R e TR AL L T - DU AT S R B v A 0 A K rhoOBU i A RO F R RS AR I R R ) —— R AR, 4 —155—

LB AL >k
R 1 5 AH €8 1% - U 2R A BB G BT i o A I ek FH K R
Iy A FOWEy F A AT 5 Bl = )

HE B E R T EH AR
(1. THERAFALT LK, E  100069;
2. E TR EHETC AT ELH AR AL T T EALEE, L E 100013)

B E:BE SRk P RE A(BPA) WE F(BPF) A 9 A SRALK & &) = 4 89 2 3 300 A0 € % -9 SAT %
3% % (UPLC-MS/MS) # il 77 ik . A& 500 ml 4% A K # & 2 PLEXA Bl A £ AL G £ 4105, il id BEH C, &%
A£ (2.1 mm x 100 mm, 1.7 um) 4 & , vA TR -KAE AR Sh AR JE S B0, R A WA $ BN et F 7 & TR X3t
ATtm S EER S, ER I ABAYRELEHRAECEAANLAREHERELRZ (7 >0.99), 7 &2 TR
(LOQ) 4 0.01 ~4.00 ng/L,smAx ek & 4 78. 8% ~99.6% , 483 4= 44k £ (RSD) 35/ F 12.2% . # A% F & 57
40 4 5 FRAR A K A£ 5  BPA \BPF fo g £ B A(4CI-BPA)3 £ B Axdh R AL AF 50 7 69 4 ok % 5 5] b 45.0% (18/40) |
40.0% (16/40) #= 32.5% (13/40) , 4 B R E 451 4 0. 60 ~9.40, <LOQ ~106.20 = < LOQ ~0.02 ng/L, &it K
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KEBIR skAAK; WE Ay B F; 2 &HARAEE- WA EBHAE,; A RREL

hE 45 ES:R155 XERFRIRAD : A MEHS:1004-8456(2017)02-0155-05

DOI:; 10. 13590/j. cjth. 2017. 02. 008

Simultaneous determination of bisphenol A, bisphenol F and their chlorinated byproducts
in drinking water by ultra-performance liquid chromatography-tandem mass spectrometry
ZHENG Sai', YANG Yun-jia’, ZHANG Xin', NIU Yu-min’, WANG Bin’, SHAO Bing'~
(1. School of Public Health, Capital Medical University, Beijing 100069, China;

2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning, Beijing
Center for Disease Prevention and Control, Beijing 100013, China)

Abstract; Objective A analytical method was developed to determine bisphenol A ( BPA), bisphenol F ( BPF)
and their chlorinated products in drinking water using ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS ). Methods Water samples were concentrated and purified with PLEXA solid-phase extraction
catridges. The target analytes were separated on a BEH C; column (2.1 mm x 100 mm, 1.7 pm) with gradient
elution using acetonitrile and water, and identified under negative electrospray ionization. The matrix-matched standard
calibration curves were used for the quantitative analysis. Results Good linearities were achieved for all analytes with
correlation coefficient (7 ) above 0.99. The quantitation limits of the method ( LOQ) were in the ranges of
0.01-4.00 ng/L. The recoveries of the target analytes ranged from 78. 8% -99. 6% , with relative standard deviations
(RSD) less than 12. 2% . Forty drinking water samples were analyzed by the developed method, and the detection rate of
BPA, BPF and 4CI-BPA were 45.0% (18/40), 40.0% (16/40) and 32.5% (13/40), the concentrations were
0.60-9.40 ng/L, <LOQ-106.20 ng/L and <L0OQ-0.02 ng/L. Conclusion The established method could be applied
in the simultaneous determination of BPA, BPF and their chlorinated products in drinking water due to its excellent
sensitivity, recovery and reproducibility.
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M1 A (bisphenol A,BPA) J&—Fh 8 % ¢ fk T %
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BPA Fil BPF 76 5811 5 o 72 34 23 A= ol 2 Fh S8 Ak 7
Y, BT A g5 R ek AR AR T B R B
R AR TR, BB 5 " £ BPA AfL
J52 N TR ) SHE U8 3R 32 AR 5 5 AU SR IS W X BR W Y 24
s =@ F(3C1-BPF ) Fl 4 & XL F (4C1-BPF)
{14 2o S 0 T8 A7 348 B 0 TS A2 AR y 2808 43 ) B BPF
WA T (3.6 £1.0) F1 (6.9 +0.4) /5", % TF
BPA BPF Ak 7 8l 7™ W 1 WS A2 35 1, A 0 BN 3L
SALTH R =Y AE B AR K T B AR AR R G0 AT W
DA JHG At B XU 14647 P o

HAT, b st ARk 2 24 BPA (1 501611
ERE R T T 7 e B BR R B kR K
f BPF S04k 11 35 B ™ W 47 16 KT 16 BF 5% 6 OF 2
AR50 2R [ AH 2 IBCH R 25 5 e 280U AH €4 3 -1
G R BTG (UPLC-MS/MS) , 52 AR HI K i BPA |
BPF .5 il BPA S AL IH # @l =9 [ — & W A (1Cl-
BPA) 3,3- " M A(3,3-2C1-BPA) .3,5- 4%
My A(3,52C1-BPA) | =S Wl A (3CI-BPA) | U4
XL A(4C1-BPA) ]l 4 Ff BPF SALIH 8 &I = [ —
S F(1C1-BPF) | — 48 % 1% F (2CI-BPF) . 3Cl-
BPF 4CI-BPF | 3t 11 Ff B 45 9 51 (1) 5] B 00 5 , 4 2%
ZEUR K BPA (BPF K G Ak 3 25 @l 7= ) i 75 G
AR B A 7% e Al B A 4 4t S A R0 40 A T B o

MRS
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L1 AESSRIE

POHARRER T 2017 4F 2 AR E AL T =
DX, 2 0 Ji R AR /N XA SR KA R A K (R AR
HEEAIHT ).
1.1.2  FBALER S

AR €38 7 DT 356 3 (X Oasis
HLB [E #H # B AE (200 mg/6 ml) . ACQUITY UPLC
HSS T3 {6, % 4% (2.1 mm x 100 mm, 1.8 pm ),
ACQUITY UPLC BEH Shield RP18 @45 (2. 1 mm x
100 mm,1.7 wm).ACQUITY UPLC BEH C,, A ikt
(2.1 mm x 100 mm, 1.7 pum) ¥ H 3£ F Waters,
PLEXA [& #H 2% BU A (200 mg/6 ml, 3 Agilent ) ;
ENVI-Carb FEAH#EUH: (200 mg/6 ml, 3 [E Supelco)

Fs 2 A K Sl LC-MS 2% ; 74 R A — 40 W &%
& HPLC % ; BPA ( CAS.80-05-7, 4l ¥ > 98.5% ) .
BPF ( CAS: 620-92-8, 4fi & > 99% ) . BPA-d, ( CAS;
347841412 46 >98% ) br v M 3 H H 4 Tokyo
Chemical Industry; 1CI-BPA ( CAS:74192-35-1, 4fi &
>98% ) .3,3-2C1-BPA( CAS.79-98-1, 4% >98% ) .
3,5-2C1-BPA ( CAS: 14151-65-6, Zi B > 98% ) .3Cl-
BPA ( CAS: 40346-55-2, 4 ¥ > 98% ) . 4CI-BPA
(CAS: 79-95-8,98.5% ) br #E & 3 14 H I & K
Toronto Research Chemicals; 1Cl1-BPF 2CI-BPF , 3Cl-
BPF 4 CI-BPF 45 ih 14 2 BEAS RS2 2 i 37 1
FrEk A O A B A
1.2 J7ik

IR KR it AR €8 FL R B 11 BB RS R A AT LR
IR SLRVAINA 50 mg/ L &7 R 1 410 ) 2R A 4,4 C AR
2S00 % JR BEAT A B A o RS Rl R A H
B 0 B R AR A D s EARHIK (FnBRad B 48 H s
2 E bR AR TR 1 BR ) AT Or ik 5 4%
1201 i 4k 2R

B PLEXA [EAHZ A, FH 18 ml HIEEE AT 6 ml 7K
MW G Ak 5 Ak 58 ¥R, K 500 ml K AR LA
10 ml/min AR AE, BE)S5 F 6 ml 7K A1 6 ml 50%
P 7K T AR UK O, K 25 O B T U T SR
MR 6 ml BV B o AR VR TR, TR B B A
ST K, T 20% B R W A & 1 ml, i
UPLC-MS/MS | 52 .
1.2.2 U0

4% £ . BEH C # (2.1 mm x 100 mm,
1.7 pm) ;¥R 40 C; FERERTR 10 pl; WshAH A A
NG, B K i 0.45 ml/min; B BE U8B 2% 10
0.0~5.0 min,15% ~85% A;5.0 ~5.1 min,85% ~
100% A;5.1 ~ 6.0 min, 100% A;6.0 ~ 6.1 min,
100% ~15% A;6.1 ~8.0 min,15% A,

J 3 2% 1 - H BT 25 17 2 IR (ESI-) , B4 L
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2 KV, HEFLAL R 30 V, B3 IR E 150 °C, B i 77 il
J¥ 350 °C, JBid <k 950 L/h, filf 43 3 0. 12
ml/min, 22 J R I A8E 5 ( MRMD) R SR 4R H i, B
ZHLE L,

£ 1 Hbsfos P Or a5 B S

Table 1  Retention time and MS/MS parameters for the

target compounds

H b 5t PREFIS ] /min - BEHE B X/ (m/z) il AR/ eV
BPF 2.39 199 >93~ 20
199 > 105 20
1CI-BPF 2.83 233 197" 25
233 >93 20
2C1-BPF 3.21 267 >231° 40
267 >89 20
3C1-BPF 3.57 301 >89 " 35
301 >264 20
4CI-BPF 3.92 337 >301° 33
337 >125 22
BPA 2.90 227 >212° 24
227 > 133 18
1CI-BPA 3.31 261 >246 " 25
261 >182 20
3,3-2CI-BPA 4.18 297 > 149" 28
297 > 165 25
3,5-2C1-BPA 3.67 297 246" 30
297 >216 22
3C1-BPA 4.02 331 >280" 30
331 >252 25
4CI-BPA 4.35 365 >314 " 30
365 >286 25

Ee = R A S W ER S T

2 EREHH
2.1 UPLC-MS/MS &4k

AWFFE 53 50 25 56 T SR (3 w7 R B
FAAR 2 WK A S -/K 0 B by ik 47 o K8 5
RERE R R o S5 R R W], 2R ] SN -7K h I s A

239 199.1>93(BPF) 273

B T B AR A& W 3% B B i R O (5 L
Yy P EE- KRR 1.5 ~3.8 %) o [l &G -7K It 2
N 5 mmol/L Z FR % , MT AT &34 hin 4% H A4 i
BIREL > B (0 RBUE IR 5 45, h TRA
MRM A5 R 5 T35 B4l , 25 H A5 ) 2 o FE 1 B 1
Xif 22 B A A L B AR B 2 K AR S 4 i
T B A LAARAIE 53 BT 7 125 0 R U

[E ), A BF 5% 36 Wb %8 7 BEH C,,, HSS T3 #I
BEH Shield RP18 = 8,3 A1 X H b5 ¥ W 19 2 1
SR fdi A HSS T3 F1 BEH Shield RP18 A i
INF,4 Fh BPF S0 5 &l ™ 9 0 008 22, i 1
BEH C a3 A0 ,4 F BPF G400 25 &l 7= 9 it 1 %
5 1o {5 B A At 7 A e A, LR 1,
M, AW IRk FE BEH C 4 %5 H AR ¥ #4770 5
2.2 [EIAHAE BURE £

ABFFE 5T = R [ A A U X B bR W R
BRE 1 5 B R AR R, 7E 500 ml 58 AR
FHAEE S TP A 100wl 11 Bl H AR 8 B B9 IR A A
W (100 wg/L) , H% 3% 18 5, BE Hi 8 A5 ¥k N
20 ng/L (AR HE s 20 50 F 18 ml B EEERT 6 ml /K
MRV 6 Ak = Fl [ A0 2E BOHE , B 500 ml Jiin b 46 5 LA
10 ml/min [ 3 LA B 5 FH 6 ml 50% H K %
WK E 5 43 6 ml H 26 B HLB Al PLEXA 41,
6 ml % 0. 1% BRI — 58 H e -1 i -FH i (20 4: 4,
V/V) BEWCVE I GCB . Ui 8 VB MW, 7E AR F R
T I H 20% W EEKIF R ER R 1 ml,

= AR 22 R X B AR 8RR A R G i R B
fie J1, AR ISR ZE 75. 0% L 1 AR [ [ 4H 2
BRURE XH F  A 1 A RO 25 SRR, Horp GCB R 1 14t
TLBE 1 38 25, 4 H AR W 1 35 T 1D ) SR AE 46.5% ~
98.0% 8], XJ&H N GCB #: H A & 1 58 # il

i :a & BEH C g4 ;b & HSS T3 # ;¢ 24 Shield RP18 #F
=R OIS AT ST B ARG W s K

A1

Figure 1

199.1>93(BPF) 271 199.1>93(BPF)
1003 1.18¢7 1003 523¢6 100; | 6.79¢6
O 344 0 381 0 T ﬁ T L% T373 T 1 T
3 " S M S ; ;
283 233>93(1CI-BPF) 321 233>105(1CI-BPF) 316 233>93(1CI-BPF)
'00,; 1.16e6 1001 es ‘003 2z | 8.50e5
2 3 4 2 3 4 5 6 1 2 3 4 5
N 32 267>89(2CI-BPF) & 365 267>89(2CI-BPF) & 259 267>89(2CI-BPF)
m 100 8.56e5 #4100 492¢5 #2100 C6es
3.59 4.06 1
# ol : \ S * o # 03. . e E—
jé oo 3 4 g N T M B ® 1 2 4
. 358 301>89(3CI-BPF) 100 406 301589(3CIBPF) = 100 3.95..301>89(3CI-BPF)
; I 7.32¢6 3 ]l 4.81¢6 ] N 4.39¢6
0 | — ok S C— 0 . : ’I‘ —_—
20170219<26 3 4 2 3 4 5 6 1 2 3 4 5
100 337>125(4CI-BPF) 100 445.337>125(4CI-BPF) 337>125(4CI-BPF)
3 | 221e6 % f 3.12¢6 100 \ 5.77¢5
ol S i - SR W 031 S —
5 3 4 b IR M 5776 1 b 304 5
t/min f/min /min
a b [

Chromatograms of the target compounds by different chromatographic columns
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T 2 B A 245 P B AL, X s 0 ) £ B 8 0 iR
TE M I 5 (7 3 35 Fd 7 50 LA BRI AR el e 5, {H
B2 2% o A Bl Uk B R HE T PR R T G 4k fE

HLB FEH1 PLEXA H: X R dh B A7 B4 19 AL ROR | BR

#2

BPF LISh, 45 4 Jot (9 & JS 3800 349 4 20% DAE, Herr,
PLEXA #£%} BPF 3CI-BPF 4CI-BPF #ll 4C1-BPA 454
B AR B A T HLB A, L3R 2. R, e 2
e PLEXA & AH A€ BORE X ERF KA il BEAT R AL 2

Pl T AR A BORE X B bR g 5 [ A R 5 B I 5 SR (% )

Table 2 Recoveries and matrix effect using three different solid phase extraction columns

HLB # (200 mg/6 ml)

PLEXA #: (200 mg/6 ml)

GCB (200 mg/6 ml)

i I g = I L I i % B JO T I i B L
BPF 96. 6 33.9 80. 8 24.5 105. 1 97.3
1C1-BPF 90. 4 8.7 85.3 -4.0 114.4 98.0
2CI-BPF 100.2 10.6 89.0 8.9 75.0 89.6
3CI-BPF 89.0 19.5 92.6 5.7 84.0 79.9
4C1-BPF 93.4 19.3 91.0 -2.6 75.2 46.5
BPA 98.0 -2.5 91.7 -3.8 102. 1 98.3
1CI-BPA 92.0 6.0 99.6 8.3 89.0 90.9
3,3-2C1-BPA 95. 4 12.5 97.0 9.1 97.3 74.5
3,5-2CI-BPA 96.0 7.6 93.0 9.4 95.9 76. 4
3C1-BPA 108.0 7.6 97.4 0.0 98.2 52.9
4C1-BPA 98.3 18.9 94.7 -13.7 100. 6 71.0
T« R JRORRON = 1 — J J DG G 06 T AR/ b 4 i g TT AR > 100%

2.3 i 3L K RS AR

I & B 0 R R S R TR AR
J& BPA X AT fig & i T30 FH i b BPA 732 £ 1M
SEUNTG Y TR R TS G R E B A DA AR I
SE B 0 E B M B8 T ORI T — R B I
Jiti, A5 4 A P JO 3% 2% 1 A WLV 3R R K R Dy T sh A
I 38 2% LAH P T 29 4E 400 °C F ALK 4 h ) b 48
AWCHEAE AR AT A 18 ml W 9bk Uk 6 Ak, B 290 3
P25 FURE &b BPA Y & & 4 ) 78 A 4% 2 i R
(0.3 we/L) LA o 7 52 bR FE & KL DU B, A 10 £ B
A E 1A IR A ORI R 2 (1, o BT B 0 B A R
25 P VR T A5 B AR S 00 S BRA HHRE
2.4 Pk LM R R s B A A R

R AR H B Ak A W 0 TR KRR S R R
IFi) V¢ B 1 i S DG A o W, W AR B8 1 Tk R S
BOATH S o LA E AR T 0 T AR () XA N A ST
IR IE (x, wg/L) 2 i 56 0 VT e AR o il 28 . AR I
FL(S/N =3 ) ff 5 J7 36 Kt BR (LOD ) 5 LU AF M L
(S/N=10) #fi & 77 ¥ % & B (LOQ) o 11 Ff H x4
JRA LR PESE B WL 35 3, fE A E I E LB N A R
MR HERE(FP) B R T 0.99, % &S H
EAE AP AEE R &Y BPA ARJEME (29 0.3 pg/L),
I BPA B[R R N AR AU BPA 48 H REEUE
2.5 Pk IR S R R

A FERT = A~ W FE AKF B 0 A Tk K R i 32
F153 M, 25 8807 VR A6 S BRAE o b i o] S b 5 AR
FEE. ARNE 4 FrR, = A AR K 5 52 BR K A
KRS, 2 B AR B Rl 78.8% ~
99.6% ,RSD 7£ 0. 5% ~12.2% Z.[i] , % H B4 B

U R E VS B, AT T SEBR AR K 23 #r o

Table 3 Linearity, limits of detection and limits of
quantification of the method
H b4 LR *ﬁ?&;@%ﬂ( LOD LOQ
/(ng/L) /r /(ng/L)  /(ng/L)
BPF 0.50 ~100.00 0.999 6 0.16 0.50
1CI-BPF 2.00 ~100.00 0.996 0 0. 66 2.00
2Cl-BPF 1.00 ~100.00 0.994 0 0.32 1.00
3Cl-BPF 4.00 ~100.00 0.998 1 1.32 4.00
4CIl-BPF 2.00 ~100.00 0.998 3 0. 66 2.00
BPA 0. 60 ~20.00 0.992 3 0.20 0. 60
1C1-BPA 0. 04 ~20.00 0.997 3 0.01 0. 04
3,3-2C1-BPA 0. 10 ~20.00 0.992 1 0.03 0.10
3,5-2CI-BPA 0.04 ~20.00 0.994 4 0.01 0. 04
3Cl-BPA 0.04 ~20.00 0.996 6 0.01 0. 04
4CI-BPA 0.01 ~10.00 0.992 5 0.00 " 0.01

H:: « IR 4C1-BPA [y LOD {4 0. 003 ng/L.,
2.6 SEBREK KA & A3 b

SR AR i 48 57 7 iR AL s T = X RO
IKFE ST o34 o S5 R340 M FE S i A 18 (K
ikt BPA £t 325k 45. 0% , Wk B 5 [l Ry 0. 60 ~
9.40 ng/L; 4 13 {54 & b 6 H 4C1-BPA, £ % hy
32.5% WRFEJLRI N <LOQ ~0.02 ng/L, BiFifb &
G vl T3 3 W AR T FAN 451 7 2013 AR 4R GE 1Y
F [ 1k FH 7k o BPA (4.7 ~ 512 ng/L) fl 4Cl1-BPA
(0.2 ~26.7 ng/L) B BEK Yo &R $dow , A T
MR BPA J5 , iZ W) B 7 I 58 7K AR b 5 15 G 7K P
AIRER BRI AN, R4 16 £ B A I 13
BPF, & i % 4 40.0% , ¥ F£ 3 Bl o < LOQ ~
106. 20 ng/L. BPF {J#5 i ¥k B &5 T BPA, #8 i% 1k
GYIVEHR BPA B SR 12 A F O X R 58 77 AR
— WG G SEBRAE TR AR K ) BPF G4k T 7 A ™
Y, 7T fig 5K R BPF AL TH R R WA 5 5
B AR SR U R R R A B A
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F 4 ARV EENFR K H K AR & R F RSD (n =6)
Table 4 Recoveries and relative standard deviations

of the target compounds

[aexy] Az K-/ (ng/L) [l 2/ % RSD/ %
10.0 80. 8 4.1
BPF 5.0 89.9 3.1
1.0 82.0 6.9
20.0 85.3 3.2
1C1-BPF 10.0 90.2 6.5
2.0 79.0 6.5
10.0 89.0 2.7
2C1-BPF 5.0 92. 1 5.1
1.0 78.8 7.1
30.0 92.6 7.0
3C1-BPF 15.0 95.2 5.7
3.0 79.0 9.2
20.0 91.0 3.7
4C1-BPF 10.0 91.2 3.9
2.0 97.0 3.9
10.0 91.7 2.2
BPA 5.0 99.0 8.8
1.0 90.0 2.5
2.0 99.6 4.1
1C1-BPA 1.0 99.2 2.1
0.2 87.5 5.8
2.0 97.0 3.6
3,3-2CI-BPA 1.0 94.0 7.1
0.2 86.5 3.1
2.0 93.0 3.1
3,5-2Cl-BPA 1.0 85.3 6.8
0.2 97.0 0.5
2.0 97.4 3.4
3C1-BPA 1.0 99.6 4.6
0.2 85.2 7.1
2.0 94.7 3.6
4C1-BPA 1.0 94.3 6.9
0.2 86.2 12.2
3 NG

P T AR 26 BORE o SR A, &5 5 B o RO 8
T -DU T H3 K B3 B R, @ T O K e BPA
BPF K FCGA A T 2 & 7 1 4 Dk v 2 0 SE By
Motk o %07 16 BAT B e B E B MORS 4% E 4% 0
FEAR AL R AR HTOK o b A R i B i 2
R, A — 4 AR AT K o BPA (BPF KCH G AL 1 75
Rl 3G Gk PR BE T BRSO
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