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W OE NSRRI A I 0 R R R S R Y TR BN |, SR FH A AR R RO
AT AN = DU BT A ( SPE-UPLC-MS/MS) HOAR e~y T e fa i puosl iy A T3 8 g sy (3 B
(BPB) X C(BPC) Wy E(BPE) U F(BPF) KUy S(BPS) XMW Z( BPZ) W AF( BPAF) FIXE; AP
(BPAP) ) W HTAL AN /3B 7k A5 R om LA VIR . V(OOK) = 101 BTRA TR A ZE ORI B B A {4 ) B 218
Hir4, 404 HC-C18 SPE (500 mg) fE i+ fk & £ )5 , R Waters BEH Shield RP18(2.1x150 mm, 1.7 wm,
Waters ) a3 FE 202 B4R, 9 A B A5 BB 210 & P00 26 VL T 0.500—100 ng-¢™' (r 5°0.995) , & i PR 7] 3%
0.100—380 pg- g™ MEHE, FIBCRIEEN 68.0%—125% , A XS brifE i 22 W0 A 1.4%—5.7% . 38 i 73 Br o 8 4 £,
FEM UEW 25 EERE A DB Ao BRAR | RARE = S IR Ar , B B S .
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Simultaneous determination of -Bisphenol A and its alternatives
in fish samples by ultra performance liquid chromatography
electrospray. tandem mass spectrometry

YANG Liping" WANG Qiang" ZHU Lingyan™"
(Key Laboratory of Pollution Processes and Environmental Criteria, Ministry of Education, Key Laboratory of Environmental

Remediation and Pollution Control,” College of Environmental Science and Engineering, Nankai University, Tianjin,300350, China)

Abstract ; In order to determine bisphenol A and its alternatives accurately, rapidly and sensitively,
a method for the sample pretreatment and determination of bisphenol A and eight alternatives
(bisphenol B ( BPB) . bisphenol C ( BPC) | bisphenol E ( BPE) | bisphenol F ( BPF) | bisphenol S
(BPS) . bisphenol “Z (‘BPZ ) . bisphenol AF ( BPAF ) and bisphenol AP ( BPAP)) in fish was
established, which coupled ultra performance liquid chromatography with triple quadruples mass
spectrometry. The optimum sample pretreatment conditions were established as follows V( methanol):
V(water)= 1:1 mixed solution as extractant, HC-C18 SPE cartridge for purification and enrichment.
The target compounds were separated on a Waters BEH Shield R18 column. The linear range of the
nine target bisphenol compounds was 0.500—100 ng+g ' (r > 0.995) and the detection limit was
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0.100—380 pg-g~' wet weight (ww). The recovery of the nine target bisphenol compounds was in
the range of 68.0%—125%, and the relative standard deviation was 1.4%—5.7%. The developed
method was validated using common carp exposed to the target compounds. The method was proved
to be a reliable and cost-effective alternative technique for the analysis of lowers level of bisphenol
compounds in biota.

Keywords : Liquid chromatography tandem mass spectrometry, Bisphenol A ( BPA ), Fish,

Bisphenol compounds.

W24k A %) ( bisphenol compounds , BPs) J&—2E 530 A ( 3£ N %%, bisphenol A, BPA) Z5 4
oL AL E PR ER L AT, e pr sk B S R B A2 F 25 AR e A — A AR 2= B, )3 I A R R TR
P ERSE A  R k F 2 T S 400, 2 B B 43 R R A ER R B A o U A (BPA) S DAY B A ER
BEN AT A R A 55 RN K A E R 22 3 T PR kA ok H AT T ES B A A
RIBRIEA GB13116—1991 (£ 575 7 S LS bRL I R RIS TLAEARHE) FI GB14942—1994 ¢ £3 i 75 2% |
A2 A FH B R I TR TOAE AR B XU A A4 T <0.05 mg- L™ PR, AUy A AR S A 3%
X B(BPB) A C(BPC) A E(BPE) AU F(BPF) AUy S(BPS) AUy Z ( BPZ) W AF
(BPAF) FURLE AP (BPAP) (9 iU 2 ot i Ak 27 24 FR S S5 48 =032 A40) 10 A i AN s R AE 2B n, ¢
F BPA KHR B (BPAF \BPS Hil BPF) 7EFRBE KR RIS —=LE D RERIORL S A A i
HH 2R (ARG R 22 Y Yamazaki 2610 A6 H AR 3 A E AOYRK RNV K % BE BPF HE BPA
PR EE e 1 3 2 4 9, X R W BPF J& — S8 7K g I [ S8 b 2 7K W) — b 32 008 2575 Y4 ). Yang
A0 e RN S /K FP RGN 1] BPAF ¥ FE TR 0.9—246 mg= L 5K FITTAUA I B BPA AU AH L.

U X SRR 5 BPA BRAL R AR, {H BPB,/BPC ., BPZ ., BPAF HI BPAP WK A3 R 4E
F T BPAUR AT REAEAE AR ) SR AR MR A F R BPB  BPAF 1 BPZ Fb BPA HA ZEDlal o
FIMERZETETED BPS FIl BPF A MEN 2R 5 M 55 1t X P 40 W s -4t DR 7 2 — e ) s 4G 0 24
YA Z2 RPN A0 A 00 D k. HRT, B A SCHRRE [R] I A TR 9 /K o L 2k 4 4 1 TS Bk
Dy ARSI A A P XU 2 Ak S O i i B0 G RGE AL L BPA ISR 4, AR E
A RE AT A R B BPA B 8RR ik LA I BR (LOD ) %5, B BPF ()
LOD A 0.000597 ng-g' 71, HAh '8 Fh BRI LOD ¥JiEF 0.02 ng-g ™", ANREWH ML 43 H7 £ 4 P IR 1 XU S
P oK AR TR AR S ST, DU HOZ SR X BPA B AR 7E ok 9 i) e B2 15 L.

AW 5 1 8 o L A i A B 75k Ao A S R0 ST — Fh R o0 M s R b BPA B 8 Fh AR A
4D RO PRGN 7 925 4 - G 0 e B 7 25 8 S 6 v sk S XU 2k A5 A B 8 ( Cyprinus carpio ) 7 P (1)
IK.

1 SEEGHR 43 (Experimental section)

1.1 AR 5]

SRR Waters 24 5] (1488 = OO (35 - = 5 DU B3 B HIAX (UPLC-MS/MS, Xevo TQS) #4743
B 5.4 FPET™ 500 mg EAHZEHUNE  REHEN A /R IBADA7 FRZA AR HLB PEP Fl PWAP A1, I L
G ST R B A RN Fl 89 HC-C18 (HC-C18 FE 2 &R M 17%H) C18 ).

HABSZIG LS : Vortex-Genie 2 R IEIR %% ( 32 [E Scientific Industries 2 F]) , ZQTY-70S 1HIRZ %54
( IR A PRA F]) | Centrifuge S430R UL (_EIEITHEAR A= MR & B A PR 7)) (KQ-500F A
PRI A A BRA A B aliKAL Milli-Q (#1%5 Milli-Q Reference A+).

B | 24 R i ol (BRI RBHE (th D) A RRA ) PR | UK R 24 4 43 A 4 (KT
FERMER A BRI ), B- AT BRI NS BR%s  ZUK I T I 205 SE 90 B 0 A BR 2y ], S8 4 FR fifi
FHAg 4K,

FrkE{E B . BPA (99%) , BPS (99.7%) , BPAF (98%) I | H A TCI /% &). BPF (99.9%) Wy [ 1% [
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Dr. Ehrestorfer 23 @], BPA [F i Z M A5 PC,-BPA T A %K TRC A 7w, BPAP (99%) ,BPB(98.4%) ,
BPC(98%) ,BPE(99% ) Fil BPZ(98% ) AnifEd 41 H 3& E AccuStandard /A .
1.2 eI ) e )

A3 5K 9 FhXUERIE B ARY) I BEBCH AL N 100 mg- L (OFRHERE &3, BT 40 mL FR @R HOR
o F AR R A ] 1 mg- L A HARIIR AT 1 mg- L' M NARITR GV, B T 20 mL B FE M
R A S O AE T 20 CRECIREE i S TR 1 TARMI R Vi« Ve = 111 RS TR
T BERR UERE 25 WIS BLEC IR
1.3 FEARAE S TiAb

FEARAE AT STRE AR A S N 2R 5 S0, DUBR S SEG X 52,9 RO 28L& W0 0 2= R TR 3
50 nmol - L™ S5 FH R BRI 17 RS L S0 i 3 K E I 11.0-13.0 em, R 5 24.8—38.8 ¢.
BT RS T S TR 12 h TR AR (pH=7.3£0.2; K BYRE S 95.0+3.1 mg- L™
CaCO, ; EFFEIRE H 7.920.1 mg- L™ IR EEHITE (24+1) °C ; BRI A J30H S 12:020h) |, 450 KA
IR GIESE =Y 20 1A H RS R A RIHIE BB A LN ( HARZIH 20 em, 5030 om) #F17. 22 6%
VSR IR R OT B EC ] OF—E 719 BPA .BPB . BPC .BPE .BPF .BPS BPZ BPAF #1 BPAP %4 Wil A
SN YIS T I RS AR KRR 6 L, HUAIEHE 5 min, #75 20 min, 245 BRI 240 & Pk
FEYIR 50 nmol - L IR A 22 5 L R B 25 TN ZR B SE B AL, B4l A AT, SEBR A AR K TR 20 em (25
6 L ZRFRIAI) A 4 ZHntil, R5E 8 d, BB WIRIRIE , /BITESE.0.2 4. 8 d HURE , A3 U URE 7 A4 52
IR AR T BEALAS X 1 A f.

FEATTALEE . BURE I, T e SR B T ZE SR AL S 3K BT AR AT S5 7 —20 C vKAE % URIRAE,
Shy ikt G XU 28 Ak A W A S ST e, B G R T 8 00 5 2 O SR b I B A B S Limo 2610V
D7  EATIE MR B 1 ¢ 0 R TR SRR JITA 20 ng 1 P C,-BPA AR, JRFEIRAT, A 1 mL
1 1 mol - L' WSR2 B2 v (pH 5.057.71 g BIREEAS 52934 mL MYEZE/K (6 mL VKGR LA K 600 wL i
BT TR ) IR AR TRAE 37 COKIEE AT 12 ho KRG, BER R 30IMA 6 mL Vi, V, =111
FITRA W, A HE 1 min ZJ5E A $R I 30 min, BRSO EIRIRZ A8 H LA 250 remin™ B E IR 30 min,
ZIE A RA LA 6000 remin~' YEEH B 10 min, o BB E 1S mL iR NG EOE T, EE LR
PREBGS R B K EIEWA T Bl KRR 500 ml £ iz AR A BOR:. BE S A 2 1, S0k 4 b A
AU 10 mL HEEFT 10 mL @B 2K TG4k, S8 5 DARERD 1-2 T A 0t oK A it b A, AR ot 2 i
FL A 10 mL & 5% (V/V) B9 BERESROGE LA 2 BR 4% 0T, e 28 Z8 A i s Ak O il 1, 1
10 mL 0.1% (V/V)H920K RS W e B0 A 9 08 B An A6 4, VIR s 4 B R Rz 18 1 e, T
Vigwe : Ve = 11 FOIR AR IR ZE 500 wL, i IEE 5683 2 mL BERE/INEH.
1.4 @55 B A 1

K UPLC-MS/MS #E47 #E 5 20 A, (3% £ 4 ACQUITY UPLC BEH Shield RP18(2.1X 150 mm,
1.7 wm, Waters) , FEJRZEH57E 55 C, #EAEE A 10 wWL R sh A A9 H#E 0.3 mL-min™', Hif A 4 0.1%
(V/V) &K, ahAH B b H B U sl AH R K6 R2 /7 . 0—0.01 min, 20% B;0.01—2 min,20%—40% B;
2—7 min,40%—80% B;7.1—8.1 min,100% B;8.1—10 min,20% B.JFi 1% 5145 FH L 055 55 25 1~ TR 1) 1 B
FHEK (ESI-) |, 2 5 W 80 ( MRM) |, 85— U I B2 R 25 AL 4371 120 °C Fi 350 C, B4
BHLTEN 2.5 kV, E2EFS(ES) WE 700 Loh™' HEFLAS(E/S) W% 150 L-h'.

2 751851718 (Results and discussion)

2.1 gt

Gy KGR 50 g L7 9 Bl ELAR ) AN BR 0 SR SR HEAT B MS A, FE 1.5—2.5 kV
YO Pl P YT LSS LR, 2—100 V3 FE PR 9 4 FL AR R 0 1 il A A R S X A5 B B I
[M-H]" ;7 2—80 V i [Bl 97 flf 18 fh &, B 2 251> H AR 19 8 M A it 725 . F BPZ Fil BPAF 401
ghiFRaE AR B — A B S TS S B 1.
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R 19 M HER T BREAR IS4

Table 1 Mass spectrometric parameters for 9 target analytes

Hizty  fLeesids it ﬁh‘?‘?? ?Ti‘?? HEfLHER ﬁﬂﬁilﬂy{
Analyte  Compounds Structure Parent ion Daughter ion Cor'le C()lhiglon )
: (m/z) (m/z) Potential/V Potential/V
CH,
oy bR HOOH 27 212 31 7
(4-hydroxydiphenyl ) propane 133" 25
CH,

2,2-bis HO Q O OH 212° 20
BPB 241 k)
CH, 147 30

(4-hydroxyphenyl ) butane

H,C
2,2-bis(4-hydroxy-3 Gt 240 16
,2-bis(4-hydroxy-3-
BPC H 255 7
methylphenyl ) propane HO Q O © 147" 8 32
CH,
CHj
H
BPE Bis (4-hydroxydiphenyl ) HO o 3 198 * 7 16
ethane 169 42
CH,
H
BPF Bis (4-hydroxydiphenyl ) HO o 199 105 28 21
methane 93 21
H

o
|

S
|

H
H
Bis(4-h henyl 156 )
BPS is(4-hydroxyphenyl) HO OH 249 i )
sulfone 108 ° 28
0

4.4 0 Q O OH
BPZ ’ 267 173 32 25
cyclohexylidenebisphenol ‘

CF,

2,2-bis : s+ s
| q HO OH
BPAF (4-hydroxyphenyl ) 335 197 35 25

hexafluoropropane CF,

>
BPAP (1-phenylethylidene)
bisphenol HO Q

# o SEEBETF. * ; Quantitative ion.

2.2 BESYETAEL A

EEXIARIRB ST 9 FPUE ISAL A, 7E Liao 51 M iR WU Ak & 4 05 T i 36 L 2 BT
4 FPORRIEDRHE SPE AEFI 4 R [E (28BN 76 SPE AT DR R BRI VE BRI, AR 88 T 9 T LR A ke i
HEE R IR D4R 3R T HC-C18 HLB . PEP Fil PWAX. £ #E BRI B0, (8 8 1) 12 fli F 4 2 Fh
XA G YIS BA B0 RROR B 2 DLA OGN (HVEE ) |, R4 1 A LA R FIK IR & 2
A
2.2.1  [EFAAE UM YRR

B2 500 mL FHBZEZK, A 100 ng SUEHZE BARPITR AT, H5 08 1.3 7 I ERAE A 08, XK B4 T [ AH A5
UG, 4B R 1 mL, 28 UPLC-MS/MS K, FbA 74T 4 B SPE FEXT 9 BT Ab& Wi [R5, 5
A5 AN 1 R .4 FhEARZE BT T BPA ()28 USRI BT SR BUBCRE Fh 81.1%—104% %) T
Hoft 8 FPAUH AL G Y, HC-C18 [ AH A BOR: 52 B M B 1 O 48 UK R (91.3%—99.3% ) X T i & tht T
HC-C18 [EAHAEIBOH: ) R 14T A st it /K AV P DA B A BEURE 55 Bk et A8 v, PR BFE B ) A 7y D IR G Yk J2& HILB

jas]

289 274 35 15
%
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B AH AR B | SRS B TE A 86.9%—94.6% . HAth 1 i [76] FH A% HURE (1) A% ORI 322 LU R I 7 19 2K Bk
RARARZ , Hoh PEP A BUR: A9 A5 BUSCR BT LA 55.6%—77.1% , PWAX i /4 6 BURCR /9 38 LA
55.4%—75.1% AF4ET HLB Fl PEP FEAHZEBCE: A 0 25 K HEFE AT, DL & PWAX [ AR A8 BOR: b 19 55 B 5
TR I A, AT BE S 5 0 AR O ) SR IR TR I B e % HC-C 18 [ AR A BRURE Al A S 56 B BRI 41k
XU AL A 0 1 [ AH A BURE

Recovery/%

HC-C18 HLB PEP PWAX
SPE Catridge

1 R BEARAC AL 9 Fh BPs 1Y a1 &Rk

Fig.1 Recovery performance comparisons of various SPE «atridges for nine BPs

2.2.2 ARG

ARSI 4 FPAEHGR], b 2 Fpalig HLR 53 5 R B 206 , A 2 AR AR, 400 IR R L
11 A EE KA G-I 1 g i F MRUR AR AR A (A i A 100 ng BARYIIR AR, & 1]
1.3 T AERAE DR AR A SR ORI T 5 S 44l A MRAF A2 1 mL, 248 UPLC-MS/MS il , L4
GYHT 4 Fh AT 9 BN ZE H bR & PRy mseR | S s5 sl 2 fos.

120

O BPA
BPB
0 BPC
NS B BPE
>
5] m BPF
3
S @ BPS
~
@ BPZ
BPAF
@ BPAP
/
100% Methanol 50% Methanol+  100%Acetonitrile 50% Acetonitrile+
50% Water 50%Water

Extraction solvent composition

2 AFRFBGAX AL 9 F BPs f[RIISARXT [

Fig.2 Recovery performance comparisons of various extraction solvents for nine BPs in Cyprinus carpio

BR T BPS Sb,4 BhEIGH 7 HALL 8 FhoBUE)2 ’f'tA%E/‘J@L&%i@Ei_T 85% M FH2EA HLIAFHIE A
FEBGASEEH AR, BPS MISCRBIARN T 65% 3% W RESE B T BPS HY4rF45 kil — AN g
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ARG AL | (R L oA BPA 540 5 B0 R 1gK, B0 1.65, BA B b S5 K e AL LI L%
FIE R ZEBGIAF T BPS AP LU 3 — s A 43 B i A A9 0 B I v A5 281) T 360F , BPS £
20% FHLA 80% /KAH(1 min 2247 ) BP M EEA: L . I L, % &3 BPS B4R FRALIE R , AR SEH e A HL
I A — 22 HL9 A KA AR A SR A ). 5 Al ML B E R A BGRA LE  INATR BV (Ve / Ve =
LD MERFEBGE , BPS B IRIISCRAR 8 T 34%—47% . b LIRFR L 1:1 B W B K I8 AR g A G I
BPS (¥ 3R &, 290 83% , Hoe 8 MU A5 W0 IR ISCR A 1 15 T 95%. A I, A Bt 5 8 AR AR
b 121 A H K VTR R AL BRI 28 LI 281k & W 7E B AR PN ) i ST L.

2.3 JFkEnE

2.3.1  FRifEg MG R R R

SERCRH Vig/ Ve = 121 BIRAWRAE i 700 B il A [5) e BEA6 4 (0,0.005,0.1,0.2.,0.3,0.4 .0.5.1.5,
10.20.50.100 ng- L") ATR G ARUE R BN, TEEU 1 mL 25410 AOTR S AR M U R EXF R A 2 mL
H SR, IR 20 ng AR PC,-BPA, 28 UPLC-MS/MS J3HT. LABRHERE i B2 5V M C. ) ki, L)
PRAE AR 2 W I T AR (A, ) SR R AR RTRL (A,) Z L A, e dilbn gk a5 in 2k 2, &
PEFSCREL(r) 2 0.991—0.998 , FH M R AT, AT ik 2 M5 H] 0.500—100 ng-g ™', PRI 3. 768 S 4
R OB 25 Tk BE I, SR FH AR IE E 75 ( AR PC,-BPA MR INEL SN 20 ng)  IHEAER T A/A,,
RABRHER AT C,.

AT B R b &9, # B 1.3 5 B9 FT AR B 5 75 2 UPLG-MS/MS Ml &, L 3 £ {5 M 1L
(S/N) KPR A INACEAE AR B (LOD ) |, 10 A5 {5 MR L (S/N) X R BN AR A 2 5 BR (LOQ ) , 25 R 3R
B, AT 9 F H R B9 i BRTE 0.100 pg-g™' (BPB)—380 pg-g '(BPZ) Z i), & # FR7£0.300 pg g™
(BPB)—1.27 ng-g ' (BPZ) Z ] (FEULFE 2). 5 2 A AY SCHRARIE AT EL ), 5k T BPZ B E PR 5 Liao
ST e R IRAR Y 2 Ak oAy 8 B BPs BB RIRIK 17 3 AMNMEUR G, X R WA 5T % At ke i (4 i b
PR AT 5 15 R AT AU 3 AT A A o %) R B R e

9 P XUE AL A WIS B 22 5 e Bk, b BPA il BPZ UG BB 5, 20 31l 147 pg-g ' I
380 pg-g”', =T BPE BPAP FIl BPF B4 HiFR (1150 pg-g™'—6.30 pg-g ') 4y 2 DA% FEIN iy
SO RS Y, BRI BPA F1 BPZ B, T SElE R P i 0 S 4R 4 x5 S 24 107, 1ii BPE BPAP 1 BPF
Y RELR 26 %7 3 B TP R 0. [RIEEA 10° 3 Sl 75 1) BPAF A1 BPC, HoAG HFR Fe BPA 11 BPZ {I% 1 N
G, XA g TN RIS i H AR5 T 58 A B JBUR FHUR T BPA 43 F AR B8 2 ]
R LA FIE AL BPAF , SR T ZUR T A9 H A5, fff BPAF HL BPA 70 FHE 255 T8 it f L i)
BB - T 1 5 5 Pl o7 U5 Tl A R B i BPC 437+, fff BPC 23 T ANTEELAA BPA 43 T B 23 [A] 4R
PE PR RS B T ad AR TR S i Y R B T T B AR B TR ) 22 S RO , 7E B Oy vk
SRR B TR HEAH L E AR B & B AR B HEFL R R A5 T, BPAF FIl BPC Jr = Az i Bk
WESH B T BPA Il BPZ 291 D=9 Fh HARY 1, BPB Fl BPS A BREAK, 435104 0.100 pg-g™'
1 0.200 pg-g™" ,{&F BPA Fl BPZ Mz R 4 9, iX & BPB Fll BPS Bt o I 5 e s I Fn H A
Y535 15 A0 W 0y T D PR 3 ] S 30 285
2.3.2 EREEFIORG % R

SCEGFRIC 1 g SJH 5 B AR 5, bR BPZ Ab, Hifth 8 F H AR 0 K 43 5108 1.0.5.0,
20.0 ng-g”' . HEH| BPZ ME MR (1.27 ng-g™) M FHRAGS MK 1.0 ng-g™', K3 & BPZ HYRAKS
Bt % 2.0 ng-g” M 20 ng PC,,-BPA P45 IR, # B i 5. R B AN PO BRSCES | Ak B P A T I
6 U HE IR 1.3 IR TR X FE S I 4R OB A T & R Al AR ATE A E 1 mL, %4 UPLC-MS/MS
R, FTBR A JES ARG T8 (SR RIAR X B v i 22 (RSD) |, SEG 45 5 L3 3.

FEMRMRBE B (1.0 ng-g™') , 9 Bl BARY) IHICRIE R 68.0%—125% , I3 % Sl R, Ui B ARk B2
B B2 AN A, AT AR v 22 W BB 1.4%—5.7% ; TE P E BE (5.0 ng-g™') Rl MR E B
(20.0 ng-g™") % HARBICRILFEI N 83.6%—108% F1 78.0%—113% , K447 F 90%—110% 2 |A],
S ARXS AR AE R 22V N 1.0%—4.5% T 1.4%—5.7% , DL 05 VA TIESS ERABE 2 25 Tk, AR iF 5
TRJ5  A fAE S TR B A AE 3 AN IR IR BE T (LR Th s ik ) | B A8 50 40l JE S0 20K
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Table 2 Linear range, regression equation, correlation coefficient, LOD and LOQ of analytes
i WY %Lr?:l:i‘i% YR pig e X 2B Kt PR SE R R B SEHERRD
Analye Internal range/ Regl‘esiqion Corr(?latinn LOD{ LOQ( LOD,/ LOQ,/
standard (ngeg™) Equation Coefficient (r)  (pgrg™") (pgeg™") (pgg™") (pgrg™)
BPA BC,BPA  0.500—100  y=0.0137x+0.0636 0.996 1.47x10? 4.90x10? 2.7x10? 2.5x10?
BPB 13C ,-BPA 0.500—100  y=0.0271x+0.1876 0.995 0.100 0.300 2.5%10? 5.0x10?
BPC BC,BPA  0.500—100  y=0.0161x+0.267 0.991 86.0 2.87x10? — —
BPE 13Clz-BPA 0.500—100 y=0.0413x+0.0625 0.998 6.30 21.0 — —
BPF 13¢,,-BPA 0.500—100 ¥=0.0026x+0.0047 0.996 1.50 5.00 8.6x102 1.0x10°
BPS 13C,,-BPA 0.500—100  y=0.0131x+0.1183 0.996 0.200 0.600 70 2.5x102
BPZ 13¢,,-BPA 1.00—100 y=0.0100x+0.0026 0.993 3.80x10? 1.27x10° — 1.0x103
BPAF 13C,,-BPA 0.500—100  y=0.2153x+0.0034 0.998 18.6 56.0 30 2.5%102
BPAP 3¢ ,-BPA 0.500—100 ¥=0.006x+0.0061 0.996 4.30 13.0 — 2.5x10%
I BEERIR TS % 30k 15 TSR M AGTIFR. @ The data were derived from LOD of activated sludge samples in reference 15.
b BT 2% 30k 16 DURIAE R E fBR.  The data were derived from LOQ of sediment samples in reference 16
R3S EE B IR AR XA v A 22
Table 3 Recoveries and relative standard deviations of the developed analytical method
Hi4 ‘Z@JM@F Lioalllf(=E Il AHXS BRI O 2
Analyte Spiked lji]vel/ Detected i(]:sult/ Recovery, % RSD/ %
(ng-g™") (ng-g™) (n=6)
1.0 1.1 108 1.4
BPA 5.0 5.2 104 1.4
20.0 20.9 105 3.2
1.0 1.0 98.0 2.1
BPB 5.0 4.9 97.4 1.1
20.0 18.3 91.5 2.5
1.0 1.1 111 4.2
BPC 5.0 5.2 104 3.4
20.0 21.5 108 5.3
1.0 1.1 108 3.5
BPE 5.0 5.3 106 4.5
20.0 19.7 98.5 3.4
1.0 0.8 78.0 1.4
BPF 5.0 4.6 91.8 2.2
20.0 18.6 93.0 1.4
1.0 0.7 68.0 3.5
BPS 5.0 4.2 83.6 1.7
20.0 15.6 78.0 2.8
2.0 * 1.7 87.0 5.0
BPZ 5.0 5.1 101 2.8
20.0 21.8 109 5.7
1.0 1.3 125 5.0
BPAF 5.0 5.4 108 3.4
20.0 22.5 113 2.5
1.0 1.1 111 5.7
BPAP 5.0 4.8 96.6 1.0
20.0 21.6 108 2.1

. o« BT BPZ 2 R BRARXT R, DR R 5 AR K . Because the BPZ limit was relatively high, the added standard concentration was

increased.
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Fig.3 Chromatograms of nine BPs from/@ 10'ng- g7 technical standard and from fish sample during exposure
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Fig.4 Whole body concentrations of nine BPs in the Cyprinus carpio during exposure (nmol-g™" ww)
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