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2002 9€HE 2003 129714 FHHAT. Fed 99 3 2 AFHFTS] BPAT NP2
S O 2tk F9H, ND-0.033 pg/L 2 ND-~0.823 wug/L ; 7<¢HH, ND~0.659 g/l %
ND~3.827 pg/L ; 943, ND~0.528 g/l 2 ND~12.724 ug/L. A& 67 HF3 9552 BPA
F2 ND~0.260 pug/L, NP9 FXE& 0.122~2.724 ug/Le] Lol AT 28] g5 98 T4
o7 g 3/ AL AFFe} 1 FRENA BPAE BT BHEE W, NP= HAH A
ppt TELE HEHAG 3, He=29 A e Ao NeY AlAES AFE Aolrt gl
o] 80~95%% =/ Uetwth web 2 A7Ade A ASolA BPA % NP FE= &7
Frool EAste Fedd B AR WFRF A=Y= AS A4k Ao

Abstract: This study was examined occurrence of bisphenol A (BPA) and nonylphenol (NP) in
waterworks system of Seoul, Korea from September 2002 to December 2003. The levels of BPA and
NP in Han-river and its tributaries were as followed: Paldang-dam, ND(not detected)~0.033 g/l and
ND~0.823 pg/L; Kyungahn-creek, ND~0.659 g/l and ND~3.827 ng/L; Whangsuk-creek, ND~0.528 ng/L
and ND~12.724 pg/L, respectively. In water of 6 intake-station, the contents of NP and BPA were
detected 0.122~2.724 pg/L, and ND~0.260 ug/L, respectively. In the finished- and tap-water of three
drinking water treatment plants (DWTPs) around Whangsuk-creek, BPA was not detected in all samples,
while NP was in ppt levels in whole. Through the process of DWTP, also, the removal ratio of NP was
above 80% in all this. Therefore, this result was suggested that levels of BPA and NP in waterworks
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system depended on non-point contaminants and swage treatment plants in the Han-river shed.
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EAlete A, £ 259 AT 9] o]9A Wak=
A& gl AHS Botd =59 #ARES dEs
He A7t etk HIE A% A7AEe] d4d
904 BPA 2 NP HE|FALE Fdsdcia &4
BE, A2 AFE AlBolM 2 AREY AT %
Jee votalrlole BRI} FEEIA Fager

wahs] B Ao x= HPLC-MSDE o]&3te] A &A|
ArE ASoA dAE F=AZ EA4)5= BPA L NP

& 4uE stetsidr

2.1. EESE Y LHAS
4 EFEZQ NP (technical mixture of isomer) 2

BPATE AccuStandard AH(New Haven, USA)S. ZHE
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Wj3lgcy. oHEUEZ HPLC &) 2 #WEE (HPLC
F) 59 &= JT Baker AKPhillipsburg, USA) #|&-S
ARSI T AEE oMMHC]EE Merck AKDarmstadt,
USA)el M #4319, 3x-Fdrd o8l 2 (MTBE)%
I 99 AFEL Sigma-Aldrich AHMilwaukee, USA)
AFolAth. ZE AYPE FFH4E Milli-Q Water AHE
AEF) AFolA A golesE AR aeln

FEEL B AIEES 05 mM SEH oHOIE &

425

AL, FEEE G AR S A4 A
FE ASAGT B AT ASARE ABE
994 aat oot wath 899 2 A%

9] pHE 74~92, ¥ 08~261 C
73~79, F2& 07~266 C, 2121 il
FLL 78247 CE ZAEAL 7+

oo oy M
2
2
1o,
(e 0
R o 2
Loorfrorr 4> e o

7.0~75, A8

pHE 2709] AR FHAN, F&& J&53 57004
AU s Ae wEs et 183 7 A4
AgFd @ FEE pHE 68~80, & 88~222 C
2 YFETE gi Mg E e Rt EE AlEe
1000 mLe] A el F7)REe] Q=g A5et

Tofl HEE wiE 2otk Aed 2 5 A5

==
seAYd WRFY ALt Fol T FEL A AEE 045 m T2 EE|(Whatman, GFC)E AF&-3}4
F2 F2d o3 FEFE W Uk 2 FAME A FFY 1FEAS AASE F4] 0.1M HCIZ pH=3°]
A7 95Ae FE A4 40 HAE 9go]  FEs 2N 19 48, BE ARE A5F 144
7 ada Yeigth B dFddA P AlgEs 2% 2 Wil OasisA HLBE SPE 7}E&]A] (Waters Oasis.
Holl A, A 2 g9 Ase RS AHSE Milford, USAE AREstY & 2 AASATH
8 AFH RS 1 km AMAA e, F
T dFe AEAY ol AFE FUFE Yo R st 2.3. AEQ| & Y 55
Ak (Fig. 1. B8 AT 3 A5 A4S B8 ARy F5 9 AAde JAFTEE (
? THE REPUBLIC OF KOREA
i ¥ i
{ N,
/ “
@} .- THE EAST SEA
5 1\ J«’ '.V.«IE.*Na,ﬁy igju-City _ Gyeonggi-Do
.I\ l : o f ewn
i ,W/ hangs}lflk-cheonf o
/|
/.

THE WEST SEA

THE SOUTHERN SEA

> 5

[\

A | = i 3
Wa s -y -

B, . NP T
wangam-intake B, -7

\ Palda}ag—d-a‘xﬁr.:mdmg-fﬂké"
|; A ¥ 'y

LN b .rr....

Fig. 1. Sampling site map around water resource area of Seoul. Sampling points represents followings as : @,
raw-water sampling point; I, intake-water sampling point.
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P104-AA, GAST, Benton Harbor, USA)E &%3+ SPE  Tuble 1. Analytical conditions of HPLC and ESI-MSD
2] (12-port Manifolds, Alltech, USA)oll A =3 =it} Bisphenol A Nonylphenol
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Z2¥ Zdt7] (Turbovap II Concentration Workstation,
Zymark, USA)SlIA 402 &3t 5 psi®] AATE oA
AZAZ Fof ¥ =7 1 mL7t HES oHEYE
g2 F48 AEE AxsAth
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2.4. HPLC-MSD 24
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Z%7] (HPLC-ESI-MSD, Hewlett-Packard, Wilmington,
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LC separation Column ZORBOX 300 SB-Cg, 2.1 x 150 mm, 5um

Mobile Phase Acetonitrile/S0 mM Ammonium acetate
Gradient 40~100%
(0-15 min)
40/60 40/60
Flow Rate 0.2 mL/min 0.4 mL/min
UV Wavelength 225 nm 228 nm
MS Detection Ionization API-ES, negative ion (NI) mode
Mass (Mr) 227, 212 219, 133
Drying Gas Temp.(C) 350
Fragment Voltage (V) 100

Capillary Voltage (V)
Operation Mode

3500
SCAN and/or SIM mode

2.5. 3|21} HIEAZ
B Aol AR BAR digk #4542 @
T3 AFFL 579 svolas IFES WS
sto] Al @ AR e O &

Ee 300 mLe Milli-Q TAHE TFY "ol
(Millipore, Molshein, France)ol BPA E+ NP %F&
A AG Foll AR

2.6. AN Y U M BN

B8 EEEAL R FAE FEY B0l
IHHEE ZAEE B|Xste] A3k BPA o
NPe] A4 AL 0.1~1000 ngl Wl Sl=
S FEY IR EFEAE AMESY SIM RER
Atk A APALAE A, T2 A4
@ > 0999 JEMIATKFig. 2). ¥ AN 8%
AEE AT "ritt Adds Adsigen, B4E
Ao AEFEAAN 753 WE B GAetnA 5~
10719 BAAEY T8 TS 2= 1~249 7IAE
A& A wAste AAsiich £ 2Ag £
¥ BPA B NP A2 g4 Ql5d ¥FEde] A
SCAN REA|A & ~AES] APy wFF A
7, 549 vHs A9 9 A ~HERY §YI 2
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Fig. 2. Calibration curves of standard substances(A,
BPA; B, NP).
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Fig. 3. HPLC-UV and MSD chromatograms of BPA and NP. Mobile phase: 50 mM ammonium acetate (solvent A)
and acetonitrile (solvent B) using A: 40:60%, and B: gradient elution programme (0-15 min), 40-100%. In
the A and B, lower panel: SIM (m/z 227; m/z 219) spectrum; middle panel: full SCAN (m/z 100-300),

upper panel: UV (A 225, A 228) of a BPA (A) and NP (B) standard, respectively, using fragments voltage
of 100 V.
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Fig. 4. ESI mass spectra of BPA (A) and NP (B) detected under negative conditions mode. Fragmentor, 100 V; standard
concentration, 1 ppm; and injection volume, 30 pL for each compound in SCAN mode. Operation flow rate of
BPA and NP were 0.2 mL/min and 0.4 mL/min, respectively.

3.3. A2l 99| A|IZEAN Za}
2002 9€HE 2003 129U7HA] A4 H99 =
T, AT &5 AsE 4% doe v

EATh (Table 2): THH, 7t & g<=319] BPA &
Z& 77} ND~0.033 pgl, ND~0.659 gl % ND~
0528 pgLE ZAHEHU, NP9 == ZHZF ND-~0.823
gL, ND~3.827 pg/L % ND~12.724 pg/Le] el 9l

Ak o] ATES HA, B 2AREE A5 o
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Table 2. Monitoring results of BPA and NP in surface water which were collected at Han-river and its branch
streams from September 2002 to December 2003

Unit : ug/L

Bisphenol A

Nonylphenol

Sampling Date

Kyungahn creek

Paldang dam  Whangsuk creek Kyungahn creek  Paldang dam

Whangsuk creek

2002 Sept 18 0.034 ND 0.266 3.827 ND 1.273
Oct 09 0.659 0.018 0.528 1.238 0.641 4.478
Oct 30 0.294 ND 0.206 1.464 ND 0.596
Nov 05 0.497 ND 0.449 0.059 0.090 1.159
Nov 13 0.070 ND 0.219 ND 0.087 1.332
Nov 27 0.026 0.008 0.019 0.662 0.320 4.617
Dec 11 0.023 ND 0.014 0.872 0.014 12.724
Dec 26 0.136 ND 0.138 0.272 0.055 4231

2003 Jan 08 0.105 ND 0.035 0.652 0.527 4.034
Jan 29 0.093 ND 0.078 0.166 0.788 5.625
Feb 12 ND ND ND 2.463 0.314 5.102
Feb 26 ND ND ND 0.779 0.823 5.863
Mar 12 0.098 0.025 0.125 0.299 0.206 1.184
Mar 27 0.066 ND 0.041 0.466 0.261 0.819
Apr 09 0.092 0.009 0.134 0.573 0.230 1.503
Apr 30 0.036 0.011 0.040 0.484 0.227 1.096
May 14 0.053 0.009 0.037 0.289 0.163 0.731
May 28 0.019 0.004 0.052 0.218 0.055 0.661
Jun 25 0.091 ND 0.053 0.125 0.058 0.825
Jul 16 0.056 0.014 0.074 0.239 0.120 0.883
Jul 29 0.148 0.029 0.042 0.314 0.197 0.503
Aug 13 0.086 0.007 0.055 0.123 0.144 0.556
Sept 16 0.116 ND 0.041 0.276 0212 0.627
Oct 08 ND ND ND 0.467 0.367 1.423
Oct 28 0.091 ND 0.059 1.720 0.227 1.436
Nov 12 0.102 ND 0.079 0.204 0.368 0.992
Nov 26 0.117 0.033 0.099 0.658 0.406 1.502
Dec 11 0.093 ND 0.061 0.282 0.176 2.326
Dec 24 0.175 ND 0.060 0.143 0.105 0.520

sl oA A4 (NP %) 5 ZFsHe 4Bsre B

Aol w7l el Aes

F5 A AR BREe Al ge W
o] 12 AA %t AoE eyt A, 459
9 2 V= FEAGE B oE 5

R o]

St A= Beskik

<] 3= 670 F+F - Kw,

P #5% - o 4 FolA BPA % NP
52 2435 AHRE Table 39 YERIUTE 671 B35
St FAILFAE BEddelA F
St AFE FEwol Meshe AeAAARL vhE
Urx] AeEe I3 et FAFFHE Abold] ¢
28k 5719 H5FA FHAFd dFE At Stk
2003'd 197E 119704 ZARE A5 A5 Fo EA8t
= BPAY $FL Kw, K, A, G, ] © P H5LAA Z2}
ND~0.156 gL, ND~0.163 ugL, ND~0.141 pg/L,
ND~0.260 yg/L, ND~0.142 ug/L, ND~0.166 pgLZ A%
3, NPY 555 Kw, K, A, G, ] 2 P HFAA
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Table 3. Monitoring results of BPA and NP in raw-water which were collected at six intake-stations of Seoul
during experimental periods

Unit : pg/L
Intake-station site
Compound Date
Kw K A G P ]
Bisphenol A Jan 29 2003 ND ND ND ND ND ND
Feb 26 ND ND ND ND ND ND
Mar 12 0.156 0.163 0.132 0.147 ND 0.135
Mar 27 ND 0.133 ND 0.134 0.130 ND
Apr 09 ND 0.145 ND 0.134 ND 0.136
Apr 30 0.132 0.135 ND 0.132 0.142 0.166
May 14 0.136 0.131 0.132 0.135 0.136 0.150
May 28 ND ND 0.130 0.135 0.134 0.134
Jun 25 0.131 0.133 0.130 0.248 0.133 0.138
Jul 16 0.135 0.136 0.134 0.260 0.138 ND
Jul 29 - 0.134 0.132 0.139 - -
Aug 13 - 0.136 0.141 0.138 - -
Aug 16 - ND 0.095 ND - -
Oct 08 - ND ND ND - -
Oct 28 - ND ND ND - -
Nov 12 - ND ND ND - -
Nov 26 - ND ND ND - -
Nonylphenol Jan 29 0.349 0.641 0.292 2724 1.379 2518
Feb 26 1.068 1.457 0.634 2.093 0.449 0.706
Mar 12 0.471 0.402 0.365 0.444 0.361 0.630
Mar 27 0.375 0.420 0273 0.352 0277 0.346
Apr 09 0.344 0.392 0.271 0.297 0.888 0.166
Apr 30 0.469 0.287 0.326 0.486 0.5395 0.345
May 14 0.195 0.134 0.258 0.288 0.165 0.271
May 28 0231 0.198 0.183 0.228 0.122 0.226
Jun 25 0.187 0.260 0.210 0.321 0.291 0.254
Jul 16 0.260 0.255 0.310 0.343 0216 0.259
Jul 29 - 0.256 0.322 0.359 - -
Aug 13 - 0.198 0.658 0.485 - -
Aug 16 - 0.586 0.591 0.155 - -
Oct 08 - 0.649 1.175 0.670 - -
Oct 28 - 0.396 1.371 0.565 - -
Nov 12 - 0.430 0.948 1.235 - -
Nov 26 - 0.547 1.641 1.176 - -
AZY7] 0.187~1.068 pg/L, 0.134~1.457 uglL, 0.183~1.641 A AEx9 AZE W NPE ALHd =
pglL, 0.155~ 2724 ug/L, 0.122~1.379 pg/lL, 0.166~2.518 & 5 Holtpy} 244 G sz EZx5= A
wgLY HHE e dAReZzE A HFFEYG o2 YEHETh mebA, e Hed 8L 7Y A
ol fIAshe HA4FY Y4olA BPA 2 NP9 5 FHo X3E QHAEAH o] JIS WU Ao=E
7t ta =4 JEith ol HASAY £2L AR dSHA:
o] YRI5l F&He F£4 HIE w2e FFgS Ho
FAL 531, A 2 G HFF T2 Y5 AR 35U FEEA A 240}
EA57] Wzl AFAN AFHY FEFE we Ao &A1Y HAS 54 a3ty AL FAF
Z UEistth Al wel BPAE 3973 E Arhdzt A BPA BN ol ZA Yehd g5 #99]
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getol 91X K, A 2 G A5 AHger G 4 oF Ptk &3 o] EAE0]l ¢ folM U3
A Ata FREETDS IR ZARIY RO eE A&5HeF HAEE A9dde ¥4 2 H
ot 53], 52 AFAdE o 3-5% o FEES EE FEAVNES AAsY AAH BYE HEH
£ Hujo] ThiRo] FAlE ol g JFE Has  of & Rolth

Ak 3N A5 AR g £xES B4 29, 4. &2 B

A A|Fo)A BPA AEE M3 AEHA ¥& whdol|,

NP &2 K, A ¥ GY A#HFe FxR=dA 44
0.071~0.088 xg/L(3T 0.077 ugL), 0.086~0.097 yg/L(%
T 0.089 uglL), 0.067~0.080 pgL(H¥ 0.071 ugl) 2
0.069~0.089 pg/L(HTF 0.075 pgL)e A&l Atk
ZAF AHE NP sxole 5dE o)} glglon, ¢
Fo] 4 Halel fAHA A FHEAY Al o
2 B ASHS BT 28U $EE £EL 33
e A FAF= A9 Aot gt 28R
2 AR dage AT AR fAEE Hed
de] ALt YA AP Rl 23l
FEFE e RS AU =3 A9 34 B
o4 BPA 2 NP AAE (5 999 F5/AHTA
g FE)e oF 80~95% 2 UEhE 22X o de] A+
oA Yol MALAYE st d& AFAH9} vl$-
A AT AR G e7)Ed B2y, ol &
Ao Y3t 37 AALL AFLAE & 2=
7N1EAFAY TR BAC B UV+EHn) 53 22
SAFA e 2Ad mel 95% o] 1
< Yeiida BuEgoh Y meiy des 4
o)X BPA E NP AANHE 7IEZFAEE
g} g Fof Aerd 548 1ed B AR TA
2 FTo] Fesiink &3, vlFF ASolA
BPA ¥ NP59 #7IEdd o3 +%E& 23 424
WAE 93 teket A= B2k Zo2 YelyTh
B ApAso A, BPAY NP= $-2lutetoll A A&

B e ol

O:

2 8oz AS 39 A%, S Fugddes
B FRE BEFT Yrke Aol FA=e. @A)
YRS $9 o A5 4HF - feRd 37
F U1 - 4F 5L FR 4R vskel ¥
A F Qe FEFYelE BPsa, AAA52 BPA
2 NPel il AN 2l Qs e Am ol
FAERVE AREE 7h 9 RoITh Webd, FF
A 35 B AR $4E ASHoR FUETY
sl BPA 2 NP 2992 AbHol Aol 2 At
5 S ARNAL, EE HEE) 4034
2 Wl3s Aol BUBAe] Aol Were] mAH o]

AFAX FEREZA AEAY AFe A% 74
Foll EAlst= BPA ¥ NP9 HE] ALE 33 A7
Azes o 2k

1. A5 2 HLB SPE 7}EFAZ F& 2 33 3o
SEE 7)o AZ3a, 50 mM ammonium

acetate?} methanol &N 0 F FAAHES B3t

HPLC-ESI-MSD®l| 4] NI-SIM mode® ¥A1&}53th

38L& BPA 2 NPolA 2 70%~110% 2

99%~113% A A2 FF9 2} RSD, n=5

7} 16.00% 2 020% HAZ Uehsth 78349

R’ 2+ 09990402 =& AMES HAT, 7]

719] #AE3%7) (LODs)= 2+ 50 ng/L 2 1 pg/L

2 A4FE ATk BPA B NPl thek [M-HT 9] myz

t 47 207 2 2190tk
2. 2002'd 9¥HE 20039 12¥€7HA] A9 F99

gogd, Add 2 95H9 BPA e 474

ND~0.033 g/L, ND~0.659 sg/L % ND~0.528 gL

2 23503, NP s+ 717} ND~0.823 uglL,

ND~3.827 pglL & ND~12.724 pg/lLe] Heol AN

t}. BPAY FEv XA, NP £E 45

Aex EAHoz =4 UeHi, dAHeEE

2002 o] ZARz7|o Hlste 2003 Lol 4T

3 W2 FEZ AZHIU 53], NPe A

Hs oA oF 28 A =4 YeRdTh
3. A&A1Y 671 H5 A5F9 BPA FF2 Kw, K, A,

G, P % J FHFAA Z+Z ND-0.156 pglL,

ND~0.163 gL, ND~0.141 ugL, ND~0.260 ug/L,

ND~0.142 pg/L, ND~0.166 pgLE 7AZE%%1al, NP

S5 747} 0.187~1.068 ugL, 0.134~1.457 uglL,

0.183~1.641 pglL, 0.155~2.724 pg/L, 0.122~1.379 ug

/L, 0.166~2.518 pgLe] HHE YeERRUTE F<53

gt YXste H<F AFollA BPA B NPO &

7F ok w39, AR AR a2 BgE ma2e
78S Bk

4. = 795 F40E G K A 2 G AT
259} G FAY FEEA BPAT A AR

>~

2
oH

Analytical Science & Technology



10.

11.

12.

13.

14.

. L Ren, S. K. Lewis,

. K. Kinnberg,

. T. Tanaka, H. Kohno,
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A BT 2HEE v, NP= A A ppt
FEoZ AEHJS AFA YA Npo| A
AECIFDF)e B Zol7h §lol oF 80~

95% = LERStTh

PN
T

C. A. Staples, P. B. Dom, G. M. Klecka, S. T.
O_Block, L. R. Harris, J. Chemosphere, 36(10),
2149-2173(1998).

. M. K. Holger, B. Karlheinz, Environ. Sci. Technol.,

35, 3201-3206(2001).

. S. Jobling, T. Reynolds, R. White, M. G. Parker, J.

P. Sumpter, Environ. 103(6),

582-587(1995).

Health  Perspect.,

. T. Colborn, F. S. vom Saal, A. M. Soto, Environ.

Health. Perspect., 101, 378-384(1993).
J. J. Lech, Chem. Biol.
Interact. 100(1), 67-76(1996).

. T. Colborn, C. Clement, “Chemically-induced alterat-

ions in sexual and functional development”, Ed.,
Preiceton, NJ : Princeton Scientific Publishin. 1992.
B. Korsgaard, P. Bijerregaard, A.
Jespersen, J. Exp. Biol., 203(Pt 2), 171-181(2000).
M. Tanino, Y. Yanaida,
Ecotoxicol. Environ. Saf, 52(1), 38-45(2002).

. R. White, S. Jobling, S. A. Hoare, J. P. Sumpter,

M. G. Parker, Endocrinology, 135(1), 175-182(1994).
M. Hesselsoe, D. Jensen, K. Skals, T. Olesen, P.
Moldrup, P. Roslev, G. K. Mortensen, K. Henriksen,
Environ. Sci. Technol., 35(18), 3695-3700(2001).

C. Lambert, M. Larroque, J. Chromatogr Sci. 35(2),
57-62(1997).

R. L. Gomes and J. N. Jester, “Endocrine Disrupters
in Wastewater and Sludge Treatment Processes: 7.
Endocrine Disruptersin Drinking Water and Water
Reuse”, Ed., 219-266, J. W. Birkett and J. N.
Lester, Lewis Publishers. New York. U.S.A., 2003.

J. A. Brotons, M. F. Olea-Serano, M. Villalobos, V.
Pedraza, and N. Olea,
103(6), 608-612(1995).

J. K. Fawell and J. K. Chipman, J. Chart Inst.

Environ. Health Persp.,

Vol.17, No.5, 2004

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

433

Water Environ. Mange., 15, 92(2001).

Environmetal Data Services, “Public exposed to
oestrogen risks from food cans”, 246, 3. ENDS Rep.,
1995.

G. A. Junk, H. J. Svce, R. D. Vick and M. J. Avery,
Environ. Sci. Technol., 8(13), 1100-1106(1974).
Watershed Management  Bureau(Han-river ~ Basin
Environmental Office),
pollutants in Kyungahn Creek”,
Korea, 2000.

P. G. Kim, E. A. Kwon, and S. H. Hwang, Kor. J.
Evn. Hith. Soc., 26(1), 107-113(2000).

Waters Co,

"A study of trace toxic
151~163. Seoul,

"Oasis sample extraction products:
Environ-mental and agrochemical applications note-
books” Rev 2, U.S.A., 2001.

P. L. Ferguson, C. R. Iden and B. J. Brownawell,
Anal. Chem., 72(18), 4322-4330(2000).

D. Y. Shang, M. G. Ikonomou, J. Chromatogr. A.,
849(2), 467-482(1999).

M. Petrovic, A. Diaz, F. Ventura and D. Barcelo,
Anal. Chem., 73(24), 5886-5895(2001).

M. Petrovic, A. Diaz, F. Ventura, and D. Barcelo,
Environ. Sci. Technol., 37(19), 4442-4448(2003).

US EPA,
compounds using drinking water treatment processes”.
20. EPA/625/R-00/015, Washington, DC, U.S.A,
2001.

T. Tanizaki, K. Kadokami and R. Shinohara,
Contam. Toxicol, 68(5), 732-739(2002).

Y. Ohko, I. Ando, C. Niwa, T. Tatsuma, T.
Yamamura, T. Nakashima, Y. Kubota, A. Fujishima,
Environ Sci Technol., 35(11), 2365-2368(2001).

Y. I. Yoon, P. Westerhoffa, S. A. Snyderb and M.
Esparzaa, Water Res., 37 (14), 3530-3537(2003).

17 final.

“Removal of endocrine disrupting

Proposal from the Commission Com.

2000/0035(COD), Brussels, 16. 01. 2001.





