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TIEE | OBE | W | RRME | M | e
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TCM
&M 29 1.75 0.68 0.49
Bt 30 0.50 0.22 0,22
s 29 104 25.5 19,1
=y 22 4,89 0.87 0.44
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7 20 1,22 0.40 0.25
B4t 3 0.14 0.02 0.01
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B - 0.57 0.29 0.29
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XKIERE (L/day) - H-1

WIERIE 1, KIEREIL 2L/ day & L7,

REFECTEE LK ¥ 7 oxige &R -
1iChTEHsE, TCM DHHBREER, B
145 4 g/day, F¥E6. 07 g/day, HHL{HE6. 09
pg/day THY, TTHM OFHBREER. RAE
36.5 u g/day, FI9MELT. 7 pg/day. HFHRAELT.O
pg/day &7z olz, A :

3.6 TIRREEDHET

EWRERER 2D L ICEARERLIER L
HEHCIRAE vz,

[MEBERE (g g/day) =HIINE X ZE FRE
(ug/m*) XIPHE (m®/day) -2
ABEOHHEE (n/day)=1HOREE (n®)
XEBEZEFE ()/24 (hr/day) o -3
BREZOIFREE (m’/day) =1 HOIFEE (m®)
X BRFRFEERE (h)/24 (w/day) A-4
FEMEZOEE (m’/day) =1 HOWEE (m*)
XBEAEZRRE (h)/24 (h/day) -5
CIREERIE L & L, EERMIE, BEBLUR
B 7)) v R, REBIEERE L, £
72, 1 BORREIZIS m*e L2220, 2B, A
Bi1H1RE L,

FYNB RS Y DOFRIERBEREONEEMEL R-21C
AT o TCM ORI W E4. 73 p g/day, &I
0.367 u g/day, FE[4.86 1 g/day. #N 6 DAEFE
fE12. 7 p g/day T H . TTHM O HFHEIZIFE
11.8 u g/day, B FT0. 697 u g/day. FETHI. 40
pg/day, b DOEFHME2R.3p g/day TH o7,
B, BEFOBREIEC OO, HERE
Bk, BREELLTRBELEASE (TCM O
BE) HrviliEvil (TTHM O%E) 23R/ L
720 72720, BREOZEKARIRE O HE SR
BOWMNEEHIT B2 L omME PLic12~
1T o 7720, BEOEEBECEITHORE
BELEELLTREND S,

3.7 BEREEOHE

EHRAERE L D L ICRRRER L L,
KIBWH BB IAE LT B5E 02 E 0%
RREEE*ROLIEHRRAE LT, XE®
EPA® PRFZRLTWwB,
teen << F 724 =t*DEHE

#2 MUNTRAYYOFRHBEEE (4g/day)
HE R PN SEH oLl
He 30.0 8.15 4,73
=3 3.33 0.698 0.367
TCM
=] 17.5 6.85 4,86
&&t 45,3 15.7 12.7
HeE 19.0 5. 69 3.51
=Y 2.32 0.475 0.179
BDCM _
B 12.2 3.97 2.55
&t 25.7 10.1 8.95
we 11.9 3.28 3.00
B 2.36 0. 266 0.119
DBCM
& 7.80 2.40 1.75
&8t 19.7 5,94 4,54
s 2.92 0. 605 0.308
BT 0.745 0.0782 0.0388
TBM -~
B 2.12 0.675 0.519
&8 5.08 1.36 0.893
BE 58,0 17.5 11.8
& 7.38 1.52 0. 697
TTHM
EH 35.8 13.8 9.40
A% 92,9 32.8 28.3
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DAuen =FAXK, X Cu X ((toen/ (14 B)) +2 7 ey X
((1+3B+3B%)/ (1+B)?) «ee -7
B=KpX (MW)"%/2,6++--8
DAwen | BT Y72 ) DBRER (ng/cm’)
FA : LR ()
K, . B%E&RE (em/hr)
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SA  FERHETE (cm®) |
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179cm OHEETH H | HRE iXd9kg 5 5 85kg D
BTd by, FREHIE, 14, 300cm? 5 & 19, 600c
m*DHEHEHTH o7z, TCM DERBES T, Bk
1E19. 3 g/day. F¥1E7.52 4 g/day, Hgfl7. 27
pg/day TH Y, TTHM OREBREEIT, BAE
61.8 u g/day, FH{E22.1 4 g/day, HHL{H18.2
pg/day THolz,

4. VRIREILE I RRZEDMREEIC L 285
BEDHEET

4.1 BRICLZBBREOIES
BROBIUC L AIRBEOTRIE., BRNTIE. 1
BHEEMEFTOEN SO Dk BT ASRE &£
MR DORIE S SRR & 2 EREt, &
ETHETRFTOERLD W 2w — 47 v p 32
Ty AR ZERAEAER L T/, B
AT, @E 7~ 99X T, LIEMIchE Y E
FEEIHM. BREFRICL)ESETO TOM B
SFOMELEM L7 Miyahara &' (3, 13745
DRBEFOEFF DO TCM £ 4254 L. TCM ¢
ETOEMPOHIB S, BREREE L TAamR
EBIRICBIT A REERE S ) Y A0FHAIE
AN ERRELTWA,
BREARCLYESORPFO M) m s
DRECHEL - HEE, EREMROF T, &
M) BERTAZLICED, PYAm A
VOBBEFEHRINTVYAE, RIICFNS O

®-3 BESRICILEHED M) NT XY Y OFE

—Hi = d
W WAL, 1% FORE (1 g/day)
TCM BDCM DBCM TBM
;;zm34§;§~13$g i - BREORKAME 108
BEAE® BB, SEET7~ 9K | THE EE - AR) oBKE 29
HILEK 3 W 3 A ST (B8 OFHE | 6.5
MgF614 7 B wAE 178. 38
ENLY | 2L ARAZE EHE 45.4
T34 1 N 1.9 2.6 0.8
EHS | eHh3gRE EIE 1.1 0.6 0.2
SHM | o 10 | 04 | oz -
:}Zm Sﬁllﬁ “IZH ?ij('f@ 8.14 1.61 0.46 ‘
gL | ETHH S REORE 3l 6.73 0.84 0.2
SHH T e 6.17 0.7 | 0.15 0.27
PR 742 A A B4 | 23 | L7
WELY | ATHHER3 A SEAE 6.51 1.07 0.70
Ak 7 B SETYE 499 | 094 0.59
2 B~ 5 g RoAfE 46.58 | 3.53 | 145 | 0.48
ZR6Y | AFE, KEHFA 3K Tl 7.54 1.2 0.45 0.19
i3 A STEIHE (EE) OTHE 6.11 0.93 0.38 0.08
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BE T LD, BEAOREBRICLL L, TR
SEREDLEHRISEE T TOENRBMD TCM
DESE (BB KEREED.) KLsBESE (F
WME) ORAMEIL29 4 g/day (FHL3HEE, W&
). WA - B BEALORKMEIRLI08 x g/day (FRL
1245, AR Thh., LIEHOEEETTE
Y DFIMENL6. 5 u g/day Th o 72,

<=7 v MRy VHROPWERKRETE, B
H6W 1988 DI4EFBEDSI 6, BEREE
L Tl TCM32. 5 p g/day, BDCMS. 8 i g/day
DBCMO. 6 ¢ g/day, Z® 9 BKEKRDED HE &
% TCM51.7%. BDCM87.6% . DBCMS80.3% &
WMELTWD, HEY (X, 1989420 5 19934E D
BRI, KEKRKDED D EE% TCM50% .
BDCM 3 & U DBCM90% & 5 L TwWh,
Miyahara &' OFEIT BT TCM PHH S 1
CHREMORRPOFHREIS LT, BRE
ERE (BEEFEHE) SHoFon-EBRENT—
Y EENI AL ERBELER LERERAIR
T, 13EMP O DBRBEEOAFHIF TL.56 4 g/
day & %2 072,

4.2 ARBERICLZBRBEOHE
KREFELDORTITOWTIE, REHHEBILEIC
HOXEB LA LAREECBNTTICM 28
CHERRGEIMEDORRBEE=5) ¥ I H 1T
bhTB Y, BEE, EEOKKHRO TCM BE
loWTE Y FEOLBRIBEEIORES R
TW5A™, 1 H24BMRE L/HE. SABREE
R 9 BN S 19 EEDEEFIYTL 64 4 g/
day & o7ce Fioy AMETIIE85 ug/day &
yA

70, AEOENRETE L NIBIIIBYT
B RUNT R VIREORSE % VT 24K
HELEBEAORMBREELROL &, TCMS. 33
u g/day, BDCMO. 21 y g/day., DBCMO. 21 p g
/day. TBMO. 42 4 g/day. THHM4. 38 y g/day &
ol

4.3 T—ILKikd LURRBSORBEDHE
Bl & 13, FRLERICHEKB L ORE D74
@D 7 — VONRECHT A ERRELEEL T
BY, #odT, KEDO M A Y OBRER
EEToTV5hH, AELY b, BEOBAT— NV
DOABLURERHRO M) TRy ORENEE

R-4 AT O TCMIRED GifERT L-REE

. REETEIE | IRERAE | AROENE | BREETHE | BEERAE
ﬁnn
(pg/kg) | (ze/ke) (kg/day) (¢ g/dny) (e g/dny)
b4 L 153.7 320 0.0060%" % 10,923 1.92
a-3 29 41 0.0219% 0.635 0.898
Ny — 27.4 37 0. 00i® 0.0274 0.037
<) 27.4 32 0. 0015 0.0411 0.048
#3, 2,54 11 0.106% 0.270 1.17
r—% 1.4 1.5 0. 00337 0. 00462 0. 00495
Ya—-2A 1.25 8.2 0.0107% 0.0134 0.0877
K 0.10 2 0. 158% 0.0158 0.315
FLEH 4,16 29 0.0266% % {0,111 0.772
TARYY — b 4,96 27 0.00266™ ™ 10,0132 0.0717
Fl—-vA-=FN | 2.17 5.1 0.0202% % | 0,0438 0.103
25 11.4 36 0.0386% 0. 440 1.39
FARAINY 8.2 26 0.00260% % | 0.0213 0. 0675
&5 2.56 7.56

) B Miyaharahb® O F - ¥ 10k B, BREEAEE (EA£%EHE)7 Lon Tk, 2oRTF
DF - HEONLFRIEDOHEFRENA L,
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LA S ROFI

LRI NEVER X R N B

ERL72, 72, BB S™ MWB R OBAEK B
SUTBREDRINT A Y OREEFT > TV5,
AEOWIE, FHISE 2 BIHRHA O
BN 7 — V20RRICBWT, Tk, BRDK
EA BRZER (7THEROA) ZHBL, YA
axy ERRIE L. BRERFDEREICOWN
T, TCM 13, BAfE281.9 ¢ g/m®, AHoLfE82.8
pg/m®, DBCM &, fAfE6.1xg/m*, HIE
0.3pug/m* THolzg AKR—VIA4 7IZHTHH
EYhO. ZOVERICKIKET - 22 L BEYD o
7210 NDEEMEE S (44, 33E/4E) B L U1
Eld 70 OEERE (74,405 /) 2#NT &b
. BRAT—VRIRICBT A5ARERT, 2

il

BORARMEL & %L TCMS. 56 4 g/day, DBCM .

0.185 x g/day, EDHURMEE L 5 L TCM2. 51
p g/day, DBCMO. 009 xz g/day & 7 o 720 |

Ho® OF— 2 FvwT, 3.NIRLAEFE
&Y KRR OFERGE LT 2 L K
EORKMER & 5 &, TCMII0 4 g/day. BDCM
4.84 p g/day, DBCM2. 32 y g/day, TBM3.93 g/
day, JKHUREOHIER L5 L, TCMI3.3ug/
day. BDCMO. 88  g/day. DBCMO. 29 u g/day,
TBMO. 39 e g/day & 72 5 7z,

BEOT L, HEKERKE LAKREYE (1
BRI 6 ERTICBV T, Biliks L U=
NOZBFIZEENDL PUNT A Y RHIEL,
A O TTHM BB, HokfE243.1 4 /L,
HOAAES3. 3 g/L Th Y, BHZEERF D TTHM
BN, BAME290 4 g/m®, HIGESY. 1 1 g/m’,
TCM MR 12 K270 4 g/m® CTd o 720 ATEES
Ma3055LTHLE. TCM DRHBREZER L. BK
1684.4 px g/day, WHIAE16.6 4 g/day, EEIBEHE
(&, BARME6LS o g/day, HIAESL. 1y g/day & HE
gtahis,

LB, FRERIERTEROBEN HEOhIE
TH 517, 300cm? 2 BV 7z,

5. BREBEEOFME

5.1 FMlisE '

BROBEBIC L AEHEL M 55 L LT,
RIS & o TR BIUR, T FHES v M
R b Uho, BRBEOBUEHERCES
WERRBEFMAEL bND, LALANE, B

B AT o LHBEHR BT 2 WA
09 T, TOM IK2W T, ROBE & S48
FBOR—ARE & L CREEARE IR
HIRAA VS DRELBEMBEALNTE Y, &K
BOFHIED A TIHERFE©B/MRED 5 E
WA 5,

COZEhb, PEEROBEIN D LBHEOR
BEOFM L LT, BB ICHACEET % &
b, BREOBRBEELRLADETEEL,
ERBEITTAHRAB L UKEKROEEROE
%1772,

5.2 RIEEOFHE

(1)iZCBREE

BHED P UNTRAY IR DIRE R FE R
BRETHROBMWE o TWAHE—RERES
(TDD) &, TCM12.9 p g/kg/day, BDCMBG. 1 x g/
kg/day, DBCM21 u g/kg/day, TBMI17.9 u g/kg/
day Th b, Zhb2IKESkg TIHRET S &,
TCM645 1 g/day, BDCM305 p g/day. DBCM1050
p g/day, TBMB895 yg/day & 725, ARIFAAZIT-
2HDO—EROKAREEEORKMEIX,
TCM14.5 p g/day, BDCMI15. 8 i g/day, DBCM
8.34 p g/day. TBMT7.65u g/day TH h, TDI#H.
LEICHTT S EA1E, TCM2. 2%, BDCMS. 2%,
DBCMO. 8%, TBM0.9% CH o7z, L L7Zas
b, A ERE 21T o RIS E R IC R IUTKE
RHD b YNT RS RESBIE T
DL MUNTRY VIREOBWHIETIRAEE
HBAD+HRERPLELEZ O, /-, &
HIZLHREORTERLAS L, TCM TI100 4 g/
day R DHENH VHBEPLELEZ 61,

(2)RIERREE

TCM DEAMRE O FBHIFMIC oV Tid, B
B OPRBIEERLS T BN TREN b, Bl
EERDERDP O 18 p g/mP DHREHE L S iz,
1 BOMRES15m* L T2 L, HeHEIcHNY T
51HB7=0OBRERII20ug/day L2 b, 4
BIFRAZE 21T o 2230 F O — M EF I B 2 KR
EORKMHEE, TCM45. 3 1 g/day TH Y, HéHH
HYEDIE.8% TH ot 1275L, ROBELF
BB R YT XY VIREOE T
BRBEEB~NOTHLEEIVLELE L bR,
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F 7. AR TII8L. 4y g/day. REBERIC L
LZBBETIE., BENYTED L IEEIYHE TH85
pg/day \ETHHRFTDHY, BEVLELER
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ABSTRACT

The estrogenic cffect of endocrine disrupting chemicals (EDCs) in chiorinated water was investigated by a
bioassay using human breast tumor cells, Coagulation and activated carbon treatment decreased the
esirogenic effect of Lake Biwa water, but chlorination increased the estrogenic cffect of Lake Biwa water and
treated waters. It should be emphasized that this phenomenon is similar to the formation of trilinlomethanes
{THMSs) during the water treatment process bécause natural organic matters’ (NOMs) are major precursors
for both the estrogenic affect and THMs, It was found that organic malters of which the estrogenic effect in-
creases or decreases after chlorination are present in natural water, The detection of the increase. or decrease
upon chlorination is-dependent on the sample preparation procedure, The estrogenic effect of the chiorinated
water increased ‘even without the presence of residual chlorine, The components, which are called the
“estrogenic effect formation potential” and the “estrogenic effect intermediates”, are defined in a chlorinated
humic acid solution. The formiation of these components is similar to fie process for THM formation.
Therefore, NOMs in addition to suspecied EDCs should be removed before chlorination.

Keywords: Chlorination, Disinfection by-producis, Endocrine disrupting chemicals, Estrogenic effect,
Reproductive/developmental toxicity, MVLN assay. .

INTRODUCTION

Chlorination of drinking water forms by-products
such as trihalomethanes (THMs) ‘durihg the- inactivation
of microorganisms by the reaction of chlorine with natu-
rally occurring organic matter in the source water. Many
epidemiology studies have been carried out to investigate
the possible association between exposute to these by-
products and incidence of human-cancer (Zavaleta et al.,
1999; Villanueva.er al,, 2001; Richardson e al., 2007).
Results from these studies stggest there may be a
slightly increased risk of bladder, ¢olon, and rectal can-
cer after a long-term exposure to chlorinated drinking
water. It has been also pointed out that there is insuffi-
cient evidence to associate a cancer risk with the con-
sutption of chlorinated drinking water.

The potential risk of endocrine disrupting chemicals
(EDCs) has been given the greatest attention from the
public since the late 1990s. Thus, much of concern has
focused on the possibility of adverse. reproductive and
developmental effects .associated with disinfection by-
products (DBPs) in addition to their carcinogenicity.

Hundreds of compounds are curréatly listed as sus-
pected EDCs. However, the final report of the Endocrine
Disruptor Screening and Testing Advisory Commiltee
(EDSTAC, 1998) lias recommended that in addition to
these single compounds, six kinds of mixtutes be sub-
jected to the assays to evaluate their potential for endo-
crine disruption. One of these mixtures includes DBPs in
drinking water,

A number of epidemiology studies have been
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conducted to examine the relationship between adverse
reproductive and developniental outcoimes with an expo-
sure to chlorinated drinking water (Zavaleta ¢r al,, 1999;
Nieuwenhuijsen ef al,, 2000). Much attention was paid
to the results of the study conducted by Waller er «l.
(1998) which have shown that the relative risk of -an
early-term miscarriage increased in the women with high
exposures to total THMs. Some reviews (International
Programme on Chemical Safety, 1998; Zavaleta et al,
1999; Nieuwenhuijsen ef al,, 2000) have suggested that
adverse outcomes such as spontaneous abortion, still-
birth, birth defects and so on may be associated with
THMs aid chiorination byproducts, and more research is
required since no associations were reported in other
studies.

Thus, it is important to measure the estrogenic ef-
fect of natural water and the estrogenic effect of
chlorination by-products in addition to suspected EDCs
and to develop a water treatment process to decrease the
estrogenic effect in drinking water. The purpose of this
study is to investigate the characieristics of the
estrogenic effect formed by chlorination focusing on
chlorination by-products -and to compare the formation
processes between the estrogenic effect and THMs.

MATERIALS AND METHODS

Concentration of Lake Biwa Water

Lake Biwa is the largest lake in Japan and is the
major water source for 14 million people in the Kansai
arca in Japan. The organic matters in Lake Biwa were
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concentrated by the adsorption and desorption method
using XAD7HP (Organo Corporation) and OASIS HLB
(Nihon Waters K.K.) resins. The XAD7HP resin was
used to isolate and concentrate humic substances, while
the OASIS HLB resin was used to concentrate frace or-
ganic compounds in the water.

GL of Lake Biwa water filtered with a 0.45 um
membrane filter, which had a dissolved organic carbon
(DOC) of 1.8mg/l, was concentrated using the
XADTHP resin according to an isolation procedure for
aquatic humic substances (Thurman -and Malcolm,
1981). The adsorbed substanices were desorbed by .1 M
NaOH. The concentration factor was 230 tiines with a re-
covery of 27 %. Consequently, the DOC of concentrated
water was 110 mg/L. -

L' L of filtered Lake Biwa water was also concen-
trated using a cartridge packed with 2 mL of OASIS.
HLB. Sample water adjusted at pH 2 was fed into the
cartridge at a flow rate of 50 mL/min, The adsorbed sub-
stances were desorbed by 1 mL dichloromethane. After
the dichloromethane was evaporated with nitrogen gas,
the residue was dissolved with ethyl aleohol. Since it was
confirmed that ethy] alcohol did not influence the MVLN
assay up to a concentration of 1 % in the culture media,
the ratio of an added sample to the media was less than
1 %.

Filtered Lake Biwa water was chlorinated at-an inic
tial concentration of 1.0 mg/L. The residual chlofine and
total organic halide (TOX) after 24 hours were approxi-
mately 0.1 mg/L and 110 zg/L, respectively. Chlorinated
water was concentrated by the same procedure used for
raw water. Tt is supposed that humic substances and their
chlorination by-products are recovered by the extraction
using the XAD7HP resin and NaOH. Individual com-
pounds and their by-products are supposed to be recov-
ered by the extraction using the OASIS HLB resin and
dichloromethane (Itoh ef af,, 2003a). The chlorinated
water was not dechlorinated so as not to change the
estrogenic effect. It was confirmed that residual chlorine
did not influence the MVLN assay.

Coagulation and Activated Carbon Treatment

Lake Biwa water was coagulated using. 20 mg/L of
polyaluminum chloride (PAC). Rapid mixing and slow
mixing were conducted for 1 min and 15 min, respec-
tively, in a'| L beaker. After standing for {5 min, the su-
pematant was obtained by a siphon. After the

coagulation, activated carbon ‘adsorption was performed.

using granular activated carbon (Ca,lgon Far East Co.
Ltd., F400). The upflow activated carbon columm (18
mm i, d) was 1.12m long. The detention time in the
column at 4 flow rate of 40-mL/min was 7.1 'minutes,
Treated waters were also chlorinated at an initial concen-
tration of 1.0 mg/L for 24 hours,

Sample waters after the coagulation and aciivated
carbon adsorption and chlorinated waters were concen-
trated using the XAD7HP resin and NaOH to extract
humic substances and thejr chlorination by-products.
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Chlorination of Humie Acid
Commereial humic acid (Wako Pure Chemical ©

Industries, Ltd.) was used as a model subsirate in water,
The total organic carbon (TOC) of the humic acid solu-
tion was 1030 mg/L. Chlorination was performed by
adding the desired amount of sodium hypochlorite solu-
tion (Wako Pare Chemical Industries, Ltd.). First, the
hunmic acid solution in a 200 mM phosphate buffer at an
initial pH of 6.0 was treated with 1500 mg-Cl/L of chlo-
rine, This experiment carried out using commercial
humic acid at a high TOC concentration and a high con-
centration of chlorine is for examining the fundamental
characteristics of the cstrogenic efféct in chlorinated
water, and it does not intend to estimate the changé in ac-
tual drinking water. Chlorination proceeded in a dark

room for 72 hours, after which trace of residual chiorine

(less than 0.05 mg-CL/L) was detected. The chlorinated
water was not dechlorinated, It was confiried that chio-

‘tine did not influence the MVLN assay up to a cohcen-

tration of 30.mg-Cly/L in the culture media, which means
residual chlorine up to a concentration of 300 mg-Cl/L
in a sample solution did not influence the assay since
substances in a solution were diluted to one tenth in the
media.

The hydrolysis effect of chlorinated water was ex-
amined to investigate the characteristics of the estrogenic
effect in chlorinated water, The pH of the chlorinated
Twnic acid solution was readjusted and then the solution
stood at 20°C over a pH range of 7-10. Finally, the
estrogenic. effect was measured. pH adjustment in this
experiment is for examining the effect of hydrolysis, and
it does not intend the operation in actual water treatment
process.

The MVLN Assay

" EDSTAC has recommended the MVLN assay to
screen compounds or mixtures which have estrogeni¢ ef-
fects. This assay utilizes an MCF-7 derivative that has
been stably transfected with the Vii-Luc reporter gene
(Pons ef al,, 1990). Thus, the MVLN cell line expresses
the endogenous estrogen receptor of MCF-7 and simulta-
neously contains an exogenous estrogen responsive re-
porter (luciferase). Therefoie, the estrogen specific
transcription activity of a test chemical is directly related
to the luciferase activity measured in the lysate of treated

MVLN cells,

In this study, we used the MVLN assay to measure

the estrogenic effect. The MVLN cell line (Pons ef al,

1990) was obtained from the L’Institut National de la
Sante et de la Recherche Medicale (INSERM) in Paris,
France. For routine maintenance, the cells were grown in
Dulbeco’s modified Eagle’s medium (DMEM, Gibeo
BRL Life Technologies, Inc.) supplemented with 10 %
fetal bovine serum (FBS, Gibeo BRL Life Technologies,
Inc.) at 37°C in an atmosphere of 5% CO0,/95 % air
under saturating huridity.

MVLN cells used in the assay were withdrawn from
estrogen 6 days prior to passage. Cells grown in the
DMEM/10 % FBS medium were collected, washed three
times with PBS, and resuspended and cultured in the



10 % dextran coated charcoal (DCC) FBS (Hyclone)
medium. Uniil seeded into a well plate, the medium was
changed to fresh 10 % DCC FBS medium every othier
day. The MVLN cells cultured without estrogen. were
seeded into a 24-well plate at a density of approximately
5X 10" cells/well with 1:mL/well of 10.% DCC FBS me-
dium. Two days after seeding, the ' medium was replaced
with a treatiment fedivin, which contairied a test chemi-
cal and a sample prepaied in this study. The medium was
replaced with fresh treatment medium on the third day
after seeding. Then on the fourth day after seeding, the
cells were lysed by adding 0.5mL of a lysis buffer
(TOYOINK MFG. Co. Ltd.). Cell lysate was collected,
and the luciferase activity was detected with a
luminometer (Lumat LB9507, Berthold). The protein
conceniration in the cell lysate was measured using so-
dium bicinchoninate (Smith et al, 1985), and the lumi-
nescence units per milligram of protein (relative light
units, RLU) were calculated.

The relative luciferase activity was caleulated using
17p-estradiol (E,) as a standard chemical (ltoh ef al,
2000a) as follows:

Lz_Lc E
1. <100 ey
where Lg is the RLU of Ez at 1.0 X107° M; Lc is the RLU
of the control cell lysate (in 10 % DCC FBS medium);
and L, is the RLU of the test chemical and sample. The
relative luciferase activity is-expressed as. a- mean value
of test results of triplicate samples.

Relative luciferase activity (%) =

Analytical Procedures o

TOX and TOC were measured by a TOX-10 T ana-
lyzer (Mitsubishi Chemical Corporation) and a TOC-
5000A analyzer (Shimadzu), respectively. B: and 4-
nonyl phenol (4-NP) were measured by an enzyme-
linked immimosorbent assay (NEOGEN Corporation)
and a gas chromatograph with a mass spectrometer, re-
spectively (Ministry of the Environment of Japan,
1998). The chlorine concentration in mg-Cl/L was
measured by the DPD fervous titrimetric method
(Clesceri ef al., 1998), Ultraviolet absorbance at a wave-
length of 260 nin (Ex) was measured by a spectropho-
tometer (Shimadzu, UV-140),

VRESULTS AND DISCUSSION

Behavior of the Estrogenic Effect in Water Treat-
ment

Figure 1 shows the results of the MVLN assay of
Lake Biwa raw water and treated waters. Sample waters
were. concentrated using the XAD7HP resin. It clearly
shows that coagulation-and treatment with granular acti-
vated carbon reduced the estrogenic effect of the Lake
Biwa water. The esirogenic effect nearly disappeared
after treating with activated carbon. Figure 2 shows the
water quality of raw and (reated waters from Lake Biwa.
Figures | and 2 show that the reduced estrogenic effect
by granular activated carbon treatment is consistent with
the removal of TOC.
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On the other hand, chiorination increased the
estrogenic effect of waters. It is noteworthy that-
chlorination newly produced the estrogenic effect in the
water although the estrogenic effect nearly disappeared
after treating with activated carbon. Figure 3 shows
TOX produced by the chlorination,

Ttoh ef al. (2000a) found that commercial humic
acid exhibits the estrogenic effect, which increases upon
chlorination. In addition, Itch er 4/ (2000a) demon-
strated that the estrogenic effect of concentrated Lake
Biwa water using the XAD7HP resin increases up to 2.3
times upon chlorination. The reasons that chlorination in-
creases: the estrogenic effect could be 1) chlorine pro-
duces by-products such as organochlorine substances,
which are estrogenic; 2) a low-molecular-weight frac-
tion, which may bind to the estrogen receplor in a cell,
increases due to the oxidation and hydrolysis caused by
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chlarination; and 3) chlorine releases estrogenic sub-
stances, which interact with humic substances in the
aqueous environment, Ttoh ef ol (2000b) revealed that
the main factor affecting the increase in the estrogenic
effect is the effect of chlorination by-products.

The results shown in Fig. 1 suggest that the
estrogenic effect is formed due to the reaction of chlorine
with organic matter that remains after water treatment. It
should be eniphasized that this phenomenon is very simi-
lar to thie formation of THMs in the drinking water treat-
ment process, that is, natural organic matters (NOMs)
are major precursors for both the estrogenic effect and
THMs.

Characteristics of the Estrogenic¢ Effect of Drinking
Water and Sample Preparation Procedure

In fact, the results shown in Fig. 1 were obtained by
focusing on humic substances in the water, since the
water samples were concentrated using the XAD7HP
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Fig.3 TOX produced by chilorination in Lake. Biwa water
and its treated waters.

resin, In ‘addition to humic substances, individual com-
pounds such as E, and alkyl phenols are present in natu--
ral water. Itoh er al. (2003b) examined the recovery
efficiencies of solid phase extraction procedurés to con-
centrate estrogenic individual compounds. Conscquently,
this study wused the OASIS HLB resin and
dichlotomethane as an adsorbent and a desorbing sol-
vent, respectively,

Figure 4 shows the results of the MVLN assay of
samples concentrated by the OASIS HLB resin. It indi-
cates that chlorination caused the estrogenic effect of
Lake Biwa water to neatly disappear. This direction of
change is reverse to that shown in Fig. 1,

In contrast, chlorination increased the estrogenic ef-
fect of Lake Biwa water concentrated by the XAD7HP
resin, This direction of change is consistent with that
shown in Fig, 1. Thus, Fig. 4 clearly reveals that the ef-
fect of chlorination was completely reversed between the
samples concentrated by the OASIS HLB fesin and the
XADTHP resin. It is supposed that hanic substances and
their chlorination by-produets are recovered. by the ex-
traction using the XAD7HP resin and NaOH, Individual
compounds and their by-produects are supposed to be re-
covered by the extraction using the OASIS HLB resin
and dichloromethane (Itoh ef af.,, 2003a). It seems that
different types. of compounds recovered by the two con-
centration ‘methods-used resulted in different outcomes
with respect to their estrogenic effects.

ltoh ef al. (2000a) showed that E, and 4-NP con-
tribute- to the estrogenic effect of Lake Biwa water.
Figure 5 and Table 1 show the changes in the concentra-
tions of these compounds during chlorination and the
change in the estrogenic effect of E,, respectively. In all
cases, 1 mg/L of chlorine was added. Chlorine altered
both compounds and the estrogeric offect of E; drasti-
cally decreased. Thus, E, and 4-NP are examples that
show a decreased estrogenic effect upon chlorination.

The effects of chlorination of BPA, 4-NP, cstrone

Relative luciferase activity (%)

50
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g XAD7HP (Lake Biwa waler)
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Fig. 4 Comparison of sample preparation procedures on the detection of the estrogenic effect.
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(B)), By, estriol (), and 17a-ethynylestradiol (EE;) on
the estrogenic effect have been reported (Aizawa, 2002;
Hu et al, 2002; Kuroto-Niwa ef af., 2002; Hu ef al,
2003; Kitanaka ef al., 2003; Lenz ef al., 2003; Tabata et
al., 2003; Deborde ef al, 2004; Garcla-Reyero ef al.,
2004; Lee et al., 2004; Nakamura ef al., 2006). In fact,
some chlorinated derivatives or intermediates during
chlorination of BPA and 4-NP show streiiger éstrogenic
effect than parent compounds, however, the estrogenic
effect of these compounds eventually degreases after the
chlorination with chlorine dosage typically used in-prac-
tice,

Thus, ¢hlorination can either increase or decrease

—@— E, initial concentration 0.002ug/.
—E— FE-, initial concentration 0.09g/L
--(O-- NP, inifial concentration 1.9ug/L
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Fig. 5 Decomposition of 17f-estradiol {E;) and 4-nonyl
phenol (NI} by chlorine.

Table1 Change in the estrogenic effect of 178-estradiol by
chiorination.

Relative lucifcrase activity (%)

Before chiorination 91.0
1 day after chlorination 33
Humic Micro-
substances poliutants
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the estrogenic effect. In other words, organic matters of
which estrogenic effect increases or decreases after
chlorination are present in natural water. Figure 6 illus-
trates these changes. First, it shows that a) humic sub-
stances have some estrogenic effect (Itoh ef a/., 2000a),
b) chlorination increases the estrogenic effect of NOMs
as shown in Figs, 1 and 4. As a matter of fact, chlorin-
ated humic dcid solution has the increased estrogenic. ef-
fect (Itoh ef al, 2000a). Second, it shows that
chlorination decrcases the estrogenic effest of
micropollutants. E; and 4-NP are examples that show the
decreased estrogenic effect by chlorination as showit in
Fig. 5. and Table 1. The important point is that the overall
estrogenic effect in chlorinated drinking water is the sum
of the increased estrogenic effect and the decreased
estrogenic effect afler chlorination.

The detection of the increase or decrease upon
chiorination is dependent on the sample preparation pro-
ceduré. The preparation procedure using the XADTHP
resin detects the increased estrogenic effect because it
mainly concentrates humic substances and their
chlorination by-products shown in Fig, 6. On the other
hand, the preparation procedure using the OASIS HLB
resin detects the decreased estrogenic effect because it
mainly  concentrates  micropollutants  and  their
chlorination by-products shown in Fig. 6.

According to Fig. 4, the preparation procedure
using the OASIS HLB resin is recommended to detect
the estrogenic effect in Lake Biwa raw water. The prepa-
ration procedure using the XAD7HP resin, however, has
to be used to detect the estrogenic effect in drinking
water treated with chlorine, becanse the increased
estrogenic effect after chlorination cannot be detected
with the procedure using the OASIS HLB resin.

Based on this consideration, Itoh ef af. (2003) have
established an appropriate procedure that concentrates
the increased estrogenic effect and the decreased
estrogenic effect in chlorinated water simultaneously
with the same resin (OASIS HLB). After sample water
is fed to an OASIS HLB cartridge, the adsorbed sub-
stances were desorbed by NaOH. Humic substances and
their chlorination by-products can be recovered by
NaOH. Subsequently, individual compounds and their
by-products are recovered by the extraction using

Raw water

. Chlorinated
" water

T l : Change by chlorination

Fig. 6 Change in the estrogenic effect of organic matter in natuwral water by chlorination.
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dichloromethane, By using the established procedure, the
esirogenic effect formation potential of chlorinated Lake
‘Biwa water, which is described in the next section, was
measured (Itoh er al,, 2005).

Effect of Hydrolysis on the Estrogenic Effect Formed
by Chlerination

The change in the estrogenic effect after
chlorination of humic acid was examined. After finishing
the chlorination of humic 4cid as described in
Chlorination of Humic Acid, the pH of the chlorinated
solution was adjusted to 7.0 or 10.0, and the change in
the estrogenic effect was measured by the MVLN assay.
The final concentration of the chiorinated solution in the
culture mediuim was 25 mg/L as TOC. Trace of residual
chlorine (less than 0.05 mg-Cl/L) was detected after the
chlorination, but one day after adjusting the pH, residual
chlorine was: not detected,

Figure 7 shows the tesult of the assay. The
estrogehic effect of the chlorinated solution increased
even without residual chiorine at' pH 7, It is known that
the concentration of THMSs increases while in the distri-
bution system, The obtained result suggests that some
part of the estrogenic effect in drinking water also in-
creases over time afler chlorination. The increase in
estrogenic effect was faster at pH 10.0 than at pH 7.0,
which is reasonable because the hydrolysis rate increases
as the pH increases,

Figure 8 shows the effect of pH and water tempera-
ture. The estrogenic effect increased under the condition
of pH7 and 80°C for 1 hour, however, the increased
estrogenic offect decreased under the alkaline condition
and 80°C. Tn addition to this, Fig. 7 shows that the in-
creased estrogenic effect began to decrease afier two
days. at pH 10. These results suggest that hydrolysis in-
creases the estrogenic effect in chlorinated water, but
further hydrolysis decreases the effect. Conditions of pH
and water temperature in thése experiments are for ex-
amining the effect of hydrolysis, and it does not intend to
predict the estrogenic effect of drinking water in the ac-
tual water supply system. However, since drinking water
is maintained at the neutral pH and the normal teinpeéra-
ture in the actual water supply system, it seems that the
estrogenic cffect would increase in the distribution sys~
ten.

Figure 9 illustrates this phenomenon. Based on
Figs. 7 and. 8, the-estrogeric substances formed just after
chlorination aré part of the chlorination by-products. The
components, which are calied the “estrogenit effect for-
mation potential” and the “estrogenic effect intermedi-
ates”, can be defined in a chlorinated humic acid solu-
tion. The “estrogenic effect intermediates” change into
estrogenic substauces over tinie. On the othier hand, the
“THM formation potential” and the “THM intermedi-
ates” in the formation process of THMs have definitions
that are similar to those illustrated in Fig. 9. This also
suggests that to decrease the estrogenic effect of drinking
water, NOMs in addition to suspected EDCs should be
removed before chlorination.
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Fig. 7 Change in the estrogenic effect of chlorinated
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CONCLUSIONS

Coagulation and treating with aclivated carbon de-
creased the estrogenic effect of Lake Biwa water, but
chlorination increased the estrogenic effect. This phe-
nonienoen is similar to the formation of THMs during the
drinking water treatment process since NOMs are major
precursors for both the estrogenic effect and THMs.

It was found that organic matters of which
estrogenic effect increases or decreases after chlorination
are present in natural water, Thus; it i$ important to re-
member that the estrogenic effect of chlorinated drinking
water is the sum of the increased activily and the de-
creased activity after chlorination. The detection of the
increase-or decrease upon chlorination is dependent on
the sample preparation procedure.

The estrogenic effect of chlorinated water incressed
even without residual chlorine. The components, which
are called the “estrogenic effect formation potential™ and
the “estrogenic effect intermediates”, ave defined in a
chlorinated humic acid solution. The process for the
estrogenic effect formation is similar to the process for
THMSs formation. The obtained results suggest that to de-
crease the estrogenic effect of drinking water, NOMs in
addition to suspected EDCs should be removed before
chlorination,
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