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Optimization and Analysis of Migration Determination of Bisphenol F and
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ABSTRACT: The work aims to optimize the method of determining migration of bisphenol F and bisphenol S in food
packaging plastics by HPLC-MS/MS. Under the optimized conditions of chromatography and mass spectrometry, the food
simulants obtained from migration test were separated by C;g column, eluted by methanol-ammonia, monitored by mul-
tiple-reaction monitoring mode and quantified by external standard method. The linear relationship of bisphenol F
and bisphenol S was good. The detection limits of water-based simulant were 4 ng/L and 0.2 pg/L, and quantitative
limits were 10 pg/L and 0.5 pg/L, while the detection limits of oil-based were 20 pg/kg and 1 pg/kg and quantitative
limits were 50 pg/kg and 2.5 pg/kg. The recovery rate was 89.2%~105.5% and RSD was 1.42%~6.18%. The method is
accurate and sensitive, and suitable for the migration determination of bisphenol F and bisphenol S in food packaging
plastics.
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RECEEENT

FOE AL A
(LC1200-6410B) .

FEARE: KW F L X S ARifESh (405 =99%,
RSN ) 5 TKOEE (aFrd) 5 4R (5
gl ) 5 HOREIh (ArAral ) R (fgkal) 5 EC b
(i) .

Xl Fo 3 S FRifEf#5 i (1000 mg/L. 50
mg/L ): 20 BIFREBUE F AT S AR 25 mg Fl 10
mg (KEH 2 0.1 mg ), HHEEHEMIFELZE 25 mL f
200 mL.

W F A S PR (10 mg/L, 0.5 mg/L):
A3 B EL 1.00 mL XU FFIXLES S FRifEfE 2 9% F 100
mL T, A EEEEZE,

1.2 FHik

1) ITRE ., % GB 31604.1—2015M" )
GB 5009.156—2016" i BoR A7 f2 5286, 75956
iy kLY

2) BRI B AL B . 3T S BT AR K P AR AL Vi
EREJE EHLIN G, FRBUMEAELIY 2 g (K E)
0.01g) T 10 mL .08, KKINA 3 mL IEC %
A3 mL ARFLH0N 50%H BE /K, € 1 min,
B 2R IR 2K, & 0.22 um JER)E I
LA HT o

3) i E . @ik R ST R 50 mmx2.1 mm, ki
o0 1.8 um; FEWEA 30 °C; #EFER A 3 ul; sl
KB, BREEVEG, VRS 1.

4 )RS B AR, TR AR 350 °C,
Tk 8 L/min, JE /1 276 kPa, Z2 52 i Wil ( MRM )
B, RESHILE 2,

BOAR @3 - A B R3S Y

x1 BERHZH

Tab.1 Gradient elution conditions

i} ] /min JiH/(mL-min~") IK R TR 550 %
0 90.0
0.50 90.0
2.50 30.0

0.4
3.00 10.0
4.00 10.0
6.00 90.0
8.00 90.0

x2 N FFINE S HWRIERESE
Tab.2 Mass spectrometry parameters of BPF and BPS

FER B TR ETER T X R R

(AEg? ) . ) o

Xorrpi XrTEE RV RV
M F - 199.1/93.0 199.1/77.0 115 18/18
XS 249.1/108.0 249.1/92.0 125 21/28

TE: 7 BONBERS T RBOE, 7 RO TR T i

2 HR5HH

21 RIHHEWEFEMBFEXNHEE

Feis T VAR EE-K . CRE-/KAE R I sh AR X Wy F
FXEY S B TALRE R (ORE R, 455K, HERYfe H
Pt KA R T B B REAR 5 m  FEE 4r BRURE T 2
EOKIKZR . IR F HINE S #F R HA Bst
sirmtb ey (B 1), g msEh BB E 7,
TIE A 7E 0 AR AT W, [ s Sl AR R R
UKD AT Bhsfb S, E—2 i T
TR A5 X H - K R h AR R ) AR R Bk
(0.1%~0.5%) Mg, RIAERFSECH 0.1%%
KR, B R A T A AR (R 3), I,
S 6 F 2T R T TE-00. 1% B2 /K T VB0 T8 1

®3 ARAGERSBRKEEBRRIXER
Tab.3 Relationship between different volume fractions
of ammonia and peak area

KRN %
ety
0.1 0.2 0.3 0.4 0.5
BPF 2811 2735 2634 2517 2367
BPS 6387 6125 5769 5436 5215

2.2 MIEHIIERE

TR R R /NS 2R B L IBE 25 ) S A R8CR A B
Ui PR RE PRAIE S 1L FE 73, SCREMESR ISR TE , $RT15C
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BRCR, LM T 0.2 ~0.5 mL/min FE K, W
F FUDBUEY S 1 (i 70 B A R RN B ik i g o 45 SR 360,
£ 0.4 mL/min Jii# T, 2 ML SR B RCR | s
i o7 45 4 BRAEL

23 BEFHHEMAEMBERNERE
EEMBAT, BB EE P RR AR, 153
R . SRR B R P B R R R
FAERNBEET, WE 2 AIA5 XU F AIE S 1HEES
T A0 199.1 1 249.0. #iEH =TS, MS2 SIM

WRT, 2R HEAE 85~ 135 VN, VL5 Vs,
FEEMEBE, 258 %, BPF Ml VBPS 437 %
fEFLE R 115V Rl 125 VBT i e fd, P s
ERPERE 115 V A1 125 V 4054 4 BPF fil BPS (1) 24 f#
LT

2.4 FTETHWHEMMERENZE

TE Product lon B0, HUPRERS 1R H [0 TR AEFE
SRR B T R s I, e s E b 2 N R
BRWER B R FE T, WK 3 a0 F

OH

oH
oH OH
‘ ‘ 7 S\\
0 0
a BPF b BPS
1 X F R S B4 Fai st
Fig.1 Molecular formula of BPF and BPS
6 H 199.10000 151 249.00000
=
§4_ ® 10
= H
2 0.5
2115-20000 h |l 283.10000
0 b 0H- " [T " AL
160 170 180 190 200 210 220 230 240 250 260 220 230 240 250 260 270 280 290 300
T Ho(miz) JET L (m/z)
a BPF b BPS
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Fig.2 Selection of parent ions of BPF and BPS
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Fig.3 Selection of ions of BPF and BPS
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FEFH 93.0 Ff177.1, W S BYFE T4 108.0
91.9, WiETE T, MR AT, WE Lk
BEFRAERES R 1. 13, 25 F1 37 V, SR
Wi R . 25 R A B R B E Y 13 VI, FBF
93.0 F 77.1 fyme WAL T HAD 3 2Rl R He 5 YAl
HE RN 25 VB, TET 108.0 A1 91.9 i i I F H:
i 3 HAEEE R, 7E MRM B3R, 76 13 V45 V 2
25 V=5 'V By N RS R E— 2 il . 4
FWH . FETF 93.0 f1 77.1 BB LRI B EAR A 18V,
FEF 108.0 F1 91.9 My AUREE R 50510 21 VI
28V,

25 EEBHEWZEE

LI E BOTEA MR IEMARRE , WAREIE &
THIALHAE 2% | FEAR R AN R BT 35 0BT, BE
e, (EAAFERAEBT . AR A% & SR IR, %
75 HT AL BRART 5, SR A St e ERE , HERERLER
i 5 SR MR 12508 L A HE BRI T 9800 N AR R
INFIRFIR R E AT, AL ERE P IR

2.6 ITIEHZLSHRHR

2.6.1 KEEREMUMIRETIERR
HER W O F o AL S AR al ¥ 0.05 .
0.25. 0.50, 0.75. 1.00 mL T 5> 50 mL A&,
FAIR BB E 2, 1S3 EWE N 10.0. 50.0,
100, 150, 200 pg/L AU} F AR AE TAE ORI o ik
4 0.500, 2.50, 5.00., 7.50., 10.0 pg/L FIXUE S bpif
TAER
2.6.2 HEEREMWIRETERE
VERRARE 2 g KEH0 2 0.01g MR T 5 32 10 mL

WA, S AR R 10, 25, 50, 100, 150
ul, 5EEE 8 50.0, 125, 250, 500, 750 pg/kg Y
W F AR TAER A& 5o 2.50, 6.25. 12,5, 25.0.
37.5 uglkg X S ARifE TAEW . ¥ 1.2.2 T HEHUS
Mg, A3 BILL 3 A5 (5 M HE A 10 4545 M Eb B %o 17 A9
R e AR SR A6t BN S £ R o 4 FASERL ) 11 i 2%
P OMHRRE. KRR R e R L3 4, Hf X 4
H R4 1Y R B (mg/L), Y N H bR 2 2 B 1 il i

1

Yayel

2.7 EIERFMEEH

MRYFLEMEE R, SCIXTam AL, . w3 Mk
JE AR SEAR ) BT 4 FOB R A TR , AR K
AWM 5 W G5REH (FS5) , W F A nes
WE R 90.9% ~ 102.8%, HIXTARHEM2ZE (RSD) K
2.01% ~ 6.18%, XH S MR EUEHE K 89.2% ~
105.5%, MIXArER2ZE (RSD) A 1.42% ~4.13%,
i R i AT K

2.8 SEEREmNIK

EBULF AR AT (PP, PE. PC., PET F1PS)
SRR &, R B A AR A S A b, AEAR TR AR
Y. BRI T RS R AT, SR
~ (R 6), SAFEST, METCH PC YUK H#RE:
WY F AW EY S Al , HABAE SRR, 7T
S 2 ML G YE R A HBERY N HT PC
MBHE & TR, WU F AU S 76 50%4
R IR R KT 4%, X R 2 fiik &9
HRIE B A W R B L, W5 1) 5 R R A Y
50% WAL RS .

R4 ATERY P XE F FNE S HLEXRTEH R

Tab.4 Linear relationship and detection limits of BPF and BPS in 4 simulants

Hir#) L) W FHOC B PR JE R
ZTE(10%) y=17.605x—65.726 0.9987 4 ug/L 10 pg/L
L17(4%) y=17.456x+30.204 0.9988 4 pg/L 10 pg/L
X F
ZEE(50%) y=17.528x+48.676 0.9995 4 ug/L 10 pg/L
I GRll y=4.831x+24.177 0.9987 20 pg/kg 50 ug/kg
Z(10%) y=518.931x+29.304 0.9990 0.2 ug/L 0.5 pg/L
Z R (4%) y=566.684x+83.734 0.9992 0.2 ng/L 0.5 pg/L
XL S
. H(50%) y=563.683x+89.581 0.9986 0.2 ug/L 0.5 pg/L
T v y=188.330x+252.850 0.9989 1 pg/kg 2.5 ng/kg

T 455 WEE 0 AR 7 K



Fa3k s PRIBEASE . S SR o F A S 5B & (4 H Ak S o3 #r - 119 -

®5 WEFIMNEHSWEBEMBZEELBRLER (1=5)
Tab.5 Results of accuracy and precision tests for BPF and BPS (n=5)

Aty A IR/ WE M heke ) % RSD%
(ng'kg ) 1 2 3 4 5
10 9.35 9.22 10.1 9.56 9.71 95.9 3.57
2 (10%) 50 47.4 48.9 45.6 48.5 49.5 96.0 3.20
150 149.2 151.0 152.8 142.5 151.5 99.6 2.94
10 9.21 9.84 8.81 9.10 9.35 92.6 4.09
LR (4%) 50 49.0 513 47.4 48.3 50.4 98.6 3.19
. 150 153.1 149.9 1453 162.0 151.7 101.6 4.06
10 9.20 9.42 9.51 10.1 9.35 95.2 3.63
LT (50%) 50 4.87 431 4.66 431 4.57 90.9 5.28
150 140.6 148.4 148.8 149.0 137.2 96.7 3.93
50 50.7 44.3 47.7 43.7 45.4 92.7 6.18
L GRll 125 123.4 121.5 116.0 125.4 113.5 96.0 4.19
500 518.7 512.3 501.0 510.4 528.5 102.8 2.01
0.5 0.436 0.476 0.453 0.447 0.461 91.0 3.31
L (10%) 2.5 2.32 2.44 2.51 2.29 2.40 95.7 3.73
7.5 7.31 7.22 7.36 7.46 7.21 97.5 1.42
0.5 0.479 0.499 0.476 0.501 0.483 97.6 2.38
LR (4%) 2.5 2.47 2.52 2.41 2.30 2.40 96.8 3.42
— 7.5 7.23 7.53 7.44 7.34 7.46 98.7 1.58
0.5 0.505 0.454 0.481 0.479 0.465 95.4 4.03
L (50%) 2.5 2.58 2.35 2.56 2.52 2.45 99.7 3.76
7.5 7.88 7.82 8.02 8.12 7.73 105.5 1.97
2.50 2.26 2.35 2.18 221 2.15 89.2 3.51
G GRTH 6.25 6.15 6.59 6.25 6.49 6.33 101.8 2.80
25.0 25.4 23.5 26.3 253 24.7 100.2 4.13

T 455 WEE 0 AR 7 K
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Tab.6 Results of BPF and BPS in different materials of plastic products

MR EE R/ (ngkg ™)

FE 5L 24 FR i (LY TR
BPF BPS
i op TR (4%) ND ND
ZIE(50%) ND ND
s PE Z@j‘zm%) ND ND
I (50%) ND ND
ok DR pC LR (4%) 70 °C, 2 h, 65 23
2 (50%) 1k 216 90
TR (4% ND ND

PO PET N (4%)

LI (50%) ND ND
P bs Zﬁj‘zm%) ND ND
I (50%) ND ND

T 455 B 0 AR 7 K
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