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HPLC-MS/MS Detection and Sonodegradation of Bisphenol A in Water
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ABSTRACT : The optimal conditions for the analysis of BPA by HPLC-MS/MS was investigated and the ultrasound
degradation capacity of the BPA, with the goal to establish the proper directions for analyzing infinitesimal quantities of BPA
by HPLC-MS/MS was examined. The MDL and LOQ of BPA analyzed by HPLC-MS/MS were measured 0.13 nM and 1.3
nM respectively, its sensitivity about 620 and 32 times greater than HPLC-UV (MDL: 81.1 nM, LOQ: 811 nM) and FLD
(MDL: 4.6 nM, LOQ: 46 nM). In other words, the new method enables the analysis of BPA with the accuracy up to one
1,180th of the amount specified in U.S. EPA guideline for drinking water. Degradation rate of BPA by ultrasound measured
over 95% under 580 kHz and 1000 kHz frequency within 30 minutes of treatment, whereas the rate showed some decrease
at 28 kHz frequency. At 580 kHz of ultrasound has proven to be the most effective among others at degradation rate and
ki value, so we concluded that this frequency of ultrasound creates hospitable condition for the combined process of
degradation by pyrolysis and oxidization. With the addition of 0.01 mM of CCls, BPA with the initial concentration of 1 uM
was degraded by more than 98% within 30 minutes, the k; value measured 5 minutes and 30 minutes into the experiment
both showed increases by 1.4 and 1.1 times, respectively, compared with BPA without CCl.. It is also found that the main
degradation mechanism of BPA by ultrasound is oxidization process by OH radical, based on the fact that the addition of
10 mM of t-BuOH decreased the rate of BPA degradation by around 60%. However, 33% of BPA degradation rate obtained
with the addition of t-BuOH implies further degradation done by pyrolysis or other sorts of radical beside OH radical.
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o}, 71 Hol|l = BPAE 78 (can) 52 -7 7HEA] WAgst
= 5 59 Lol GA =E= o] Ao gt FF=
= 4= Qich olof whet 2 BPAS] tigt RUE Y W 543

[e]
7 A% 9 3 Ael Bt ge B At FBum 9

BPA #4122 HE3HA 1(1 ug/l °lshE 71%l GC-MS
5 JH0 2 AGE Y, et Al
A2 dpgo] Haste] A Aol A FAHHof ¥
2go] glon, 22 dagr Qg 249 AEY A7t
Akt o]of ¥l UV 9 Fluorescence A%7|(FLD)E o]
€3 HPLC (High performance liquid chromatography)
waule ARel ARe) ol il 1ietele] gl
K540] gho] o GEIT " siAlet HPLCO] fgt £
WS GO-MSH ETAF 20K g/t o1 Aol
EAShE vE s=5 AEthet AVE e, 53] A
Aol EAsh= ol 259 Wl Y= wol ot &4 Hrert
HolAl= ZAIZF Qi o]2fgt #AIE sk fiste] X
222 7] (Mass spectrometer) 7} 2=l HPLCE =Hu|gfF
of BPAZ FA4Jel o] ) Qloat” o) ol
3} A H=3F AAo |t}
BPAS] ST} chito] BPAR 2@ BE o)A A2
3 Aol tjgt TAlo] oA ek A2 DA
(AOP: Advanced oxidation processes) =

#2] 7ol f7leded &l 7leR FEAL Qv =

o
a B 7]%E(bubble)®] AYA(nucleation), AA+
(growth), -&(collapse) IS AAe ITs3I4

(cavitation) ol €J3l] STo|JX](sound energy)oll A 3Fe+4
o 2](chemical energy)® F¥t=|o] o]FofXict o]=jgh
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Table 1. Physical and chemical properties of BPA

Contents Bisphenol A

CH3

Structure Descriptors H'Z'-Z-H
CH,

Molecular Formula CisHi602

Molecular Weight (g/mol™) 228.29

Boiling Point (C at 4 mm Hg) 220

log Kow® 3.32

Water Solubility (mg/L at 20~25°C) 120~200

Henry's Constant (atm—m®/mole at

257) 1.00E—11

Vapor Pressure (mm Hg at 25°C) 3.91E-07

@ Kow: Octanol-Water partition coefficient

g3 BoI), Table 12 BPAC] )3kt B42 4
Aoltt,

i
ok

N

=

2. s 2 x|

Ao AMEE BPA, ~BuOH ¥ CCL(LE 99.9%)=
Sigma Aldrich(U.S.A)ollA sk, Alm HA7 9
BEAQul2 ARE%E Acetonitrile?} MethanolS B&JARR}
J.T BakerA}9] HPLC grade A|&2 A&}

2 Alglo] ALgE 287} AlsEle] BATE Fig 10] L}
Wit 287 AR 28w AEAVL AR R
(Ul—tech, Korea), HjA3(Bath type) RHS-R(7F2 15 cm,
AIE 10 cm, ¥°] 20 cm) H HRE2 QY 224 +HA]
2®I(HAAKE, German)s =LA 37HA| 2 G4 ¥ o] Q). =
S} UHIR WS sleto] Gkl 21 Aol of 1A% A

gato] 2890S WA Y| FERA, 371R]Q] k28,

Transducer
Reactor

Cooling tube
Thermometer
Sampling syringe
: Cooler
Generator

0 e a0 oW

Fig. 1. Schematic diagrams of ultrasonic system.

580, 1000 kHz)E 71 gAel] Z42F AZ o] A= 3L
th A Gels AlRARFHE S8l 11 FAE AR
i, SEAE et oY & AL o3 Hkg=
el 2=Alo] JeiE Slsk.
2.3, Ay
2.3.1. BPA 24 =71 AH

2 HFoA= HPLC (Agilent 1200 series)—Triple
Quadrapole Mass Spectrometer (MS/MS, Agilent 6410)
£ ol-&sto] BPAS| =m]RF AR S SHstal, A7
wo] ARg-Eo|2 HPLC-UV 4 FLD #4193 Af5A AA|
=] HPLC-MS/MS ZAilE H|u/E43519itt, HPLC-UVY]
27 BAul% 4 HPLC-FLD2] & oJ7](Excitation, Ex)
¢} %= (Emission, Ex) 243171 flsto]
UV—spectrometer (Hewlett Packard, German)?} 3-D
Fluorescence (Flu,, Hitachi F-2500, Japan)= BPA &<
2 AqM(Sean)3HAT). o] W, BPAS] Z7%El 217t 10
mM (UV—spectrometer)™} 1 #M (3—D Flu,)o|3it},

£ Ao AAFE HA(HPLO-MS/MS) T 7] % 541
W(HPLO-UVSH FLD)S vlwst] €Jstol 2t 77he] S|
29| Hotah #F2HAE A3 F, (1)~(10)4e] 2J3 MDL,
LOQ, %RSD, %RecoveryS Ak=3tAt)? o] ) AlzE &
A Ame HEH 9 =(peak) @t 714 (baseline) 9] H|&0|
1011 H= 5%, & AY 7 42 Y= =5 4
S31ELY o] 71Z0] Wt HgH AR HEE BPAY
Z° HPLC-UV B4%L 500 nM, HPLC—-FLDX: 25 nM,
HPLC-MS/MS+= 1 nM©o]%l2H, LOQ+= MDLY] 10H]j2

st Ab=sioiTh

i3 (e}
TS

MDL = Standard Deviation of Measured Concentration x 3.143

@
LOQ = MDL x 10 ®)
YRSD— Standard Deviation of ]l/[easured'Cbncentratzon %100
Average Concentration
©
(Acception Range:  %RSD < 20 %)
Y Recovery — Average Measured Concentration %100 (10)

Fortified Concentration

(Acception Range: 80 % < %Recovery < 120 %)
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W-EAERGATE o] W, BPAS] 27|15 =(Co)= 1 uM, 253
ZAMLELE 0.2 W/mL (power: 200 W, volume: 1000
ml), 2%+ 20+1C, pHE 6.8 ©|}ith, 221 7ke-2 %
308 ek NS, ) 5Huieh 1 mLe] AlRE s}
of BAAZ WRee ANsch A, 0.01 mM

BHEN - 200 - S
232 320t ZAl0| T2 BPA Eall 54 AL 3. ZAur 9 ot
28w} ZAto] W2 BPA £ EAS 2| 915 ]
T 7 HAEES AASYh AR, 2gub FukE28, 31, BPA BEAMXZ AN
580, 1000 kHz) ¥i3}o] w2 BPA 23882 5745t H] 3.1.1. BPA EMx#

BPA XA ZF A=7)YE A ub& 9 B (Precursor
ion)@t AFEAKProduct ion)E ZAASZ] Yste] UV-
spectrometer, 3—D Flu, @ HPLC—-MS/MS spectrometer
2 27U(Scan) 7t AWE Fig. 2] YeRlIth 1 A3 uv

€ 277 mollA 7Y F2 935 EA3(Fig. 2(a)), 3-D

CCly; 2 10 mM #~BuOH F7}o|| t}2 BPA E&la8-2 =4 Flu, 9] peak F|118-& o}7|a4} 280 mm, ¥lj7]34F 310 nm=
sof lmEASIEOM, 20k NGRS Sloh BU  RAEUCKFig, 20)), MS/MS A7 A3k HH| mEA
A3t 227 (m/z), AAEALR 2129} 133 (m/z)°] 22t &= AT
Ae] AR EE Eol7] flote] AAE 2E 239 vk (Fig. 2(0))
AR FARANA W Adstel A0S skt 2 7 7E7) A2 2703 G BPA BAL 915tel 0-18 o
S5} A7) WSS TR SARIANLSS] FAS] uhRel A} Z(Agilent)o] AMGEIQT, AR FUFS 10 w0, 2
1119 2 0w} 270 W2 BPA Bal&EE vwshr] 93] & Ll 3579 2ASR BASITE Mass spectrometer
ARG SEASS 4] (o] o8] AEle] Blmaledrh. & ARl Sl negative WHo] AHSE|SIL, Drying
gas flow= 10 m¢/min, Drying gas temperature= 350C
BAP, 0|9t} HPLCO] o] 5A Methanold} M. Q. water= 70 :
In = —kt (11)
BAF,
1.4 00
. 10 mM BPA 1uM BPA e
450
1.0
=)
S 0.8 4 400
%’ 06 E
: i =
_8 044
T
0.2 4 300
280 nm
80 277 nm .
-0.2 T T T T
240 260 280 300 320 340 350
310 nm
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(@) (b)
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groor "
an |
o |
o o e !
::E lm'.!:l!.‘r-“\\l !
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i |
"" EIE B R ”I..;L,"f nl'-‘:-.LLI::-.:"'." W th e v Xe @ 2o ne
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Fig. 2. Results of BPA scanning by (a) UV—spectrometer (10 mM BPA), (b) 3-D. Flu. (1 uM BPA) and (c) HPLC—-MS/MS spectrometer

(5 uM BPA).
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Table 2. Analytical conditions of BPA by HPLC-UV, —FLD and 30(%/%) 2 Z5Fsto] dA-gn ZAH(Isocratic mode) O &

-MS/MS .
241519 Table 2= HPLC-UV, FLD ¥ MS/MSE o]-&
Contents HPLC—UV HPLC—FLD HPLC—MS/MS ot Table % MS/MSE o8
, Methanol : M.Q. water = 70 : 30(%/%) ek BPAS] 4 =7E ARt ®olrt
Mobile phase ) .
(isocratic mode)
Column (15%“8;919;9" coue otend ) 3.1.2. BPA SH2 93t ZuM
mm .6 mm, i.d. 5 um particles
0y [o)! Ko —
Column e BPA ¥F89LS HPLC-UVS}F FLD(5, 10, 25, 50, 100,
Flow rate 1 md/min 500, 1,000, 2,500, 5,000, and 10,000 nM BPA) %
Injection volume 10 10 MS/MS(, 2.5, 5, 10, 50, 100, 500, and 1,000 nM BPA)
Diode A MS/MS =
Detector ode Aray Fluorescence / 2 AEst 23E Fig. 3of UJeRfdct uvel FLD A<7]
Detector Spectrometer
L 717k 318, MS/MS AZE7]= 3.350)|A BPA7| AEE
Wavelength 277 m Exclita'tion: 270 nm ) S’ﬂ,\.ﬂ ! _]144 7_13}:/\_1 o Apx3} 73‘4_ /\ﬂ A= 7] n= UH
Emission : 330 nm .
9 =0 ATHA|(R’=0,999) 5 H T3 thFig. 3(a), (b)).
Precursor lon . . 227 (m/z) HPLC-FLD| 2Jst A2kAl Q] 7]127]%= 0.015% HPLC-UV
Product lon : : 212, 133 (m/2) (0.001) T} oF 15H) A% o} e 23 7FE2 Ll
Fragmentor . . 130 V
Colision Energy : : 15 v ov, MS/MS<= BPAS] SulF s/ 9I7HA] w9 =2 4
Drying gas flow . ' 10 mg/min & 5 HojFQt E3] 5 nM9] u|gF BPA E4A] HPLC-
& Temp. 350C MS/MSE uf$- o3t @38 yepd oy HPLC-UVSH
Nebulizer ) 5 =
Pressure ' ’ 50 psig FLD“E‘ BPA% 71:!%6]— ] J}% ]—Mq—(Flg 3(0))
160 1.8e+5
@ HPLC-FLD B HPLCAENS
1401 meLcuv 16845 1
120 A y=0.015x-0.170 1.4e+8 1 — 1606x - 6090
R?=0.999 12056 Y R 090
© 100 4 ®
2 R 10046 -
§ 20 g
& o é 8.08+5
B6.0e+5
40 5
y=0.001x - 0.028 40645 1
20 4 R?=0.999 2 Dges 4
. ‘ . : ‘ ‘ o : ‘ . cemten
1] 2000 4000 6000 8000 10000 12000 200 400 600 200 1000 1200
Concentration (ni) Concentration (nM)
(a) (b)
04
5nM BPA e
g " MS/MS: 227212
T F1500 &
: :
s MS/MS: 227133 =
5 024 by
% F 1000 g
§ 01 4 &
[
5m0
\m,\’m__ﬂm
1 *MUV

20 2.‘5 3‘0 3‘5 4.0
Time (min)
()
Fig. 3. Comparison of calibration curves analyzed by (a) HPLC—UV and FLD (5, 10, 25, 50, 100, 500, 1,000, 2,500, 5,000, and 10,000

nM BPA) and (b) HPLC-MS/MS (1, 2.5, 5, 10, 50, 100, 500, and 1,000 nM BPA), and (c) chromatograms of 5 nM BPA by
the each detector.
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3.1.3. BPAS| MDLZ} LOQ AEZ1t H|w

Table 3> HPLC-UVS} FLD % MS/MSo|| ]38t BPA<]
MDLZ} LOQE ®lwgh ZAufolr}y 7749 FYg Alm
(HPLC-UV: 500 nM, HPLC-FLD: 25 nM, HPLC-MS/
MS: 1 nM)E 543+ Ay} HPLC-UVe| MDLY} LOQ:
81.1 nMZ} 811 nM, HPLC-FLD= 4,60 nM3} 46,0 nM,
HPLC-MS/MS: 0,13 nM3} 1,30 nM& Zz} A Qi)
E3|, HPLC-MS/MS2] MDL ¥ LOQE HPLC-UVET} oF
6208}, HPLC-FLDX.t} oF 35uj4] 9231 AnE ®gict
(Table 3). %RSD:  Z¥z}  52%(HPLC—-  UV),
6.3%(HPLC—FLD), 4%(HPLC—MS/MS)=Z _%/\}Hoi Al A
27| 2% A3 91(<20%) Well 2231=] 9]
99.8%(HPLC—UV), 92.1%(HPLC—FLD), 103%(HPLC—MS/
MS)E ATZE(80%<x(120%) S WHE3ach

AA =9 BPAS] WA 4752 AAE o] A 2o
U AAA =4S v|23 A Qe e R ol e =2
2|t} 32(U.S. Florida State)®] H¢ 8 +27|&
(guideline regulation)< 1,53 #M(350 ug/0 )= HiIs}aL
TR dubgom B BALEL ffA7|EoL
Hiar7|EHTE 2|4 10~1008] o1 R <22 ZH5-ofof 5}
7] wj o] BPAS] - 15.3~153 nM(3.5~35 ug/l ) ©|3}
7HA] A wlojof it} E HGrAn HPLC-UV % FLDO|
°l5} BPA®] LOQL 811 nM Y 46 nM& H117]|5%L T8t
et FESE BMEEE ZFA ESigle) olo] wiel,
MS/MSo]| 9J8t LOQ: 1.3 nM&A] Pi7|&Ke} oF 1,180
ujj o]} lﬂl:J/}Xl JrFEAlo] 7hssto] Halv)Eel SRSt
A QS SRSkt B%o] UV ¥ FLDE ©|-83F #-4]
2 ApAAof| EAfsh= o] 2FFE A wot A AR &
Al 1A (peak) 9] HE0] FAZSHAY 4 H=7F AA
3] oA} HRFEA7|(Mass)E 0|83 B4 of2gh

ofapo] Hof vig- QbgT BAN O Seld ek AR

al, %Recovery=

x

F

Table 3. Comparison of MDL and LOQ of BPA analyzed by

HPLC-UV, FLD and MS/MS. (unit : nM)
Bisphenol A HPLC-UV  HPLC-FLD HPLC-MS/MS
True conc. (nM) 500 25.0 1.00
Mean 499 23.0 1.03
S.D. 25.8 1.50 0.04
MDL 81.1 4.60 0.13
LOQ 811 46.0 1.30
%RSD 5.20 6.30 4.03
%Recovery 99.8 92.1 103

© & HPLC-MS/MSE o|-83t BPA 412 u7te 9l Ltk

rlo

HFAE st Aske d 58 W SAshke Svle

BPA Ao w9 A9kt AR S 2Iskqiet
3.2, =2t Z=A0f| 2 BPA 2dll £d
3.2.1, Fut Halof| 2 BPA EdllE
Fig, 49} Table 4= F-u}= H3}o] w2 BPAS] ol as
I AR DAES (k) & AE yERd Zlojo =
Su} "S- 308 B0k 27| % 1 4Mo] BPAE 580 kHz9t
1000 kHzol|A] oF 97%%} 94% o)A} A A= ot 28 kHz=
oF 60%= F-aL7uto] O3t FafHk-gof Hls] A3t AlAE
EOII—ZFC}*,\E]-(F&g 4). BPAQ] 27](58) ke 580 kHz7}
16.8x10 * min '& 1000 kHz®} 28 kHz 2T} 22} 1 5u[%}
3.7al# WA e os, vke 27)(302) 2 495 580
kHz9] ki%to] 11,4 X107 min & The Fupgerc) 2k 1.2
el 3. 7a4 wWE o= FARE I
Z5uto] ot AEsl % OH 2hejzof o3t Alehgs] &
I Sish] HeliMe 2 35T 210l FAE o]
of sh=t|, o] wfj 7]=o] YL v FaFt aavt 2
T ek dubAor 2gute] Fulpr) e SEAA
off Qs WA= 7|22 A717F AAA E=Hl, ol s
Ak 2204 712 SR Rk Zal =t v AR
g Atk U A1l Rt AfolE Slas EolEA
w0} F-arFuto] Hlsf iAo A2 7155 NeE 44
dES) B ARREs ade AskA 4=tk vHH 580
kHz9] 2of|A= 259ke] Z1%o] Z‘OW 7|38} 7]
o= HIRS)A S5 ol o3t 7= *8*
o] T7ItT &, 712 HAe] S7H= OH o] B
o] ¥PAEHA| o] Eafutgol FTE 4= ik o °°l al
Tk G99 Fukas HejollAs 5T =Tt
et & #BAPE @& ll(pyrolysis) € T SE9t
AUl Qo B8 W2 SEdAdol YT RN v
MY & A Hol Eefagoe] S

. =
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ot} 0.01 mMe] CCL7F F7FE A}, ¥k 30+ &<t BPA
9] 98% ol/do] AA= R oH, vh 27](58) 2t F7](30+)
o] kiZk 9A] 23.9%107° min T} 12.9%10”° min & 3
7F RES-HTE 7H2F 1.4 91 1814 F7Fskeit REE, 10 mM

€/Cy (%)

1 uMe] BPAE T4 33%%t AIAEAY, W 27](58)e}
Z7)(308)9] K7k €A 2.94x10°7 min '} 1.25%107°
min &2 F37} 9k3-(only BPA) K}t z}z} 5 4u) 9 9 1H]

A 25| = A

Time (min) CCLO| H7I= BPAS] Ballago] 57He A2 CCLe H
i 5 5 5} &lo) i
Fig. 4. Comparison of degradation rates for BPA depending on B 2NIA - gt AletEo] ek sholEofd At
ultrasound frequency. Sonication conditions: Co = 1 zM; (HCL0) 9] A wjF o= gAIsF 4= Qlt} CCl= tjEAlel
0.2 W mi™; 20+1°C; pH 6.8; frequency: 28 (@), 580 T 14 ]
(V) and 1000 kHz (m). H 2z 270014 (k=3.8x10" M s )& dHA 9lrt =

S} wEg(4] (1)o] oJs) A4 Hk OH 2fr]Ze] gt

(F 80%)2 4] (12)9} Zo] A= AATs}o] o] H=y],”
Table 4. Pseudo first—order rate constant for the sonochemical

degradation of BPA at different frequency at 0.2 W o}7]o] CCLE 7Fehd 4] (13)2 22 Rk&-o] Y= o] A
—1 o
ml”, 2021, pH 68, fE o 4 (12) W3] T4k Hul, 4 ()] Holste
BPA © OH ]z Alskisfio] AR8-E 7Hs/do] 57}=|o] BPA
Frequency ki at 5 min k1 at 30 min o] Bajago| AR 2 9t} 34)
(min™") (min™") .
28 kHz 45%x107° 3.1x107°
580 kHz 16.8x107 11.4x107 He + OHs — H0 (12)
1000 kHz 11.0x107 9.2x107 CCl, + He — HCI + CClse (13)
CCly — CClz* + Cl* (14)
CClze — CCl,* + Cl (15)
HyOx= OH 2he|zh 2y o) 1Hg 2] HFAI 2 AR AL Q) Cls + Cle — Cl, (16)
H,0p A¥Eko] 28 kHzHTE 9423 Aoz ®usigiet ™
5 SALS. 71225} ododoll~ ko) n=] - -
ojPfel B2 1T AU V|2 T WA 1 ol go] 28T} ¥k Z CCl, H7HA] Al (13)~(17)0] 23]
5 TS 5 1 J &l _
635101 “éio_‘?"i/\ol'pfl 7]§7]' %O}X]ﬂ U:H'E‘O]E}—ﬂ Aatgol'/u\ ouj_/l\_7]7]. _:Ez‘fj]-% E}E]%]'(CClg', CClg‘, Cl', HC]O)%O] /%4
oF. SERF 618 Ktz O}y A 25 M2 080 KHzE gy 4 gy oZe i Bl N BAR 098
o} H,0, WS} Bajago] Asterta KHusigl=y” Zo] ABlEE|E 9wst 2 glon o]% HCIOS 7&st A

T A U mSs =S Sdpower  sierg b askz oA ik Ugs) 5 ATelss

dissipation)©] =17} welatal AT, CClL7} 47hel 253} ¥hg <k f-2]H2x(Free chlorine)
R £ ATARS ERll BPAS) 285 WS 580 o) g 2asiel HOOZE Bl AS TPHACR Bl

kHz -3 9] Z223f JAof|A] 22| Aital © AehslE 311, o] Blo| 7|2 AT E CCl, H7HA] HAHEA

Ao = Qe TN 20 A= AL Els) o] 2o} FRo|] Zrlus AgS Uehygict

At 3HH, ¢+~BuOH (koy.=6.0x10° M 's )& OH ]z A

AA oA ok A ()3} o] Bol 28uE %

eSS A7He OH ghrjzo] Zashal o]z QI8 AlsHisl A&
Fig. 52} Table 5+ CCly @ ~BuOH &7} u}= BPAZ] o] AakE 2 9t} 2 A7AT TAs} ukSo| u]s ok
EolaEt A YRR ARk 9] AakE UERd A 60% ©|4} BPA HalE-go| 7-Aast AL 7Holst o BPAS]
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Fig. 5. Effect of radical scavenger (CCls and t—BuOH) addition
on the sonodegradation of BPA. Sonication conditions:
Co=1 uM; 0.2 W ml™"; 20%1°C; 580 kHz; Symbols:
BPA(®); BPA with 10 mM t—BuOH (m); BPA with 0.01
mM CCl4 (V).

Table 5. Pseudo first—order rate constant for the sonochemical
degradation of BPA on the effect of radical scavenger

(CCly4 and t—BuOH). Sonication conditions: Co = 1 u
M; 0.2 W mi™'; 20+1°C; 580 kHz
BPA
Conditions k1 at 5 min k1 at 30 min
(min™") (min™")
Only BPA 16.8X107 11.4%1072
BPA + 0.01 mM CCls 23.9x1072 12.9%107°
BPA + 10 mM t-BuOH 2.94X1072 1.25x107°

T 257 7142 OH ehefzol o9t AlelEsfidle o
o QAnf. LBy OH ehujd A7HHIA 7ol whgAZk
SoH30%) °F 33%°] BPAZ} HaEl A< OH ghrjzh &
ofet disl 5 7|e etz 5ol oJsl ZallE S <
ity

4.4 2

B ¢3LojA= EDCs 5 BPAS I ERE Ajz%a}o:] 25}
4= Wl BPAS] w|gF 24 =7 &9 9 MDL/LOQ 5% 4H&
slo] 7]& BEAHY va-grlsigoen, 2w} Z_ﬂr/\ 7
2o ~oNRIA 9] G 2AL S BPAS] 25} HeiSAE
ATete] o 22 ARS =SSt

1) HPLC-UV¢} FLD A&7|= 247k 3,15, MS/MS
7= 3,354 BPAZ} AEE 3L, B8N0 HeEA
2 A AZ7) w9 =2 AA|(R'=0,999 oS B

ofF o mgF FE(5 nM ©|she] BPA +AA|
MS/MS+= w9~ Qg3 H=2E UERfIAIRE UV 2
FLD= BPAE HESHA] Hsh3ict,

2) HPLC-MS/MS® 415+ BPAS] MDL:= HPLC-UV 9
FLDXt} Z+7F 6248 9 358 9431 A0S 29
E3] MS/MSQ LOQE 1.3 nM (0.297 ug/l )?LH
U.S. EPAQ] BPA 282 H311712(1.53 uM 3-& 350
ug/0 )Rk OF 1,180H) R e 7kA] AupR o] 71
3t AL golsk), o] Qo= %RSD % %Recovery
A BT ASSE 28 By}

3) 251 Al wE BPAS| HalA&S A5uh(28
kHz)E A|9Jst Zn=u} 271(580 and 1000 kHz)o]

H

A WS 308 o]l 95% olAF 1117%1:401(%23% =2
Co=1 #M; 0.2 W ml™'; 204+17) BPAQ] 2&1} g
TRsAL holsigth B3] Fulss Bl ‘ﬂr—e— BPA94

£ 9 k9] A7} 580 kHzOM 7
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BERES
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