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Determination of bisphenol A and nonylphenol in food packaging material

by high performance liquid chromatography-tandem mass spectrometry
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Hh A A ERIG 2 AN B A8 E AR A4, A Venusil
MP Cps (2) &#4£ (100 mm X 2.1 mm,2.6 pm) #4758,
VA 0.1% B K Fe F B A L Sh AR AT A S B . £ EST R &
FRBEXTRASZAEEMNEINE, AFEEE,
R .WE AfETEHE 1.0~200.0 pg/L TE RH LA
RIF6 & M X A, Mm% A %% R>0.999, £ 1.0,10.0,
200.0 pg/kg 3 AMmAFKF T F M @ 4 89.2% ~
101.2% , 48 %+ 4% 4 £ (RSD) 4 3.1% ~6.2%, F %
Ml A ERS A A 0.5,1.0 pg/keg., Eib:iZzH =8
R E AR I TERATRROCEMITRH A
EABEFHMNE,

KB & AR AR G BT AL B AR B A
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Abstract: Objective: A method based on high-performance liquid
developed for the

chromatography-mass spectrometry was

simultaneous determination of bisphenol A and nonylphenol in
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food packaging material. Methods: The extraction solvent and
extraction method were investigated. Solid-phase extraction
(SPE) conditions were optimized. The effects of solid phase
extraction column, loading solvent, eluting solvent and elution
solvent on the purification effect were systematically analyzed.
The samples were ultrasonic extracted with dichloromethaneand
cleaned up on a solid-phase extraction (SPE) cartridge equipped
with packing material of silicone. The separation was performed
on a Venusil MP Ci3(2) (100 mmX 2.1 mm,2.6 pum)by gradient
elution with 0.1% ammonia solution and methanol as mobile
phase. The analytes were determined with multiple reaction
monitoring (MRM) mode under electrospray negative ionization
mode and quantified by an internal standard method. Results: The
results indicated that good linearities was obtained for bisphenol
A and nonylphenol both within the concentration range of 1.0~
200.0 pg/L. The average recoveries of each analyte at three
spiked levels of 1.0, 10.0, 200.0 pg/kg were in the range of
89.2%~101.2%, with relative standard deviations (RSD) of
3.1%~6.2%. The limits of detection (LODs) and limits of

quantification ( LOQs) were 0. 5

pg/kg and 1. 0 pg/kg.
respectively. Conclusion: The method was proved to be a simple,
accurate and sensitive method and was successfully applied to
detect bisphenol A and nonylphenol in food packaging material. Tt
can also provide reference for the determination of bisphenol A
and nonylphenol in food.

Keywords:  high-performance  liquid = chromatography-mass
spectrometry; solid-phase extraction; bisphenol A; nonylphenol;

food packaging material; plastic
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X A(Bisphenol A, BPA) Fll F 3£ i} ( Nonylphenol,
NP J& — 28 S Y () 5 245 97 85 ik Jo 3, L O 8 Ak iz A 48
PERERON D UL AR R R R P BE TR R B
IR PR B A T AR AL T S R L By A Fn
T LW P LA E £ il bR E R A 'R B —Fh N
S3ITPR i T A g AN A A K T AR A e e A TR Y
N N R N 7 R | R 7/l A S €
9685—2016 HVAILIE - £ T 4 fish 30 0 BA AR B o | B o 42 Ml
FHURAL R IR 2 B b ek B R OB A T
ST 1 R 1A% BB (SML) 4390 8 0.6 mg/kg FIATH 4G 1
FEMER B R 0.01 mg/kg) , Hh W A AT
Az PR B LG R b et B

B O T W RO A (ARG I 1k A T EBK e 8 TR A
ME CELISAYTT | 5¢ S & T 3607 | e 14 4 4 28 J2 47 1
ACAHF WA 3% 3 (LOE L SA @3 B i
(GC/MSYT 1T R o A0 W AH €0 3% — 53 B 3 33 1 (CHPLC-
MS/MS) 1 S SO AR (3 R I TS A R A
W R R e ROR R S ) N T ALY
R, R 5 030 5 £ TR o A B O 9 R I AR 2 IR AL
SR FF R FE T TR A IO i ROBOAH £ 3% H8 TR T R 1
0 B 2 Mk 2 R R RO U AR T R T ARG I
B DU B A Al Rl P XU AR A G L 4 R
AL,

1 MES5Jik
L1 RHENE

I ke B I, £ R 2. DU A vk g R
Bt BGOSR AU A PR A F

AT AR R G (BT 99.7 %) VRUEY A AR 1 (4l B2
99.7 %) KA A-D, A i 2 [F Dr. Ehrenstorfer 23 7 ;

T-HMW-2Cs : A chemTek 24 #] 5

1o AR €8 % — HR IR B A . QTRAP 5500 A1, 2 [
SCIEX 2\ 7l 5

AL YQ-1007A A, i By ¥l 7 I AL AR A PR H] 5

B0 L Allegra 64R Y, S5 [F U1 53 8 /N F]

AR %% :STD VORTEX Mixer %, 35 Talboys 247l ;

R4l K AL Milli-Q %, 5 [ Millipore 23 H 5

Fik I [ AH 2R BUH: : Agela B9(1 g, 6 mL), KyF1HH L
RARBEARAH,

1.2 hRAEE R A EE &

A3 SRR IOE 7B A 4-n-T- 3L B U A-D, X T
BET-10Cs b o . RO T VA A TRC I B S AL VR B B Ok
1.0 mg/mL MIFRMERE &M, T — 18 CIKF B HIRE. B
TUIE i 45 b o 0 A . PR I T D L SR Uk B 3 R
10.0 mg/L BYIR -G b5 e v 0] AR & W bR b A R . B
WA [ (A R A9 1R A A 1 vl 10 9, T P B ) st R
38k 1,2,5,10,20,50,100,200 pg/L i 3 5118 4 o5 1

BEoss #2023 F 1 B | RSN

CAEW » Y AR 9 J5 2t vk BE 32 50 pg/Ls

1.3 HALE

1.3.1 FEMAREL R AR S BT R LA/ ROIR BRI 0.2 g OFF
B % 0.001 @ FEF T 10 mL BB . mA 10 mL
A B IRESR Y 1 min, B HREL 60 min, $EBUK %
BFE I — 10 mL B9 78 35 C LU N A 46
E4 1.0 mLAHECHES. & LEF RBIRREGIRS.
1.3.2 FEandfh BL FRIAB SN EE EL 6 mL
LRI 6 mL 1F C %¢ i fb ik i A fi 8 A ZE BORE b, Rp A
WA SEJE H 5 mL IE & Btk vk, 3 U RO KA T
WFt. Ho mLIECK + LRI Viag * Veowen =
7 3) WV VR, B AR LR HER A 50 pL IR A
PR b O VR 3R e R 9% TR ) J5 A2 35 °C R AR vk 45 = 3
T HEFINA 1.0 mL BB, S BEHR % 1 min, DL 3 43 ¥ fif
BRI 4 0,22 pm A HLIE B 08 R L m ROR M @
T — R IR TR

1.4 BN

1.4.1 AL Venusil MP Cig (2) 354 (100 mm X
2.1 mm,2.6 pm) KR 30 C;HahH A N 0.1 % & KE
WA B O BB FE 0.3 mL/min; #EEER 10 pLs A
VR T WL R 1,

K1 RIEBERBEER

Table 1 The elution gradient of mobile phase
i ] /min WA A/ % WA B/ %
0.00 60.0 40.0
1.00 60.0 40.0
3.50 10.0 90.0
4.50 0.0 100.0
4.51 60.0 40.0
6.00 60.0 40.0

4.2 B &M B B F R (ESD; & F IR
500 C; 6 B FH MBI BIE 4 500 V; KA ES
0.24 MPa; {55 X (Gasl) Jit # 55 pL/min; #ff B i #4 <
(Gas2) 55 pL/min; 2 [ I (MRMD B,
2 #R50he
2.1 FBEEGRRL

Mp I BB R B A By R b R B ML A S
K HT LR R g F R B DU S % S it
B IEAT — G0 B R A3 B 45 A e A Y xR B BT
[M—H] R E 43 ik it 78 F 2 A i, fhmAs
Wi SO 3R 6 v 0 B T I 5 R A e R
DAL Bl 1 fiE 1t (CV) B 26 3% 1 H (DP) 453 3 19 LB A\ 4-n-
T3 T AR R A-Dy T 35 951 Cs e 18 53 5 250
%2,



&M | Vol.39, No.1

2 WB AU TEBRENIRNERERILSH
Table 2 MRM parameters for bisphenol A, nonylphenol

and internal standard

fkewatk BET  TET O EBWE/V RHERELR/V
133.2” 30
BPA 227.2 90
212.1 23
BPA-d, 231.1 216.0" 100 23
133.2” 39
1-n-NP 219.2 110
147.1 31
NP-1Cq 225.1 139.0” 120 39

2.2 BEKHMMRKL
2.2.1 IEHAERE  ®EH Venusi® AST Cis . Hypersil
GOLD. Phenomenex Knietex® F5, Venusil MP Cjs (2)
4 AT F AT I, K0 45 R R I A A-n-T B M
HNPRTE Venusil MP Ci (2) # I B A B U 1 IETE | i B
Kooy s B I #E$E Venusil MP Cys ()1 N 43 BT AL
2.2.2 WEMMEML X T HEE-—K.ZE—KH
BE—0.1% %K . ZE—0.1% %K . F BE—5 mmol Z R £
T 01N LR LNE—5mmol LR & 0.1% LR 6 A AN
[E) U sl AR 2 9 AR 0 09 5 1% T 5 B L WA O % 43 8 AR
ARG EE LRI, WY A d-n- T BB B H P9 bR 1 Y —
KL Bl R AR Z % e (R T AR AR B Y 2 oK
B C21R 2~ 3 47%) 5 24 0 3 A i Y BE—0. 1 06 ZOK I XUy
A An =T B W B A AR 0 A O A b A R K i R
2~3 ;M TSN AH A FE—5 mmol ZMRE & 0.1% 4
TR I, XU A A-n-T 1y Ko P9 B 139 w7 (B AR Lo H: 7 Y
B KA T TR, S0, X2l F U Adn-T
Em R H AR AR sl S T2l
V4 555 TR P A B A A R I — E 09 UK CR B B B
AR HERE TN B AR AL G W B B R TR I A —
FE I LR S 0.1% SRR TG T 7 0 H AR L& 9
MBS R BOH TR AR B, e i T
0.1 % 2K N BIH
2.3 REAXNRREBANNIEE

DL G 8 S SR B ) 43 S SR BB 7 4 B L iR 3 4
T e 3o 35 1) A R B % 4 A O () 4 IO =k [ A
F AR A-n-T 3 W /Y BH P RE S HEAT B, 45 R
1. fRET 1 AT 7 4R BOROR 5 PR v 3R AR B R R IR
FEMCHCRAR Y 00 T PR3% S B . SR PR 32 348 0] 2% JBUA
F T 32 PR ) B ISR 4 T 9 5 M) L 2 0 AR o
TR DR TR 5 TSR E ; R KR BGEN
AL RN AR LR AN IR, B F T 4L 45t 40 3, i Ak 3 %K
BRI AE TR B ) T AL 2, H R BOSOR B
U o PRI PSR TRE 75 SR T R AR S AT R I

EEEE . SHREEE—SRBEREENERREMERMHSNE A MTER

400

Ll

RS AR IRERI PRI SRR
FEEUs

Extraction methods
A1 425 XA RE A e 4-n-+ LB
REF W0

Effects of different extraction ways on the

)

Extraction efficiency/(p g * kg
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Figure 1

contents of bisphenol A and 4-n-nonylphenol

e W B TEOK 2B VN 2 TR TR L T b
OB LAECBE 7 F R0 [l I 5 A W AR 4-n- T 2k
B 14 R PR AR 2 AT R P BB, e OB 3 — R T R
T 5 AN [ B IR ) v R A H Ao R IR L K
WL RAE 2 Fros, & 2 A, DL H B 7R D 42 K
VSR LTI R O A A R R 4T A
b5 U RS B LW LT R AR U R IR R A L R
TP T e A O B G A
2.4 BUEHHRL
2.4.1  FARAEBURERYRERE 5 R T I H AR Y XU A F
dn-THEBE G PP & A B BOR BB RER R It £ F
AN GE AR BRI . BT BRI A R AL R P
fil e A S v P S AR 4 i A [ R AR BRORE B [T A 3
AR 35 0 N R FIIE © %t BRI W D9 100 pg/ L XU
A F dn- TR IR & bR v LA IE © b+ S W b
Vigeg * Vogms =9 5 DI TR 2 9 1E S k.
PR W IEC K+ (Vieg * Vigw =7 ¢ 3), B4R
AR 5 mL, ISR AN 3 FrR) R, BB A

~ 4001
vy I BPA
;‘f 300 1 4-n—NP
W 5
=€ 200F
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T
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£ 1001
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EC A PRI  HEE
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B 2 RIBERNARE A S d-n-F KB
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Figure 2 Effects of different extraction solvents on the

contents of bisphenol A and 4-n-nonylphenol
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Figure 3

recoveries of bisphenol A and 4-n-nonylphenol

Aon - FE A R AT b A Il v T AR A A Y
Tk = A R SR R B Y DR O 3 R R R I A A R i
AL,

2.4.2 TEARHE R BYERE R 2 ALk 00 R AR dE 22 BE B R
FEUH A R 2 e R AR A, xS B A e A 5E o SRR S K
Oy FERH B M RE R, L RS — A B
YR R T 2k AR B9 K G FE 0 R ORE IR 3R T Y ek
B PR R B PE AR . XIS B T TR R RN P R AR P
BRI B IE ALCR . BT D R R0 R YRR T RO
SR T VR B 3% AL B S R TR i R e A AR AR B
T R FH HY e 3% A g B BB 3 31035 4 09 H B9 SO R T FE
BRI LR, Bk, 38 EEE A — g 1k
WA, 26 mL HENGAE, M 6 mL IEC ki TG4k,
FCE YR T — > AR AR 0 B T B B L 3 5 e K R A B
LA Y Z IR AR PEVE T

2.4.3  FESRER ORI IR B TR A
—E B AR M AR SR R PR B A 5 O LA
1B RE AT, W] DLk 4 5 JEORE 7 A2 0 B bR Ak G 0 s A
W B, A1 0k 36 AR P A N 35/ N 1 TE T e 4 R B I L
LA 858 1 — 0 PR o A A R W 9 BB ) T i K
HWWHEIT 1 mL, HHECHESZE 10 mL A TG
WHRIMIEC e+ _E B Viag * Veger =9 ¢ DB,
T B0 2ok AR AR R T R RO R AU e e R T
FEEETUTH I %IE.O© 2L T2SEHR
Yk Hgmuke i g 6] @ 8 1 mL &AW EAH
T 5 SR b I r AL B PR b o BV R S T R )

BEoss #2023 F 1 B | RSN

HZAWREIRE EARREE TAEC k.

h T HR AR B bR 4 A OR B TE [ AE R RO b, R
R Tk 2 Al B2y W R 3 300 1 AR R B R K IR 56 i A
L IE © 98 15 S Ik Uk ¥ 77 B 6% 1 AR B A 0 AS Bk L TR e
WRERR £ — 2 T8 . NI, kB OE © e 1 N ik
Sl
2.4.4 WMHEREE FRT WM. &P b+
DU SRR (V= sgmge 2 Vi = 8 ¢ 2) 4 1E C 8% -+ DU & 0k
Viog P Vs =9 ¢ D AP . AR+ 2R
BE (Vo * Voges =9 ¢ DVIEC K+ F B (Vg ¢
Vi =9 2 DECHE W (Viag 2 Ve =9 DLW
LR IECRE+ LM OBE (Vioy * Vegen =7 3 ED
P+ CRETE Vigag * Vepenw =6+ O NIEC K+ LR
LG (Vieas ¢ Vogen =5 5)11 FE A BEBE AL R . ¥k
JBE AR R AT 5 T HEAT 5 4, O P AR A Il
K@ VR AR F 0 2 RS R T RE R E R IR
AR S Bk 5408, iXEG RLRH B
ECkE+ BT Vian * Venew =7 ¢ 350, HAAVER
TR H BE A5 B i v 1 €0 38 R R SR L 1K OR S 3 AR Y Pk B
R, DIECKE+LREBE (Vo * Vepen =7 ¢ 3IE
R U B R A AR R Y 8 2 B R 1 RE A R R A R
HOBUE AR 4-n-T- B 04 6 B RIS 35 48 90 %0 LA I
2.5 FERFWIE
2.5.1 ARG B R R R E PR R A ARk
P15 5 LA 15 00 E bR 4 R Py A 0 A 0 v B LU v R
W HO(E o il bn o 2 L B 50U AR dn- T 6 W
P R, MR 3 T, BUEY AR 4-n-To 3 B A2 1~
200 pg/L 35 N ZPE RAF ARG R A(R) >>0.999. TE&
bS5 1 25 R JTRE R S I A T 4-n- T BB AR
WEVE TOF A FE g A7 00 5 L 40 0 DA SE R TR 3 (S R b
(S/N=3)F110 f5{5 M b (S/N=10) i % 1% J7 32 1) il
FR(LOD)H 0.5 pg/kg FIE BBR(LOQ N1.0 pg/ke.
2.5.2 JPIKMMERIE R B E U A 4-n-T B
JnARAK 4% 1.0,10.0,200.0 pg/kg. £ 7K F 1 42
6 UK XF 05 T 0 o O RIURS 2 R EAT B AR LA R LR 4.
SEERFE W A R d-n-T 3 O 24 [0 0 B8 89.2 % ~
101.2 % , AH X b5 fm 22 (RSDY K 3.1%~6.2% .
2.6 EEREFEmMBNE

i 37 A O k6 T B 3001 0 R A 0 b R o

R3 WBHAM4n-TEBPEEFELELE AXERB RHREEER

Table 3

Regression equations, linear ranges, correlation coefficients(R ), limits of detection(LODs) and

limits of quantification(LLOQs) of BPA and NP

(AL EXN By LY/ (pg e LD R LOD/(pg + kg™" LOQ/(pug * kg™ )
BPA y=0.024 22 +0.003 58 1~200 0.999 7 0.5 1.0
NP vy=0.030 92 +0.001 76 1~200 0.999 5 0.5 1.0
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Table 4 Average recoveries and relative standard

deviations( RSDs) of BPA and NP in food

packaging material (n==6)

Hir4 ImpRik/ (pg kg™ CFHEIER/ % RSD/ %
1.0 89.2 6.2
BPA 10.0 96.5 4.1
200.0 100.2 3.6
1.0 92.5 4.9
NP 10.0 99.2 3.8
200.0 101.2 3.1
OB A A d-n- T S By & 4 FEAT I E R i O3 AR AR
FYAE = IR DF T 48 MO A B AR AR L B féﬂ
A AR, AER R, 5 AR SRR XUE AL EETE

5.25~190.25 pg/kg; 10 FE SR H 4-n-T-FE By, & W A1E
6.81~987.13 pg/kg.

3 énlb

WFGE T T — i T [ R A Y 15 A5 AR 03— R
I IR 1% 725 1 L B R R R R A RN T S T A I O
Beo KRR SR BURDE AR Oy AT Tk R P TORR 4R
HORGCRAR AL R 22 A0 TR0 B, 7 325 Y R L v kL AT
JH T2 SR 2 R e BB AR T 2y A A
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