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% (relative standard deviation, RSD) 35 /)» T 5%,
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Quantitative Detection of Bisphenol A and Bisphenol S in Food Packaging Papers
by High Performance Liquid Chromatography
YANG Yong—chao,DU Yu, YU Yan—jun, HAN Wei, LI Ning—tao,
XIONG Zhong—qiang, HE Cheng, WANG Li-bing"

(Technical Center for Safety of Industrial Products , Tianjin Customs , Tianjin 300308 , China)
Abstract: A sensitive and rapid method was developed for detection of bisphenol A (BPA)and bisphenol S
(BPS) in food packaging papers using high performance liquid chromatography (HPLC). The procedure was
performed with a Thermal Ultimate 3000SD equipped with a ZORBAX Eclipse XDB-CN reversed—phase col—-
umn (250 mm x 4.6 mm,5 pum) using a methanol and water (volume ratiol :1) isocratic elution. BPA and BPS
were detected with a diode array detector (DAD) set at 280 nm and 259 nm. Flow rate was 0.8 ml/min. BPA and
BPS were detected with good linearity within the concentration range of 1 mg/L-50 mg/L. The corresponding lin—
ear correlation coefficients were all equal to or greater than 0.999 8. Limits of detection (LOD) and limits of
quantification and (LOQ) for BPA and BPS were 0.10 mg/L and 0.02 mg/L,and 0.50 mg/L. and 0.10 mg/L re—
spectively. Recovery experiments were carried out at 3 levels using low, medium, and high concentrations. Aver—
age recoveries were 85.2%—103.0% and relative standard deviations (RSD) were all below 5%.

Key words: food packaging papers;bisphenol Aj;bisphenol S;high performance liquid chromatography
(HPLC) ;isocratic elution
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X A (bisphenol A, BPA) J& BBk B2 FiK . PR &AM IR
DA K BERTR A 7= e R b 2 B A A o . T AT
e, HF BPA )z A 7= DL TR B 4 ik B (food
contact materials, FCMs) A& &g T & H L 51
BT AIOREHE . RIGTERT, &SR AR
BPA ZiE BB EYh TR E S5 B YR i
it ) S LR AL R AR 5C01, BPA ELAT MR ARk
1 T A 5 AR A AR, A SR M 3 2%
SRWATHYIN, He il BPA 23 B8P0 I & A=, A
BRI B RE 1 TR BRI 2 FUAE R g 2,

XU S Bl 4,4 - — 23 — 2K (bisphenol S, BPS) ,
J& BPA BN, 1R BPA AIACHIAL, BPS 38 % H
FAE I E G R BRTR T | 9 FAR e 54 5, [ e
T A= B S o T MR R RS ML T 1R
[E6] €2, 751) | Rz B Rl ) v TR A A R LR R S
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WA R g AR 12,

N fih BPA () F 2R 2B & A BPA 4
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BPA S5 1514, BPS A5 1R 5 1Y Bz JIk 75 3 P A e
R R R B S A S AR, I, % B2 T
PO A Rl R X 2 B S AT T PR
FRPEER B 26 1072011 57501, BPA X6 i i 5 2 1
% B il (Specific migration limit, SML) } 0.6 mg/kg, BPS
4 0.05 mg/kg. FEIE EZFRUE GB 4806.6—2016( £ i
AR AR UE B S fol AR RE D! B T XL S
FsE IT LR A 0.05 me/kg, W A FiE TR IR
0.6 mg/kg . [AIXEETL AR S X HDRIA 5, RN A0 &
At b L 1A T PR A

IR BT XU A A b B AR #E GB 4806.8—
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il SOOI AT BPA F BPS 5 i LS RS A L
PRFIAE o BRI, 8 413 78 R A 405 £ i B 2 b ) o
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BPS!"! iF B JRURS B SEAFAE

H AT, X BPA FI BPS FRZIN , 5T 24 e /K20
P28 el AN SN L D B § SR v = LI E)
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HBPA I BPS (77 B 20 . TEMIERN [, A
SCLA RO (3 - — 4 B 51 (high performance lig—
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uid chromatography —diode array detector, HPLC ~DAD)
DRI AR, FESL T [ I 00 S 2R Ak A e
BPA I BPS {771 , e S0 37 ) M A 4R BEBOR S8
PR,

1 #Rl5RH*%
L1 FEAER 5

Ultimate 3000SD 1= R4 AH 0,335 43 [ e & 4% A8 [
G K %5 (diode array detector, DAD) |: 32 [ Thermal 2
F); KQ-800KDE {7y 845 i vk A - th R R 1L miT
A BRAF

WY A bRAEY) T[4, 4" - — 525 % (bisphe—
nol A,BPA) |(Z4li[E =99.0%) X S brufEd) (4,4 - —
F2IE IR (bisphenol S, BPS) (4l =99.0%) . & [F
Dr. Ehrensorfer 23 7] ; FHEE (A 3%41)  F5E merk A A .
12 ik
1.2.1 HPLC &M%

3% . ZORBAX Eclipse XDB-CN(C,g) (250 mmx
4.6 mm, 5 um) ; 7 K 0.8 mL/min, i : Z i 25 °C;
K K . BPA A 280 nm, BPS & 259 nm; #EFEARFR
5.0 wLo WBIHE A EROK (AFREL 1:1) 258 BRI
122 brRAEfE & IRBC )

HERAFREL BPA Al BPS 4% 50 mgCR§ 1 % 0.1 mg) 43
BIE T 50 mL 25 s, AR B e 2%, T BT ek
1000 mg/L FIBRAEF I 5 53 500 B O b v V25
5.0 mL 2 50 mL ZF 5, 45, 19 EE S 100 me/L (1)
BPA F1 BPS IR A AR £ W
123 HEahAb3

BT & AR EY 1 S mmxS mm (/MR-
TREHA] . FEHFREL 0.100 0 g FESL T 50 mL UETE
U A 10 mL FEEE 7E 50 CAH IR R % /K 1 R R
50 min JE B, BRI SE E S mL LR, FRHARG H &
E(25 C)FERR 10 mL, 2 0.45 pm JEE 18, U8
W H .

FE AL Ty 1 2 ISR 26], T 7R It BR il AT
WGk, R SHE L FE M AT BEAETE BPA Rl BPS, R
BRI, A ERL e AR A B B o
1.2.4  PHPERE S &

W BPERE St T A 3 AR 39 A 5 mmxS mm
BN TR A5 R FREL 0.100 0 ¢ T 50 mL A9
TR, A E f2 TR A b T A T, 2 0 A
FRRE , N AR e F AR R 2 TS BHMERE
FHFAn B o
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£ 190 nm~700 nm L [E P, I %2 XL A (BPA) Fil
XU S(BPS) PR i 58 4 b- 1] WO , 25 3R,
BPA B > 1 Wi s % K &7 228 nm 1 280 nm, BPS
HRRM IR K 259 nm., MR AH S SCHRARGE ! 22 K
R T RERAE 200 nm 25 AT AV R RN 2% R T4, 5k
TEFE BPA [RZINE K h 280 nm, BPS & 259 nm.,
22 EREHERYEEE

R HEL T Acclaim 120-C18 . IneriSustain C18 Fil
ZORBAX Eclipse XDB-CN(HA% 4% 250 mmx4.6 mm,
5 wm) RAHFE S B ASOR A5 R LA 1.

BPS
(d) BPA
BPS A
, BPA
(c) g
BPS BPA
b = P
BPS
BPA
(a)
0 5 10 15 20

H5 8] /min

(a) ZORBAX Eclipse XDB-CN %5 B A4 5 (b) ZORBAX
Eclipse XDB-CN HH EE PR 5 (¢) InertSustain C18 A1 4E
PEBEACR: 5 (d) Acclaim 120-C18 FE45EEEVRBIACR .

E1 AEEEETSERRAZMm(280 nm)
Fig.1 Effects of different chromatographic columns on separation
efficiency (280 nm)

7E B ZEBH Acclaim 120-C18 Fll InertSustain C18
BPS AR BPA H I IR 1(d) FIET 1(e) |0 BB
TR T A o g B0 P ) H 25 B i IR AN R T) 9
FEEZ A HLAE 1(h)]. ZORBAX Eclipse XDB-CN
A DU T S ok 80 R 0 R A5 B Y L 10 min AT 58 B0
Ji, HIEBIRBIXTFR, KUk, %% ZORBAX Eclipse
XDB-CN #EBEA T4 BEVE M .
2.3 JLAIAH I SRR B R

WIGHLE T CNEIK . WEKAVETRSIAR XS BPA HI
BPS 7 BRI 20, 45 R W], i S5 7K B, BPS
(UG HE B R NG s Y I P /7K ISF, BPA (BPS 584
O3B WEIE ARG REFRPELS | PRI , 16 4% F B /KA R it
.

P 57 A K S P e Bl A, T S B SE 4
OYES . CEEVRIBEIT R | B 2 s T Sh A ELAG ok R
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KIEFRIE 1:1, %444 F ,BPA Hl BPS )5 & i, BPS

HY IR ] K T 5 min, AT 3k G — 6 2% TG () RE ), LK

PRVEE A ] AT 45 HI7E 10 min Z P9
TRBHARTR X 2 B ORI WL 2.

(d)0.8 mL/min, 10 L

BPS,4.46 min
(¢) 1.0 mL/min,5 pL BPA,6.02 min
BPS,5.55 min
(b)0.8 mL/min, 5 pL BPA,7.54 min
BPS, 8.89 min
BPA,12.11 min
(a)0.5 mL/min,5 pl.
0 5 10 15
Hif ] /min

(a) FEE/ZKARFR LG 1:1 1, 0.5 mL/min JEE A B8O 5 (b) F B/ 7K A4

B 1:1 B ,0.8 mL/min FEHE 5 BALR ; (o) FERRIREREL 101 B,

1.0 mL/min FHE D BRCR 5 () HEEZKARBIEE 1:1 BF,0.8 mL/min i
10 wL SRR B ROR

B2 AR ENT B AR AR m(280 nm)
Fig.2 Influence of flow phase and velocity on separation effect
(280 nm)

Il 2(a) ~[& 2(c) AIAL, JE#A 0.5 mL/min B, 3%
BB ] K F 12 min, HIEEJETE; W~ 1.0 mL/min
if, BPS HYWHE /N 5 min, A RESA LR A4
WETHE . 2R A%, IR IR e T R 0.8 mL/min,

PERE R 10 L B 2(d) |, WIE I, SERE ok
5 L B E 2(b) ], ey & 10, UL X Rl 50 nT 58
S R LT A o A AR, PRI, R e 2 S A
M5l
2.4 PREGRIY R

RIS H LT HEEIE OB OB FUK R BUEOR
SEILILIE 3.

99.04 98.73
100 BPA
BPS
73.22
. 65.38
§ 58.55
= 50 47.22
=
m
. 078 5.77
F i T ECkE 7K
sl

3 AEEFZTF BPA 71 BPS MREGHE R ZT
Fig.3 The efficiencies of different solvents for BPA and BPS
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ROR>98% , H B W i S U ¥ <80% , NI, J57 1%
IR LEFE BN PRIGR]
2.5 PRIBGEEL AN ]

PR A R ZE ORI R 4 B IR P 4R H
[A]X SR IA 2, 255 LI 4,

100
I
= 9ok
=
juicd
80 1 L 1 |
20 30 40 50 60
HE/C
(a) BEHUELE
100
&“
= 75
=®
=
50 1 1 1 1 1 ]
10 20 30 40 50 60
A} 8] /min
(b) FEHL 1]

B 4 REGEEFIRENE B R B0
Fig.4 The effect of extraction time and temperature on extraction
efficiencies

NI 4Ca) Hrnl DL HY BEAE LR A 39 0, BPA
BPS (4 BUSCRIE N, 50 CH A $ 5,60 €5 50 C
IPIEASE -, BB TS 44 Al P B K 7 T % )&,
TIEE PRSI R 50 °C.

P 4(b) B, SR B ] 24 30 min W, $ B
T 584,40 min~60 min 2L AW, R AR
A REHR IS R A8 TR, 7 ik B AR PR B U H] Sy
40 min,
2.6 ZRVEIE B AR (limit of detection, LOD) %€ &
PR (limit of quantification LOQ)

R 12,2 IR SRR, LA B, 14
#| BPA il BPS ¥ )& 1.5.10.25.50 mg/L 1) &5 iE
BRI . BN, iC5% BPA FI BPS AT, 4
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x WETHIRUR AR v, BEATLRPE RN 4520 A9 18115 7%
w1 R, SRR, 16 1 mg/L~50 mg/L YL FEIN,
BPA F1 BPS £ K47, G R 535 =0.999 8.,

%1 BPS 7 BPS (&M E 372 48X RMAK TR . TR

Table 1 Regression equations, correlation coefficients, the limit of
detection and quantification (LOD and LOQ) for BPA and BPS

LB S (il SRR/
AN I =1
(aexy] Il 75 . (g (g
BPA  y=4.093 6x+0.655 7 1.000 0 0.10 0.50
BPS  y=24.027x + 7.9375 0.999 8 0.02 0.10

KB RARME BT R (FIR L (SIN)
3 B P R BE RIS I PR B2 (LOD) 5S/N 24 10 1)
FE S U B B Ry e i BRIV EE (LOQ) o Tk 1 o,
BPA .BPS [ LOD #1 LOQ 437 2 0.10.0.02 mg/L F1
0.50.0.10 mg/L,
2.7 [IBCR ARG B

Fie 1.2.4 F7iEH A AG o O 3 AN EE KT BH PR
e, D7 Bl 38, B VR B2 04T 6 1, 25 SR AL
F2, BHEARUE GBIT 27404—2008( 525028 Tt FH 5l 11
0 i B A )X 1% 07 2 AT PR, 1 =K
IRINENSCRAE 85.2%~103.0% 22 8] , & B bR G5
SEI R, FH I A2 25 SR I A BR R 25 7E 1.26%~
4.90% 2 [8] , UFBHIZ 5 00 B ARG 2 1 R 4o

£ 2 BPAFIBPS{E.H.5 3 REKERME YR (n=6)

Table 2 Recovery results of BPA and BPS at 3 levels with low,
medium and high concentrations (n=6)

R (1 mg/l)  hREZE(10 mg/L) @R (25 mg/L)

e iikal X HHXF
S [l bRl Z5EY Wl BRiE 4SS DI ARiE
(mg/L) /% w2l (mg/l) /% W2zl (mg/ll) Fi% mze/

% % %

BPA 0.852 852 490 1030 103.0 3.18 2490 99.6 1.26
BPS 0.897 89.7 429 981 98.1 199 2507 100.3 0.70

PR =Y el

g 1 30 D AUSTE S A R AL, i 1.2.3
IR 7 2 i _E AL, DR SR R, 2 M
K BPA, 4 5 1# Fl 2#, 25 UL S

i1l S T, 1# KR AR H /D5 BPA,  [RIBAE 5
5 min DARTH IR 2 2% 0006 . 1% 777 BPA 11 H I ]
KT 5 min, A A RCEE G RHR A4 BT T4 2# FEABR T
6 4 v e B 1 BPA[IEL 5(b) 1 1], 7E 12 min 245 1
MU 2, & F HIG 6 SRS , B4R BPA 54k
P — 2, DA BPA AT A= ek [/ 24, J 2k TAE
FERZ ) o RS
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Fig.5 The spectra of actual samples in market (280 nm)
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