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AT ERIMFE A HTAC IR, IF LIS RO AR (3 L B ¢ B AN 2% (high performance liquid chromatography-fluorescence
detector, HPLC-FLD)X A [a] i AT A I o 77 5%  WRBFHS IR RAGHT 6 mL [BIAHZEHCZS £, LSRR,
AT ER . BIFEIH R CHE-/K(80:20, V:¥), JiH# 0.3 mL/min, ¥R K 369 nm, K4 404 nm, 4h
PR ER . R RIF[a)ETE 1~50 ng/g FIFIA S RAFLRE, MHOCRE A 0.9997, AR R K
96.0%~99.9% . 7 W K I BR K 2 BEFR4r B 033 ng/g Ml 1.09 ng/g, S2BRKE SR I A AR X AR E R 22 R
2.8%~8.9%. £EW IZITILERETTER, WE A RUERG, RSO TR L AR AR IOL S % . Bl . SRR
LSRR, TR I AR [a] 28 A A
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Determination of benzo(a)pyrene in edible oil by matrix solid-phase
dispersion based on metal-organic frameworks combined with high
performance liquid chromatography

LV Zhi-Yang, YANG Cheng’

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

ABSTRACT: Objective To establish the matrix solid-phase dispersion method based on metal organic frameworks
(MOFs) MIL-101 (Cr) for the pre-treatment of edible oil and determinate the benzo(a)pyrene by high performance liquid
chromatography coupled with fluorescence detector (HPLC-FLD). Methods After adsorption, the system was filled in
a 6 mL empty SPE column, eluted with acetone and dried with nitrogen at a constant volume. The chromatographic
mobile phase was acetonitrile-water (80:20, V:V), the flow rate was 0.3 mL/min, the excitation wavelength was 369 nm,
the emission wavelength was 404 nm and external standard method was used to quantitative determination. Results In
the range of 1-50 ng/g, the coefficient of determination (+°) was 0.9997, and the recoveries were 96.0%-99.9%. The limit
of detection (LOD) and the limit of quantification (LOQ) were 0.33 ng/g and 1.09 ng/g, respectively. The relative
standard deviations (RSDs) of the actual samples were 2.8%-8.9%. Conclusions This method is simple in operation

and accurate in determination, it overcomes the problems of easy clogging, leakage, overload and high negative pressure
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of the solid phase extraction, which is accurate and stable for application to various edible oil samples.

KEY WORDS: metal-organic frameworks; matrix solid-phase dispersion; high performance liquid chromatography;

benzo(a)pyrene; edible oil
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1 5

PR Jf:[a]EE (benzo(a)pyrene, BaP)Je:— Fl i i M [A] 5 2
Y, T HGREURE . RO B, 2
AR E P E AN H AR, W RANIE SRR | R
ST, HAFMPEZ R, ARG AR Eif GB
5009.27-2016 1 BaP fix KFL B4 10 pg/ke, fAIHTER
AR AL B TR 22 BRI X B A i EA T VA, o P RO
RGN ) ot oAl IR 8l WPAER TR N [ I (3 30 =
ik B [ AR A I e A i DR R D23 TR B, il Rt B e
Hirp, BRI ZE . 1l d, BURNS TN, M, s sEm
WO AR E S I P S8, [EAHZE R A v, FLE A
ANREFHEE LA

ARk, ENAMNEEO T IO R Rk, Hor
ALFERORAEBGET | BB 3 sk | R E AL
SR, M2 T LA S PR, AR S 2%, 7 B Re ik 1A A
R, Hims BN, FEIH, AN Rt AR L A AL
RGN

FE 5[5 543 B (matrix solid phase dispersion, MSPD)!!'%
S — AR I 31 AR ZE Y, @ LR | R R A
RV ERE AT o> Fe i, PRSI RSB AT A IR s AT, dd e
B EAT RIS B A B bR, S —Rh i 51T . HBE
RLAF AR AL T 56

BaP HATRSRAYENENE, 7088 AT —ExERE, Rk
AR R A MR Erh 2 L R AL
B8 (metal-organic frameworks, MOFs)Z&—Fi P BEL k1 2
FLEALR G, CRHFITE miE 2 gt A
BaP 7p 7 HAE 11.5 A, ASCHEM TR ALER 12 A 1
MOFs #4F MIL-101(Cr) MW piEsel, Rl S
BaP 4> F 48R 1Y m-m AR, BT — R A
Sy, TR MR AL A RTAL B

AHETE BN RBE R AL AR . TR M Y
MSPD i, DIREAALGEAEZ ML, MDA Se AR A B b
IR A, WA v SRR TS - KL 2 (high performance
liquid chromatography-fluorescence detector, HPLC-FLD)X
A BaP JEF7 2 B4

2 MHERE

21 XB5RHF
€2695 FRLA B TEAL \2475 DA 2% (32 [E Waters

73 H]); D2 PHASER X S AT S (15 ) 7 5 52 AXS A FRZA
7i]); JEM-2100 3% §F 2 i T 2 ABE( H AL PRkl &4h); KA
VORTEX 2 JieimIk v (F2E KA 24 H]); N-EVAPTMI11 #4
WAL (32 [E Organomation Associates 2\ #)),

HIE[alEEFRUEYI (96%) . Cr(NO3);-9H,0 . X~ H i
(G, B TR (b ) A R R ) SRR (43 BT 4k
[ 2548 F AL R0 FRA "D F A B MIL-101(Cr), &A%
J71:2 I Lebedev 25! SCHRARAE; 1. 3. 6 mL [IAHIZEHL
EHE LAY TR BRMARAF); 0.22 um JEJE 66
SIS S i s A R AR, oK OmEE, B2 IEChE.
Wl . R B Frat, EZ4ERERRA RA R, &
Ji& (fa %4, 3 Fisher Chemical 23 ]).

22 EWTIE
221 ARG H &

FIF[al BB G R: MERAFR R 0.05 g ZKIF[allE My AR E
ZF 50 mL 2R, EEHIMREE N 1 mg/mL AKH-[a]tE G
W AI[aleE PRI BB 100 uL K3 [a] b ik & R FE
JEEZTF 100 mL IECEEH, BCHlN 1 pg/mL K If[a]ts
B o VE R FRE 0.5 g 25 (16 FHIMARE & (LA R K3 R 40),
Fr 1. 5. 10, 20, 50 ng/g VEAPRUERERL, 2B IS 63
(] FE A B/ IV Ak 3 R 3 A3 A i, A U TR B -V ) b
ML
222 BEMFRPAZGEARAEBLE

FREL 0.5 g & FIMF BT 5 mL IEC beh, Feara s
SRR & HAT B HKTRAR 1 AR AL R 2 M b, BT A 2
BUY, 2218 FARTTME L L 0.1 kg/em? 5 EHIBORIA 28T,
BB R EUKINR, B, 6 mL EVE AT,
TE/NT 0.1 kg/em? 7R X432 (9 A A O T8
Jido WCAEVEG, R TG OBER, 11022 um
FHLIERE, R R A0 3% 4 s .

223 FHEORAM EE-F AW B L

SEIG IR XSelected® HSS Cpg(150 mm=2.1 mm,
3.5 um)ibA750 s, LACIE-KVE R s, kit shtd b
#il, FREE K 0.3 mL/min, FRBIHHELHBIR 2 E-7K(80:20, Vi1),
BECHT I ES IR W N 369 nm, KK K 404 nm. 2K
IE[altE7E 9.4 min 2247 Ab I, VTR e dE

3 HER5SH

3.1 MIL-101(CnHI &R ERIE
MIL-101(Cr) [ ¥ & R4S R e, HR RS A, 4556



2732 B b % A IR S

F10 &

TERFWE; LB 0nE, LEBRABHIRS 6, Tk
JE Y MIL-101(Cr) iR SRR A . FIHIBI A X FLATHHL
X4 MIL-101(Cr)i#E A7 2A4E, W 1A PR, BrigEigs
R AR I A S S AR — B, 7F 20 2928 3°, 5° 8 9° b 1
BB RHERT S0, TERAAT R SE RAF . BT R
(Bl 1B, C): MBS MIL-101(Cr) iRk iTE S, HEZRA
4 200~400 nm 95T Z iR, BA RIFMGIE; 53R
T B AE R — 3, TR Ay AR AR UER

ahnn,

0 10 20 30 40 50 60
260(degree)

B 1 A: MIL-101(Cry# R X S B #E a 5 CCDC &I ik
Bl X SR AT S XS LLIE by B, C: B0 A9 MIL-101(Cr)
s A S H 5
Fig. 1 A: XRD pattern of the as-synthesized MIL-101(Cr)

compared with CCDC simulated pattern; B, C: TEM images of single
dispersed MIL-101(Cr) crystals

3.2 AIRCIBEHIIL
32,1 BEaFREAMGLE

SR VERE TR LAY 3 RO TR ARR A R A B R E
P38, i 2 ffR, #3100 mg MIL-101(Cr) A% 4
Ja, SR HAT B HOR RS EES AR 5
TR . VEBLIRAEAE N T o

LZEATEY 3 AR 25 i BT AH A UM, 1 mL &% 3 mL
A ZE A /DN, R0, 25 50 3 R R34 5] R AL AL
N, BRI ASTE A8, LR A e T A R SR A K
MR, S RERH B IR A FIPE & o 6 mL [ A AL HUR:
FRAE, WOREEGE T, Aol gk, EEeE.
MSPD REMSSIEEHE FAE— 258 B, LS SR, (RIS

S LA S BRI AR ST A TR B AT, X AR A o [T,

LRI AP RE 6 mL [SAHAE IR AL HEA T
ImL  3mL  6mL

B2 1.3, 6mL BAHAERZS 234 100 mg MIL-101(Cr)
Fig.2 1,3, 6 mL solid phase extraction cartridges packed with 100
mg MIL-101(Cr)

322 BA0nE

SEEBGEC S . R CTRVE NI, AR
$t . IERAE S Ve 7358 . 4ni&l 3 iR, MIL-101(Cr)
TEZ R AR, 76 A F e L 2URTTEE, 2
T MIL-101(Cr)i A, PIIEME ] S8 AN kA fLiE
BUONE, ANFNF T80 B3 ST UTREFZ T . DRI S 300 R I
TR o e UE O bE . PR

3 MIL-101(Cr)7E(a) A %, (b)NEH; (c)IEC ke ()RS
it HR 9 20 HEORRE FBE B R

Fig.3 The dispersion and stability of MIL-101(Cr) in (a) CH,Cl,; (b)
acetone; (c¢) n-hexane; and (d) ethyl acetate

323 BAMEETREMNAE

SEEGNT 100 mg ZEBGA MIL-101(Cr)f4 0% i 25 8 3617
HEL, R IMEAREY) BT AGEEA, 100 mg MIL-101(Cr)n] #£
HRZ) 500 ng AFF[altd, G IRBIRAN, WEmAUR LM
(B 4). SEBPRIfAE TR R E, RIS Ve A iR
4~6 mL B, RS, HIEARBRAZE, MR ARER
VRIS 0] BEXT A REEEA TR, SEIRE ] 6 mL Pt
FTEEmL(# 5).
33 KMXRRSHER

PRUERE S AR TR, 22 2250 [ BORRIG R PRAL B, LI
T ARG e B A Tl e bm v 2k o P 141 6 W, 78 1~50 ng/g
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TR N, PRI [a] B 0 R A 7 2 R Y=2.10x10°X+
2.44x10°, L1k AH 5 R =0.9997 . 5 i FR (limit of
detection, LOD, S/N=3)>4 0.33 ng/g, &b N (limit of
quantitation, LOQ, S/N=10)>4 1.09 ng/g. FriEFEShEGIEE
WE 7, %I EEW A GB 5009.27-2016 PR ARG 2R

1.2x108

1.0x10° [ |
8.0x107 [
6.0x10" [

4.0x107

T A/(LV-s)

2.0x107 |

oo A 1 n ! 2 1 a 1 i !
0 200 400 600 800 1000

I [a]tE/ng

& 4 100 mg MIL-101(Cr)"[ff 255 (n=3)
Fig.4 The adsorption capacity of 100 mg MIL-101(Cr) (n=3)

3.5%x107
& 3.0x107 b i
G A
S
&
=
& 25107 |
2.0%107 " 1 " 1 1 1 1
0 2 4 6 8 10
PNER/mL
&5 R (n=3)
Fig. 5 The volume optimization of acetone (7=3)
1.2x107 1
10x107 T ¥=2.10x105X+2.44x10°
7=0.9997
= 8.0x10°¢ [
>
S 6.0x10°
B
g 4.0x10° [
2.0x108 [
00F

0 10 20 30 40 50 60
HIH[a]EE/(ng/g)

6 MSPD-HPLC-FLD i 4k
Fig. 6 Calibration curve of the MSPD-HPLC-FLD method

Z I [l

50 ng/g
20 ng/g
/ \ 10 ng/g

\___Sude

Blank

fisf[B] /min

7 FRERE L R

Fig.7 Chromatograms of standard samples

3.4 fNAREYSEEE

FRIL0.5 ¢ BATIMAER, A 5. 10, 50 ng/g Al
JERIAI [ EEbRHEYI BT, HAEEMREERI % 5 A FATREM,
SRSy R AL PR TR DN, AS bR TSR R R 1,
BAa R, FHA SR )5 245 2 0 mICRTE 96.0%~99.9%
28], AXARHERMZEAE 1.2%~9.2%2 0], FHZD: HA K
e F VR B R AT RENE, AR B A Il RS DU A I (] BE O AS DU

®1 EREZBUNELER (=5
Table 1 Results of recoveries of spiked samples (n=5)

IARRHED) T FE / (ng/g)

SgE|
5 10 50
5.10 10.40 49.10
5.13 9.27 49.13
M E(E/(ng/g) 4.19 9.28 49.77
5.28 9.52 49.87
5.28 9.51 50.49
FHIMiE (ng/g) 4.99 9.60 49.67
LI/ % 99.9 96.0 99.3
AAXS R IR 22 /% 9.2 438 12

3.5 EBRHEmRNE

SCESVEHL 6 A R S EA T AN, o K
W SEREIR 1L 2RI . FEATIRE SRR AR IR,
FEWIFREL 0.5 g £ 5, BMERRIEAT 5 OPATSER, Sk
REIRIE, M FAPLARG  HPLC-FLD £5{FE17#al, HOEy
TR . A AR O 25 B Mk BE N6 2 s o DM AR AR WA
HEMR ZEBIHE 2.8%~8.9% 6 [ P, TEBH A I 25 S AH X Wi A7
B Hrb 3 A AR T R R, RSl 2R
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F10 &

L AEAAT R, AR R A 2RI T [a] 2 5 i
7, (ERE AR (SR T B R IR AR E 10 pg/kg.

*2 EhRMHERNEESER (n=5)
Table 2 The results of determination of practical samples (n=5)

. S B0 1 SR i .
/(LV-s) /%

K 864251.0 6.3 2.90+0.26
A1 346964.6 2.8 ND
R 2 397343.6 8.9 ND

2RI 1610623.0 5.4 6.49+0.41

eAE T 502415.6 45 1.2340.11

iRl 312343.6 2.8 ND

TE: ND FoR A M o

3.6 EHEZERENBEMEFA
IFOI( P 9 [T AR A JORE AT E 3 6 6 mL P i ik

AT VR0 R A By, LS BREE T IR T8, RIS g [ AH 2R B
e A EEE A ER i S T s e I R e O O 4
Ao SLEGIESE 3 UKAH IR —HEF A /MR B 5 mL IE S ke
H 20 ng RIF[aleEFRUEYI T, FEAUEEM AT S IROTPATEESR,
FE 8 FH = OB T v AR DU IR (A 2R I [a] 8 S i, &
P 3 R AR I 92.8%~105.7%2 18], TEB#4 R B AT W] H
A:fie Sy, H LR B T AR R R E o
3.7 FHEEN

SR HENT A MSPD 355 B ThRE T vk AR, i
DTHVBFHE, QRERHEREITEN 10% 3). 1%k
AIFE 10 min N5ERCEEIE FAE, YERLES RN 5 min, AT
of Y 1 AH 25 TS R B B A7 2 S L i A B, (S A
FEJZ BT T R AT — R4 AL 380G B, N LR E AT AL,
EHTELE T 30 min, THEAEFEEIRHLRZT 80 mL A7 P
F, MELIHEREIEAT o MSPD J8i/b T AL BRJE FE A VEM, AT L6
TEEIEEL T, =TI, E—R A s, W AT
PR R 4D By

®3 AFESMTHERR

Table 3 Comparison among the proposed method with current methods

Fik A BV I TbR IR /%
TR 2T IEC%E 30 mL, 1ECKE-Z RS (98:2, V:V) 80 mL 100.0~100.3
AR JE AR (kR B ) A 110 mL 54.9~66.4
SRR Z MR (IE & - £ BE DR Al 30 mL, 1F 2 k- BRRA(99:1, V:V) 80 mL 90.8~100.3
TR AL EC b 35mL 37.3~44.7
MIL-101(Cr) 3 5 [ 453 BE IECkE 5mL, NEl 6 mL 96.0~99.9

4 & B

AT T HET MIL-101(Cr) A WS 550 35 5 43855 [ AH
HE I - i SSCTBUAR 8 5 72 T R I T el e A 2 (a2, TR
B, R I T A I 22 i AR o R B s 2k 3 [ A
FEPEA SR T BARZEBUMELEZE . B, W, JE
FIE RAE AN, ST A AL B [ AR AE B/ INAE 1) 2B R
FIR, A F i R R [a] 6 ARSI 4R A1 1 v a2 IR AR
FRVER S 1A 2

R B
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