB ) 184
s PEFEEE DBPIERFH Rt BZ HK, KA FI800 pg/LI, e xIDBP I B
2T A

4507 —s—pBP

400+ = T el

350-
300
250
2001
150-

peak area (mV.sec)

1004
504

0 Y T T T Y T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5

concentration(mg/L)

& 2-6 PE3EAERE DMP R E I B R B ph 2k

Figure 2-6 Adsorption curve of stir bar changed with DMP concentration




234 ETIM

ST A TR AR GEBGRECN 5, RIS e GERCLECY 5)
FUAS AR (3 10D il 45 B PE PR AT DBP AEHUSCR I I, B AU Y 2 500 pg/L
(1) DBP 7K¥ - 45 A, [A] — 3 Fibe AL 5 (R IT 43 1K) DBP W (AL R AH G Bl 22 4 3.4 %,
[FIE R B A HUIT 43 DBP W AR AR bRdE 254 4.7 %, ANFESCREEFEE T
DBP U [ A AR AR e 25 0 5.6 %

235 ZMeESHHIR

K H SR 4 5-800 pg/L [ DBP. DEP. DMP TR bl A i SRl S i b ik
¥/HPLC Bk 753, JFdllE DBP. DEP. DMP iX 3 FIBMLFHIMIZNEC R, 58] =F¥)
JRIERAE IIER 4 51y DMP: y=89.895x+13.11(R=0.998). DEP: y=84.573x+11 3(R=0.996).
DBP: y=85.527x+8.5813(R=0.998); DMP., DEP Fil DBP % iU [f# i (3S/N) -4
& 93 ng/L, 150ng/L, 210 ng/L. XKWL HEFEERIR B/HPLC I J7 i3 T 405712
RSB AT B R

2.3.6 SEFREERINE

R B P A HPLC BRI IR K fl 285 S0 10 PR A S B it (1 2K R
Pre, il 2-7. FF A _RIR TR e U B R AR KRR 3 R B AL AR AR [l
K, 5K 2-1 fin. DMP [RICR K 91.9 %~96.6 % RSD 4 2.5 %~4.1 %; DEP 4
94.3 %~96.7 %+ RSD %j 3.2 %~5.4 %; DBP  89.2 %~92.1 % RSD } 2.9 %~4.7 %, %%
A NI

& 2-1 ARk ARSI EWE (n=5)

Table 2-1 Relative recoveries of spiked lake water (n=5)

WK
aag] 100pg/L 200 pg/L 400 pg/L
[l % RSD % [ % % RSD % [ % % RSD %
DMP 94.1 25 91.9 3.4 96.6 4.1
DEP 94.3 32 96.7 4.1 95.5 5.4
DBP 89.2 2.9 91.3 4.0 92.1 4.7




30 - 1 2 3
254
20
> 15 =
£
10 -
a
I N_ b
54 ¢
0 1 L 1 L] - 1 L L 1 1
0 1 2 3 4 5 6 7 8 9

t/ (min)

[ 2-7 #kHEmigEaIEE
Figure2-7 HPLC chromatograms of lake water sample
[ 2-7 1-DMP, 2-DEP, 3-DBP; (a) @ZBUSMFRARE R 0.1ppm AU#AKEER, (b) 0.1ppm
HURFRRIE, () Z=EMK;

24 EKENG

ARSI FENT T RE BRI B / HPLC A DMP. DEP. DBP 14347 5 i,
H T WL IDEAE R R Pk e . &5 R, W B R et G5 A S AR I 98 ) LA R B 2
BA, REtirSes . % DMP. DEP. DBP X =Fib7), drikidtiarlh
5.0-800 pg/L; Kt PRTE 93-210 ng/L a4 o KA 3k 7y il 52 hnksid /K DMP. DEP,
DBP IR 89.2 %~96.7 % I8], 4Ibr& A 0.1 ppm B, EHEMECH 7 A4, &
BT RAFHIABOLR, SEHL T 540 b v R Bk B 0 [ B 234






E=F  WE} A 57T ENZE A IR B R B N A

3.1 5|F

XU A S FhANEE P34 i TR, [R] I 2 A 7 SR R T 0 B AU I 1y — ol
AT EUR R, e e e, UL, BRAK . SF LSBT 16 2 A
4 BPA. EAEREE T2 IAAAE, JF HEERSIR A5 R I NIk P, 0k Ti o fek e
PEAEARI I E M o DR TG B S — i S A i PR DU AN E FE AR H BPA 1K 57

H AT E BPA 3 F 8 20 M 527w B0BH t 355 (HPLC) . URH k- i K]
¥ (GC-MS) FIEG0RH 6% 6 3% - Tl e 1), th T BPA 78 SEBRAE b 3 A
0%, 7 53 B 2 5 0 200 AN SEE B it oot FCEAT 5 40 8 o P 1 FUAL B 07 v A T AH S
(SPE) 1. [EARTYAEHL (SPME) "7 JAHTMALHL (LPME) U1 2s 47 4 g 4k
HU(HFME)!" 4%, X SUTiiab B )5 1 BARAE BPA W hfy — N, HWGFEAERL,
U1 SPE KR I HLE A, SPME. LPME fll HEME [2EHU B K. 53 4h, LiRaT
ReFRT7vENS BPA ARATEFFARERE, EAM H AL SPRFER, dxr e Hisfe s
BEATREUL, 33X 200 B 10 23 B AR A — 8 T 5 W

AR AL ) SBSE ¥ 2 U 3R — WAL REE(PDMS)RERR IR —Fh, JExF AR M4 &
) RATB S A IR, XA LA A BCCR LEBAR R, 3B 0% A i EAT 5
(KT ARG, DR SCRI R A ol k4, LA BPA SRR 2 1, K5 3R A W S ik

WA, KA RS A &% LAV B R, RIS, 52T SBSE 5 HPLC B
I 5E SEBR KA P IR BPA
3.2 SERuERay
32.1 RFISNEE

My A(BPA, 99 %) A8} (P, 95 %) FIXTERELIKA (p-HP, 99 %) ¥JI4T Alfa Aesar
N a-FEEAIGEIR (MAA, 99.5%), LB -HILNMGREE (EGDMA, 98 %), 1
BT (AIBN, 20474, REDCERME T 3- (RS Wik
FRILNIHIRNEE (y-MAPS, New Jersey, USA). ZME(CAN, faifal), FEE (fai%a),

KRR FA D EER AR (TEOS, Jbit i RED; ekl (bed:dnekim



WiAR, FEAH NdyFesB [ Nd: Fe IEEU{E N 1:7. % =7.5, o LN #1E Remanence
induction: HL7Y(E 12.5 KGs, i KHEAER! maximum Energy product: $i4% =30um, Jbit
R IR GO BOR B R A A R HABPT KA A - Hr 2l 4 s K0
TIRZERK .

Agilent 1100 T 20RH (413542 (Agilent, USA); UV-2100 BUGHEE4b-1] W3k
HEEVE (bRt Ea R AT X2 PR 22 &) )s Quanta 200 141 H 1 48 (FEI, Hillsboro,
Oregon, USA): DZF-6020 BUITAEFHAH (Ll —1HRHEATIRA D GM-0.5A BIP
FLAIRE R EE SLi0 w &AT PR 22 ) ); KQ-5200 DE BU B0 ik iig vk o (Rl
PR A D) HH-4 ZURfEE K Qi g 2 iR R e IR A ) HZS-H Kify
fE IR as (R /RIE AR TR A F]D.

3.2.2 BPA MIP-SBSE B804

TR A T« P oK 4 FE TR 5 9 Ab B 30 min 75 1 mol/L 1) NaOH %53 T-80°C 4%

H.

iR 1) SiO, L7 : HY 40 g ACBERLA TR N 100 mL AEd Al 8 mL — X4l 7Kk
VTR, FEHIRHUIEERE (500 rpm) 255 T B IR B W INA 5 mL Z(/KCHI 5 mL [f] TEOS,
Pk SOV 10 ho FIREYE 53 85485y BRERT , I F — IR AKE YE/S Ik, FEILE T4 120°C
THA BB SiO, MEEF .

WERY ¥) y-MAPS 1&/fii:  HX 40 mmol y-MAPS ¥ H A K 10 % (V/V) [RH,
TEHEIE PR 40 g ftmisifd T ok FORVM, =ik Bk N 2 h 34T y-MAPS #5112
Wio FHEEYE AR BEWERY, FH P ARUENR 3 K. JEAEITA THRA D 120°C 414 T T8
FUE AL TR -

MR I 7 FENIEZE 5 F% 1 mmol (0.228 g) A A, 4 mmol (0.341 mL) MAA
WT Sml QHEH, B 15 min 5 A UE RS 30 min 3H17 20 A 413 ARG INA 20
mmol (3.78 ml) EDMA, 0.04 g [f] AIBN (Z4 8RR 1 %), #7225 n.
WA EAE 0.4 cm, KJ¥ 8 om MR, HUEIREDEEEW 500 pL AUEHEIK T mEk 2.48
g AR T Bl oh o B S S ORI S) , AE IR AR AERIT LA R o AR5
FRG e SE % 8, UE 60 °C ZKIRER B4 48 h, 1HRIREMERE . FRRANEI B, D)%
BACRE 1 em BEVERRERG 1, & 3-1 B JL BN IR R B

20



AT HER A G BR T AR 7> 1 LAk, e & ROD BRI L.

)erumf 5 l"(:"""-'OH‘-% o SJJ‘NV ‘N““’tqq
0 o &S e
& s B0 y4ps ‘_/V‘QK/K (.‘rnu-?i.nkingm uuuuuu ‘; O o Ficilon a s o
05 MAPS i 2
il ottt C--CH —)
& A& i sion ‘_N\(M IR , j g Extraction [ ?

2330 3 Ry
S BEEINE,

HO.,
0 oH Molecular self-assembly “IoH
) —_—l
= + on @ @ HO O 0
CH,

HO
H,C~CH,

Template molecular @ os {
HO AWOH

& 3-1 MIP #l & REE
Fig 3-1 Schematic representation of preparation procedures of MIP
AR 31 I : o 46 o AR A PEBE 4G 1 IRON Sml 1K) R D, REEHL B S0
{4y, [ e 4t 400rpm, BFKE P /5 $e— X RS, B 2 DM o e 2 ot B

3.2.3  WEY AMIP BIFRIE
) P14 7 8 48 6 MIP-SBSE 11326 W &5 #4) ki 42 K/ ik 4T 50 M o
3.2.4 HPLC 5N &4

O3k C18 £E (200 mm*4.6 mm, 5.0 um), Kb W, WahHl: (28 74K
= (65: 35), W# M 0.8 mL/min, HEFFHE 20 uL, FMPEKHA 218 nm.

3.3 HER5UHR

3.3.1 MIP-SBSE B33 ERIE
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3-2 A RMEREAFRAGROMEBIREE

Fig 3-2 Scanning electronmicrographs of magnetic-stirring bar with different magnifications.
A0S BT 2 (R AR A B AR R ST AT T RAE, Wk 3-2 FiR. afl bl
IR S22, ¢ R d 23 94 TBOK 40 F1 5000 £ gi i, MBI LAE t, Bk
118 A D) TR A0 T 1) AT B U R FLAR S 0, SRR R34 0 1 B o 5 B R s 2 D) )
AR, A T4l FUd R A IR, A S 5 30 K AU ).

3.3.2 SBSE ZEIFHrI1L

SOMA A PR R LSV B I o) o AR N ) ERIR LA pH, b 7 MU SR AR S B0 26 1
REATEAT TR, DAL T A 500 pg/L (YR bR K -

(1D W BRF R ] £ 5

P 3-3 2510 1 3 P 2R A g 1 U i B Bt I ) 22 ) 2k o 45 R R W, 4 AU () /1
70 min I, B A HUR () A REAC, W TRIAR — LG 0N, ELASWEAEOR . 9 ACHUN ) KT 70 min
I, ABOEAE B, Hx BPA (W s e mde. DIk, E# 70 min Sy fE
AL 8] o
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400-_ —=—P

3504
3004 //

250+

200+

>
£ ]
-~
< = /I/.-__—.
1004
50+
0 T r Y T T - T

20 40 60 80 100 120
Extraction time / min

[# 3-3 ZEERETE)R 2 AN R A9 F20
Fig 3-3 Effect of extraction time on desorption efficiency
(2) fARWR RS [] £ 52 i)
LA ACN 4 AR 711, 245 2% AN [7] AR W T 0] A MR SSOR S, S0 445 R AR W A MR e 1] DAy
15 min I, HARAE ST LU MIP-SBSE 4 56 4 AW, 5] LR AR VR 6 [0 45 7€ 4 15 miin

400 —=—P
{—e— BPA o
350 4—a—p-HP,—"" - —a
3004 " .
2504
> 4
£ 200-
.‘“‘- -
< 150-
100- 2 -
50
10 20 30 40 50

Desorption time / min

[ 3-4 FRARETIE) %) 2 BRI R 4O 5200
Fig 3-4 Effect of desorption time on desorption efficiency

(3) &1L IR
ARS8 3 S AN R] i 1) NaCl RS2 BRI 2 7 5m BE A I 23 008 0 % 5 %.
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10 %+ 15 % 20 % 25 %, MEEE-FunBER &5 R s2m. i nl %, A NaCl J5, =
Py IR W AT — € A4, ER RS AT W3 4N, AR, 24 NaCl [k
FERFELIMT, SATR W IR S i 23 BRAG,  JLISUER T 2 B8 7 s BE i i 55 1 2SR
J15 BT CAASSEEG AN I NaCl

500 - p

4504 ——BPA

i ——p-HP
4004

350 r’/x/‘\’—_a\

> 300:
£ .
:E 250-
200-

150'.——-'/‘_—'—'\.

100 v T T T v T T T v T

0 5 10 15 20 25

NaCl% / (wiv)

3-5 TR ZERVEA SN
Fig 3-5 Effect of NaCl mass concentration on the extraction efficiency
(4) pH {H#155m
K G T RERD pH HAE 3.0 F1 110 Z [ADX R AL MU IR 58w, 45 R an e 6 Fivs . 243
WpH {4 5.0-9.0 B, By KZ Loy FIEEAAAE T, X S0 147 7E t REXT 43
TR @ MER, i pH KT 9 I, Fra MR & 9 A 0es ) 51
e XELERN, pH #my, By EBLLR FARSAEAE, CHE IR T ik A B
TERL, AT BRI . T LASsAE pH b 9.0,
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4004 —=—P

1——BPA
350+ —a—p-HP

A /mV
(]
2

[& 3-6 pH XfZEERRAH A F2Ma

Fig 3-6 Effect of pH value on the extraction efficiency

3.3.3 MIP-SBSE Byik#F M

EBAE AT N, MIP-SBSE £l NIP-SBSE %f 3 P2, AXHUHCR WE 3-7.
MIP-SBSE X 3 Filoy 2400 oW B 14 e 24 00 &b 5T NIP-SBSE, 5 7~ 5 ikt ) 3% R P 5 o

4009y VTP

3004
250

2004

A /mV

1504
1004

504

-HP
g BPA P

[& 3-7 MIP #1 NIP 3 = #47) B 2= B R AV EL 3R

Fig 3-7 Comparison of three substances extracted with MIP-SBSE and NIP-SBSE



3.3.4 MIP F0 NIP B90% it Fnphsk

S H 2 T AN VS N (10-1000 pg/L) MIP FT NIP #itbEHERT H F54) BPA (W
PPERE. &l 3-8 A& MIP FiI NIP X} BPA W Ff 2k . 71 10-500 pg/L HITGE N, BlAA<HL
WA L 3 0, MIP R NIP X BPA (W Bt -t bl 2 85K, 49K FEIA 3 500 pg/L B, MIP
AU NIP X BPA [FJWfff 284 T1a . 55 NIP-SBSE ALk, MIP-SBSE X BPA /i T 1K
SRINLE A RE ) . X EBENTE MIP-SBSE FJERL T 5 BPA 7E K/ JEARFNTh fig 5L 4]
FEVCE R BAAZHEAEH AL/ fERe e 2 /X/ERT R, {45 MIP-SBSE Xf BPA
LRI TR

200 400 600 800 1000
Concentraction/ (/L)

[ 3-8 MIP 1 NIP X} BPA KYZIR IR MIfhLk
Fig 3-8 adsorption isotherms of BPA-MIPs and NIPs

335 EMM

ST T Rl HEIRAS R R (5D, FIARFEHERBERERE (3 ) i1 BPA
WG EIME, SEEUAEEORIA & 500 pg/L [ BPA /K. 459, [RHLIRA R
PEEEACBURAT G TS BPA [N 2 [ (R AR R R HE R 254 3.6 %, AN (R4t CHit $1 i A He
ff AT J5 S BPA [T TR 2 1) PO AF S bR AR 254 5.68 Yo
33.6 ZMSEESEUHR

1% LR 2 R AU AR 350X 10-500 pg/L 2KH . XXy A RO Fehk
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ARG 7KEBOEATINE , H TR R B K BRI AL
3% 3-1 ARG B LR

Table 3-1 The linear range and detection limit of the method

k& ST e R AL LePE pg/L FXHHFR ng/L
PN y=0.3059x+4.2725 0.9976 10-500 231
WU A y=0.9653x+1.7084 0.9989 10-500 105
FFRIEIER y=0.8352x-1.2478 0.9996 10-500 159

3.3.7 SEBREEGRINE

ARSI MIP-SBSE Al HPLC BXH, X ANSEBR AKFEREAT I e, 45 RAEM R SR K
bR BPA.

N T 2 SRR 2B KRR b R 1 f, M L = MR AKOE (50 pg/L, 100 pg/L,
200 pg/L) IZHY, Ay A M RSEBAR AR, BT T bR il e o Wz 5k
BroK FEAS [R] s & () D6 o ph 3 3-2 WT 4N, Bt a7 B 5 VEAE =R AS IR ks &2 ( 50 pg/L.
100 pg/L Fil 200 pg/L)f 30 35 B A7 SAR Y M, R I sE 56 (1) RSD (HE/NT 7 %, IX
WAy AT R 1R S50 T B
% 3-2 IFRKEEDTER

Table 3-2  Analytical results of the real sample

5K
A 50 pg/L 100 pg/L 200 pg/L
[l % RSD % [Blf % % RSD % [l % RSD %
A 81.3 6.7 86.2 5.6 89.5 4.8
XL A 88.5 5.8 91.3 4.3 96.1 4.5
Rt LI A 86.8 6.3 89.7 5.1 78.2 42
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A/mV

0 1 i .‘Ii :l é tl') ':" é Slill{lllllIZII3ll4
t/min
& 3-9 # Rk migAEIEE
Figure 3-9 HPLC chromatograms of bottled water sample
1B, 2-WEp A, 3-WEEEKE; =87 RK, (b) & MIPERENZAT RK, (c) 500 pg/L
HERFRAR, (d) £ NIP ZEUINARAE A 200 pg/L 7 SRKEER, (e) & MIP ZEBUNFRIRE S 200 pg/L
SRk

34 ABNG

AW T UL BPA DA BRI 7> 1 BB SR G, JER I S R &, KRR & T

MIP-SBSE /HPLC ft st 21 & ol RABI E 5 Bk AR ) BPA. BFFEATRAE W], A7k
HARAERM . RS BINEL . RS, (EHAPE DS R

28



BMUE NS TFENTEERAF RN &R PRFLERLR

41 5|5

fLAEAi14x (Malachite green, MG) A=K HIGZR TARGYRL B4 T, 548
Wby BN fr R AN AT A 2 G ARV MG AR AT AR R B M R R T
B RGYy fRK 8800, AN S, T H O TSRS i B e Ay, W IR is i A
TSRO N o FLAE A S S HARH P ) Bt fL e 1 2% (Leucomalachite green, LMG)  fig
KWFEE T AN, B S, mikm =80sdm e mi=l i L2 ER
LR LAY K FRGHAE I 2, REWT 2002 4 5 F S A0 K FREa A6
fLAEA S, e AR It AL A SRk A= B e £ S RN R A A
SR, FH ARG S R i Gt KRR AN ARk b FLAE A I o RBBURE L R PRI 20 A T vk
S T AT KE . HETIE MG 5 238 72 @S B0 (5% (HPLC), UM
- R IPE P2 (GC-MS) IR M €60 3% J3 i I P 927131, (H G e i T S5 B
IKAE AN GBS B AT 25K, DRI 20 A B o6 FE AT AR B, 7 LA A 4% S
AKBES T, 2 BER A AT AREL (SPED 1 A A b 38 773414, (8 [ A AR U R LB ke
HARAR 0N K, #5208 —Fogr i ab B 7 2 R 23 i w AL A 4%

AR 1 YR P BAT e R A AR ) R R R A 1 A ik, sl IE R &
Me (TEOS) fiRutu%e, WMERMIIANMGRE, &5 ULERS RS 1, BEGH
BB G R AR B WIR S, Sk IR G 5 bl & e B e, th TREY)
PRARAERIR B AR, ATAR 2 PR PR L R A Mok OB, S RERE S i E I VR 2 I B it . 5K
06 R BT 4% A BB R, i ahthdt 37 7 SBSE 5 HPLC XTI 5& SEBRFE S b (KR MG

4.2 SCIGERSY
42.1 AFE5F

AL (MG BIBFLEALE (LMG). g i (CV) BT Alfa Aesar A7l ;
2, 2R 5T THE(AIBN, KTOESOR A THFEHD; o-FIENGIE (MAA, New
Jersey. USA) F1Z i L MERE (EDMA, New Jersey.USA,) i ita4itk; &
Mg HIRE CEal) BT REA AR A W) s 3-(FF Ak PN M I 4 P 2 = PP A R Ao
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TEOS AT A5t i R s HnEkil (eshanigkilifiik, F4H Nd2Fel4B ff) Nd: Fe 1E4>
LGB 1.7, =75, o &N 55 Remanence induction: HLY{H 12.5KGs, K

f fiE ! maximum Energy product: Fiff =30 pm At st R =0 S HEAR B0y A7 B A
PRty FoAh BT FHARFIIY g B alis S0 K3 IR 25K

P1201 AR CRIEMRKFIRE BT A R AR D; MTN-2800W S0 4
CRE RS BITE R AT ); DZF-6020 I ELA5 T (Ll —ERHE A R A F]D;
FTIR-7600 {i§ HL 0214k CRIFER GG EAL AT PR 2 7] )5 Quanta 200 414 H 7 b 73 85% (FEI,
Hillsboro, Oregon, USA); KQ-5200 DE M4 /o i v ay (R A U IR A

A )

422 FLEALS MI-SBSE it H1H1&

R H73 VH FUALL T < K RO S FH TR v A 3 30 min F5H 1 mol/L (1) NaOH #3180 C
FAF PRI 20 min BRERDRIEFIANLY), )5 H RaAUKEBE =K, B2 TR
%M. BL40 g KbBEETHRBREON 100 mL A 8SmL — R 4lK B S, W
MBS HE (500 rpm) 45 F 4G 2 I 5 mL 20K F1 5 mL ) TEOS, & 10 he
FHREPE 5y B4R 53 BERINY , I —IRGEATE VRS IR, (EE TR 120 CHRASIaH
13 SiO; (1K1 . HL 40 mmol y-MAPS ¥ T HIZR il 10 % (V/V) W, 1EHEB
K 40 g Wb T EIR ORI, il PRy N 2 h 34T y-MAPS 8-S & 1. AT
Gr LY BRERY, FHFRRUEVR 3 IR, JRAEELETIRAT 120 °C & RGBT
(RIREFr o

WERR 1019 T EE SR G 2K A F6 1 mmol MG, 6 mmol MAA %1 10 mL ZJi§Hh, #
15 min JG 785 UH BHHFE 30 70 Bht T 7 HARE, SAJ5 A 20 mmol EDMA, 0.04 g
1) AIBN (220 BRI 1 %), BAEREAEM. WAL 0.4 cm, K4 8 cm M
B, ¥ 500 L BV 3 g B TR AV RERY BE U T BB oh, FRAVR S KR AT
FIRR R 2 68, TN 60 °C KB HA 2R 4 48 ho I e oM BRI, ARG 20 Sl D)
FRACTE Tom REMEREHFESE 1, P 4-1 9 FLEN SR PR S R
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% )\fo\/\f

' o 0,
EN i &—SiOH e S Cro! | nking manomer
a —™ &—SCH ——»

- &—SioH A—s-— AIBN

o
S Hy s
Si—0—> i/\'\j{ f sa—o—:s/v\f)l\(
%O “CHy Eluction 5
—_—
-
Extraction Si—0. /"\)\l/
/V\)‘( S—0—5i H =
S H;C’ Hy

CH,

CH
Vath
N N,
Q CH, CH,
HO "_ Molecular self-assembly
\c/C I

+
5 Q Q.
N, N ST
HsC” CHy HiC” \C%/

& 4-1 MIP & R~EE

Fig 4-1 Schematic representation of preparation procedures of MIP

NIP SRR 2 FOM I, BR T AR 71~ LASE, Hoe i MIP 2% 2 BRAH T .

A ) 2 L A REME B FE e 1IN 5 ml 1) R R0, HKHE L B B (0 7, [ e 33 400 rpm,
BERG PN e — P R, HLEAE 620 nm R AR LA LN 1L,

423 ZEBEVSLAYRIE
R A4 HL - S A X T P 43 P s (1) 2 W 5 R B A T 43 W
424 HPLC M54

Bk FEJy C18 £ (150 mm*4.6 mm, 5.0 um), #1324 i, WahAH: (ZME: 50 mmol/L
LR (pH 4.5) =60: 40, ¥itidh 1| mL/min, #MEFERE 20 pL, FLAEALERISS
il 2 ARSI KO0 608 nm, B (LA A 2R A DS A 267 nm.

425 EminabiE
""" SEBRRE S BEK RN R, KOk A AR Sz %, flaklk B T4t . KT
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0.45 pm (115 PE ML BEBR 25 2950, HX 10 mi i #8471 USRI B4 o, AT

SRIGH 10 mL HEBE2KEREM, SArRHC MEDRFEM I TIALEE: ¥ 20 g M falmDEL
BT 50 mL LN, A HEEL 20 min, FFZZIEMOHCHE 30min, AR)EERE LR B 10
mL VRO ABEE T, AT, BUE M 10 mL ZOKEE, SR s

43 ZR57HE

43.1 EABMLK

FEREFERE I s R h, TSR 2R & A n] B 23 e M i Pl I RS R PRk, R
TR AC 7 AT o FEAH A SE0 4 (CREHUIY ] 40 min, AT ] 20 min, %D F
FE T AN AP 1 I PR RE . BT A e S EE, S8 MG I MAA [ (1)
FEJREE (1:2. 1:4. 1:6. 1:8), fHECJy 1. 2. 3. 4 "%, i8N 3 0, HidEEEX MG
I B i R, TS MG 5 MAA [ R L 2 AE 1:6. SR 56 LG 2.5 mL &
A NE] 7.5 mL, SIS ERIBERERE, HOB 2 7 I ASIOCR 3R 1 fios . 45 KW,
1 MG/ MAA/ EDMA [f8/REEY 1:6:20, ZJi54 5 mL, AIBN 25 0.02 g I, Wi
Ky REWUSR BT, DRI S B0 RHGZAC 7 ] 45 B e .

#*4-1 RAEYBERLHFRK

Table 4-1 The formula optimization of polymer solution

Formulation  MG(mmol) MAA(mmol) EDMA(mmol) AIBN(g) ACN(mL) Absorption amount (pg)

1 0.5 0.5 10 0.02 5 0.614
2 0.5 1 10 0.02 5 0.671
3 0.5 2 10 0.02 5 0.690
4 0.5 3 10 0.02 5 0.751
5 0.5 4 10 0.02 5 0.710
6 0.5 3 10 0.02 2.5 0.675
7 0.5 3 10 0.02 3.75 0.594
8 0.5 3 10 0.02 6.25 0.561
9 0.5 3 10 0.02 7.5 0.546

4.3.2 MIP-SBSE RYFIHEHE R =1
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4-2 EHBETRIMA B TRIAHERE

Fig 4-2 Scanning electron micrographs of stirring bar with different magnifications.

] 4-2a j& MIP S FERE(ERE S B dE 2% ERE AN Pt f, i by ¢ AT LA
MIE B BHBEKLA 1 cm, %2904 cm, d. e AR EFIR B FHOK 26 A1 31 £
A2 8 458 R 000 T RS AER T A T A 45 4 o . g 23 S JBOK 400 T 12000 £ F WL E2 51 (1
PR R B . B IRATAT AR 2P R 5], 20 . 20K 2] 12000 £,
PR AR 2 AR SLR G, B THLNHIAELE, HERRe e IR R i S e H b
RIHPBIRO RS &, AR TR AHUERE, IMT4TRL 7 AU ]

433 SPME i34k

SHECTT 4 BT il 4 (KSR R EAT T AL A DAL, 2302 6 T REHUINT i) APRVEL BN i)
VR FEAN pH (5L, AEEURPRE AR 2] 5 mL 300 pg/L IR 43 7 /K -

(1) ZEHLI i)

] 4-3a ST M 0 LA A 2 PO B B B ) AR A iy il ke o 45 SRR B, WA AU [
MIE, AU PRE RGN, 16 40 min ZAHUEAGK . XA fig T MIP-SBSE [{%f
SRR R A 2 FLIR ST K

(2) AT I [) 6 A< HLRE ) (1) 50

LA ACN N ff s /1), 2 S8 AS [ W I D) o Al MR R R 52 i o it 4-3b fios, BEAS I
I AE, AR PR I, A [ 20 min B, RREIEABHAK,
DAL S A W B ) 3% 24 20 mine

(3) B 15RO AEHLRE JJ 1 5

A S B I R I AS [ BT REIR BE(0~25 /100 mL)ff) NaCl K% 825 1o Bt LA
ERAEIUBRINE W .. a5 P 4-3¢ FizR, 2 NaCl %528 5 ¢/100 mL A HUCR iR,
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Bt NaCl e BEdt— P3G K, ABUSR i B R, 3Xn] g I ad e i) NaCl He35 g
(RIS 7R, oK HARIFLAE A 4 A ZKAH BT HUAR IR A% TR0, 174 NaCl iR BE I K,
o i AL IS T A E ), MO IEFE NN 5 ¢/100 mL ) NaCl 3K i85 25 15
(4) P A5 pH X AZHLAE ) I 520

HEERE LT pH (A 3.5 I 11.5 Z )0 LA A SR A IO 52, i8] 4-4d iR
SR, BEAT pH T B A HUEE WG N, 24 pH (BT 5.5 i, EHUEEHIEC. X
Al pH /NT 5.5 I, HARYEIE P LS 78R8 1, AR THE MIP #idE# B
B AR EL AR o MAERRPER, EERAY LRI SR, HALEA S
A FAEE AR E .. Mk pH E M 5.5 B N AR 41 F

1.0- a 1.04 b

L

s
-]
L
]
[=]
[=:]
[ ]
[ ]
]

o
2]
o
o
1

o
o
o
)
1

Extraction amount / mg
[=]
B
Extraction amount / pg
(=]
B

o
o

10 20 30 40 50 60 70

o
=}

=

0 20 40 60 80 100 120 Desorption time /(min)
Extraction time /(min)
1.0- & Tk :
=] _,/ 4
= 0.8 o
e = 0.84
5 = ]
g %61 2 0.6-
= E ]
S 0.44 £ 0.4-
g £ ]
§ 921 £ 0.2
P = ]
0-0 L L) L) LJ L) L 00
! 5 10 % 20 & N 3 4 5 6 7 8 9 1011 12 13 14

NaCl/(w/v) pH
[ 43 ZEMERMNFLEARERENFM
Fig 4-3 Effect of different factors on extraction yield of MG
g b, AR AIUAAT R - AEERREE R 5 ¢/100 mL, pH B 4 5.5 (A& o, ZXHL 40 min,

H 5 W 20 min.

434 MIP-SBSE B4

SCESERE T 5 MG Z5FIAHEL CV FT LMG LA R 5 458y 25 5% K1) Sudan 1TE4T T
SEFEPE S . DU i g5 A S an 1] 4-4 Bz, MIP FLNIP XF 4 FhAs) o i) W B & UL 5-5.

34



GERTH], MIP XG5 A SR BETE AL A el B AT AOa £k, TS T 45 4 22 ) B K 11
Sudan [l ZHUERK. MIP X} MG. CV. LMG #1 Sudan II f9AH 20504 0.89 pug. 0.69
ug. 0.73 pg. 0.07 pg, NIP XX PUAPY 5 i 2 B 535100 0.19 pgs 0.19 pg. 0.18 pg
0.05 pg, WTLAF H MIP ZBOEFAME W] AL T NIP. 1X 22 T NIP-SBSE % AT 5K FI{
ms BT RS S PR, BT AWA B 280 EE AR

HC HC CH,

Qc I)@ . Nm @ e N@\ ,Q/
?cr @ Q-..— I SN o\

N N N
HiC" " “CH N CH,
o R
Malachite green Leucomalachite green Crystalviolet Sudan I
(fLAAED Kot LA A4 (G %) (HPHIL 2 %)

A 4-4 BYRERR

Fig 4-4 Structures of all compounds

1.0
. MIP
@ZZaNIP
g0 0.84
2
E
= 0.6
=
=
=
E 0.4
-
o
]
£ 0.2
L]
=
0.0
MG cv LMG Sudan II

& 4-5 MIP #0 NIP 3 Z0#p4 B Z= BN R AV LL AR
Fig 4-5 Comparison of four substances extracted with MIP-SBSE and NIP-SBSE

43.5 MIP F1 NIP WMt Fnphsk

5% %% T ANARETE BN (10-1000 pg/L) MIP A1 NIP fit£EE4) H 54 MG (1)1
BPERE. &l 4-6 J& MIP FI NIP Xf MG [ k. 78 10-500 pg/L HIGHE N, B 2
WO FER RGN, MIP A1 NIP X MG [ it th Bl 39K, 243Kk F 500 pg/L I, MIP
HINIP X MG Wt L2t T-Hafn, B MIP 5 MG ([P0 B 04 1.44 pg, 1fif NIP [l
B AN 0.22 pg, ENEEMEHECH 6.5 {5 LA L. 15 NIP-SBSE ALk, MIP-SBSE Xf BPA {7
TARGRINZE & fe ). X EERPEINE MIP-SBSE LB T 5 MG 76K/, TR A1) fig 5
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FAAHEUCEC . BAT 2 EAEH AL e mER F, 673 MIP-SBSE X
MG RILH T 45 5 W B

2V —g—MIP
1.8- ~&—NIP

Extraction amount/(mg)

"0 200 400 600 800 100
concentraction / (ug/mL)

[ 4-6 MIP F0 NIP X f|. 2 F 5RAY 5 m IR Pt Hh 2
Fig 4-6 Adsorption isotherms of MG-MIPs and NIPs

43.6 ZMSoE. KHREZENE
o FIRWBARZEAE BARACAEISC A, S ILE 10~500 pg/L eSS Ao L 4k 45
A SR B (LA A SR G /KA T I 58, ARG HIRL (y) XK (0O ZIHf
KR, GRWME 42 FiR. MG. CV F LMG ££ 10~500 pg L' EH &t R RF °
>0.9978); L S/N=3 I Rk BEAE DAL R, MG CV FIl LMG A H BR300 8 103,
136+ 215 ng.L"'s T LM EMM:, [H—MNREHEFEAHL 6 YT A0 IR 2 8 AT
PRUEMZE 0 3.9 %, (AR IIAS [RIEFEAR (n=5) AT Bt i 25 4 4.8 %, AL S FF
PE (n=4) A bRAE 24 6.1 %.
T 4-2 FERIESEE R R

Table 4-2 The linear range and detection limit of the method

Ew S RS  ZtEifeel) BHE (gl

L i y=0.933x+15.231 0.9978 10~500 103

alidn s y=1.217x+33.155 0.9986 10~500 136
FataflE sk y=1.014x+14.317 0.9987 10~500 215

43.7 SEPREESNE

EIAE SR 40F N, H MIP-SBSE Xt b Ji5 iy £ R R K SEAT I 52 - e 4-7A
iR, REFKIUNA F AR AR 1 MG il CV, 16 RS FEN ) 5 4 /N 24 (B 7a),
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R 2 Pt S AR AT J O o R U ) % it B 52 i, 18l 7b 2k 500 pg/L (1) MG #il CV
(TR BRI ¢ I d A 30 I = B R B 8 F 45 s 5 R 28 A B 110 e DRk o 8 0 624 100
ng/L MG Hl CV IBAREBUS T3 1 (% &, wl UG W e s b st RO By, H
MG. CV BcKF MG HIES] 15 F0 10 £, B Te L ANHLR (1R W B8 A0 i i3
ek, fERNE MIP-SBSE ZXHUG T (il 18 . 45 LW, ewirh JR s 1
MG, HIKEA 1.45 pg/L. He M a4, LEEHRPEHERIUS, A2 8/l @
PEWETEHAHEL, MG BT 1515,

AT WAUE VR HER P RORS 2 B, 0 DRLRE SOBEAT INAR S50 o AEREANIRIE A
WsE 5%, 5RWEK 4-3 s, EMAREKREA 50, 100, 200 pg/L I, FLAEATLRRIL, §
HIEICR 50 87.3 %~94.1 %M1 85.2 %~92.6 % , HIXHARHEN 2 (RSD) 4350 4.2
%~5.7 % 4.5 %~5.9% .

F 43 BEANFERPFILERAZHIMEEKE (n=5)
Table 4-3 Recoveries of MG in fish feed samples(n=5)

16 ] i}
AR 50 gl 100 pgL” 200 pgl!
[Ffic %  RSD% A4 %  RSD % [Ale# %  RSD %
fLeeiat 87.3 5.7 92.7 4.8 94,1 4.2
g 85.2 5.9 89.3 5.1 92.6 4.5
R L7 A 45 82.4 6.4 86.5 5.6 89.3 4.7
16 - | ) s "

mV
h"'"§>> s
r"

>

||||||||||||

t/ min t/ min

E 47 &iER (A) MEKER (B) HEIEE
Fig 4-7 Chromatograms of the fish feed sample (A) and waste water (B)
(a) RGAWME Ak, (b) 500 pg/L FRFREW, (c) 4 NIP AHUS Inbx

W (IR o S RS AH R, () 28 MIP 250U IR K FE e . 1-MG, 2-CV.
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4.4 KREING

ARSI AP AR, K 43 EIVE R VA ORI A by 422 1L — i ) B9 D N\ B B
H SRAIBRESR s 9%t 10 LR A A S W B RE 1D 1) 9 B 2R B A AR
J#-5 HPLC MR S bR BE AN A0 BRL R O FLE Ak WIESEAS SRR, A7 i AT A
i, REUER. EOPELF JEH T DR oA S Be it b b A FL A A 2 SR AU
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FHE FREBEIFNTNLEMEMZER—SIRHEEIEEEH
MESBAFRFALD

51 3|5

[l AHTM AL (SPME) AR 20 tH4E 90 FEARNE I —FPAE AT b BB AR, 8K
FEL A IRAEAERET— &, BALHERM. BERME. 57550 A3k 208 Tl B
SRR, SR T T Kot TAEE I 2250 30 24K, FAMMA R ARS TR
KIORIE, MBI AMRE R ZROER, #2400 45 Py [ A g A e 1718
FOPI BB -4 . Belardi and Pawliszyn!" > 75 JUH4EAR K W I 15 AL HO RSk S 7
— M DL Y IR AR R, NS AE AN S . IR Ak I R R E AR
Y, RAEDOA LYW JEk, AMHRZR B8 fr K 34 5 R 0 AR 4
JoBAK () SPME £ 441131431,

75 POV SR 0 R ok 2 AR A 22 5 O € i 6 P 0 52 SR KR vh 2 38 05 4%,
S50 U B FH e 20 () AN B 0 4 1 RE Sk B w) A R PR AR AR, AR PRAK A 0.24-0.63
ug/Ls BN OB 46 T 431 B AN AN A R Sk 5 RO €0 I 0 A K R T K R
RS BR R, FAT R AT R EL R, B (AL Sk L AR Bz (Y AR USR8 1 T 4 4%
A AL BN 2 R EIR A T ORI IR- £ W PIL IR RRER) Ak,
SO SN T AR b R 28, T BRAE 2-10 pg/L 28], AHFRUR
FRALER A 757, (EARFS ANGEAN 22 R IvR B T CIRNIGRIR Tl — £ /e — ik
NHHREE) (BMA-EDMA) )2, #1457 Poly (BMA-EDMA) ANEANZAHk, volilk T
A PELTYESK Hy TR B i, 5 R OB I e T SR FL Rt T 1. L.

52 SCIGERSY
52.1 WFNSUEF

FHEE NIRRT e (BMA, New Jersey, USA, i i FH 5% NaOH AHY Bk 25 PR D
O LN ISR BR(EDMA, New Jersey, USA, i1 10% NaOH AEHL % 2 PHER
) OMdk = LSRR (98%, FRBBHEAERARD; [ENEE. 1,4-7 1. HRE
KON CRAERFE AL R AR o3P0 T ChEUR eS0T, A
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FD, P GEFHMTRFI =), gD, HFHI Abata s g ARt T,
WG RD, A CREET SR A R A, 0 Hral), BRIREN COREE
WAL TARAA], e, =oBRey OGETTR 2l R AR, ial), W
YRR BN ORGSR 2 AT R A RD, E CRIEETTE B R A R A H, 2 #T
a), THEFL CH S MARBIIET), SR HIAKCh —IRZERAKs FLRRF 4 7 Hréti .

R (RS PI201 @ I fHR A, KRR A s A IR A\ D AN
a (UVI201 5 5b- 0] WAGI %, KIERFIR 01 AXRAT IR 7D C18EA1% AT (250 mm*4.6
mm, Hypersil ODS 5 um); SmLIASHUM . T2 4% 1 ( % [E Supelco A ) ANEFEN 22 (54

Hillsboro, Oregon, USA); W ifittdy (M5 : TWCL-D, W m % MR R A RA
A]); DZF-6020% FLs T4 (Ll —fHRME AR AR Wil 348 (1000 mL, K
HEMS TR A T); A B e R TR (AT R A ).
522 AEFWLERMEZERSLRSIZ

ANEFEN R TAL B : 58, BEABNLEANR 10 em &, HIAEHER M 30 min, 354
FEVR 1 (NaOH 50 g/L. fRERH 20 g/L. —JUBEMREN 20 g/L) ' 80°C#id 20 min, H
T 2 CIERHMREN 50 g/L. BRIREN 10 /L) 1 60°CHfL 30 min, e FREPPYE =K.
XFE, BBR L T AR AL RIMAT . R)G, IOARENL I (Z455E = LA IERE
K: HEE=1:8:1) ¥ 30 min AT RREFEILALAC L, DUEE: FRENBM LR IRE
W2 BJEAE 1SOCHA T2 h, 40 CBEhYE 3 0, WU A MY, ke
AR 5-1 Fios.

— mme €
—_—
60°CoH

S 30min
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I 150 CH = F 17 R

& ) 2h "~ 30min
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Fig 5-1 The process of stainless steel pretreatment
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AN 2 R 1 4% . MERIFSHL BMA 240 uL, EDMAI160 pL, 1F AR 330 uL,
1,4- T R# 210 uL, 7K 60 puL B G¥il, SR )5 Bk CAab 3 () AR 22 60°C
KHwwih, WEBAWHERINS (4920 min J5), FAFHWLEE, 80°CH AT
1h, XFEARFINL KIS ET )2 BMA-EDMA #1k}L; ik e 5237+ v B mg 645
AN 22 RS B TR A B AN AR 22 AR Bk N R R g 1 464 (200 r/min)
Ve 1 h, ERPEN 5 UK, AR VE BT e OB T A U AN 1A el IR 1

5.2.3 ZEERSLHIFRAE
K Quanta 200 HL 4714l 5B AU %o AN 4N 24 Ak (W T AR HEAT T 3RAE
5.2.4 SPME-HPLC ©#f

Pl 2 L AN R A 22 ZE KA NS mLAERGR (AR BE B I PHEL bR e A HD  h,
75200 r/min FZ£H20 min/GHUH, ON200 pl 255 6 i W s v 3k 478 75 0 . AR ISR
FIR B S FK (95:5, viv), i A1 mL/min, 3K 4 1-6 min 478 nm (1)}
1 1), 6-12min 520 nm CHFFLL L. APHLID R 34T 20 B 408, LTI
AT & B,

5.2.5 HPLC &M &4

WA ODS-BP C18 {13 4:( 200 mm x4.6 mmlL.D., 5 um), sl 4 L5 F/K (95:5,
v/v), JEA 1 mL/min, FERON SR, KDY K 1-6 min 478 nm (JRJH40 T ), 6-12 min
520nm CHFHELIL SRFHECIID, BEFERER 20 pl.

53 ZR51T8
53.1 BREFRIE
AT 25EE (SEM) X T il % 2 BCK JE AT T 3R AE, Wik 5-2 Fios. A

Kb ar UG, B & AR BCKR IR 2 RS — (2 3-4 ym), RIHSBECE, RERR
JREAFI LG 550, HARBAAAE e K/AMRSLI W s ML & AT = Ak
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B 5-2 FENLERRMZEIUR R R REHE

Fig 5-2 Scanning electron micrographs of stainless steel wire solid phase microextraction( SPME) fiber

532 ZFEHEIFRMHRMKL

(1) ZEHLIS ]

ACHUS )2 520 SPME ARG A — AN EZEK ER, £ 0-60 min Ju [ N, H5FLEU
)X REHCR A58, Q] 5-3a 7R AT AT LUE Y, BEACHU ] 1, ZEMULHE
B PE . JRITLL T AE 45 min R HRASHRCE, W 7520 AR P20 A 30
min. 15 min IHEUEH K. #R4% SPME P s g™, 2562 lrE A TI R], f i%
IUFE SO AEHL 20 min, POUAE 20 min B, JRPRLL IDRIR LT e de KAEHU%, 1
HFHEL T RSO AR R B30 L T SE BB R o I PHAL AL A R DI B 3 AN 54K
2L b, ATREHEPIAERE: B, RABNLEN 3-4 pm JERRE LA H R
B RS A S EE B AL A S8, WRJE R o AR K 2 2 SR A R A R T 5
KGRz s,

(2) RIS [a]

AHWFFHELET 1-45 min RIS )0 REHOCR K580, W] 5-3b fivR. A IR
If R AN SE S, RNt AT K, [, AL 15 min 5, HEAPAEBEERUA
WA o AFDR T RCHU ()R, AR R RAT 22 . NI 5-3b T UG 2], 4E 5 min N E
H2) 50-64% ) FHL T TR ARER oK, IXPT BEER VR 2 I FLAR S5 R RR EE R TR AR AT %

(3) HhikpE

ASOEWEFE T ERARFEXTZERUSCR 5w (L 5-3¢). — ok, MHrsuvnTfgs
BERAR AR AL S W AE K v (A B A B B R B, NaCl AR AT g 2 il 35
I Sk 2 T # A RLJ2 [ 00 45 ) 11 3 SO B R B0 s Sl 6 SR R IR X S S R B )
RHUAR SN, (ERERGR P4 BN 104 50, 100 /L (9506 IIE] 5-3¢ ol LUR
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Fig 5-3 Effect of different factors on extraction efficiency of sudan dyes

a-ZEENRTE]; b-RRARRTIE); c-ENRE. 154 1; 2-F3401; 3-F4I
533 ZLMERE. BEEME LR
ST EEFST T HPLC V4 B a3 FERANEB 4N 22 SPME-HPLC ¥: 18 R 8%, Wi 5-4 k.
HA&E SPME-HPLC, #FH4 [-IIIA R gk 2, 3 AN 2 A GRS IR 2L T -
145 ELR I B & SRR . AL T A EOTIE 7.2 %, BCKIO$E & T 2 Hm A il ik
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B 5-4 FHALLRMU AV () SEEHE()RRIEE
Fig 5-4 Chromatograms of sudan dyes with SPME-HPLC (a) and direct sampling (b)
AL |5 23RN 3R
AR ARAE T, X IPEM GG &t BRADRS 2% BT T % %8, S5 Rk
2-1 fizR: 3 BRSO S AE 50~1000 pg/L 6 LML RBLF ( P>0.9232); LA
S/N=3 I N BEAE R RR, 3 B s PR AL S IS HE BRI AE 2 pg/L AR . SR AAH ]
(SER 4, FF—MRAEFN L Rk, ELLME 3 K, 3 BT aib &40 (5 B i 1)
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(1) RSD 7F 3.88%~9.19% [i]; [AlIf il 6 MRAFMN LA L, MHFEERZIF T, 3 F
IPHIAL S Y A B IR R Y RSD 7E 10.23%~16.48% 2 1] . SEHG 4R LW, Hl% A
W22 [ AN PU AR UL I M R, T AL H o A 7 2L

+?5-1 FEMEMER, RERINEEE

Table 5-1 Linear range, detection limits, correlation coefficient and RSD of the method

RSD(%)

st LEPEIGIE (pg/L)  HISERYE () B (ugl)

run-to-rum(n=3) fiber-to-fiber(n=6)

BN 50-1000 0.9872 1.604 4.82 10.23
pISREAR || 50-900 0.9771 1.808 9.19 16.48
biISREANI| 50-900 0.9232 0.303 3.88 14.96

5.3.4 SERRAESNE

FHBITRR ST (60 43 M7 5 20 TR S0R R G 165 S ATAS I, YR 4 & . HERN
AN I BE (R T3P LU R AEA B, RN AR R s 808 PR RO . 3R 5-2 4 & ndrik
FERG Rl gE B, nbr IR AE 79.54%~86.37%2 7], Al 4 Hr sk

52 HEERME LR

Table 5-2 Recoveries of sudan dyes samples

ey I
100 pg/L 300 pg/L 500 pg/L
IR % Bl %% %
L] 84.20 86.37 83.05
S 80.14 79.54 81.10
ivEEANI || 82.70 84.73 80.18

54 KREBING

AN T — M L) BMA-EDMA ANEEAN 22 [ AH 2 HORIAE it PRAR 3 532%, JF S
HPLC B A MRS G FL P (IR PHAL T -ILe 27 ARR, — IRKAT IS 2 AR AL,
H A H SPME Bkl A LS JrikAEf e, i, R, KL, SEPrkF
a7 M RO Ry, %5 IE ] T DR A R L B SR T -0
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6.1 ENXRLE

B A L JUAE R H 2 8, O B i B R 2%, 0 HAR A (R S
TR, MO AR RLIRE 5T AL BE B AT AW 7592 1) R B R AE v A3 525G T
B o AL T 2 T AN 22 [ AR B R Sk AR PR RS U 43 ST £ o R 5 AT
SALH S XU A FFLAE A SRIEAT T /0 riilsE , R e R CL B PR AT T IR AR
fit, 46T SPME M1 SBSE HJAHUEAY, WHFT T MI-SBSE X AN B FIEFENE, JF4,
£ HPLC XS5 /K o (0 80y A o el o (R ) L g A Sdb AT T o0l e 5 SRR,
#S7f¥ MI-SBSE #F /A b FEH AR RATE RS . ML, RUE PRSIt AT, Ao Ay
X A FFLAE A 2 0 8w AR AR AL T — Mol Oy ik

(1) R AL SR G g il 46 T W B AR 1A, 5 i OB i 6 FH 2 17K
t DBP. DMP F1 DEP. SKEG&REW], fERMFMT, FR (n=5), FHLRM=5)FA
LR (n=3) $EFiHE ) (R % BE 2 51k 4.1%. 5.6%F1 7.2%. /KFfE DBP. DMP. DEP
(PIIRR IR 2050 89.2%~92.1% 91.9%~96.6% 94.3%~96.7%, ZPEJE[H K 5~800
ng/L, J7iERHIBR 2504 210 ng/L. 93 ng/L. 150 ng/L.

(2) LAXUEY A ABRRS T, FIH R SR A 200 4 T 07 B e A a0 1 BN e i B A Y
PEFEEE(MIP-SBSE), Jf 5 A (% (HPLC) A E TH™ SR 0 A. SE5:

GERRW], EHARSAAE T, MIP-SBSE %I BPA, PP Fl1 P [fINfif} 43 /& NIP-SBSE (1]
3.07, 2.17 F11.29 £, &ITERLPETEEY 10-500 pg/L; KR 0.10 pg/L, HiET
TR SR KT R A AT /Al g, BA AR IR 2y 88.50%-96.1% .

(3) VAFLAEAGABN, Bt Sy, R A SR A idithil 46 1 0 8L d A X oy
- IV B A HE(MIP-SBSE),  J1 55 e AU i (HPLC) R FH I s 1 e ek o
LA NAEBUS FRAEE T . AU ] 4 40 min, NaCl BIIIARN 5% (w/v),
ISR () 2 20 min, pH {ER 5.5; SEE5REW], (EmILAME T, MIP X4 G A E
FLAEA et BATREFEE, XS TG540 22 K 1K) Sudan [T ZEHUEIRAC . MIP X} MG. CV.
LMG F1 Sudan IT (UAEELEE 250k 0.89 pg. 0.69 pg. 0.7 ug 3+ 0.07 ug, NIP XX PUFh4
JRIIAEEUER 22504 0.19 pg 0.19 pug. 0.18 pg. 0.05 pg, A LLA i MIP ZEHGEFEE I &
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PEF NIP. %77k PEVE Tl 10-500 pg/L, #HIFRA 0.1 pg/L, FZ 72ttt ep
LA BEAT Al e, A INAREINCR D 87.5%-94.0%

(4) KA. GERIE T ANE MWL [ A PAE I AT 4, 5 v RO € 5 16 FH N s
TOBFPRAS A L, 10, U SEai R, EIiFf SPME &MFF, @7
SPME-HPLC 43 25l & SRS FLP R FHL I i AEN (n=3) R[] (n=6) K% & (RSD)
SN 9.19%F1 16.48%, XFHRSHLL 1. 11 HIAIIARFEIECRALE 79.54%~86.37%2 i) ;
3 FhARSHLL R PETEHEA 50~900 pg/L, ZePEAC R E #>0.9232, Kl FR7E 0303
ng/L~1.808 pg/L Z [,

6.2 BIFTS

ASSCCAANE B0 22 R A%, 50 S o 17 AN BN 22 [ AR A AR TSk R B 2K IR
B, AN A BEIBCL B & NIE, e R, ANES L, 16 T
KHL e BEVEDEPERAE AN BENE H 5 (058 i, FR G MIBIRAEDEPEFE NS, @ T
A P AL v R 2 2 o 1 ) L

6.3 RBE
¥ MIT Y5 SBSE i AR5 &, M T SBSE HiARFIEREMER R BUE, K,
UTAERAEIREE . AW A b A WA S 77— i . (H2 MIT Hajid AL TR R A

TERBBG TR A BRI S0 T VA N L T ANE RGN e A SO AT — 285 1
LRt — D Sl A ok

(1)t Ty TENER B KA DA 8, B ) A S U, BAEDEBOL AR
Fh i SRR, [ MIP &5 G AL s AV LR LRGP R i) A LB IE AN A 2
BENG> TR B R 138 s 0 — BRI

(2) ANEEAN 22 [ AP AS IO AE 6 I e b LU A i, W E 2 KN, HisEAES
OAE PR b By H B % A i) 8L
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