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KEETER 73T Z A A P L m- e E AR 1 S0 B 55 55 A EL A T S X H A 0 oK 3 T TR ) e 6 P
WREFBERE . 558 1520 DSPE Y £ BN ER (LRI pH AE . RT3 IR BR SR & . Ut i)
VLK S W BRI 26 | ] T a4 SEBl ORI BRI REFR IR s SR Al . 4 R R3O (3 - I i
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1.1 5 F

S-4800 B H L T 14 ( H A Hitachi 24 7)) ; D8 Advance DaVinei 8 X S8R5 (75 Bruker
NH)) ;5 Axis Ultra DLD B X-BF406 T RETE (X (Y€ [ Kratos A7) )5 Nicolet 6700 FUE L AR# 2T SM
A% ([ Thermo Fisher 4] )5 #E /ML (Mettler Toledo A7) ; ASAP2020HDS88 %4 [ 5l H 2
TR FLBRE AT AL (2 22 7 AR A Al ) 5 Multi Reax £ BERIIR 4% (725 Heidolph 23 7] ); 1-14K Fl
3-30K B B0 HL (2 Sigma A F]) 5 UPLC XR S 80RAR (3 ( H AR S A 5] ) HRIEE APL 5500 Jig{ (35
B AB /A H]) .

ZrCly. 2-ffFE-X 2 R . Na,HPO, 12H,0 . NaH,PO, Fll NaCl(43Hrati , 2548 Ak 2t A BR A
Al) s WEE . CBEM NG (ks 125 Merck 23w ) 5 He il 7 o st e 7K i ik
(182 MQrem); KIEFEEFRFREY) T (1588 UK , 41 98.5% , NHAEFE 0.5%, ARAHE 2024 5 H ).

1.2 NO,-MOF#BIH& B

FREL0.46 ¢ ZrCly. 0.43 g 2-fEFE-XAR IR , 875 1% T 30 mL — FH EEHT i (DMF) v il B AH
VW, VWG 100 mL AEWm RN 2, 125 CRUV 24 he BUY, ARG HZBEIR . HOERL
3K, 75 CENRTIRAFMT 15 A A, Bl NO,-MOF,

1.3 S EEHEZFEIN-5 R EE B iE- B B R % (DSPE-HPLC-MS/MS) il 7E K B F B
1.3.1 BT IEFIDSPE

PR ECRARE A S T AR MR T o FREL 2.5 ¢ 20 R &) B SR HR BB, INA 20 mL. 80%(V/V)
FHBEE I, 1= 1 h, 8000 r/min 5.0 3 min, LI BN A S EEHUK . FREL 30 mg NO,-MOF #1KL & T
2 mL FE A BEEOE T, P HE /3 1 min, 15000 r/min #5.0 2 min, 55 FEEW, MUTTEH A 0.2 mL
0.2 mol/L BEREL 2 W (pH 12) , iR JiE 1 min, 15000 r/min .0 2 min, JZIERGET 0.22 pm JERR R
TR €00 3% - R B T S 7
1.3.2 HPLC-MS/MS#&l

ik &4 (Ai%F . ACQUITY UPLC BEH Cig (1.7 wm x 100 mm x 2.1 mm); Wz A koK, Fishtd
BHOIE(F 0. 1%HR); MHHE: 2.0 nl; FE: 40 C. BEPER: 0~1.0 min, 30%~60% B;
1.0~5.0 min, 60~95% B; 5.0~7.1 min, 95%~30% B; 7.1~9.1 min, 30% B.

kA B RIS BT a2 00 AR
(MRM); HIWEZEHLE: —4500 V; ZALSIEST: 50.0 psi (1 psi=6.894 kPa); MBI A : 50.0 psi; <
AT 40.0 psi; RERES: 6.0 psi; BEFIREEL: 550 C; A : 50 ms; AFFEZEH A HE:
11.0V; fifE=EAOHE: 10.0V; EME TN miz 485 > 441 M m/z 485 > 397 , Hirt m/z 485 > 441 HiE
SR, X R R RE B 30 20 F1-30 eV KFEHLE: 80 Vo &l 1 oK AR 7E AN [m] Y filf 42
TREIF B E N E
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Fig.1 Mass spectrum by product ion scan of bongkrekic acid
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2.1 NO,-MOF#+#IHRAE

14 19 NO»-MOF AR B B2 AN IE] 2 7R, NO,-MOF #1REEAT Z RS | s 5] AFAE ]
MG, B 3 J& NO,-MOF [l L AS 2T SIS, Horbr ) 3390 1 1600 em ™ Ab Ay IS Uy R 3 1 e i
U, 1540 em™ LB AT E N—O A9 M FRIPLRAR SN , 1255 em™ AEBIEXTRE C—N F4i R g2
FEH I MOF M BHE AT SR IE A SL . 8] 4 2 NOL-MOF 14 X S8 6L TAEIG (XPS) &1, 76 282, 528, 402,
180 1 182 eV ALARIRINE S, A BN C. O N Zr TR SRS €. O, NFIZe 3% 4 Ff
JCE, K 5A H NO,-MOF fUE E . iRl %0, 78 300 CAAA 10%A R0 & b G ek Rl 5
T K FIELE /NG5 #E 420 CLAMRITIR 40, 2975 2% 30% M E i, 3X 5 E Zr-MOFs AHRH 25
—3 2 BEREE TR E 800 €, ATRIR A 40%MH R BRI HIAS (9 NOL-MOF ARHARA Pk B 4T
P 5B J& NO-MOF #EHE X ST ATS (XRD) I, AT WLIE NO,-MOF #4H4 i BE K4, 26 = 7.3°11 8.5°4b i fit
ST IRE (111)F1(200) ST, HoRHRH XRD (85 HE 553 MOF AR XRD FIZEA—F22, [ 6A K
NO,-MOF #4464 5 i S B 25 R £k, 1] 6B L4244 [, A NO,-MOF #4BHAY BET HL i FL
315 m¥g, SFHFLAE N 8.8 nm, Fe KW S FLZN 0.19 em™/g,
2.2 DSPE&#HIfEL

#4277 DSPE ZE0AIEE ML % pH (B . NO,-MOF [ T . WS s D) 60358 F3g 300 740 2L B v 2 i
TEAREIR o B P ORI B R A 52 T R i AR B ALV R SR I, (U B TP R AR S A K TR, R
T NO,-MOF A RARFRHEE (50% . 66% . 75% . 80% ) [ FF LI T b i K I B R (X W FFF ARk % . et
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Fig.2 Scanning electron microscope image of nitro K3 NO,-MOF (18 HLnt AR 21 AP &

modified zirconium metal organic framework (NO,-MOF) Fig.3 Fourier transform infrared spectrum of NO,-MOF
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Fig.4 X-ray photoelectron spectroscopy patterns of NO-MOF: (A) C 1s; (B) O 1s; (C) N 1s; (D) Zr 3d
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Fig.5 Thermogravimetric analysis curve (A) and X-ray diffraction pattern (B) of NO,-MOF
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Fig.6  Nitrogen adsorption-desorption isotherm (A) and pore size distribution curve (B) of NO,-MOF

K 80% H B R HEBGH , B ZIM AR AT E (0. 1%, 5%. 10%. 20%, VIV)Z K NO,-MOF
Xof K T T R P T B 03 (11 TB) o B KV FE RN, TP T, NO,-MOF Xof K ¥ T i 1 TR B 50
REAIR , 2K MR BE R 20% 0], 290 15% K BE DA R A B B s 20K MR BE/INT 10%0 , K I R J LT 4 56
SN RRE . PRI SR SRS 2R FH Y 80% (V/V) B BRG] Fh AR N &K .

ZEETAE 2 mL BRI BOR (RO 2L 1.3.10 559 FIACRTF# (5. 10, 20, 30 F140 mg)
NO,-MOF B XK A PR A R B 503 . 1] 7C AT DL, B NO,-MOF 3G, K2 A7 1 11 TR o 280 3 2 i
I, 24 NO,-MOF T EEKF] 30 mg IF, B8R KT 90% , ZEZEHI T NO,-MOF f FI1 i, W B84 A
B, ILIERE NO-MOF [ 4 30 mg.

FERE S I AR B, $2 50 J5 S BV ES O, IR B 2IRTE 2. 5. 10 A1 30 min Ji5 55 00 A % B A A1) R o
TEE (7D, K IS ) B9 W2 FF B D) %o K T2 B R 7E NOo-MOF 1 F4 052 B 5 0 A5 K, o A2 B 56004 59 ) <7 B
B, W BHACRAIRE] T 90% . JE W FFAE FH B ], K P B R ZE NO,-MOF L L IR R AR AR /N
R T ARUERCR I HE I B SOCR | e 25 B BEVE R BB 2 mins,

X FURBER R, AR B T —RIVGHLEFI(TEE. . SAEE. NEM S8 5) . Al
TR B P TR A TR W (7 10% TR B2 20% Z /K 10 B VR ) LA SR B T 6 28 75 W (pHL 12) Xof 1 B
NO,-MOF | (RK B PR PR RO o S5, AL 4lG ML SR | Bk 25 35 S R (o K i B i 5
PR 4 0.2 mol/L BiPE PBS 22 Mg A A BRI, R AR AT IR E] 90% LA | .

2.3 FAENZEEE. KHRMESR

e i) 28 510k BB %) A PR R R, SR R AR i R ARG, AT 0 245 5 A AR b | A T T R ke B Sy e Al

b, 22 AR E N ZR , A 7 3 KM K B R PR B 2R MEVE A 0.01~50 ng/mlL, ZePE RN y = 140205 + 4020, 4%
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Fig.7 Effects of different conditions on adsorption efficiency of NO,-MOF: (A) Volume concentration (%, V/V)
of methaol in extractant; (B) Volume concentration (%, V/V) of ammounia in selected extractant; (C) Amount of
NO,-MOF; (D) Votex time of extraction

PEASE R BT (RY) ] 0.9999, KA AT AHAL SR IR 1.3.1 3 e AT RTAC RS | SR FHAS T b ATl g | oK
KRR AR E A A KR RRIIR o 1) A ARG H A T8 TRT R PR o B2 SO A (] e J3 DK e DT R s
VST, R A T - T, LA SIN = 10 B Xof o A ik B2 A A e 1B, LA STV = 3 %68 g vk B A e B, 4538
AT R ERBRN 1.6 pne/ke, KR A 0.5 weke.
2.4 FHEMRERERRIEEE

2SR FUR EARE G4 1 A, BRI S S R I 51 J5 34 o i 4 1 (R i 2.5 ), L IAER
25 AR HR, 5380 3 R TR AR BIINAAR . L R AN (R B i ORI TR R AR VA VR, SR FHAS YA T i Ak 3
FRGIN | 455 L3 1. KEEERRI PR A 75%~96% , MIXT bRl 22 (n = 6) N 4.6%~8.9% , F A T
HEWRRE . KGR AT
2.5 FHIZWREHNESHF

DK T R 1R R B 2 3R 240 BB R AR SR I R A DT IR 3 2 — e e 0 N PR I 2 R T
CAEETH BEAEE | F5MBst . SIURRMRGE b X 3 FhEE RARE AR A KRB R /)
S FACE W, BOSE HURE B RN IKRE RAE A KRR R 1 T o, B A bt T e . UK HAE
b LA FE A 2RS4 ) 5 45 1 3 0y (R i R S5 g), 1A VE RS AN IR 5540 2 B I A fE (7 K
FFBATR . 758 2 A KT R IR SRR, 42 IR 1.3 W A - TR B SR FIAS 7 ikl . 5 SR e ok
T TR R85 15 2R 28 NOp-MOF BARFIE B, 10T K8 38 JL-F- AN W B o 75 JBE BT S e v ) B 2 3 R B R T
K, A H ARG RDKBERIR . FR LI A5 R il 45 19 NOL--MOF M4} AT BEREPE I B B AR oK R TR
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Table 1  Detection results of bongkrekic acid in rice flour and auricularia auricula

o) e ﬁ[l./\ﬂé[ WAsE S AR bR UM 22 -
No Sample Spiked/ Found/ Recovery/ Relative standard deviation/
(ng/mL) (ng/mL) % (%, n=6)

1 ks 0.20 0.15 75 8.9

2 Rice flour 1.00 0.85 85 7.3

3 5.00 4.80 96 6.1

4 ACH 0.20 0.16 80 7.6

5 Auricularia auricula 1.00 0.87 87 59

6 5.00 4.70 94 4.6

XF M TEPEPER FAAL AT 72087, 1T NO,-MOF BRI AR FLAR 701 L A EETIREAL , i NO.-MOF #4
e 5 TE A 2T R 2 LA BT B e P PR R T R LA LV L - BV . SRS S D
NO,-MOF FHEHH A MM . EABEZER BB ERERREL 22 th i h K IERTR S NO,-MOF #EHT
LA PR, SR R RR N NO,-MOF AR Bkl . (FUR  fEAR BB 1F T O R R T
BN, 8 NO,-MOF PR AL/ N AL (<2 nm) Ffi 3R WA R 2 3ME LU . TR 3 0 AR e, ey
T—elrss e, B T4 rh A AU RIS TCER, 20T IR, 5 R IE PR NO-MOF #1RHH.
&, 91 B QX LUE - E BRSO, SO KR ZR AR NO-MOF AFRHI T
2.6 SKEREEMINE

TRRARE MK SR AT . ARSI 3 40 . KySIIK, 20 CHRIRIRAE, T
ARH A AL PRS2 o), S B B RAF o SR 1.3 19 B T7 VR R AT 1 AL BN 23 B G I , 45 R R
39 AR A R R , Forp 100 AR E AR R RETR , & 50 3.9 ng/kge &1 8 A AR HUK
BRI i) MRM 1A

-------- 485>397
—— 485>441
4000 -
3000 |-
i)
=
=
]
Q
>
£ 2000 |
=
Q
=
1000 |-
O A ot e in .
2 3 4 5 ) 8 9

t/min

K18 BHPERAHAR G 922 SO0 M I (MRM) (2 3% 5]
Fig.8 Multi-reaction monitoring (MRM) chromatogram of bongkrekic acid in

positive auricularia auricula sample
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3 #Fit

BT —Fh LR MR . G5HFRE 1 NO,-MOF AL, A X K P o R HL A AR AP W BEVE . LA
It MOF #4414 DSPE W SR}, 256 3 ROHAH (035 - 5B D6 B B R, S 1 6 v R I P TR 1) A
2, R E BN 1.6 pe/kg, KRR A 0.5 we/ke, KA A A H RIAR ISR R 75%~96% . A%
PURTAL TR . RS . PR ACLE . WERREE =, B R ORI B IR AR IR (i TR AR S %
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Determination of Bongkrekic Acid in Food by Dispersive
Solid Phase Extraction-High Performance Liquid
Chromatography-Tandem Mass Spectrometry Using Nitro
Modified Zirconium Metal Organic Framework

FANG Lan-Yun', JIANG Yan-Hua®, LI Ji-Ge', QIU Qiao-Li', JIN Mi-Cong',
ZHANG Dan-Dan', ZHANG Yu-Mei"

'(Key Laboratory of Health Risk Appraisal for Trace Toxic Chemicals of Zhejiang Province,
Ningbo Municipal Center for Disease Control and Prevention, Ningbo 315010, China)
X(Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences,
Ningbo 315201, China)
3(School of Basic Medical Sciences, Ningxia Medical University, Yinchuan 750004, China)

Abstract Dispersive solid phase extraction (DSPE) using nitro modified zirconium-based metal organic
framework (NO,-MOF) as adsorbent for determination of bongkrekic acid in food was developed. The synthesized
NO,-MOF were characterized by scanning electron microscopy (SEM), thermogravimetric analysis (TGA), infrared
spectroscopy (IR), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and nitrogen adsorption
experiment, etc, indicating that a structural stable MOF material with large BET surface area was obtained. There
existed electrostatic interaction, - stacking, hydrogen bond and other weak intermolecular interactions between
MOF and bongkrekic acid molecules to achieve selective adsorption of target molecules. Main experimental factors
affecting DSPE were optimized, including pH value, amount of the adsorbent, extraction time, and type of
desorption solvent. The established method was applied to detection of bongkrekic acid in auricularia auricula and
rice flour, with limit of quantification of 1.6 pg/kg, and limit of detection of 0.5 pg/kg. In conclusion, the
established method for determination of bongkrekic acid in food by DSPE had the advantages such as short
pretreatment time, high sensitivity and precision with satisfactory recoveries of 75%-96%, and was
environmentally friendly. This work provided a more reliable technique for determination of extremely trace
amount of bongkrekic acid in related food such as auricularia auricula, tremella and rice flour.
Keywords Nitro modified; Zirconium metal organic framework; Dispersive solid phase extraction; High
performance liquid chromatography-mass spectrometry; Bongkrekic acid; Food
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