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SR R R A R BV R 4L ABE 69 BPs 4 B BRI E 45 B RGBT ISR AE N BPs 9 Ao R, 4R A K S
(76.3%) T & £ 5o & A BPs, 4% /e #o # FR (LOD)~59.08 pe/kg Z 1, F 35 3.12 pake, £ P 8k 5% K& A HEE
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1 #REFE
11 HRXES5HE

WY o EIRX AT 500, RESEEE
andlb R T BT AR BT AR R R B K
B, A5 10 K26 BAR S o Ak T K (3L
I OKFEI A A KR B B MRS
o N T AR R A B B A AR 0 B R
T FNRK 45 R S — K L RE AT, B 11 278 1y
TN

YO LA FHZK RIELSE (AR ), BOPG R M
FE 200 mL, T 36 1 40 31 H A KL 5 46 40 s 3]
15 (29 200 g) , 26 T BB A 50 5 43 2% A
PSS L BEBE R, 2 B IFEbR G, — 1 T 4 °CLA
R IRARAE, 2 d WHETTALEE ) 55— T =20 CR TR
A7 R A
1.2 RFI 508

BPA .BPS .BPZ .BPAFA .BPF .BPB .BPAP #I
N #r BPP-D16, f#[E Dr. Ehrenstorfer GmbH 2
Al 2R KT 95% ; WU P (4l 95%) oK it
TR % (MeSO,, 43 A 4 (I R 4M (NaAC, 43 B4l ) (&
84 (NaCl, 43 Hr 400 ) ik 7R 5% (NHLHCO,, 1 2%
afi ), & [H Sigma-Aldrich 22 ; AR BPS-"Cy,,
BPA-D, .BPZ-D, . BPAP-Ds #ll BPB-Ds, M /il %
K Toronto Research Chemicals 2 &) | 4fi J&F #) K F
95% ;N-N%: 2 — it (PSA). f11LH% 2 (GCB) .
Cis 1 QuEChERs #H L4 (% 50 mg PSA 50 mg
Cis il 7.5 mg GCB), 3£ [E Agilent Technologies
Inc A A ; B 206 5 R e 5% 2, 55 [F J.T.Baker
ST Al K O Milli-Q 4l /K L H 7K

SCIEX QTRAP 4500 #8 & %50 i AH €6 3% — 5 Bk
Fii% , 35 AB SCIEX 2 1) s HR/T20MM = # ¥3 ¥
BLOHL, W e bR P 2 A A BR 2 | S HM100 )
AR AN, b 5T A% By 1 & A A% 1 25 A PR | 5 Mil-
1i-Q # 4k &4, £ E Millipore 23 7l
1.3 HAERK

AL 35 35 43 S R 0 RIS A ik
FAAK BB 40 mL /K#E B F 50 mL Eb 45
A BPS-BCj, WH5 8 ng, HAWFR 20 ng; fMA 10
mlL 2R O BE, RIZIEE G, #2810 min; #HE S
min, BUA HLZE T 15 mL B # (PP) .04+, fin
A 50 mg PSA #1150 mg GCB #+fk, LA 10 000 v/

min &0 5min, W EERT 45 CFEA®RT,H
0.5 mL I EE-7K (1:1,V/V)¥% 5% i, 7 UPLC-
MS/MS il 5E

HATRE Al G B R Al (DORFFR IR 20.00 g, H
AAE R FREL 10.00 g) il A BPS-"Cy, AR 20 ng, H
KWAR S0 ng (B2, AP THEIMIA 10
mL 7K ) ; A 10 mL Z IR E 30 s, Fi I AGE & #
BUER (IRBHIA 4.0 g NaAC, HAFEMIIA 1.0 g
NaAC ) HEFE % 42 B 15 min, T 10 000 r/min &5 0>
5 min; B 2 mL A HLJZ A TE G5k R CRBE A
33 mg PSA .33 mg GCB 1 10 mg Cys; /K =2 HIPA
FMA 100 mg PSA; HARFEGIMA 50 mg PSA |
50 mg C;3.7.5 mg GCB),#®E 1 min, T 10 000 r/
min &0 5 min; B 0.5 mL EWEWINA 0.5 mL 7K
IR57, 1% UPLC-MS/MS %€ ,

1.4 BXRHH

ok %k, WA A BB, W4 B 0.1
mmol/L Bk iR S K W ; (3% A Waters BEH Cyg
(100 mm x2.1 mm, 1.7 pm) ;A 40 °C; #EREE 5
pls i 0.3 mL/min, 7K 5 FEE S8 2 e i 2% 1F .
0.0~1.5 min,40% A;1.5~4.5 min,40% A ~95%
A;4.5~6.0 min,95% A;6.0~7.0 min,95% A~40%
A;7.0~8.0 min,40% A HAHE RS VR A5 1
0.0~0.5 min,30% A;0.5~3.5 min,30% A~95% A;
3.5~5.5min,95% A;5.5~6.0 min,95% A~30% A;
6.0~8.0 min,30% A,

JBT i 2 < s 25 L B (EST) I8, T B8 7 4l
PR, B IRIRE 600 °C; B FAkHE (IS),—4
500 V ;55 L (CUR) HE 77,1724 Pa; 125 < (GS1)
JE77,379.2 Pa; 4 B in 4<% 41 (GS2),379.2 Pa;
Z W (MRM) A, BR S5O 1,

1.5 REEH

Hir b &Yk N bR 217 0 50 A, FEZR
4 Y5 [l 1 (BPF .BPA .BPB .BPAF .BPAP .BPZ Al
BPP 4 0.25~200 wg/L,BPS 4 0.1~80 pg/L) , HiAf
KARFR KT 0.999; LEMEE SIN=3 & J7
AL H R (LOD) , PA(F M L S/N =10 8 % 7 ik
I (LOQ),8 F BPs 1) LOD & 0.01~0.10 pg/kg
(L3R AR R 0.09-2.3 pg/L),LOQ A 0.03~0.31
perke (LR KA 0.28~6.1 we/L) 5 I 1 72
P BB RE f (10~15 )i m 1 MR E A,
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Table 1 Retention time and MS/MS parameters optimized for analysis of BPs
ot G B /min - BB F/mes! F&F/Im-z" XV RIV A% A2 /V B 12 & A AR
BPS 1.82 249.0 108.0*,155.8 -80 -34,-30 BPS-"C,,
BPF 4.10 199.0 76.6%,92.6 -80 -35,-27 BPA-D,
BPA 4.56 227.0 212.0%,133.2 -80 -25,-36 BPA-D,
BPB 4.84 241.0 210.6*%,147.0 -90 -36,-36 BPB-Dy
BPAF 4.94 335.0 264.8%,68.7 -110 -30,-50 BPA-D,
BPAP 4.97 289.0 273.8%,194.8 -95 -26,-35 BPAP-D;
BPZ 5.14 267.0 172.7%,144.7 -110 -39,-45 BPZ-Ds
BPP 5.56 345.0 315.0%,132.8 -110 -50,-47 BPP-D4
BPS-"C,, 1.82 260.7 113.9% -80 -35
BPA-D, 4.56 231.2 216.0%* -80 -24
BPB-Dy 4.84 249.1 220.0%* -80 -24
BPAP-D; 4.97 294.1 279.1% -80 =27
BPZ-Ds 5.14 273 179.2% -80 -35
BPP-Ds 5.56 361 343.1% -110 -36

T Fom B b & W E i 1.

DLW 2 B ol Bt b i S fE, R a0 B B R o
FR2S U AL RE S S 1 R A L% %2
D7 R WORE  RE T U ST I 5 SR I 4 25 (AN
BT BRI 20% ; IR YR 56 % 58
Tk ERR I, L BRE S BPA . BPZ BPAP BPF
BPP .BPB .BPAF Jil 45 ¥ B 43 5l 7 4 pe/L, BPS il
B 0.8 pg/L, AR A= BPA 4 74.4%~115.4%,
BPZ /y 86.4%~117.3% ,BPAP & 71.2%~106.3% ,
BPF Jy 69.3%~102.7% ,BPP Jy 87.7% ~107.5% ,

BPB  75.9%~112.5% ,BPAF N 87.7%~104.0% ,
BPS 2}y 73.8%~121.0% ., Fi A bRt &b (4 53 A Py i
RSD #<12.9% .,

16 BREEESEITHAZE

1.6.1 B P AR R EOE  RIAHES 5 o
S A s P b B 28R ST )%
WY S (3R 2) AR & (3% 3) 8dE 1 5
AN FAE % R S 4 A BE 8 Fh BPs U4 H E A
VAL TR I E B AR R KUK

K2 FRFERREANENFHRYHEZRHE(9/M)
Table 2 Food consumption data in different age— and gender— groups (g/d)

il i) ¥ RS REE ARE RS K S LA ARA K
R o A 2~7% 245.9 219.1 65.8 78.7 29.6 21.8 123 176.8 846
8~12% 384.5 317.1 101 102.9 30.2 37.3 56 302.2 1278
b2 13~19 531.8 446.1 122.5 125.1 37.5 54.1 39 345.4 1466
20~50 556.0 492.8 78 135.3 344 69.3 17.8 365.7 2000
51~65 539.7 533.0 80.2 120.2 33.9 74.5 21.7 363.8 2000
>65 463.5 455.0 64.4 99.0 29.8 81.6 26.1 285.5 2000
B 13~19 449.2 366.6 110.8 104.1 39.9 41.3 70.2 345.1 1322
20~50 457.8 465.0 107.0 109 334 60.1 22.7 305.1 1793
51~65 460.8 497.3 86.2 95.9 30.2 63.1 23.9 284.6 1793
>65 374.9 400.7 64.7 79.0 29.1 61.0 30.2 225.8 1793
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Table 3 Bodyweight of people in different age

and gender groups

RN A%k
5 By
2~7 16.6 16.6
8~12 29.1 29.1
13~19 40.6 40.6
>20 66.2 57.3

1.6.2 g HEEAGAME B H MR A R (Esti-
mation of Daily Intake , EDI) /&8 — i A B P42
AP LR BB 9 B H R BB A Ak 24
BT Ak SR G, 07 R E AR AR DI K
e LA AF 1 R 590 A v oA L £ P 1 B H P
BAEP B EDI=Y, C.xF/W , Hovh EDL. & A\ & K
RO TR B A B BN nglkg bw/d B S
KEYMIHERE, AN of/d(FR 3);C: & &
FNAREFNSE BPs (P B B i ik 5, 507 R pg/kg

(KRR RS2 172 LOD #EA740HT 0, W, KRR
i, A ke,

2 ZBR55W
21 WERMA® BPs iTHER

278 Gy AL 212 3K H BPs, K iR
76.3% , Jii 5 e ¥ 4E >LOD~59.08 we/kg 2 [6] , F-1
2.49 pgrkg; Hor 180 #y 4 i BPA, K i 38 64.7% 5
108 345 i BPS, 4 >R 38.8% ;18 ) ki i BPF, K
R 5.8%;5 (3K i BPAF, K 2R 1.8%;3 i k6
it BPAP, £ th % 1.1% ;2 iy k& 1 BPZ, K i3 %
0.6%;2 fnki it BPP, Kt 3% 0.6%; 1 iy K 4 BPB,
KR 0.3%, £ 9h 8 B BPs 119 i & e i Je H
W 2 M(SBPs) W3 4, 10 25& 5, 2BPs i H
W B e R E K B CRAY R K 18.0 e/
kg) , HRJ& 5 % CP R i Wk B 2.82 pgrkg) o K it
i) BPs 2851 £ 224 BPA 1 BPS,

x4 AEERBEH S BPs BRERE (ug/kg)
Table 4 Concentrations of BPs in different categories of food items (pg/kg)

5 K A 2 H7 R A BPF BPB BPZ BPAP  BPAF BPP BPA BPS >.BPs
i 3% (n=32) M 9% 6.3 0.0 0.0 0.0 0.0 0.0 93.8 78.1 96.9
3940 0.05 0.01 0.02 0.02 0.06 0.02 0.52 0.99 1.67

P0.95 0.07 0.01 0.02 0.02 0.06 0.02 1.42 0.65 2.25

KR (n=24) s % 0.0 0.0 0.0 4.17 0.0 0.0 41.7 58.3 81.3
A 0.03 0.05 0.02 0.02 0.02 0.01 0.46 0.59 1.20

P0.95 0.03 0.05 0.02 0.02 0.02 0.01 243 4.80 7.36

K= 2% (n=20) s % 8.1 0.0 0.0 0.0 0.0 0.0 88.0 68.0 96.0
A 1A 0.12 0.01 0.02 0.02 0.06 0.02 0.63 0.41 1.29

P0.95 0.09 0.01 0.02 0.02 0.06 0.02 4.21 2.55 6.95

R (n=45) M 9% 2.5 0.0 0.0 2.5 0.0 0.0 62.5 52.5 82.5
340 0.04 0.05 0.02 0.02 0.02 0.01 1.48 1.19 2.82

P0.95 0.03 0.05 0.02 0.02 0.02 0.01 1.73 4.88 6.75

L% (n=20) i 9% 53 0.0 0.0 0.0 0.0 0.0 47.4 5.26 47.4
1A 0.05 0.04 0.02 0.02 0.05 0.02 0.59 0.01 0.79
P0.95 0.05 0.04 0.02 0.02 0.05 0.02 10.90 0.01 11.10

%% (n=60) i 9% 3.28 1.64 0.0 1.64 4.92 0.0 68.9 23.0 82.0
A 1A 0.05 0.03 0.02 0.03 0.04 0.02 2.11 0.18 2.47

P0.95 0.05 0.03 0.02 0.02 0.03 0.02 4.52 0.63 5.31

&% (n=14) e 9% 0.0 0.0 0.0 0.0 0.0 0.0 35.7 28.6 50

3940 0.04 0.03 0.02 0.03 0.05 0.01 0.05 0.22 0.43

P0.95 0.04 0.03 0.02 0.03 0.05 0.01 0.11 0.98 1.26
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Eoae il SHTR B BPF BPB BPZ BPAP BPAF BPP BPA BPS SBPs
R (n=31) e R 6.5 0.0 3.2 0.0 0.0 6.5 25.8 9.7 38.7
A 002 001 002 003 002 001 006 001 0.8

P0.95 004 001 002 003 002 002 027 002  0.60

BEMKAK *(n=8) HmE% 00 0.0 12,5 0.0 25.0 0.0 100.0 875  100.0
M 115 095 075 020 460 025 4280 469  55.40
P0.95 1.15 0.95 2.84 0.20 20.70 0.25 104.00 13.90 144.00

kA% (n=24)  AdEg 333 0.0 0.0 0.0 0.0 0.0 87.5 8.3 87.5
FHME 090 002 002 002 005 00l 1690 001  18.00

P0.95 577 005 002 002 006 002 5160 004  57.60

T R SR ng/L,

BPA Kt 2 5 i R A K (R R
100% ) ,3iX 72 i T BPA WAL BT 2, BPA
Ko e B B v 1) R E Sk 2R (COF 1 0T iR
16.8 pg/kg, k5 Hl LOD~59.08 wg/kg) , Ho4h
55 Cao 5FPURIE M 25 B AH L, BPA B FR UM R Al
FWRR TR H VR M RE Sk 7= 0 P BE VR RL, TR T Y
BPA &% B & b 380 BPA K vk FE = . TR
AR R, AR K BPA RO R B
{E HOF 24 57 4 9 B (0.05 wgrkg) 20 L Sk 25 £
15 336 15, X &K BPA /K 73 & 8k (Ig Kow=
3.42) /N K R I (012 /L) MK, i 15 BPA LU
IKAEAY B B A, DA R 3B A T AT
I, KR A Sk £ S R A IR L I BPA K
WP, WZE(0.52 pgkg) KR (0.46 welkg) Filish
3 (1.48 wg/kg) B BPA 11 K E MK T Yao %5
B4R A (I 26 2,756 wg/kg, K- 14.991 wglkg, i
% 15.073 pgrkg) , 3% Wi WA [F] X 22 ] BPA 75 26
B s YKo 26 5 01

BPS Hi i 5 4¢ fm 09 12 28 1) o 40 2 IR R K
(K % 87.5%) (A2 (Kt R 78.1% ) FluK 7™ i 2
(K 2% 68.0%) , 1115 - 347 e o5 35 re 14 J2 8 3 (1.19
pe/ke) , HE 2K (0.99 p/kg) 15T & 1 2
BPS fERIZE | 7K 2RI R iy BPS A i ik 2
id T BPA, X —ia#F Y Zhou S5 Liao &P R
EAHML, X @R, FiE BPS Ok £ H bk AR
BPA (AR, PR 8505 Y H 25 i, HAE sk b
W EBUKFC S £ 28 T BPA,

HEZEM) BPs 7EREE M 278 131 f Hh (14
SRR H v AR AR (EAR 2 K Th A T BPZ (K

% 12.5% ) F1 BPAF (K % 25.0% ), filE Sk B i
A T BPF (A H % 33.3%), BPF 7EfE LK R
i B RIS HH S R MR (0.90 pg/ke) , # it T BPS,
LR T BPA, X Se45 R W] BPs 16 AL MRH N
JHE 2\ BPA [m] oAU EL S . Liao S50 4 1E
Bon, 22 EBEK o BPEF 172 5 5 i B 43
B4 26.0 welkg 1 4.63 welkg, Yao SEPI) it
715 F L b DX R SR A G 2R A BPF P2
We Sy 5.248 wg/kg, HEIEHT-I FAE N 4.04
petkg, 5P EHGEMEA L, ) OTTT & 5 BPF 4
FEARA 5 YLK,

K125 2 45 2 B &l b SBPs 1 41K
WEAL . WESL AL L ARSI IR TR 3 A
BPA, HoX} SBPs (1 5 #ik>75% ; BPS & A2 2K
AR 2K % BPs A2 HXF SBPs 19 51

BPA BPS [§

PP 777 8rs [ srar [l 8Pz [EEE BPAP B BPF
100 2z

80

60

40

H 58

20

|
1
|
i

A

LELELES

Categories of food items
B 1 FREREGENS ZBPs #H R
Fig.1 Composition profiles of %BPs in different

categories of food items
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Bk>45% , HiA4xFP 2519 BPs, i BPZ .BPP FI BPB, H:
X 4525 dh T SBPs BTk 5<10%

DL oA as R o, oot 8 & 5 b BPs
My i5 ge A2k — | % BPA il BPS,BPF,
BPAP BPP BPZ BPB #1 BPAF B A, (B
ZFNA B ABARAG . BRIV Z0H 58 R W] BPA 1E & T
NS Ve Y/E= S A (T K T AP TES
15U IR ER DL BPA Ry 32, H SBPs V3 0k H ik

JEEAR T e b XA 438 7K F

2.2 BPs HERENE(EDI)
WA T 4 L4 (2~7 &) AL #E 4L (8~12

) (AN UL I D AR (13~19 %) AR

(20~50 %) HAEZH (51~65 % ) FIBAE4L (565 %)

BYEM LM 8 A BPs () & H i £ 8 A & il 4

SBPs AR IEILE S,

x5 AEMIMEHEAANE BPs WS HERENE (EDI,ng/kg bw/d)
Table 5 Estimated daily dietary intakes (EDI, ng/kg bw/d) of BPs in different gender and age groups

RS Ve BPF BPB BPZ BPAP BPAF BPP BPA BPS >BPs
ESY
2~T (R4 A]) 2.38 1.90 1.05 1.29 4.07 0.81 59.66 25.47 96.54
8~12( R 4 A1) 1.86 1.44 0.85 1.04 3.49 0.62 49.18 20.98 79.38
13~19(F 1) 1.73 1.35 0.78 0.95 2.99 0.56 47.64 20.29 76.21
20~50( F H) 1.11 0.84 0.50 0.60 1.95 0.35 31.04 13.22 49.57
51~65(F ) 1.13 0.87 0.50 0.60 1.94 0.36 31.25 13.68 50.26
>65( F M) 0.99 0.74 0.43 0.51 1.62 0.30 27.31 11.83 43.70
13~19(F 1) 1.52 1.19 0.70 0.86 2.84 0.51 40.59 16.93 65.08
20~50(FH) 1.14 0.90 0.51 0.61 1.93 0.36 31.30 14.15 50.84
51~65(%H) 1.14 0.91 0.50 0.60 1.85 0.36 31.83 14.34 51.46
>65 (%) 0.96 0.75 0.41 0.49 1.53 0.29 26.37 11.73 42.49
T3 (P A>19) 1.08 0.83 0.47 0.57 1.80 0.34 29.85 13.16 48.05
Py

2~T (R4 A]) 2.50 1.79 1.15 1.14 4.76 0.91 200.80 102.02 314.98
8~12( R o A1) 1.93 1.35 0.93 0.91 4.08 0.71 125.86 85.65 221.39
13~19(F 1) 1.76 1.26 0.84 0.82 3.45 0.64 101.00 83.40 196.72
20~50( F 1) 1.13 0.78 0.55 0.52 2.36 0.40 63.53 52.35 124.60
51~65(F 1) 1.13 0.81 0.56 0.52 2.36 0.40 63.72 55.37 127.83
>65( 5 M) 0.98 0.70 0.49 0.45 2.04 0.34 55.77 47.72 111.46
13~19(F %) 1.58 1.11 0.76 0.75 3.27 0.59 87.95 70.05 169.25
20~50( %) 1.14 0.84 0.57 0.53 2.36 0.41 64.66 58.66 132.25
51~65(F ) 1.13 0.85 0.56 0.52 2.28 0.40 64.85 59.63 133.29
>65( % %) 0.94 0.70 0.48 0.43 1.98 0.33 53.72 48.33 109.98
T3 (BT A >19) 1.08 0.78 0.53 0.50 2.23 0.38 61.04 53.68 123.23

S5 R 2 BPs B H A BB A R
WK BT REEH, 50 S 09 45 A AR
SBPs & H A & w1 2~7 % L (96.54
ng’kg bw/d), B KA JE 65 % LI & A (42.49 ng/
kg bw/d), XBPs B H R &% A &t M0 22 7 A 9
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Bisphenols in Diets: Contaminated Levels and Risk Assessment

Zuo Peng', Tan Xuerong", Liu Shaoying?, Yang Rong', Li Bo', Mu Fang', Shi Bufang'
(‘Guangyuan Center for Disease Prevention and Control, Guangyuan 628000, Sichuan
*Hangzhou Center for Disease Control and Prevention, Hangzhou 310006)

Abstract Bisphenols (BPs) are suspected posing potential endocrine disrupting properties. Occurrence of BPs has been
reported in environmental matrices. BPs might migrate into foodstuffs through food packaging materials or contaminated
water and soil. Information on the occurrence of bisphenols, other than BPA, in foodstuffs, however, is scarce. Dietary
exposure is of paramount importance way for human health. In this study, eight BPs, including BPA, BPS, BPP, BPB,
BPAP, BPAF, BPF and BPZ, were analyzed in market foodstuffs (N =278) collected from Guangyuan, Sichuan, China,
using ultra—performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) foodstuffs were divided into ten
categories of beverages, dairy products, eggs, cquatic foods, cereals, meats, fruits, vegetables, canned food and pack-
aged drinking water. Bisphenols were found in the majority (76.3%) of the food samples, and the total concentrations of
bisphenols (2BPs: sum of eight bisphenols) were in the range of below the limit of detection (LOD) to 59.08 pg/ke,
with an overall mean value of 3.12 pg/kg. The higher overall mean concentration of %BPs was found in canned food,
cereals, cquatic foods and vegetables. The predominant bisphenol analogues found in foodstuffs were BPA and BPS,
which accounted for 77.9% and 14.4% of the total BPs concentrations, respectively. On the basis of measured concentra-
tions and daily ingestion rates of foods, the daily dietary intakes of bisphenols (calculated from the mean concentration)
were estimated to rang from 42.59 ng/kg bw/d to 96.54 ng/kg bw/d for different age and gender groups. BPA contributed
to the majority of the total intakes of the BPs, followed by BPs. The daily dietary intakes of BPs showed a decrease
with the growth of the age. It should be noted that dietary intakes of people aged 2-19 year old (critical time of devel-
opment, 87.96 nglkg bw/d) were obviously higher than that of aged above 19(48.05 ng/kg bw/d). Based on the t-TDI set
by EFSA (4 pg/kg bw/d for BPA), the BPs through dietary intake pose low risks on the general population even summa-
rization exposure levels of different BPs. However, the production and application of BPA analogues are increasing world-
wide, and the health risks caused by BPA analogues should be continuously concerned.

Keywords UPLC-MS/MS; bisphenol compounds; contaminated levels; dietary exposure assessment



