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Abstract: Objective Reference material candidates of bisphenol A, bisphenol S, bisphenol F and bisphenol AF in
infant formula milk powders were prepared, in order to provide technical basis and methodology for the further formation of
certified reference materials, and fill the research gap in this field. Methods The commercial infant formula milk powders
were selected to prepare the reference material candidates by the processes of water dissolution, standard addition,
homogenization, drying, crushing, screening and packaging. The concentrations of the target compounds were determined
by isotope dilution-liquid chromatography tandem mass spectrometry. 25 bottles of samples were randomly selected for
homogeneity study, and F test was used for statistical analysis. The long-term and short-term stability were studied by the
quantitative analysis of samples stored at 25 °C for 12 months and at 60 °C for 7 d, respectively, and evaluated by
univariate linear simulation equation. Results The homogeneity and stability result of the prepared reference material
candidates were satisfactory, which met the expected requirements. Conclusion This work was expected to fill the gap in
preparation of matrix reference materials for bisphenol A analogues, and provid material basis and technical support for the
monitoring of bisphenol A analogues in food.
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( Bisphenol A analogues ), % UL 09 fU 4§ X B F
(Bisphenol F,BPF) (B} S( Bisphenol S, BPS) FlXL
B3 AF ( Bisphenol AF,BPAF) 8F X Be 2E 1 25 L W) Bk
1 BPA R AR SRTZ T ol A7
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Tt v 5 b R R T R N B AR N AT A R KR
BYEZ MR RE TIREY R, mMEyIt L2
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B2 SC U AN AT N S 05T R T, BPA RO Y
BPF BPS il BPAF 458 5 A7 P 73 2+ 2% 17, 1< 4]
i T BE X M f B 3 BV T e T S BUIE R A
HAZRE SR ET B, P A K
5 8975 G RN AR B 82 1] 0 L2 A i 400
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HE— 25 VPG G 2L e e XU B AT H 5 S,
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W B, B o R I Tk MR RE A B & e
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( International database for certified reference material ,
COMAR) 1 [# 5 by 1 9y Jot %¢ P 4 52 °F &5 ( National
sharing platform for reference materials, CNRM ) H1 3%
A AR A ALY ' SRR MEY BT,
0l R AL W) TS BRI i T oK, A BIE ST
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1.1 #¥
11,1 JEORHRE & il e £

R4 A PR A 20 6T b 5T Tl & P U A kA
Yy B ) A Wi 45 5 % B, BPA  BPS . BPF il BPAF %%
Va A Ak G W) AE S LT 5 Wk vh A L SR AR AR R
229 (15.7% ~98.0%) , H & &/ A 58 h iz . AR
Hi5 JIF1006-94¢ — bR i B AR BT ) iy R
T ARECIE B A v AR B AR R 6% R Y B M
JEORE , DRUE A5 3£ 9 04 B 2 i M 8 R S 0 A o T TR
J5 T B B LTC 7 WA AR Sy Rk R AT 00 38 0 11 45
1.1.2 FZALEE 5

LC-MS-8060 — # P4 # ¥ ¥ T 16 A AX (( H A&
Shimadzu 2% 7 ) . AL204 %173 #F K ( % @ Mettler

Toledo %% 7 ) . Milli-Q # 4fi /K #L ( 2% E Millipore ) .
Wat200609 [& AH Z& B¢ B (3 [F Waters A H ) | N-
EVAP & WAY (2 Organomation 23 F] ) \90-1B HU i
FIHE P (A B A BN R A A ) L YS-10 B 5
OB B HL (b BT e L IE 8 ML AR R R A BR A )
GZLY-5 BV A8 Uk TR AL (L 3 A TR A2 4 B &
JEABR 2 F] ) (HDS0 BUIE AJ ML (VL9548 28 N i B
PR AT .

BPA FrifEY T (GBWO08754 , w1 12 Bl 4 BF 58
B ) BPF FRifE) Bt (GBWO8755, i [ i Bl - #F 5
%) BPS AR d) i (GBWO08756 , [ 314 Bl 22 #F 5
Bt) BPAF nEd) i (GBWO8757, 1 [H i & Bl 2# i 5%
Bt) o R NFREC,,-BUEr APC,,-RUE F.7C,-%
T S A1 C,-BU AF BRI (100 mg/L, 4 =
98%) , ¥4 H € [ Cambridge Isotope laboratories 2y
fl, WEE(HPLC %%, Dikma 2\ #)) H EE (LC-MS
9%, Ei 1 Fluka A7) & NE (HPLC 9%, 3% [E Dikma 2
) R (4 =99%, 3 F Acros 24 H]) (ENVI™-
Carb [# #H %% B #E (GCB 4, 500 mg, 6 mL, 3
Supelco 22 H])
1.2 F¥
1.2.1 Ryl

P BB R F IR K A 122, 5 Y H I T B i SR
JUEC T3 W k3 /0 5 22 st A3 A 40 °C 281K b R
WA P 22 FE A . o8 A TR R S I G R A 2k T
FE 20 U2 A & I 18 B S AR A PR A bR T
VW (H BV W), FFEE 519K 1 by A1 W 5 R 4%
BERERH TR, AR TR T 27 h, KT
Fi 5 B H R B 2 1 em® B /N B N Y R
Ky REHLAE 25 000 r/min 551 FHREEEME 1 h, i
JE WKk 60 B AN BE N 05 N, 7E TR R 8 R LU
60 r/min 4k 22 R & 8 h. il &5 4F 09 R W R IR
5 o/ I RILAS 43286 2840 A 3R DU 9 £ M 48 R e 5 1 AR
R, R ARG ARSI E S EHE O, 8
AR 2 5 6 A7 T 25 C o 34 3 bR ofE 9 0
11 000 5,
1.2.2  FE& I
1.2.2.1 42E551k

HEFIRE 0.5 ¢ Wik (KA 3] 1 mg) B T 50 mL
PR B O I AGE & WA R APRIR G, B
O % IR IR S 30 min 5, ATA 2 mL KR
B WRE , IR 784 AR BRI S mL G R E TR
A5 A HEEC 1S min, BOAEAE 4 °C 3 000 r/min
B2 F T B0 10 min, HBE WA R 2 mL F3ERE
T B D, NS A 0.3% H R 1 4l K
8 mL, ¥ i€ &), B bR IR S 0 W R o TS
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18 mL HE 6 mL # 2l 7K 1% b7 1 ) GCB #E, 37 2
Wi, 6 mL FREE-K (1:1,V/V) #k¥E GCB #, %
RV . R R R R A P R B R, 6 mL HR
B2 -PR B (322, V/ V) BRI [ AH 22 BURE | 5 e 0 W 2 &
BERS/NE, AR TS, MA T mL FEE-K (111,
V/V) B, b RO R % -E 36 % AL ( High
performance
spectrometry , HPLC-MS/MS) i 17 Kl
1.2.2.2 AU#5M

T R e . 3 AR O ACQUITY™ UPLC
BEH C,,(100 mmx2. 1 mm,1.7 wm) ;i 40 C ;i
FEGRFR S WLy M shAHR A A B WA, HrP i sh Al A

liquid  chromatography-tandem  mass

S HEE A B S AlK i S 0.3 mL/min, R
FHERVERR B2 Ve B0, Uk A2 )5 R« W) 46 0 3 A O 40%
AVEFERILR TSN 1 min, 6 min W& METF 2 100% IF
#3452 7.0 min, 7. 01 min 28 W) 4G G 3041, I F i
1.5 min, S5 T — K HIEFE

% 25 A5 B 7 IR O HLE 55 £ B 1 ((Electron
spray ionization negative , ESI-) | Bl d 1.5 kv, HE
FLHLJE 30 Vi B 7 U 300 °C; ¥ ) IR
250 °C; IR 120 L/h, 7 28 50 W 045 X
( Multiple reaction monitoring, MRM ) T AT E
A EARY I PN B T amaE . & B AR A Y E
PERE J B T 2R E 1R,

Fl A FWE A 5L W BT S

Table 1 The mass spectrometry parameters of 4 bisphenol A analogues

fesn AT/ (nr) BT/ (m/z) filf 7 R /e V BT/ (m/z) il g 1/ eV
BPA 227.0 212.0 18 133.0 25
BPA-"C,, 239.2 224.2 19 — —

BPS 249.0 108. 0 21 156.0 15
BPS-"C,, 261. 1 162. 1 22 — —

BPF 199. 1 93.0 22 105.0 22
BPF-"C,, 211.2 11,1 22 — —
BPAF 335.1 265.0 22 197 37
BPAF-"C,, 347. 1 277.1 23 — —

. — R B

1.2.2.3  JRE#EH

AMIF 5T BT A S 56 5 4 L Y4 R B 5 6 R A
BT R BT SR h 500 CHLKE 5 h I RGFH E
27K I HR AR Uk I Bt T TR R ERORE b R
JH 18 mL HIEEHEAT WIE . FE dh 40 B b B 10 AN i
Tt 1 AN B A ERE SRR 1 S ES S R AR AR
FH DA I 5 57 75 Y 0 /K 7 R0 7 ik kL BT A R
DA it v X5 088 o ) 7 38 s 3 1 9 B VS W, FH DA IE
AL B 2L A ef H AR A 458 2 RURE i i TR A
IR =S o7 A8
1.2.3  B5pse

R JIF 1343—2012 (AR HEY) 57 5E (8 1) 38
W B G5 127 B H ) O BRORE R AL 1 000 I % 1 4
H BE AL 25 W HEA T SJPERG TN, BEML AR5 1 ~
255 B E AW E 2 WK, BIKIHEESE R 0.5 g,
1.2.4 FOEMHE

1.2.4.1 ket
FEHLIMEL 15 LY LA 60 °C BY X R T 146
N TERA THRAR 0955 01,3 .5.7 KRR T4 44

HRCHS 3R B R I E 2 IR
1.2.4.2 KM EME

ARWFEAE U (25 °C) Z4F T X il 5 19 b )
JE P HEAT IR 1 AR 0 RS E M I e IR e

B LG RN T B 46 5L 55 0.1.3 6,12 4 A B
BLAHHER 3 M AE X 4 RS A KA & Pk AT e
BRI E 2 1K,
1.3 Hfukb

% Shimadzu LabSolutions % {4 &b AL 5 A6 0
Bedi A B ARG W R HR A N T) LR 9 ) e
AT REAE ) A 22 ) b o I R 2k O AR i it
X RE T H AR AL & Wit AT € f . R SPSS 22.0
GETT A X H AR Ak & W /g i B AT 2 A R
5

2 #£R
2.1 Sk

B A A 2846 G 0 B T2 A S A
AL EHURIAS R 0 BT R A 45 B SR A ML 57 2 B
25 A [ R A6 BCH R 32E 47 B BV 5 4 RN g Ak 2 B
A SCHk R R R H L RE T A B kT A
J&, H AT E AN JE B A XUEY S XU F ORI
AF HH G A B A DU AR v, B 8 AT R o Ak B9 S 45 R
FELARARHED) T T FH T 7 R 50 0E . AT 58 iR A 4l
FE 1T W BHIF T 4R, R HPLC-MS/MS %54 GCB
B AF 28 BORE TR & 1 B3 (TR RIS 4 B R XUy A
FAb G Py 1 T A I R B LT B K 'S
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YRR DR 2R XU W ) A A o R AR R A
LB A RIS S A I P s o A P -V R €0 33 - 3 TG T
[ S S e S e LN o AR s A s
TN AW BE R E R Ty ik T R bR W) i
6 16 ) 1 X5 ) P R R v ARG 5 AR AR A ok 4 v A
W A0 e B G T R B ek R i R ME R RS
JEE R JO AR A M R S B T i — 2 RE
20101 2Rk RN PR

W A ) JB VR B (2~ 20 ng/mL) B9 BRI IR &
T Y V5 VR e A AF 9 0 o AN RS SR ARtk A T 2, DA H
4 55 X O[] 437 28 P9 A ) 0 T R L £ Sk G0 A A
AT etk B2 LA S B A b, 2 i bs o AR i 2, 45
SR 4 RO A A0S W AE 5 5 vk B TR Y
BRI MEELR, ABEHXER R HKRT
0.999, LA 10 f5{5 Mt ( S/N) i %€ ) BPA 1 BPF
HERBE N 0.5 wg/kg, BPS Fil BPAF i 5E f R A
0.05 pg/kg,
2.1.2  [alWe R G 9% B AR Jo R4

TEICAS 1 BE T3 W5 4 Al AP A ke RE K F- 1
P IO AN TR EE I E 6 Uk, FF A8 3 ANk T
VT i K¢ 5. Hod, BPA FI BPF B9 i 5 K S K
8.0 wg/kg M1 32.0 wg/kg, BPS I BPAF 1 /il 45 K F-
4.0 pg/kg M 16.0 pg/ke, i W B bR AR5 flF
il AR HER B B AR i, S5 AR WOR (R
2) 4 B H AR 0 bR IR R 95. 9% ~102. 5% , #H
XF#5 UE I 22 ( Relative standard deviation, RSD) iy
1.7% ~7. 4% , 3£ R K 58. 5% ~ 84.2% , fiE % i
JE AT 5 Hp e 1 4 35 A0 1 N R M R 5 1 TR B
T V) IO 00 3 ) R ot RIS T S AR i ) 3 R D
K1,

F2 BLE R 4 B BRI R |

i 5 T3 % i I 2

Table 2 Recoveries, relative standard deviations and matrix

effects of 4 target compounds in infant formula

(S,”) KA W B 4 0 o =2 () A EGe it 222 5, W
RPTFH I FAH(F=S,2/8,%) /DTGt g il
FHE F WA A 4 T 002 (A0 4 P 0 i {2 ) 22 5%
TGI8 S HE 5] S Z A A S AR 5]
AR h gt F R AWMEN (24, 25) 8 F 10
Ak MR A M (24, 25) DLRCS B B W E PR R
a( ARG «=0.05), 0 f F {3 25 45 I A {H
Fo05(24,25)=1.964, MK 3 iy geit o4 gl R nT
LA, DURR AL A ZEALEW0 F /N T 1964,
A R B 2 2 20 1

3 BLJLE DT WK RUEY A SRALE WA Ay 4 SR
Table 3 Results of homogeneity test for bisphenol A analogues

in infant formula milk powders

N vk AE D2 AN E

RV e (s (s 0 Fes3429)
BPS 15.30 0.014 0. 025 0.563

BPF 20.95 0. 080 0.227 0.353 1. 964
BPA 34.61 0.297 0.522 0.568

BPAF 15.77 0.034 0. 038 0. 886

ey bR E P EE BICGR RSD O B BRAUN
/(pg’kg) /(% ,n=6) /(% ,n=6) /(%,n=3)
BPA 8.0 99.8 3.0 75.4
32.0 102.5 7.4 71.7
BPS 4.0 97.8 1.7 58.5
16.0 99. 1 2.4 65.6
BPF 8.0 99.2 2.5 77.7
32.0 95.9 5.7 82.0
BPAF 4.0 101. 6 3.3 82.9
16.0 98.3 4.6 84.2

T FE RN = (FE T DT BCRE 0 TR/ N R 1Y B o VS Y I T
1) x100%

2.2 ¥SIER T
R F R AT 38 ) PR A 56 KA B SE T
i B A A W R L O 22 (S,7) S AT %

2.3 REMKRE

B HE ) BT 19 2 A T 2 A o 4 T I A B A b S
ZAFRRZ T 0 T A R AR (DR R R AR
HIRE ST o A B ST h 25 5 b e W) Jo g 3 ) e U
PRAF R R K A7 G T o P (8 B ) ) 28 £k 19
o WUREAS B[R] B I 1 1 284 O i e
[E1) it PR P e 2 O R — e e M B AR TR A
WS 4 MERYHREE, WHRIb 1<
Lo os oy XS () MITA A iZ AL G W) 0 e M i (AR A2
S Z WA iZ AL & W) i e Ve B A AN g A2 4
PO b LR TG TR AR b B4 X
{H,S(b,) SR b, BIRTNE B 10 g5, 0, 4= Mo T T
B f5 R n Fl @=0.05 FAY ¢ fH, F£ 4 F1F 5 F 535
GIHT 4 Bl B bR R E AR AR E A 5 Y
45

MR 4 Gt Ae g6 B s AT LLE R 4 Bl E bR
WA 1D, 1< 1o 05 o0y XS (b, ), B WIZ AR W)
TERERL s i A 1 AT R R Ra E , B
BB FRIR 138 i 45 1

MF 5 HATLIE H, HARWEE R (25 C) &4
TR 1 AE 4 FiL G Wik B DR R e, B TE ] 1B
By TR ECT B S BB 98 W6 A2 bR E Y BT S PR AR A 1Y
ZR

3 it

A 5 38 o bR AR O 7 3R A3 5 A BPA
BPS BPF 1 BPAF (1 BH 1 W5 45 K 5 WK, 48 3 19 Jo |
VUR T 1 W W BE I | 0 TR ) RN O3 B A ] A
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JoE 3 5 2 T U TR (R A o A B I, G0 A S )
Figure 1 Total ion chromatograms of four bisphenol analogues in a reference material candidate (a) and a standard solution
of 5 ng/mL (The x and y axes represent time and abundance, respectively)
T4 BILE Wk 4 LRy A 540G Y B0 50 FR E M A U6 40 BT 45
Table 4 Results of short-term stability test for bisphenol A analogues in infant formula milk powders
AN ) R B i) 2 8 00 £ - 404/ ( g/ k)
et et il sy XS(hy)
0d 1d 3d 5d 7d
BPS 15.20 15.13 15. 20 15.18 15.28 0.0125 0.025 2
BPF 21.23 21.44 21.63 21.06 21.56 0.012 8 0.1500
BPA 32.76 32. 66 32.69 32.71 32.38 0.039 6 0.062 6
BPAF 15. 45 15.28 15. 41 15. 47 15.49 0.017 0 0.044 2

TR T B ILECTr Wk b XUl A SR A5 W
S AT A ) A 5 A, O SR T IR 7 3R R -1 A €
T - B IR O 3 0 e Y X S e R I AR DI AR

PEIEAT T VPG . ABFTEAE N R Je T R T & A
XU A SALE W 153 53 B o ) T F o) T4 OB
AR E By T Ao 8 W) K S M MRS E M R, 2l
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Table 5 Results of long-term stability test for bisphenol A analogues in infant formula milk powders

S TR) BBORE I 1] i 9 00 - 2048/ ( g/ kg)

feaw 01 1 31 6 J1 12 A o oo 30
BPS 15.20 14.98 14.76 14.91 14. 87 0.017 3 0.0537
BPF 21.23 20. 05 19.57 19. 88 19. 66 0.083 1 0.204 2
BPA 32.76 34.28 33.63 34.09 33.79 0.038 5 0.213 1
BPAF 15.45 15. 11 15.23 15.28 15.27 0.001 5 0.046 8
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