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Abstract: A derivatization UPLC-MS-MS method was used to analyze bisphenol A (BPA) and its chlorinated derivatives,
including monochloro-BPA, dichloro-BPA, tricholro-BPA, and tetrachloro-BPA, in 40urine samples of Beijing women.
The detection frequencies of BPA, monochloro-BPA, dichloro-BPA, tricholro-BPA, and tetrachloro-BPA were 90%, 96%,
90%, 52%, and 45% with average concentrations of (1.30+1.24), (0.40+0.37), (0.41£0.51), (0.18+1.49), (0.46+0.35)
ng/mL, respectively. While the total concentration of four chlorinated BPA was 1.45ng/mL, which was similar with that
of BPA in urine, their BPA toxic equivalent quantity (TEQg,p) in urine was calculated to be 4.84ng/mL, which was 2.2
fold higher than that of BPA. The TEQgpa concentration was log-normally distributed, and the probability higher than
Benchmark Dose (BMDL, s), corresponding to the increasing risk of diabetes by 0.05% due to exposure to BPA, was
19.2%. Our results indicated that chlorinated BPA might pose a relatively high risk.
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Fig.1 Structures of BPA and chlorinated BPAs
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Table 1 Multi-selected reaction monitoring (MRM)
conditions for bisphenol A (BPA) and chlorinated BPA

PR T HEALAL AR R

WA k-1

(m/z) () (eV)
695>171 30

R A FHEAL S A 60
695>156 40
709>171 30

T 14-50) A I 14—FF Ak Uy A - 60
709>156 55
729>171 50

G A PHERAL SO A 52
729>156 60
763>171 58

R A PR SO A 55
763>156 60
798>171 55

ZEX A PHBA =S8 A 45
798>156 60
833>171 38

PUSREY A FHEEAL PO S A 44
833>156 58

il ACQUITY UPLC tﬁfxﬁuﬁzifﬁé X
(Waters, USA)XS % H A=W REAT 73 25 WAH (1%
X% | ACQUITY UPLC BEH C;s o i% #F
(2.1mmx50mmx>$if2 1.7 pm)(Waters, USA),i
AR IR 0.1% F R 1 4l K, (s FE i 5
h 40°C i 0.3mL/min, BEREARL SuL. G AH AR
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Table 2 Recovery and standard curve parameters of
bisphenol A and chlorinated BPAs

P — o RN iE| fkriirﬁ?% [EC % (n=3)
(ng/mL) FRE(R®) 0.05ng/mL 0.5ng/mL 2ng/mL
T A 0.05~10 0.9989  106+6  87+12  69+20
S 14-XUE A 0.05~10  0.9996 76+1 80£5  96=10
G A 0.05-10  0.9791  108+8  64+13 79427
THEMIE A 0.05~10 09717 79+12 6712 99+33
AN A 0.05~10 09968 95+7 98+11  62+4
PUEA A 0.05~10  0.9997 95+3 90+9 7517

* 3 BHIRARNTEIBMINETE AR W RN ERE
BFIER
Table 3 LOD and transition monitored m/z of non—

derivatization and two different derivatization

methods
1 H R (ng/mL)
H ks 3 ) HHLA
P REPE KHIDNS A
DNS+DMAP 474
B A 0.9 0.03 0.03
— G A 0.02 0.001 0.001
T A 0.01 0.001 0.001
AN A 0.5 0.1 0.02
DS A 0.1 0.02 0.004

2.2 NPRRHFES T BPA S AR AR
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Fig.2 Chromatograms of target substances in urine samples

AR BAE S —5 BPA. & BPA.  0.0lng/mL). (0.41%£0.51) ng/mL(<MDL~2.60ng/

— 4% BPA RIPY% BPA [PKRFEKF2 54 mL,JLA#{E=0.0lng/mL). (0.18+1.49) ng/mL
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B EEI AT (B 3), 38O K AT g2
X BPA IR 2 — (R R &8 BPA 141
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G FRIRR. DUS BPA A H R FIRE KT = T
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b= i, AR by BB FRAS I T- R TI  y
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KA R DTk,
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11 BPA A5 4 P& BPA [FHEEE T 150 5l
4 BPA [¥] 7.40. 4.19. 0.58. 0.11 £ dtitsg
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MR BPA Al 4 FPEAR BPA (R EAI
(2.75ng/mL)f 2.2 £i5(F 4).25 SPSS(v18.0) 44
#) Shapiro-Wilk #7546, 75 BIAH G 40 AR W
BPA 25 5 W JE AR WG BI0E 25 43 A, JL AR 354
2.67ng/mL, JU{a b5k 2= 4 2.38ng/mL, 73 A1 KA EL U
K(DFTR:
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2(In2.38)*

1
X)=——¢

&) V21 1n2.38
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Fig.3 Concentrations and proportion of Bisphenol A and
chlorinated analogues in 40 human urine samples
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Fig.4 Comparison of urine concentration (A) with toxic
equivalent quantity (TEQgp,) in urine (B)
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P PRI AR BPA R B RN A5 2 oy i 1 Ll
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(kg-d).

CERIE N BPA S 12 S R F kb
TERMTFRERMD. W TRMERART
2613527 Horh 26 [H EPAFDA 252 SN ¥ 14
WA R #2805, H: NOEAL {0 5Smg/(kg-d),
AR 2 @) T A3 B H Ao vF 3N & (TDI,
mg/(kg'd))h 50pg/(kg-d)** >

TDI=NOAEL/UF=5(mg/(kg-d))/100=
50pg/(kg-d) 3)
[ H:UF A RELEE 10 R 2ZER 10
AN ZE e AL A i BPA S5 M\ i
AT TDIHE, ik TDIE I %<0.01%,4b T5%
IR XU 7K T

B T AR > 2 Ah, 56 I [ K i A I H A
(NTP) & XK A20124 42 H T AABPAZ R T 5|
AL R e PO VR 2 S S B B AY K 1 BPA
111U 7 7 51 [ 70 RN 1AB7 111 o M) e |
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Je KR Silver S BRI T R BE AOREAS )22 H5 B A 1
I 20438941, 15T 1 R K T BPAK BE 5 Bl PRI

EDI=C, xV, ><L
w

AR Z TR OV G AR (R 4).

%4 ERT BPA RIEKE SHERBRKRD
Table 4 Relationship between urine BPA level and

diabetes

BPA R E(ng/mL) BRI BRI RIE(%)

<1.10 0.55 1121 83
1.10~2.20 1.60 905 10.8
2.11~4.20 3.16 977 11.2

>4.20 8.40 964 12.8

AW FER T 1% SCHR[36] 0 T #2537 1) 771
BN O ZR (R 4). A8 S W G S5 SRt 91 8 DX TR 1)
bR P ARG HLE 4 FP R BPA (X ) S
(0P L AR IR FE IR 2 5, /E IR (R 4).14E
Uk fit -, F A USEPA f) Benchmark #
(BMDS V2. 4)X 8 JR 8 & Ak 28 55K IR BPA
BMDLs( 5 95 XU 81 0.05% 5% W it 5 ) ik 47
TR A E R 2R T Logistics
Probit f Quantal-Linear 3 P& R HEATHL4, 45 S
XKW Quantal-linear B U R B 4F, BMDL;
J 5. ng/mL ARG 40 N RIBEFEA BPA 5518
WRIERF G BUER A A2E  An B 5 s

025+

19.2%
0.20

- | 1 L

0 5 10 15 20 25 30 35 40
JRIK BPA %5 41 BF (ng/mL)
Bl s bt 40 Atk IR BPA A5 2 ik B A 53 A
Fig.5 Distribution of toxic equivalent quantity (TEQgp,)

in 40 urine samples

I IR BPA 2524 By 2 (30 % 40 A, n] 53
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BIUAKF G AL 5T AR PR BPA 55 2 SRk
ERE 5. 7ng/mL MR A 19.2%, Ui B H 70 2 25
BPA £7-4E— 52 FIBH IR 993 KUK

3 #Hig

31 # T AEPRERE S BPA U EAR
BPA I HUAHFHEALAT A~ UPLC-MS-MS 3l
D5k, T IR R 62%~108%, 46 H R
0.001~0.03ng/mL.

3.2 40 bR X Lok PR S i — 51
BPA. 4 BPA. =& BPA FIJU% BPA [ 2k
FE7KF- A1 BPA [ 7K -AH AT 4 Fh 548 BPA [
BPA %55k % /2 BPA IRJE) 2.2 5.

3.3 JRIEFE S BPA & IR IE N 6.14ng/mL,
A FNAMFE S A T BPA [0 R KR
[ AL (0.05% A0 KU ) IR E 26 4 19.2%.
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