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WE: BRI E AR - RSOk, W h 2k B i b R0f [o] B (BaP) B9& &, BHiE  LIRE
PRARTHREAL BER AUREMERE IR AN K] ( Fe,0,@Si0,@PAMAM ) N#RfA, BaP MM T, KAWL - Bl % BaP
S FELBERAY (BaP-MMIPs) . i BEEEHEIGIRE, HRTORHAIN, DI (C) MREAbs, 26MHES HE
(Lpe/leos ) APARR, R FE, ER RIIEMEA RS HIPERER BaP-MMIPs, ] T2 B0 it BaP
i1 RGN . BaP 7E 0.14~3.0 pg/mL JEH N2 C R RIF. KRy 80 ng/mL, 5E Ry 112.5 ng/mL, I3
4 89.5%~106.8%, RSD ANKT 3.6%. G5 T /Wi r ik e R enf, deiithm, R8U% SHEIMEL, K sAR,
fa i, Al ohrhzh BaP pBRERE RIS %
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Determination of benzo[a|pyrene in prepared Radix Rehmanniae by molecularly

imprinted solid phase extraction coupled with ratio fluorescence detection
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ABSTRACT: Objective To establish a method for benzo[a]pyrene determination in prepared Radix Rehmanniae by
molecularly imprinted solid phase extraction coupled with ratio fluorescence detection. Methods The molecularly imprinted
polymers (BaP-MMIPs) were prepared by sol-gel method using dendritic-grafting magnetic nanoparticle as the supporting
material and benzo[a]pyrene as the template. Benzo[a]pyrene in the prepared sample was separated and enriched by BaP-
MMIPs as dispersive SPE materials, and was detected by ratio fluorescence determination. The calibration curve was obtained

by measuring the fluorescence intensity ratios (I,5¢/14.,) of benzo[a]pyrene in different concentrations. Results BaP-MMIPs
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showed remarkable selectivity, high efficiency and stable, which were successful applied as solid phase extraction materials

for the trace benzo[a]pyrene determination in prepared Radix Rehmanniae. Good linearity was achieved in range of 0.14~3.0

pg/mL. The LOD was 80 ng/mL (S/N=3) and LOQ was 112.5 ng/mL (S/N=10). The average recoveries of benzo[o]pyrene

were 89.5%-106.8% with the RSD<3.6%. Conclusion The method is accurate, selective, high sensitive, reproducible,

economical, simple and fast. The research has profound significance for the benzo[a]pyrene monitoring in Traditional

Chinese Medicine.

KEY WORDS: prepared Radix Rehmanniae, benzo[a]pyrene, ratio fluorescence; molecularly imprinted polymers
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b L B RHE Y L ( Rehmannia glutinosa Libosch. )
00 o 7 el e R T A Y T, R, BUR, AR
AMALEERA, R RESERE A TR M, AR 2 B A 5 R B A B L
BYOE BB . PUME . RO IR S A AL S 2 R
ZHEPE B B A N R M B AL . VR B AL AR 2 R 2 1
Tyl P B Ay, N RTE PR R R R P
PR LA UM gt A S i A b, 57 AR AR [
It ( Benzo[a]pyrene, BaP ) & 1t 3% i £ F 3% £& 2% ( Polycyclic
aromatic hydrocarbons, PAHs ) £ E Wi ', PAHs &2 A1k
AU Y, SR TN . SR R R I S YRR
AR FE P, ZEY R K ZAE ppt~ppb S AR K5 23 %5 A
PRI, JF H S B, RS F . BaP
PAHs TEUSEMEESR TS /Y Z —, O ERRERE 5
LY. ARk, BB HAS . 8 E S D250 F A i
W% BaP FRELSRE LB R o il anih ERLE 24544 BaP BRE Ny
5.0 pg/kg®, BRI A[EIED S R BaP FRAEESK  5.0-10.0 pg/ke,
KEA (ERZL2ERFEE S TSRS ) (GB 2762—
2017) PHLE HR ST Y BaP fR KRR 10.0 ng/kg ™ PRI,
BExt BaP 37 {7 PR SA o ARSI i, R I v 24 1 5
PRI PR 5 b HAT A

H T, BaP £l 43 B 7 % 32 A SO (015 - BT ik
WOAR AT - BRI P . WA 3 - DGR I I | R f 2 T
Bh2 A 0, AH 2 b R AR, AR FE S A TR
Oy EAE, W R H BRI A S 2R B B AE S b, E B = 1k
Pk MR 2 Q5054 5y ST, ATALRER, BRI,
BRUBORCAE I, [ AH AR B M DL S BRI B AR 0 85
BRI TR . R, SEUIZ AT XS h 25 vh BaP 15 QW) It A 5
AR RBUE . BT R PO TR A

AR, A FENBH AR (Molecularly Imprinting Techonlogy,
MIT ) FEAEEST . A Pi%Ie . 2 o SE b A & Je s U
HXP R E BARME G Y2 S5 H 8 3242”800 A I 5
B BUNT MERT, e R B W R R AR R Y H AR

Gy F, AP iRYR R B AR R A B S P B T R
HR P AT ARG BaP MOZEAAE A, 45K BaP 4> FED
WREEY) (BaP-MMIPs ), HE7 53T ENIREAHAEHL - gy
BEE Ty, IR0 T2 8 rP U i BaP 1Y R RN & 4R
FUOMHTISE . AT R TR RS & . RIREDR . SRR . A
B, AT 258 3R R P R 5 Y i B sl

1 #MBRERFE

1.1 {UE5EH

F-4700 ¢ 3% 4y Y6 ¢ FE i+, H A HITACHI /A w]; HS7 #%
TSI FEAL, FEE IKA /A F]; TENSOR27 £L 4G, £
| BRUKER /A #&; JEM1010 i% 4 5 4%, H 74 JEOL 2 l;
JEM1400 4 i85, HAS JEOL 22 wl; 7407 R shAt i sk it
%[ Lake Shore A H]; X- SHEATHMY, HAS Rigaku 247,

Z5IF [o] B FEIF: [o] B, 2K [a,h] 1, Sigma-aldrich 2\ 7 ;
B- M . PFAZESTEE. JRER. MR DL RERE. BEAEET.
FERFRE . S- R SRS . IERERRIU 2B (TEOS). 3- AR
S RIS (APTES), BRI TiF A BRA R BER K7
PAMAM, R RIE TR EABRA R IECk. & Wk,
L, OB, R, O, EZERAARARA R,

12 FHik
1.2.1 3Rt [o] A KL TR 44 (BaP-MMIPs )
o 1) &

S HRAR LG E AT ST il % Fey0,@Si0," . #% Fe,0,@Si0,
SRHCF KR IEIA D B 20wt% 1% T, R IRSE 6 ho PBS ¥k
WIR A 0.1wt% 114 3 AR Wt e - M B, 37°C A Hl b 4%
Pebio BEAIET I, BIAS R TEDIR T RE Ak Ha A i w v Ak e 4 ok
Hi (Fe;0,@Si0,@PAMAM).,

K T ¥ J0E - R 2 ¥ 1 #5 BaP-MMIPs. #4250 mg Fe,0,@
SiO,@PAMAM 43HI7E 250 mL FIEE : 7K (9:1) VI B 45,
JINATIREHIA APTES 0.3 mL AR 7T BaP 15.23 mg, #EGAE
AR FHFEHE S 1 he BUTEOS ZWEAW 3 mL J-E 181
A LRTREER . FIRRN SR, K5 HEE - CRNTRA
P RIBEREOR , REVESY BOF T, 15301 BaP W BH 1Y 43 B
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A Y BaP-MMIPs., #EPEIEENICER G4 ( BaP-MNIPs ) FRA
IR s>FAh, HARIE S k2
122 Bk 6B H

(1) XFHE it A

% I BaP AR MEY) B &, B T 10 mL AR AR,
IECRERESS, HilK S0 ng/mL FIFRERE TR, 4°C BEOGIRAT .

(2) B A

UM B RE S, VIR 5 mm A9/ N, JRA). BZ 70 g,
FEEFRE, BT 250 mL #IEMH . MA 50 mL 1ECUGER 25 mL
ZHEWMBE, IR A 2 min, EALLEE (D)4 400 W, Hi% 50 kHz )
30 min, 6000 r/min #§.0> 10 min, HEIEHK T 40°C gk 2k 2T,
10 mL IECEERH, 4°C IR fE#

B A 10 mL IE O B I RS BORL, A 20 mg 1Y BaP-
MMIPs, il R4% 30 min, SMUEA T s L B, A Z&
FBE PR 10 mL Z 36 F #8730 min, M@ LW, &
AT, ImLIECKEER, HdIRE RSO0,

123 KMEE. ANRAE 2R

I3 R % e PR MR 2 W, E SRS, I 1.0-20 pg/mL
ANTRIV BE () B ARV W . DTG ATk e DGO BE , U %
K Hy 380 nm, PUHKEE (C) WREALSR, DU HAE (Ll )
PoE L T A NI E b S Y e N B N D G (o Pl s =
R B, LA 10 f5 (5 L5 B bR
124 WHEE

B 1.5 pg/mL ¥ B 1Y BaP b5 MEVS W, %R “1.2.27 BT
BaP-MMIPs £ U {4081, SPATIIAE 6 IR, THEAEX AR 22
(RSD, % ).

125 faxhdb5Ezan

#1451 4y BaP-MMIPs, i 4°C yK46E P17 60 K, H:FE 10
RIBFE , BEREMEI I 1.5 pg/mL V& BE 1Y) BaP bR, 45 181.2.27
TR BaP-MMIPs U iR . B 5O RAE 1L .

FATH 4 5 U BaP-MMIPs, EEPEMLHT 1.5 pg/mL W B AY
BaP FR#fEA TR, FM “1.2.27 IR BaP-MMIPs % U ik b B
FEEO LN AL
12.6 ®LkE

Syl R, L 3 ANV EE BaP ARUEVE IR, A E I
BaP & AP AR, PR “1.2.27 IR rakAbBEE, N E %
SRR, T RICR

2 ERS5ah

2.1 HEERRIE

RHBES RS (TEM) FifEHiEEE (SEM) X BaP-MMIPs
PEATRAE, TEM 455 %1 BaP-MMIPs iy K/N4A) | it
ELERTE ([ 1A-B), SEM Z5REH, 4 FEEZESIAER

PR RERZ R RS ELA D1 R 20RY),  ENIIE TSR 21/
IR (E1C-D ),

B 1 TEM RE: (A)Fe,0,@Si0,, (B) BaP-MMIPs; SEM R1E:

(C) Fe,;0,@Si0,, (D) BaP-MMIPs
TEM images: (A) Fe;0,@Si0,, (B) BaP-MMIPs; SEM

images: (C) Fe;0,@Si0,, (D) BaP-MMIPs

2.2 X BH&ATE

41 & 2A N Fe,O, 11 BaP-MMIPs A XRD & %, 7£ 204
30.2°, 35.6°, 43.2°, 53.9°, 57.2° Fll 62.8° &b i L T HFAE AT ST,
5 Fe,0, MY FRHERT 51 — 3%, BaP-MMIPs £ 20°-25° 22 [a] 1 il
—ANEEGEVE, Ry Si0, AT, TERA T 7E Si0, AL FlELE A
SRR, Fey,Op GKFIURL MR EE A (R FERRE
23 MBS

I 2B S BaP-MMIPs 4 1 4 5% 3% &1, 440 cm™ X J F
Si-O HFEAEMZ I, 1039 em ™ Kb BRI IS A Si-O-Si 2%
iR, B Sio, Mt . Inekke(BEkH APTES
Jei, #E 3119 em’ AbH 3 -NH, RHAEWCICIE . 78 1638 em™ HHEL T
Mk s b C=0 MM, DAKZAE 1546 em™ 30 1 R IEHE (1) ff
JREW T b IRZE SRR T T 43 BRI 1 L il
24 BEEEHEIEOW

et A RO (EDS) 1 Si iITE7E#E—HIESE T Sio, 2
BB (I 3A ). JTCEBLG M1 (Mapping) EHL T C. N, O,
Fe Fl Si (5341, 5 EDS 45R—% (K 3B), #5%£W] Sio, 2
FI53T BN SR G R L ) 45
2.5 ZMSEE. KNRFIE =R

MWK 4 iR, BaP 7F 0.14-3.0 pg/mL 4k i 3 Bl &2 R A1
A F, BT FE N y=2.3308C+0.3872 (R*=0.9919), & iifR
4 80.0 ng/mL, EEFRHN 112.5 ng/mL. 5 CHkHRIE BaP HAMK:
W AR A U RS8R BaP-MMIPs 4545 L3R 9GRS
FLUR B 0 R DU B AN R B

Fig.1
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Fig.2 (A) XRD patterns of Fe;O, and Fe;0,@Si0,@MIPs; (B) FTIR spectrum of BaP-MMIPs
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Fig.3 (A) EDS spectrum of BaP-MMIPs; (B) The elemental mapping of C, N, O, Si and Fe elements
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Fig.4 (A) The fuorescence responses of the system with diverse contents of BaP;
(B) The linear relationship between the 1,5¢/14, and diverse contents of BaP

2.6 HEEE

K52 B RSD i 0.32%, REVIZIM T I b B R4
27 RBEMSERME

FeE VIR S 30 K M2 Ema N R REZY 4.3%, 60 K
J5 T2 8.9%, FH] BaP-MMIPs FarE PEacts, wMrkitse
SEAT 5 44 BaP-MMIPs 24560 M {E 1% RSD K 5.1%. [7 1 14 BaP-
MMIPs F & I5E 10 YK RSD Sk 2.9%, B S A & i
PER AT
2.8 EEFMFIFTTHEEN

H7%5 %% BaP-MMIPs [WIEHEME, MG EELE BaP 25192510

YA [o] BRI 51 [a,h] B, DL SEFIARZRY (R | B-
WE B FIPRR , 7EAHIRIHRE (1.5 pg/mL) T HEATRERRIE BT 55
WIE 5A 7R, BaP-MMIPs Xf HAR4Y) BaP A {2 (54 05 B
BT, XFESHZSARI RN ARS8 TC B W R

J A BaP-MMIPs W I (94T T4 8 1, A58 % 42 BaP
(1.5 pg/mL ) 765 258 8¢ £ 2R s D, FElE. B
TERELY . S5 REBCHERN 5- SR B LM (MRIE35° 30 ng/mL ) 47
B2 N AEAE Ak, S5 RERY], JLAFY) TR BaP ¥R EE 20 £5HF,
BaP G RAEA AR E (96.3%-105.7% ), RIAAMFIEHAT
(5T 7 2 RS A ik B b 2 A I AE A 1) T3
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Fig.5 (A) The selective recognition property of each compound by BaP-MMIPs;
(B) The anti-interference experiment of BaP with each compound from prepared Radix Rehmanniae by BaP-MMIPs

29 [EER 2.10 HSEHH

un % 2 B 7k, BaP P 2 0] I 3 7E 89.5%~106.8% Z [H], K FR AT A, I T 2R B BaP Y
RSD<3.6%, RMHZIIEEARIFAMENE, PTLUH TR &h, 45003 1 PR, 5 HERGERE S oA 4 SRS AR A
1 BaP BTG i BaP, 1 #LRESGRIIH BaP, &N 2.19 pg/ke, F4 IREFELR

® 1 SFILTEMEZER - ERERZNEHBEREH (o] EHEE (0=3)

Table 1 Determination of benzo[a]pyrene in prepared Radix Rehmanniae by BaP-MMIPs coupled with ratio fluorescence detection (n=3)

FEh o S it (pg/ke) AL (pg/kg) Wi (pg/kg) IR (%) RSD (%)
1.80 1.91 106.1 3.6
1 Nd* 2.20 2.03 923 1.9
2.80 2.69 96.1 2.7
1.80 1.74 96.7 3.4
2 Nd 2.20 2.35 106.8 2.8
2.80 2.62 93.6 2.0
1.80 1.86 103.3 35
3 Nd 2.20 1.97 89.5 2.3
2.80 2.54 90.7 32
1.80 1.84 102.2 33
4 Nd 2.20 2.10 95.4 2.6
2.80 2.93 104.6 1.9
1.80 3.82 95.7 2.5
5 2.19 2.20 431 98.2 1.6
2.80 5.05 101.2 2.1

*:. ARKih (Not detected)

o Gty SKERE SR S B AR .
3 WieSsik (5 RBE A T T BaP I, 3% o0 fE Sk, 5w

ARIOR ) PAMAM REIR Sy T bR, SEMMARIRZE T W0 pH . SREE . ILELRISE 2% M6 o SN K 22 1 T4
V. AR FEBREE . BRI TR R AEfeRa R R I, AT T SR B
BaP-MMIPs 4445 540 BaP UM A A S AEssFICRRRY il AINRES %55 . P B EI T, AR T 5
SRR, T ERRAORAE L & ELRURE E AR S P AR 00 P SN 2 SN AT B T A
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il % 1 BaP-MMIPs, AR PEPUNHIE 452 ke b BaP, A
BOEBR AL BT 5T, A SL a7 BN AR A - LR IOk,
JEIIREH T 2GA 2 EE T BaP (Y RGN, Jr ik R,
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A MNE IR R AR S AR T, A REO, SRR
A, (BRI B s, SUHERE, Jof B S SRk
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