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Abstract ;, In this study, seven bisphenol andlogues were measured in water and sediment samples from Taihu Lake, and potential risk
was evaluated. | The results showed that BPF, 'BPS artd BPA were' the, predominant scomponents in water sample% from Lake Taihu. In
sediment ,/ 'BPA was always 'predominant, followed by §PF and’ BPS and there was a significant posmve correlation between BPs and
TOC content: In’ dddltlol‘l the high concentration levels of-BPF, "BPS and BPA were distributed in the tributaries of Lake Taihu ( S4-
S10). The risk assessment of the target BPs showed that the combined risk quotients posed a low eco-toxicity to aquatic ecosystem, and
there was no appreciable risk to human health from potential environmental exposure of drinking water.

Key words : bisphenol analogues; Lake Taihu; water; sediment; risk assessment
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Fig. 1 Distribution of sampling sites in Taihu

Lake and its tributaries

1.2 {85

A WA - BT 3 {Y ( LC-Agilent
Technologies 1290 Infinity, MS-AB SCIEX QTRAP
4500, 3¢ [E AB /A +]) ;ZORBAX Eclipse Plus C18 %
FE(150 mm x 2.1 mm,3.5 wm, 3 [F Agilent 23 7)) ;

HLB [ A1 2 B/ (200 mg, 6 mL, 3€ [F Waters 2%
) s e ZE R A (Fiit: BUCHI 4] ) ; Milli-Q #8407k
R (3 E Mimpore 23 7 ) ; AG-285 HL T K (Hi +
Mettler 23 /)) ; TOC 43X (1 Elementar /A ] ).

XU A(BPA , 4liJ% 96% ) . A F( BPF, 4% >
99% ) . AW S(BPS, 4 99% ) . X AF ( BPAF,
4l 99% ) . Wiy AP(BPAP, 4l >98% ) . X B
(BPB,4liJE >98% ) . M Z(BPZ, 4l >98% ) W
AARBBHARATE Q. HEE, NER (6035
gl {8 Merck 23 ) ; /K ({44l | 254 H 25\
AR B2 WD) 5 REALK R Milli-Q Zh7KHLH K.
1.3 FEALHTALEE

KB S mL HEE, 5 mL 8 4l K I 4L
Oasis HLB (500 mg,6 mL) [EIAHAEHUINE | o 6 8
280.45 wm BERE LR IR KAE 1 L, 2051k
FRO R IR ZE B, 1 FF 3 29 S mbsming
REIG T 10/mL (B 4K e HIB /v I
TS T L2230 min YEFF T, 1 10 il FHBEVE
B, VBB A T BRI T R A A L, i
T 2 ~3 min HPLC-MS/MS 205, | 74

SRR S g U J5 250 mL % DU L2 B
AR IIA/50 L U AR (50/50 , R AR L) i)
ACHA AR B 30 min 7, 1110 000 cmin TS
min ff HIERCE TR0, R LRSI, SR
(100 mL) , e 2 & 2 T, I E A 2 1.0 mL,

SN 99 mL MBAlKE S, B R F R

1.4 {Uassft
1.4.1 WAHEE

¥ ZORBAX Eclipse Plus C18 4 3% 4 (150
mm x2. 1 mm,3.5 wm) , fsIHHHA 0.02% ((KFIEL)
UKW (A) FZHE(B) ;3 0. 3 mLemin ' s H7R
40°C ,FEAE S g 05 o SR FH B4 S sl AR 38 L 1.

F1 7 FEARLA I O S R B
Table 1  Gradient elution program for the analysis

of the seven test compounds

N N . T
A [6]/min W#E/ L min 7! % %
0. 00 300 60.0 40.0
2.00 300 60.0 40.0
6. 00 300 40.0 60.0
8. 00 300 40.0 60. 0
9.00 300 20.0 80.0
13. 00 300 20.0 80.0
14. 00 300 60.0 40.0
15. 00 300 60.0 40.0

1) A: 0.02% (IR E) UKW B LE
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1.4.2  Juigks&rr

R F R 25 (EST) B, 1 B, 22 S
25 W ( multiple reaction monitoring, MRM ) 494
FE N BERTE ). AT (curtain gas, CUR) JE
J1°0206 851. 8 Pa, 125X, (ion source gas 1, GSI1) J&
J1°M241327. 1 Pa, %l Bh i #4X (ion source gas 2,
GS2) JE J1 4 275 802. 4 Pa, JE i J¥ ( temperature,

TEM) 24 450°C , & 4L HL & (ion spray voltage, IS)
A 5500V, filf 48 <. ( collision gas, CAD) A medium,
S FE 2, 61§ il % B8 & ( collision energy,
CE) . % H JE (declustering potential, DP) . A FTH,
J% (entrance potential, EP) . i T ( collision cell
exit potential, CXP) Al Hbrfb &Y EE 2+ 5 0E 5/ €
HFEF(m/z).

®2 7 MERLEWHRESRE

Table 2 Mass spectrometric conditions for the analysis of the seven target compounds

Hirdy FE T (m/z) FET(m/z) DP/eV CE/eV EP/eV CXP/eV
BPA 997, 9 211.9* -8l -26 -10 -10
132.9 -8l -32 -10 -10
BPF 198. 6 104.9 - 100 -27 -10 -7
9.7 -80 -31 -10 -7
BPS 48, 5 108.1* -112 -37 -11 -10
92.1 —-112 -50 -11 -10
BPAF 335. 1 265.0° -91 -31 -10 -7
196.9 -91 -50 -10 P i
BPAP 289, 1 274.0 —111 -27 -10 = -}0,.
195.3 —111 -27 -10 =10
BPB 240.7 211.8° o -94 27 = -10 “."“#12 B
225.8 L -94 -25 } =10 _}2-'
* - = 1 i
BPZ 267.1 172.8 120 4 S 10 0 /g
14500 - 136 445 -10 L1g="
{ ¢ # [\ v
1) * ERET . | gt/ o8

L 5o AR R Ao A
SR s ) I g
ST R 1 i T i (R | M 2 DR

SNERIE 7 BT A B 22 00 19K R AR

0.998 FUALHR LBl bszs i1, JE H A5k At
. AEZKCRE RSB 22 FRE B T EAT BPs b [
Wi, KA BPs [ Hy 66. 4% ~ 118% , AR b
W2ZEH 5.9% ~11.5% , VLAY + BPs [nl i R N
73.1% ~ 120.2% , M1 X b5 #E i 22 4 7.9% ~
13. 5% ,J7 %5 A RIRK T BARE &9, KR AR
Yyrh & BERE G 5 2 BR300 0.5 ~ 10,3
ng-L 7' H10.1~2.0 ng-g™". SCHTHIHEILH , 50>
R 5 Jif 4 0L 349 7 DA T 325 5] iR 9, 105°C T L
(7 Fof S s A ol 1 S R 2
1.6 MBS IFH 7%k
1.6.1 AR IFAN

R KR B O T PR 458 XURs: PE A i B R =, R
IXUBS: B (EL2: (risk quotient, RQ) PFARL A K AR i 2145
SR, AU BTIE (RQ) IR AT B SEBR &
¢ % ( measured environmental concentration, MEC) £l
Jo &L N He FE ( predicted no effect concentration,
PNEC) =[] ¥y LLAE ™

/. RO =MEC/PNEC '

PNEC ({584 th S5 0 2 2 1 Pl
i (LCy JECgH. NOEC %) B DLV Al N F
(assessment factors, AF) 75 5| , B PR BCHE TT A
ECTOX £ if) k15, AF BYBUE L FIZE 10 ~ 10007,
R RQ (A RN, B IREE XS 53R 3 A~454%, RI7E
0.01 ~0. 1 [ R ARIREE RS, 7E 0. 1 ~ 1.0 [i] Ry &%
PRI AU, , R T 1 S s R XU
1.6.2  fHEFEXFLITH

J T VA AWK AR e BPs Kb AR () £ B JXURRS
K FH e 2 F5E 24 1 (EEQ) S AEF BPs X AR
RN, 24 EEQ( LA E2 1) > 1.0 ng-L "B, 5A
St A AT KU 2 T ORI R R B
IR b, PR ARG HoR AR K AR Ry B R AR AR
BARIHREAKXT .

EEQ, = > EEQ, = > (¢, xEEF,)  (2)
Ko, REAYAERZ KT HIWEE (ng-L7");
EEQ, & 5 Y W 8 28 B 1 24 i EEF, J2 M 3% 2k
M. Hd EEF 2 S BARYI EC,, AT
T 178-Mf — 1) ECy, Y HLMH, EC, N H b 7=
50% 11 fre I 20 VR

T

-



2796

i

Fl 38 &

A,
=

1.7 HdEabi

K Windows SPSS 17.0 Flfh 2 FEA T #6586
XPIREER AT 22 5 W E R, P <0.05 i 2E R
BE(*).

HR5WE

2.1 KiFIFREKS BPs 7594k
KR Z 7K BPs (9 ik BE K7 4n & 3 .
A SR A s KRR 4 RERE I 21 BPs, H. BPA | BPS,
BPAF Fll BPA TEJT A /K FE K 8 100% .
S8 BPF 7€ T A /K FEH AR 2R 8 59% |, (H 2 -3
e B B, LYk A BPS il BPA. Utk 4b, BPAF,
BPAP, BPB Fll BPZ £ [i] — ¥k BE 7K °F  {H 2 K
T Lk 3 Fh BPs. FEALIN Y 7 Fh BPs 1, XF BPs &L
e FE I STk i BPF > BPS > BPA , % H] BPs 1] fig
BT BPA 7E K I 1 DX 88 0 A A (H
BPA Wi FH A Gl R K b E. A DF 5L A BPA
EHEE TS EAFES, F7E KA R
167 000 t,{H-27E 2008 4 J5 BPF Fl BPS 1% #i 1L
T BPA 3k HARHIE ST W4 AT, Jin Y

2

T 2013 4EME T ORIIRZ K 9 F BPs 19 & &,
4554 % B BPA . BPS ., BPF 2 = E (1 BPs 4,
Hirh BPA I ES WA (55% ), {5 2 5 K v 5 7K S
AR, 31X —J7 1 #2 W] BPF Al BPS 76 K X 8 E &
R BPA B4R, U5 —J7 T L3R W] BPA il BPS
RE R TR E 3k, B AT, A% A 76 E R AT
BT RN I I AR AR 35 oK S B S 2 e
I IR (4.4 ~ 141 ng-L7") | BRYT (43 ~ 639
ng-L7") | AMEVL(23 ~714 ng-L™") | %P4 PG L i
(6.0 ~ 113 ng-L™"), 3 E iz ¥ (1.9 ~ 158
ng-L™") &2 5O BE ST W 45 SR AL T TR — 5
PerKF. SR, BPS 7E KSR KR v iy 5 G 7K P
B/ HWESERGE BPS FEIL] | VT | BRYL . BN
Cooum 1] | E[JJ&F 4 4 1z y] 1Y - X5 9% 1 7K SF 43 53]
14 11,135,768 Fi11 080 ng-L ™'/ BPF 7£
L VT JUS TR PEVL ., H AR S A T
VLAY KB nd [1d | 15 ~25 ng- L~ Ll 4105

ng-L™'. 76/ ~282 ng-L”' Al 121 /~ 1300
Ilg'L'l [22~261"Ttizklﬁﬁ%"é§%i'§@§ BPsTjETyﬁLIZhji
(i A AR 2557 A

3 TR A B EA KR ORERE

‘Table 3 Concentrations’of seven bf"sphf'fl(;l- analogues in the wate,l"'!samplps from Lake Taihu

Y SRSt

a4 frst gL ”'l_,.&'xﬂ“{_ﬁffqgft?-l /gL
pra S0 N 86 ! T 27 ~565 100 27
BPF L 114 15 nd) ~1634 £+ " 59 35, o
BPS 101 v 4 7 g 4.5 ~1569 100 31

7 BPAF . 7.8 ! 7.7 . 0.71-23 100 = 2.4

| AP | 4.8 P g=" 2  10-15 100 15
BPB 6.6 s nd ~28 93 2.0
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Fig. 2 Concentration distribution of bisphenol analogues in the water samples from Lake Taihu
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Table 4  Pairwise correlations( R) between the concentrations of seven bisphenol analogues
BPA BPF BPS BPAF BPAP BPB BPZ
BPA 1
BPF 0. 400~ 1
BPS 0.912* 0.077 1 s
BPAF 0.421" 0. 190 0.410" 1 ) [ &1}
BPAP 0.354 0.118 0. 353 0.776 ™ | .L S o=
BPB 0. 100 0 [ o077 o682 [ Fozsary 1 /
BPZ 0. 190 0 0.197 0.760* | I 0.9367 \ 0.808* 41,
1) RRME0.05 KA BFHEKR, + » %z/ﬂ; 0.01 m%a\mﬁ%w:x%; f+yv . ) o ~ *J‘f"
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B REAK R BPs (RIS SR AR 7
BPs 1, %F BPs A4 4 (9 5Tk 2% & BPA > BPF >
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Table 5 Concentrations of seven bisphenol analogues in sediment samples from Lake Taihu

& T g kg ! it/ pg-kg ! T/ g kg ! Kt /% > BPsY /%
BPA 20 7.8 1.1 ~199 100 63
BPF 4.4 1.8 0.54 ~20 100 14
BPS 3.8 1.2 0.30 ~31 100 12
BPAF 0.028 nd" nd ~0.27 39 0. 088
BPAP 0.76 0.72 0.68 ~1.2 100 2.4
BPB 2.2 1.8 1.0~6.5 100 6.7
BPZ 0. 69 0. 66 0.61 ~1.1 100 2.1
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Table 8 Most sensitive species toxicity data of five bisphenol analogues

1) “—" W REFTH

aY I BURY R PR 20 FPEEIR/ pe L} WA+ PNEC/ng-L " SCHk
BPF Daphnia magna 48h-ECy, 8700 1000 8700 [30]
BPAF Daphnia magna 48h-ECy, 2 700 1000 2700 [30]
BPA Danio rerio 21d-NOEC 500 100 5000 [31]
BPS Daphnia magna 48h-ECy, 55 000 1000 55 000 [32]
BPB Daphnia magna 48h-ECy, 5500 1000 5500 [32]




7 ] WREC%

85 RIIRZ KR ST XUy A 2RI B 23 A1 R AR S v A KU 2799

T A 25 XUBSE DA 25 5 DL 1 4. 5 B BPs 119
RQ FAH/NT 0.1, N EAEXE:. BPA (1) RQ K
0.01 ~0. 11, ¥JKF 0. 01, I MALRES, 2B T H
Xt F oK A A W AR Y v 08 M B XU, BPF 7R
KEBFRAE A RQ <0. 01, {H - 7E R AL 5 S8 F1 S9 iy
RQ {4514 0. 1 F10. 2, FEHA HXF T A I 7K A4 A0 L
KA A W 22 0 b B IR B KUBS. X 4y 3 Fb
BPs,RQs <0. 01, 15 B X5 = A Ay A6 28 XU AN i
. BPs IWECA BEPE X ETE I 0.01 ~0.25, 3
BUEH T BPA W TTHR, AR LA, Kl BPs XF T K
A=A BB I XU

0.20
0.15

AT T

-
=

0.02 H

RQ

0.01 |

|T psb i

BPA BPF BPAF BPB
4l s B re: Y J
. o
F]g 4 RQ% of 5 target (‘ompound"% L A ¥ e

2 4 &J%ﬂl&ﬂ:ﬁﬁ 'y “l J i

"EEjf BPB BPZ Fi“BPAP fit = %di | I#E{XX:F
BPA/. BPS", BPF Al BPAF 78 434~ 14 5 Eﬁ EEQAA
PEATHAE (4 FL AR BEF [HIK 9) A RHE
S EEQ, fH UL 5. # EEQ, {H (L E2 i) 7
0.00397 ~0.2134 ng-L™" , ¥J/NF 1 ng-L™" £H
HXF T AT At B XSS

0.25

0.20 |

EEQ;

0.10

o —NOTNESN S —
T ot ottt et o ed el
2R e Y R T R T A TR L 7 1 7]

0.05 | ” H
R g

wy
L}
wl

s27 3

nlifl
)
PRAR
Es5 BiRLAMERMKETHERESELE
Fig. 5 Estradiol equivalency quantities of the target

compounds in the surface water from Lake Taihu

*9 4 #BHRYH EEF &

Table 9  EEF of the four target compounds to the aquatic species

el EEF
BPA 1.07 x10 ~*
BPF 1.08 x10 ~*
BPS 1.06 x10 ~°
BPAF 7.23 x10°*
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