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PRAIK . 4%LTR . 10%Z I, 20%Z %, S0%Z . 95%Z FEAMA IS 7 Fir S B RIZ L1605, 1R
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43314 0.01, 0.0005 mg/kg, 76 MBI Il A S F RIS S 491 50.0~750., 2.50~37.5 pg/kg He T
N PEAREF, HICRECr $9° 0.9999, # i FRZM510 0.01, 0.0005 mg/kg, & FR4M51% 0.05, 0.0025 mg/kg.
XL F R INAR IS 90.4%~108%, *Hxﬂfﬂﬁfﬁiﬁ 0%~5.27%, X S AR I3 84.4%~107%, FHX R
WD 221 0%~4.60% LB X ILHRAETOE . SR B8 . MERRPELS, REWE 2 S bh kL v XU F RN S
ERS St AR
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Determination on migration of bisphenol F and bisphenol S in food contact
materials by liquid chromatography-tandem mass spectrometry
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(Shenzhen Academy of Metrology and Quality Inspection, Shenzhen 518055, China)

ABSTRACT: Objective To establish a method for the determination of bisphenol F and bisphenol S migration
from food contact materials by liquid chromatography-tandem mass spectrometry. Methods After immersion of
samples in 7 kinds of food stimulants, including water, 4% acetic acid solution, 10% ethanol solution, 20% ethanol
solution, 50% ethanol solution, 95% ethanol solution and olive oil, the immersion solutions were filtrated. The
separation was performed by using a T3 chromatographic column with methanol-water as mobile phase. The eluent
was quantitatively determined by external reference method of liquid chromatography-tandem mass spectrometry
using multiple reaction monitoring under the negative-ion mode. Results The calibration curves of bisphenol F and

bisphenol S in 6 kinds of food simulations (expect for olive oil) were linear in the range of 10-200 pg/L and 0.5—
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10.0 pg/L with correlation coefficients more than 0.9995, the limits of detection of the method for bisphenol F and

bisphenol S were 0.002 mg/kg and 0.0001 mg/kg, and the limits of quantification were 0.01 mg/kg and 0.0005 mg/kg.

The calibration curves of bisphenol F and bisphenol S in food simulation of olive oil were linear in the range of
50.0-750 pg/kg and 2.50-37.5 pg/kg, the correlation coefficients of bisphenol F and bisphenol S were 0.9999, the

limits of detection of bisphenol F and bisphenol S in olive oil were 0.01mg/kg and 0.0005mg/kg, and the limits of

quantification were 0.05 mg/kg and 0.0025 mg/kg. The recoveries of bisphenol F were 90.4%—-108%, with relative

standard deviations of 0%-5.27%, and the recoveries of bisphenol S were 84.4%—-107%, with relative standard

deviations of 0%-4.6%. Conclusion This method is convenient, sensitive and accreted, which is suitable for

quantitative analysis of bisphenol F and bisphenol S migration in food contact materials.

KEY WORDS: liquid chromatography-tandem mass spectrometry; food contact materials; bisphenol F; bisphenol S;

migration
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W A VR —F AGEY), Tz 0 AR AL e
BHRIZE RS P RER B U Bl XU A BOfE FERFSTIRA, RZE
Bl O XU A A B flob ) P A (8 A T T T BR A
WM F(bisphenol F, BPF)FIME; S(bisphenol S, BPS)5 W A
—HF, FREA WS, PEBR U2 TR E f
oRRBL BT R, XU F AU S [FIREEA T
EMEY, fEFRE, GB 9685-2016 ( frihZe 4 FH AR e i
iR At B i 5 PR e A PR B o ) PTE X XY S £ 5 22 i
VR AR Z AT T RS, &K B R A RE i L
0.05 mg/kg, X F AN AL G B BROEFRIERLE
REFOWEY S HY4EE RS B ANBERE L 0.05 mg/kg!®,

H e SR B s oSy R S iR
RN A A YRR ARk AR -
T O MR A 0 33 - S R R iy 1121 (L [ i ) X
3 F A S TSR ik, HAa bR 28 AUAR
o RUEEE IS T IR (0 - R IR TR P 0 A FH K S e
b B OB F ORISR S AOIERS R TAGI . R A
HENT T B AR Al Rk R 2SR P YBOR €63 - AR R T, (HCR
FATRM 2 B3 o B AMG 38 8 T 40H] & oS F AR
S HTROHT I R TAU R AR SR R A o
TR B il S rpOSUS FOAIOLES S SEAS R AOBRE A R
@y, AR GB 9685-2016 H NI IR ARvERY A
YITR, HEsh b e W TARMURI AT o ASHIFSE R FH IR
- FR IR T SR X A ek B il i b X F AR
M S KBRS fE HEATRIFSY, A £ SR flobA Ak K ot s v A3 F AR
Wy S TERS i ) B SRRt )y vk B e ST B

2 MREREE

2.1 Rk BEEHR
SR F AU S FRUEY) T (4 >99.7%, 2£E CATO 2

Al); BB IECRE . OHE (fikal, f5E Merck Arl); ZEE.
RS al, [ 254 AL 220 A BRA AD); 2K (g4,
TTHERRNT), LRER . RIRER (S iral, bigbTh T AE R
HR A BR A F]); HEm (A 2l, H A Wako 2 H])

Waters Xevo TQ-S & AH i - Ef e T 1% (35 [&] Waters
Iy A, EERCRE IR B KT R 46 (18 B BINDER A Al);
Millipore #B 217K R 4t (12 Merck 23 F)o

1 ARl T SRL R 5 L B S Al PG L B A
FE T2 ) R e i PR GG ] i oA S B0 2 SR AR o
22 ELWHE
22.1 EARE

A AR H R AT 20 K | BRI | RS SRR
2, Hrpok L S K, BRYEN 4% 1R, TERS2E N
10% 15 . 20% 1 . 50% . FEF 95% 2 BE, IR M
T, A B AR N>, K6 GB 31604.1-2015 (£
i 2e A SRR UE B EE b R B A R e ) ) )
BERR AR FIGE RS S0 251, KHE GB 5009.156-2016
(B EZARE &S flb R R 5 AT RS 50 b
PRI ) VO TR RS S U0 A T AL B
222 REEMLE

BUTR R PRI IE | BRIE | WREZS A AR
292 mL, R 0.22 pm R PUF 2 AL S (5

HERFRBGT A2 1K 75 21 (4 3 B2 & A AR 014 2.00 ¢
F 10 mLiXE S, A 3 mL IECkE, 1RA, 1A 3 mL B
KRS, RHEVEY 2 min, FHE D E HESRECT
JEEEW, SR 0.22 pum B WU LIS S A A
223 RAE G- R A A

(O

&34 ACQUITY UPLC® HSS T; #:(50 mmx
2.1 mm, 1.8 pm); i 3h A8 A K (A) R H EE(B); It
0.4 mL/min; #FEAFR: 2.0 pL; FEdE: 30 °C; HishHIES
JE VR P L% 1
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Table 1 Gradient elution program of liquid chromatography

B} [] /min WH/(mL/min) RS A/%  FisiAH B/%

0 0.400 90.0 10.0
0.50 0.400 90.0 10.0
2.50 0.400 30.0 70.0
3.00 0.400 10.0 90.0
4.00 0.400 10.0 90.0
6.00 0.400 90.0 10.0
Q)T A

JT T SR FH LI 55 L S 1 B TR, U 2 R
I W AR 2 (multiple reaction monitoring, MRM), M55 H,
H2.5kV, BT 150 °C; VAR 500 °C; i i)
AUALHE 1000 L/he Fii% MRM BEAZHOLE 2.

2 WE FRMNE S HRIERESH
Table 2 Mass spectrometry parameters for BPF and BPS

o BT FET PR ER BT[]/ BE e R Rl H
" 'z 'z min N A%

Xy F 199.1 77.0/93.0* 2.82 20 22/22

XEY S  249.1  92.0/108.0% 233 30 34/27

TE: BT AERR T

2.2.4 ARBIRIR A ECH

(LY THE v TR 8 e 1

XU FARAERE 4575 (1000 mg/L): HERIFRIBOS I F bR
fEfh 50 mg, FIWV RSV ARG 245 2 50 mL Wy S brifEft s
FRI(50.0 mg/L): HERAFREONEY S FRifEdh 10 mg, JHHF EEAE
ffJe SE 452 200 mL, T 4 CCURAREGIRAE

W Fo W S FrifErh E% K (10.0. 0.500 mg/L): 43
FIMREL 1.00 mL AUB F AR fEAE 25 RN S ARt 514
W 100 mL 2 &hid, MBS Z, B2 F. W S
FruEFIRIA WL, T 4 CCOKRTRL IR

QYKEE. Btk . MRS B AR TR R

WEBAR OB Y Fo OB S AR R 0.050., 0.25,
0.50. 0.75. 1.00 mL F 5/~ 50 mL &+, FK. 4%L
2. 10%. 20%. 50%. 95%(IRFEL, V:V) O B T E 45,
BB E A 10.0, 50.0, 100, 150, 200 pg/L AIFLE F AR
HE T AR AR EE N 0.500, 2.50, 5.00, 7.50, 10.0 pg/L fY
WY S ARifE AR

Q)IMIEZS & LA bR v AR

A3 HIETFRIL 2.00 g M % 5 4~ 10.0 mL HEE R
oL AR o O S FRifEFRRIER 10, 25, 50,
100, 150 pL, 55 FH 50.0, 125, 250, 500, 750 pg/kg

HAE F ARl LARRFIHEE S 2,50, 6.25, 12.5, 25.0,
37.5 pg/kg MR S AR TR, I R B BLH] . 20 214
REPFMA 3 mLIECLE, R £ 54 10 mL HIER
BHABIINA 2.99, 2.985, 2.95, 2,90, 2.85 mL HIEE-/K
RAT, WIERY 2 min, §E5Y)2 . FTERESRECT 20
W, I 0.22 pm B PUIR 2L IE S A

3 HER5HH

3.1 REEeERGNTL

MR H SCRRARIE, XU F AU S FHRORA €kt 43 it
W Cogt™ R T, 2 B L

SER AT T ACQUITY UPLC® HSS Ti(2.1 mmx
50 mm, 1.8 um). ACQUITY UPLC® BEH Cg(2.1 mmx
50 mm, 1.7 pm)F! Hypersil GOLD C4(2.1 mmx100 mm,
1.9 pm)3 Feaifit, SCHG I, X3 Fh G A X U F AL
By S HHA R, HHg, B L, HA RN
Iy B AR, AW ACQUITY UPLC® HSS T
(2.1 mm=50 mm, 1.8 pm)f ks,

IR S SAETR, AUH F FIXUE S #4943 85 SR Fi
PMAEAT, AR, C g k4, XU F FXUE S
FE7K-H B S AR R 2R N AR e A = T K- o AR5
SAETR, A5 B0 K - B0 A e A R T 2K - 2 AH [ 1 45
W R HA T OK-FEE L 0.1%%0K-FEE . 5 mmol/L R
B -HIEEA S mmol/L 2 FRER-FE 4 Pt sh Ml i 25 5% . 48
i 01% % KA IR Sh AT, X S ANIEE . M4l
5 mmol/L F iR 4 -FF i A0 S mmol/L ZBR%R-FF A M i shAH
BF, B S XU F e R A S ISR - R

e A5 B DRI, FERORT AR 2 A7 E — SE LR B A
AR 35 T B T i A v, S MO R R PR ARR 1
W B N R 7 B T 7 W R o8 s B S 0 O 7.
FHK-HBEA R A, 3R 1 BIP R, WU F ARG
S 1£ 6 min NS5 T

3.2 FEEHsMmL

W FARIRE S H& AR, vaRE—-THTE
A IM-H] -, Rk 6 P A=l 0 5IH 100 pg/L 19
LY F A1 5.00 pg/L AIXUES S bRiEEI, KA sh i 5 %
SRR AT B S A Ak . TE U AR U 4
PFOTF, 23R AEMNE F % mEE R M-H] 44T
B Mz 199.1 AW S 2 F R IM[M-H] #E50F &+
U Yz 249.1, TEf A BE T R SR EERE 2 ST, W
B F A E B miz77.0 Fl iz 93.0, XU S P AT A
BT 92.0 1 108.0, 2R F 8 FH 7 =007 88 I il
ReEATIRAL, B FEEREOE TS E RS, 1L
FXUE F miz 199.1—93.0 Wi i &5 5%, XEY F (1 miz
249.1—108.0 M Ji 42 5 .
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3.3 BRI
331 AR ER AT A AL

XFFREE . R RS S B S A B A T
Jo AR, BIALILS AR TR SHRE. HMARSS B AR
P FE AR €635 - 0T 1/ S A E N R B R A, T
i AR IR AEEL, BRI T A F A
S ZEBCEN K AH G A BB E

HEEIE F. A% S 5 A B0 FLEH Rzt
JEAI, B2 AR R P A DSE B SR el e
HIALE A6, SHEC R AR . B EEK IR G R v 3 i
Ho . KR A A . IR BESRZ ] | e o ]
ESHOHTIAL, BEHIRIA, TR ETR T B 0] R B 532 B 1)
X SERZE L MAR N, TR IR e TR B R], T
CBEAH G AR 2 FUK AR G o0 2 B AT, R 4% 8 e ik ¥
2 min, FESMZEIT], N T R IE C AR FIKAH
SEAATIZRNAT , MTE 2 g WA LI oI A E S e
LA OMA R - KR AR A D, s F - KRG T
AL tDF LIV, SIRTEIRG G, FEIRATE Y

2.78

—_

00

X%

B IE CBEAH IR ) FUKAHZ 8= 4 T 202, BB
BB F ASUE S 4y B7EFLILE, ZEBATE 4, 2EHL
BT, U, T IME & SR T BARZE B A F Al
XU S REE 2 LT 4 M 2 U, A0 R FHERR PRI
TR PR EIY 2 g ARSI 3 mL IEC 4,
IR5), A 3 mL HEEKIR AL, V2V), IR5ERY: 2 min.
HESER, K LEER, HESHRICT 2ER, 15
JES S A A2 o AR SRR RIS, 7ERUES FAIRUES S H0de sk b
IEREB TS, WE 1R,
332 JEBeyiLE

AT IS, T BB T i A B S T RE
B, TR B OB s F AR S FIASICAE, ARG 8 RN AL
By F ORUOSE S MR B PR 52 e i BEUET T I0UE, ACAF5E LA
0.22 pm TP IR AT IERR . 0.22 pm JE R IEHET
FFUEAR 0.45 pm R EFIFEET AT UERT 3 FIAS IR T I8y
R DIOWEY F A S 208 A g m AU E i debr, g
3 FORER R AGIEIEAE K . 4% LR . 10%LEE . 50%2 8%,
95%ZL B . AHOE T AR XU F RIS S Ao Hh A BRH 4

1: MRM of 2 Channels ES-

199.1> 77 (BPF)
6.02¢4

1.00 2.00 4.00 5.00
i} E] /min
2.77 1: MRM of 2 Channels ES-
100 .

. 199.1 > 93 (BPF)
X 1.21e5
X
H
-D&T{

Z
0 et ST 2 g T T
1.00 2.00 3.00 4.00 5.00
fisf ] /min
100 2.30 3: MRM of 2 Channels ES-
< F 249.1 > 92 (BPS)
@ 1.27e6
#
=y
junng
=
1.00 2.00 3.00 4.00 5.00
it ] /min
100 2.30 3: MRM of 2 Channels ES-
§ 249.1 >108.1 (BPS)
) 2.27¢6
HE
'
E
1.00 2.00 3.00 4.00 5.00
F [8] /min

TE: 1 90U FEVERS T, 2 00U FE RS T, 3 00U S EVERS T, 4 oy S E e 1.

Fig.1

FL IS B bR AR R e 2 B M D K (i 4

Multi-reaction monitoring chromatograms of standard solution in oil food simulation
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SRR IR, AP R A A S T, B AR AL
By F AR S FIVE H o 7K. 4% LR A 10% B s
W, JE Je b 5 R R BB 5 (4 8 X X F L W S
YA —E R FHE T, Horb, 0.22 pm J@ e i e = v 2
ot HL A W R S R R, R ARG N R 5 4 A
0.45 pm R EEUB &L 2Cad U8R X W B F LA S A —
(R B FH, 2ok IS AR i 13 2% T R 20%~30%; 0.22 pm
REVUFR AR B L UE AR 0E Fo WU S AT 3 (1 W
EFf. TE 50%ZMWE. 95%Z BRI i & sl T, e
JERE B RN B EEUA X XU F . XU S RO RS A/,
0.22 pm FPUF LI MEET AT UE S A F W B S 14 W
VEF. BRI, 052 %A 0.22 pum S DUGH 2 5 Bkt =k ug o
T SRR

3.4 HMTEESE

FALRS LA Ak, STAL R F ORI E S A vz LA ¥ v ik
AP, DL 2 B0y o i) SO o vk B SR Al A, 6T I Y 0 T
YA R, Sl bR LR, BRSO . &
F A ACH . B R E R B SRR
il it BEAS AR A ] 8 28 PR, X [R) 28 11 TR

PEAT bR R, B0 K H R E P o FEIK L 4% LRV T
10% LB . 20% L BEER . 50% L FFE AN 95% L%
WA R R, W FOFIXUEY S 20 BI7E 10~200,
0.5~10.0 pg/L ¥ Bl NG IR Zetk, MXRE r BRTF
0.9995, #HBR4> 34 0.002. 0.0001 mg/kg, & RN
0.01. 0.0005 mg/kg, 7EE SHEBLHIRAIN HE F HOW B
S 4351 50.0~750.2.50~37.5 pg/kg W JE JE BN LR LS, AH
KREr 1174 0.9999, #a thBR 435124 0.01.,0.0005 mg/kg, &
HBRM 0.05, 0.0025 mg/kg( W3 3).
35 ERERSHEEE

FESLG T X PP M BTRE LA KR L BRYE L TR
Z5 . MR S A T AR FE, S e X F A
Wy S MR, HARRH . SZSEhEE I T F
B S BAnkR ES2Ee, 78 4 A dhEI B o B iR
[V BE AR HEVA W, B VR TIE 6 IR, T
IR [0 AC 252 00 2 {E 19 FH X5 A 14 4 22 (relative  standard
deviation, RSD), Z5H UL TF# 4. MW F A9AxEIHCER N
90.4%~108%, RSD {H 0%~5.27%, A S kR E AN
84.4%~107%, RSD 1E 1 0%~4.60%.

=3 WEPFFNE S TR BIEPPLEMEEVTLE, HXREY, RHRMEER
Table 3 Regression equations, correlation coefficients (r), limits of detection (LODs) and limits of quantitation (LOQs) of BPF and BPS
in food simulants

ey BB R eqn) =iy VT R/ (ug/L) AHG R B K H B /(mg/kg) FE HE PR /(mg/kg)
X F 7K Y=439.4X-856.3 10~200 1.0000 0.002 0.01
4% LRI Y=509.8X+849.9 10~200 0.9999 0.002 0.01
10% L R Y=620.0X+417.3 10~200 0.9995 0.002 0.01
20% L BETS TR Y=620.0X+893.6 10~200 1.0000 0.002 0.01
50%Z BT TR Y=1363.6X-1582.2 10~200 0.9998 0.002 0.01
95% L BEVS TR Y=1555.7X+1819.9 10~200 0.9998 0.002 0.01
iRl Y=388.7X-330.2 50.0~750% 0.9999 0.01 0.05
X S 7K Y=10830.8X-761.7 0.5~10.0 0.9999 0.0001 0.0005
4% L TRV Y=13090.6X+1102.3 0.5~10.0 0.9999 0.0001 0.0005
10% 2 B Y=12686.0X+7763.3 0.5~10.0 0.9998 0.0001 0.0005
20% L BT U Y=12809.2X+933.0 0.5~10.0 0.9999 0.0001 0.0005
50% TR Y=21925.5X+733.4 0.5~10.0 1.0000 0.0001 0.0005
95% L BT UL Y=22242.0X+1848.8 0.5~10.0 1.0000 0.0001 0.0005
iRl Y=6062.6X+394.5 2.50~37.5% 0.9999 0.0005 0.0025

T PRI BEVE B A B0 pe/kgo
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3.6 SCERAEMIEM

e HACRIEAORE bh G435 £ dh M TR A . £
sty Ml PR s £ Ml T 2 A ol A 2 A 2 b AR
mi 4 RISSEBIAEGL 17 4>, S FHPERE SR HTER AR 5
T, SR BIIMAA R BE AR S . XU F gL I8 B
b, KESD 24N, 454000 PPL A PP2. RS A [AIRE BREE S

SEBRE AR B AR, EREATRI A R AL | IR SRR

T4 AMERELDDNE F FOXNER S B0 EUEEFIHE I HRE R ZE (n=6)
Table 4 Recoveries and RSDs of BPF and BPS in 4 kinds of food simulations (n=6)

TERS UKL, SR JHHE ST B WA (- R IR ST Ay 2k, s
SRR 5. AREIR, SEPARERL XU F AU S SRS R
PRTF Ik m e BER(LAR 4), FHPERESL HO0UE FERIRIA
[ TR AR 2, (EXU STE 10% 2B i A%
B A%CIRTR, XATRES W S Sl TEERRRAEAT G,

K A% LT 95% .1 L GRTl
BB bR/ (mg/kg)
BIfE/%  RSD/% K #E/%  RSD/%  EICE/%  RSD/%  [EFE/%  RSD/%
X F 0.0100 90.4 4.26 95 3.16 92 527 -
0.0500 101 3.01 108 3.03 103 3.52 97.2 3.12
0.150 100 471 107 0 97.3 3.75 -
0.125 - - - - - 107 4.09
0.500 - - - - - 101 2.66
X S 0.0005 93.2 1.18 92 3.44 84.4 1.98 -
0.0025 107 3.37 98.4 221 102 4.60 96.8 1.85
0.0075 103 2.97 101 0 100 1.11 -
0.00625 - - - - - 95.7 3.99
0.025 - - - - 91.2 3.67
TE: R A
=5 XER F AWE S EFRERMEL R
Table 5 Contents of BPA and BPS in food simulations
R R A (mg/kg)
FE A FEm AR B EBAMH EBRE
Wy F X S
7K ND ND ND ND
Ll A% 40°C,24h ND ND ND ND
o i ik AR RE T e
50%Z i ND ND ND ND
REIRET B T AR 7K 70°C,2 h ND ND ND ND
b 5 PP AW 50%Z 0 70°C,2h ND ND ND ND
PP 5 MW 50% 2,1 70°C,2h ND ND ND ND
PT—— A%CIR g0 of’ 05 ND ND ND ND
LV GRTI ND ND ND ND
1 b 42 fid FH SO I i BE DK AR K 70°C,2h ND ND ND ND
UNGEESIE K 70°C,2h ND ND ND ND
4% TR ND ND ND ND
PR 10%Z M  70°C,2h ND ND ND ND
95% 1 ND ND ND ND
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gEkS
. ) T R F/(mg/kg)
FE ST FE b 24 FR [EoLY] jagz2 38 EBIREL
X F W S
4% TR ND ND ND ND
7 INSB SR (% i) 10% 2185 70°C, 1 h 3 ND ND ND ND
95%Z. T ND ND ND ND
4% TR ND ND ND ND
PE it B4 A A 70°C, 1 h 1
95%Z. i ND ND ND ND
) ] A% TR ND ND ND ND
1 S HE Al SR FoAYE R B 70°C,1h 1
95%. T ND ND ND ND
4% 218 ND ND ND ND
ARG 10% 2185 70°C,2 h 1 ND ND ND ND
50%Z. i ND ND ND ND
4%2. 1% o ND ND ND ND
s 1 i Al 70 (}:1 0.5 3
M it ND ND ND ND
4% TR ND ND ND ND
— R AHEAUAR 10% 2185 70 (}31 0.5 1 ND ND ND ND
95%Z. T ND ND ND ND
B R AR N
20%Z. [ ND ND ND ND
FETEUR 50%Z. i 100°C, 1h 1 ND ND ND ND
95% . i ND ND ND ND
IR 20 JE K RS 3 100°C, 1 h 3 ND ND ND ND
B bl R v 2 N
R LERTH 100°C, 1 h 3 ND ND ND ND
4% 2. 043 046 sz ng
PP1 ' #4 70°C,2h 1 003 003
) 10%Z B 041 040 7 4
FHAHEAE
4% TR 1.5 1.5 23 2.1
PP2 % 70°C,2h 1
10% . 1.4 1.5 2.5 2.4

TE: ND ARG

4 &

AW TER A ) SR B b B 0 R b, A
@ - BTSSR AT BT, ST TR b
HER R it XU F AW S IER i BRI )y vk o %07 IR
VERIME . Pl R WERMTEL, AR MR b
AP L LSRR B BE, 5 0k A2k A RS RE T A2
BB AU F RIS S (I A

SECHE
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