10 % dextran coated charcoal (DCC) FBS (Hyclone)
medium. Until seeded into a well plate, the medium was
changed to fresh 10 % DCC FBS medium every other
day. The MVLN cells cultured without estrogen. were
seeded into a 24-well plate at a density of approximately
52X 10* cellsfwell with 1 mL/well of 10 % DCC FBS me-
dium. Two days afler seeding, the medium was replaced
with a treatment mediuin, which ¢ontained a test chemi-
cal and a sample prepared 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 activily was detected with a
luminometer (Lumat LB9507, Berthold), The protein
concenlration 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
uniits, RLU) were caleulated.

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

Li"Lc

L1 100 €]
where L is the RLU of E; 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 T

TOX and TOC were measured by a TOX-10 X ana-
lyzer (Mitsubishi Chemical Corporation) and a TOC-
5000A analyzer (Shimadzu), respectively. E: and 4-
nonyl phenol (4-NP) were measured by an enzyme-
linked immunosorbent 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 ferrous titrimetric method
(Clesceri ef al., 1998). Ultraviolet absorbance at a wave-
length of 260 nm (Exe) was measured by a spectropho-
tometer (Shimadzu, UV-140),

RESULTS 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 coneentrated 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 esfrogenic effect nearly disappeared
after treating with activated carbon. Figure 2 shows the
water quality of raw and treated waters from Lake Biwa.
Figures | and 2 show that the reduced estrogenic effect
by granular activated carbon treatiment is consistent with
the removal of TOC.
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On the other hand, chlorination increased the
estrogenic effect of waters. It is noteworthy that-
chiorination 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 upoan
chlorination. In addition, Itoh er af. (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 chiorination 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 receptor in a cell,
increases due to the oxidation and hydrolysis caused by
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chlorination; and 3) chlorine releases estrogenic sub-
stances, which interact with humic substances in the
aqueous environment, Itoh ef al. (2000b) revealed that
the main factor affécting the increase in the estrogenic
effect is the effect of chlorination by-products.

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

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

In fact, the results shown in Fig. 1 were oblained 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 chlorination in Lake Biwa water
and its treated waters.

resin. In addition to humic substances, individual com-
pounds such as E: and alky] phenols are present in natu--
ral water. Itoh et al. (2003b) examined the recovery
cfficiencies of solid phase extraction procedures to con-
centrate estrogenic individual compounds: Consequently,
this study wused the OASIS HLB resin  and
dichloromiethane as an adsorbent and a desorbing soi-
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 waler to nearly disappear. This dircction 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 XADTHP
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
samiples concentrated by the OASIS HLB resin and the
XAD7HP resin. It is supposed that haniic substances and
their chlorination by-products are recovered. by the ex-
traction using the XAD7HP resin and NaOH, Individual
compounds and their by-products are supposed to be re-
covered by the extraction using the OASIS HLB resin
and dichloromethane (Moh ef al, 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 er al, (2000a) showed that B, 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 estrogenic effect of E; drasti-
cally decreased. Thus, E, and 4-NP are examples that
show a decreased estrogenic cffect upon chlorination.

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

50

—&— OASIS HLB (Lake Biwa waler)
--O--- OASIS HLB (Chlcrinated)

—F— 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 (Bs), and 17a-ethynylestradiol (EE:) on
the estrogenic effect have been reported (Aizawa, 2002;
Hu et al, 2002; Kuroto-Niwa ef «l, 2002; Hu ef al,
2003; Kitanaka ef al,, 2003; Lenz ef al., 2003; Tabata ef
al, 2003; Deborde ef al, 2004; Garcla-Reyero ef al.,
2004; Lee ef al., 2004; Nakamura ef al, 2006). In fact,
some chlorinated derivatives or intennedidtes during
chlorination of BPA and 4-NP show sironger estrogenic
effect than parent compounds, however, the estrogenic
effect of these compounds eventually decreases after the
chlorination with chlorine dosage typically used in prac-
tice,

Thus, chlorination can cither increase or decrease

—@— Ez, initial concenteation 0.002ug/L
—Fi— E, initial concentration 0.01ug/L
--(O-- NP, initial concentration 1.9ug/L

100 e
S ]
§ 1F © 3
c = 3
5 i 3
o - .
]

-j:>, 1 F -3
° £ 3
[ L 3
o X 1
0.4 ! 1 1 1 L
0 2 4 ] 8 10 12
Contact time (day)

Fig. 5 Decomposition of 17f-estradiol (B,) and 4-nonyl
phenol (NP) by chlorine,

Table 1 Change in the estrogenic effect of 178-estradiol by
chlorination.

Relative luciferase activity (%)

Before chlorination 91.0
1 day afier chlorination 3.3
Humic Micro-
substances poliutants
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the estrogenic effect. In other words, organic malters of
which estrogenic ¢ffect 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 al., 2000a),
b) chlorination increases the estrogenic effect of NOMs
as shown in Figs. | and 4. As a matier of fact, chlorin-
ated humic acid solution has the increased estrogenic ef-
fect (Itoh er al, 2000a). Second, it shows that
chlorination decrcases the estrogenic effect of
micropollutants, B: and 4-NP are examples that show the
decreased estrogenic effect by chlorination as shown 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
chlorination is dependent on the sample preparation pro-
cedure. The preparation procedure vsing the XAD7HP
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 chilorine, because the increased
estrogenie effect after chlorination cannot be detected
with the procedure using the OASIS HLB resin.

Based on this consideration, ltoh ef «/. (2005) 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 waler

. Chlorinated
" water

I l : Change by chlorination

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

Effect of Hydrolysis on the Estrogenic Effect Formed
by Chlorination

The change in the cstrogenic effect after
chlorination of humic acid was examined. After finishing
the chlorination of humic acid 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 chlorinated solution in the
culture medium 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 afler adjusting the pH, residual
chlorine was not detected.

Figure 7 shows the result of the assay. The
estrogeiic effect of the chlorinated solution increased
even without residual chlorine at pH 7, 1t is known that
the concentration of THMs increases while in the distri-
bution system. The obtained result suggests that sone
part of the estrogenic effect in drinking water also in-
creases over time after chlorination. The increase in
estrogenic effect was faster at pH 10.0 than at pH7.0,
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 effect decreased under the alkaline condition
and 80°C. In addition to this, Fig. 7 shows that the in-
creased estrogenic effect began to decrease after two
days. at pH 10. These resuits suggest that hydrolysis in-
creases the estrogenic effect in chlorinated water, but
further hydrolysis decreases the-effect. Conditions of pH
and water temperature in these 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 tempéra-
tuie in the actual water supply system, it seems that the
esfrogenic cffect would increase in the distribution sys-
tem.

Figure 9 illustrates this phenomenon. Based on
Figs. 7 and. 8, the estrogenic substances formed just after
chlorination are part of the chlorination by-products. The
components, which are called the “estrogenic 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 substances over time. On the other 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 decreass the estrogenic effect of drinking
water, NOMs in addition to suspected EDCs should be
removed before chlorination.
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CONCLUSIONS

Coagulation and treating with activated carbon de-
creased the estrogenic effect of Lake Biwa water, but
chiorination increased the estrogenic effect, This phe-
nomenon 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 maliters of which
estrogenic effect increases or decreases after chlorination
are present in natural water, Thus, it is important to re-
member that the estrogenic effect of chlorinated drinking
water is the sum of the increased activity and the de-
creased activity afier chiorination. The detection of the
increase-or decrease upon chlorination is dependent on
the sample preparation procedure.

The estrogenic effect of chlorinated water increased
even without residual chlorine. The componeats, which
are called the “estrogenic effect formation potential” and
the “estrogenic effect intermediates”, are defined in a
chlorinated humic acid solution. The process for the
estrogenic effect formation is similar to the process for
THMs 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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ORIGINS OF BROMIDE ION IN THE LAKE BIWA-YODO RIVER BASIN

Shinya ECHIGO, Sadahiko ITOH, Yukio MIYAGAWA and Shinya TANIDA

A basin-wide survey on bromide ion concentration was conducted in the Lake Biwa-Yodo River Basin.
Bromide ion concentration in the downstram area was approxymately three to four times higher than in
the upstream areas of the rivers flowing to Lake Biwa. This result indicated that the contribution of the
bromide ion from anthropogeic activities to total bromide ion load was much greater than naturally
occuring bromide ion. Also, bromide ion loads from wastewater treatment plants were compared with the
land use of corresponding coverage areas, and it was found that significat amount of bromide ion was
discharged from commercial and industrial activities rather than domestic activities.
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