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Fig. 2 - Chromatograms of (a) perchlorate and *%0-enriched
perchlorate and (b) chlorate in the sample.

flowed into its main river, the Tone River. Just before the
confluence, the perchlorate concentration in the Karasu River
was 34 pg/L at K10.

From these results, it was found that there were two areas
in the upper Tone River Basin, where perchlorate concentra-
tions were extremely high. However, except for these areas,
perchlorate concentrations in the tributaries, waterways and
effluents flowing into the Usui and Karasu Rivers were 0.15-27
and 0.13-5.4 ug/L, respectively. That is, perchlorate concentra-

- tions were more than 1pg/L in some cases, which indicated

that there were several sources of perchlorate although the
amounts of discharge might not be large.

Table 2 shows perchlorate and chlorate concentrations in
the discharging areas of perchlorate of the upper Tone River
and Usui River (ie., the two areas described above). The
possible sources of perchlorate seemed to be industrial
effluents. One was an effluent from perchlorate and chlorate
production industry. However, the other was not. Since the
latter was an effluent from an industry employing electrolysis
processes for a purpose other than perchlorate production, it
was considered that perchlorate might be produced as an
unintended reaction by-product in electrolysis and perchlo-
rate was contained in the effluent as a result.

In the case of the upper Tone River, perchlorate concentra-
tions in an effluent and a tributary (or waterway) directly
downstream of the outlet of the effluent were 1100 and
44-1500pg/L, respectively. In the case of the Usui River, -
perchlorate concentrations in an effluent and a tributary (or
waterway) directly downstream from the outlet of the
effluent were 15,000 and 1100-3900 ug/L, respectively. Fig. 4
shows the relationships between perchlorate and chlorate

Table 1 - Perchlorate concentrations in upper Tone River Basin

Sampling Sampling Perchlorate concentration Sampling Sampling Perchlorate concentration
point date (ng/L) point date (hg/L)
Tone River T u7 18/05/2006 16
T1 10/04/2006 0.09 us 18/05/2006 10
T2 10/04/2006 0.08 [$1°] 23/05/2006 8.6
T3 10/04/2006 0.56 u1o 18/05/2006 13
T4 10/04/2006 0.46 U11 18/05/2006 12
TS 10/04/2006 0.42 U12 18/05/2006 2100
Té 10/04/2006 0.74 u13 15/05/2006 2300
T7 21/04/2006 180 U14 10/05/2006 720
T8 10/04/2006 340 15/05/2006 1100
T 10/04/2006 70 Karasu River
T10 10/04/2006 13 K1 28/04/2006 0.36
T11 10/04/2006 12 X2 10/05/2006 0.46
Azuma River K3 10/05/2006 110
Azl 10/04/2006 0.27 K4 10/05/2006 150
Usui River K5 21/04/2006 92
Ul 28/04/2006 0.23 10/05/2006 180
u2 10/05/2006 8.8 .G 21/04/2006 89
U3 15/05/2006 3.6 K7 21/04/2006 52
U4 15/05/2006 7.2 K8 21/04/2006 5.0
Us 10/05/2006 21 K9 10/04/2006 100
15/05/2006 8.6 21/04/2006 31
U6 18/05/2006 10 K10 21/04/2006 34
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Fig. 3 - Profiles of perchlorate concentration (a) in the upper
Tone River, (b) in the Usui River and (c) in the Karasu River.
Perchlorate concentrations at U5, U14, K5 and K9 are
-average values of two samples taken on different sampling
days.

concentrations in these two areas. The data of the effluents,
the tributaries (or waterways) and the main rivers (i.e.,, the
upper Tone River and Usui River) in the areas are plotted in

Fig. 4. In the upper Tone River, the higher the perchlorate
concentrations were, the higher the chlorate concentrations
were. It was- then inferred that the large amounts of
perchlorate and chlorate were discharged into the upper
Tone River. The maximum concentration of chlorate was
9000 pg/L, which was found in the tributary (or waterway). On
the other hand, chlorate concentrations in the perchlorate
discharge area of the Usui River were not very high and the
maximum concentration was 46 pg/L in an effluent. However,
chlorate concentration in the effluent was highest in the area;
therefore, it was considered that chlorate was also discharged
into the Usui River, although the amount of discharge was
much smaller than that in the upper Tone River. In Japan,
chlorate is set to be a complementary item for the drinking
water quality standards (DWQSs) and its target value is
600ug/L. (Water Supply Division, Health Service Bureau,
Ministry of Health, Labour and Welfare, Japan, 2003). Since
chlorate has been proposed as a candidate contaminant to be
included in the DWQSs, it is important to determine chlorate
concentration, as well as perchlorate concentration, particu-
larly in the upper Tone River.

3.2. Perchlorate in middle and lower Tone River Basin

Table 3 shows perchlorate concentrations in the middle and
lower Tone River, Edo River, Iruma River, Ara River and the
Musashi Channel. Perchlorate concentrations might be
affected by daily variation because sampling dates were
different among the samples.

After the confluence of the Karasu River, perchlorate
concentration in the Tone River was 12pug/L. Perchlorate
concentrations were not much decreased in the middle and
lower Tone River and were 3.4-18ug/L. Also, perchlorate
concentration in the Edo River, a branch of the Tone River,
was similar to those in the middle and lower Tone River. In
the case of the Ara River, perchlorate concentrations in the
upstream area (Ar1l-Ar3) were 0.54-0.73 pg/L. However, they
increased after receiving water from the Tone River via the
Musashi Channel. That is, perchlorate concentrations in the
Ara River downstream of interflow point were 11-18pug/L at
Ar4-Ar7. Perchlorate concentration in the Iruma River, a
tributary of the Ara River, was 1.2 ug/L. This suggested that a
discharge source of perchlorate might exist along the Iruma
River, but the amount of discharge was much smaller than
those in the upper Tone River Basin. These results showed
that, because of the discharge of perchlorate in the upstream
area, perchlorate concentrations in the river waters in the
middle and lower Tone River Basin were generally 10-20pg/L.

3.3.  Effect of a firework display on perchlorate
concentration in river water

In Japan, firework displays are performed in many places,
particularly in summer. Perchlorate salts are contained in
fireworks, which are suspected to be another possible source
of perchlorate in water (ITRC Perchlorate Team, 2005; The
Department of Defense Environmental Data Quality Work-
group, 2006; Massachusetts Department of Environmental
Protection, 2005S). Table 4 shows the effect of a firework
display on perchlorate concentration in the waters of the
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Table 2 - Perchlorate and chlorate concentrations in effluents and tributaries (or waterways) in the discharging areas of

perchlorate of the upper Tone River and Usui River

Sampling point n® Sampling Perchlorate Chlorate
date concentration (ug/L) concentration (ug/L)

Upper Tone River
Effluent 1 22/04/2006 1100 7000
Tributary (or waterway) directly downstream of the outlet 2 21/04/2006 44-980 19-840
of the effluent 1 22/04/2006 1500 9000
Usui River
Effluent 1 03/06/2006 15,000 46
Tributary (or waterway) directly downstream of the outlet 1 18/05/2006 3500 9.7
of the effluent 8 23/05/2006 1100-2600 12-16

3 27/05/2006 2900-3200 15-16

2 03/06/2006 3200-3900 17-19

® Number of samples analyzed.

10,000

I . . . . - .
S sooo b nve.rs in the middle and lower Tone River Basin and (c) other
> basins. In the upper Tone River Basin, the points of water’
‘:’ e intake were more upstream of locations, where perchlorate
-% 6,000 | was found in high concentrations in this study. At some water
= ® Upper Tone River treatment plants, there were multiple water sources for a
g O Usui River drinking water supply and some of them were river waters in
8 4,000 ¢ the Tone River Basin. Also, at some service areas, treated
g waters of several treatment plants were blended and some of
2 2000 b the treatment plants used river waters in the Tone River Basin
o - R as a water source. In such cases, the samples collected were

N b classified into (a) or (b).

0 —00-CAO— 4 : — The number of the samples in group (¢} was three. Two
0 5,000 10,000 15,000

Perchlorate concentration {ng/L)

Fig. 4 - Relationships between perchlorate and chlorate
concentrations in the discharging areas of perchlorate of the
upper Tone River and Usui River.

Hirose River. The display was performed on a barge in the
Hirose River, and a sampling point (H1) was located about
2km downstream of the displaying area. Perchlorate was
found at a high concentration (79pg/L) just after a firework
display. This was thought to be caused by the firework display
because perchlorate concentration at the same point was low
(0.39pg/L) after 5 days from the display. From these results, it
was found that a firework display, if performed in the river
nearby, may cause a short-term increase in perchlorate
concentration in river water.

3.4.  Perchlorate in tap water

Fig. 5 shows perchlorate concentrations in tap water. The tap
water samples were collected and classified into three groups.
That is, the source waters for drinking water supply were
taken from (a) the rivers in the upper Tone River Basin, (b) the

samples were collected from water taps in another basin in a
metropolitan area, and one sample was collected from a
water tap in a place outside of a metropolitan area.
Perchlorate concentrations of the three samples were
0.16-0.87 ug/L. The number of samples in group (a) was 13.
Ten, two and one samples were collected from water taps
relatively near the places of the upper Tone, Usui and Karasu
Rivers, respectively. Perchlorate concentrations of seven
samples in group (a) were 0.06-0.55 ug/L. Perchlorate concen-
trations in the remaining six samples were 12-29ng/L. At
some service area in the upper Tone River Basin, treated
waters using surface waters in the Tone River Basin for
drinking water supply and those using ground water for
drinking water supply were blended. In addition, some wells
were located relatively near rivers in the Tone River Basin.
Since all samples with high concentration of perchlorate were
collected from water taps relatively near the places of the
upper Tone River and perchlorate concentrations in the river
waters in the Tone River Basin corresponding to group (a)
were low, it was presumed that the waters in the wells located
relatively near the upper Tone River might be contaminated
by perchlorate. In case of group (b), the number of samples
was 14. Nine, four and one samples were collected from water
taps in Tokyo, Saitama and Chiba prefectures, respectively.
Water sources for drinking water supply of most samples
collected were the Ara and Edo Rivers. Perchlorate concentra-
tions in the samples of group (b) were 0.19-37 ug/L. Except
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Table 3 - Perchlorate concentrations in middle and lower Tone River Basin

Sampling Sampling Perchlorate concentration Sampling Sampling Perchlorate concentration
point date (hg/1) point date (ng/L)
Tone River Ara River
T12 01/04/2006 12 Arl 31/03/2006 0.73
T13 01/04/2006 18 Ar2 31/03/2006 0.80
Ti4 29/03/2006 17 Ar3 19/04/2006 0.54
T15 16/04/2006 3.4 Ard 31/03/2006 12

18/04/2006 5.7 Ar5 19/04/2006 18
T16 12/04/2006 11 Ar6 19/04/2006 11
Edo River Ar7 03/05/2006 13
El 16/04/2006 14 Musashi

Channel

Iruma River M1 19/04/2006 25
1 19/04/2006 1.2
Table 4 - Effect of a firework display on perchlorate

Sampling  Sampling Perchlorate Remark
point date concentration
(hg/L)
Hirose River
H1 26/08/2006 79 Just after
fireworks
display
31/08/2006 0.39 Five days after
fireworks
display

# Fireworks display was performed on a barge in the Hirose River;
H1 is about 2km downstreamn of the display area.
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Fig. 5 - Ranges of perchlorate concentrations in tap waters
drawn from different river basins.

for one sample, perchlorate concentrations were more than
1ug/L, and those in seven samples were more than 10ug/L.
These results indicate that tap waters in the Tone River Basin
were widely contaminated with perchlorate.

The data of perchlorate concentrations in waters and soils in
the US, which were detected at federal facilities such as
Department of Defense (DoD), privately owned sites, sam-
pling sites of Unregulated Contaminant Monitoring (UCM)
program and sampling sites of Texas Technical University’s
study, were summarized by US EPA (2004). Maximum
concentrations of perchlorate in the data were 811ug/L
in drinking water, 3,700,000pg/L in ground water and
120,000ug/L in surface water. There were also several sites
at which concentrations of more than 1000 or 10,000 ug/L of
perchlorate were found in ground and surface waters. In this

- study, perchlorate concentrations in the effluents discharging

to the tributary (or waterway) of the upper Tone and Usui
Rivers were 1100 and 15,000 ug/L, respectively. Comparing this
study and the results in the US, it was thought that
perchlorate concentrations in this study were comparable to
high concentrations of perchlorate in the US, particularly in
the Usui River. In relation to the type of facilities or industries
of the sources of perchlorate, although the site with the
maximum concentrations in both ground and surface waters
in the summary of US EPA (2004) was a privately owned site of
manufacturing perchlorate compounds in Henderson, Neva-
da (NV), other sites with extremely high concentrations of
perchlorate were mainly the faciliies using perchlorate-
containing products or their manufacturers. In this study,
the sources of perchlorate seemed to be the effluents from the
perchlorate production industry and an industry employing
electrolysis processes for a purpose other than its production.
Thus, it was shown that one case of the sources of
perchlorate in this study was similar to the case in
Henderson, NV, and particularly the latter case, effluent of
unintended production of perchlorate, has not yet been
reported previously.

Next, the load of perchlorate in the upper Tone River Basin
was roughly estimated using data obtained. Although the
flow rates of the two effluents in the discharging areas of
perchlorate of the upper Tone River and Usui River were not
obtained in this study, the flow rates in the Tone, Karasu and
Kanna Rivers at some points were obtained (Ministry of
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Agriculture, Forestry and Fisheries, Japan). The flow rates of
the upper Tone River and Karasu River on the sampling days
were the difference between the flow rate of the Tone River at
point near T12 and the sum of flow rates at a point near K7
and of the upper Kanna River, and that at a point near K7,
respectively. In case on 10 April 2006, the sampling day of T10,
T11 and K9 (Table 1), the flow rates of the Tone River at point
near T12, the Karasu River at point near K7 and the upper
Kanna River were 126, 9 and 4m?s, respectively, and that of
the upper Tone River calculated was 113m?s. Perchlorate
concentrations in the upper Tone River and Karasu River
used were at T10 and T11, and at K9 and K10, respectively.
As aresult, the estimated loads of perchlorate discharged into
the upper Tone River and Karasu River were 120-130 and
40-78 kg/day, respectively, although the temporal fluctuation
of perchlorate concentration and river flow rate were not
taken into consideration in calculation. Considering the
results shown in Table 1, it was presumed that almost all
perchlorate loads on each river was attributable to the two
effluents discharged into the upper Tone River and Usui River,
respectively. The estimated loads of perchlorate from the
upper Tone River Basin were 110-170kg/day, calculated from
the flow rate at a point near T12 and perchlorate concentra-
tions at T12 and T13. These values were not very different
from the values obtained as the sum of the loads at the points
of the upper Tone River and Karasu River.

Other than the source of perchlorate, there were several
points at which perchlorate contamination in the Tone River
Basin was similar to that in Henderson, NV. Firstly, as
described above, since perchlorate was discharged in the
upper Tone River Basin, surface waters in the Tone River Basin
were entirely contaminated by perchlorate. In the case of
Henderson, NV, perchlorate was discharged to the Las Vegas
Wash and carried to downstream areas such as the Lake
Mead and the lower Colorado River (US EPA Region 9, 2006).
Secondly, surface waters in the Tone River Basin were used as
source waters for drinking water supply in the basin. The
number of water treatment plants whose source waters were
surface waters in the Tone River Basin and their perchlorate
concentrations were relatively high in this study, around 30.
The estimated total population supplied by these treatment
plants was around 20 million. In the case of Henderson, NV,
the water in the lower Colorado River was used as source
waters for drinking water supply and the population supplied
was similar to that in the Tone River Basin. Also, both the
surface waters in the Tone River Basin and the water in the
lower Colorado River were used for irrigation; thus, it was
thought that many more people might ingest foods produced
in both these areas. However, it is of note that the rivers in the
Tone River Basin flowed into the metropolitan area in japan.

After perchlorate contamination became apparent, actions
to reduce perchlorate discharge and remediate the area
contaminated by perchlorate were conducted in Henderson,
NV. It is difficult to remove perchlorate by conventional water
treatment processes because perchlorate is highly soluble
and stable in water. So, it is most preferable to remove
perchlorate at its sources. By US EPA Region 9 (2006), it was
reported that perchlorate concentrations in surface waters
such as the Las Vegas Wash, the Lake Mead and the lower
Colorado River declined by 85%, 70% and 60% since the

treatment of perchlorate begun in 1999. Perchlorate in ground
water in the area has also been removed. With the reference
of the strategies in Henderson, NV, it is desired that
perchlorate control strategies be conducted rapidly in the
Tone River Basin.

Lastly, we discuss the perchlorate concentration in drinking
water in the Tone River Basin. It is important to consider the
amount of iodine uptake in daily life for the evaluation of
perchlorate effect since perchlorate is known to inhibit iodine
uptake by the thyroid gland (Greer et al., 2002; National
Research Council, 2005). In Dietary Reference Intakes for
Japanese, 2005 (Ministry of Health, Labour and Welfare, Japan,
2005), the recommended iodine uptake for a Japanese adult is
150 ug/day. lodine is found in high concentrations in marine
foods, particularly in seaweed (Katsura and Nakamichi, 1960;
Muramatsu and Omomo, 1988); in general, Japanese people
eat much more marine foods compared with people in other
regions. The iodine uptake of Japanese people who regularly
eat marine foods in their daily diet is estimated to be
500-3000pg/day (Ministry of Health, Labour and Welfare,
Japan, 2005). Thus, it is considered that Japanese people take
sufficient iodine if they regularly eat marine foods.

Although the number of tap water samples and the periods
of sampling were limited, perchlorate concentrations in
several tap water samples were higher than 24.5ug/L, the
DWEL for perchlorate specified by the US EPA (2005a). NAS
adopted 10 as an uncertainty factor in establishing the RfD for -
perchlorate (0.7 ug/kg/day) (National Research Council, 2005).
Japanese people generally take more jodine in daily life than
the recommended value, as described above. Thus, it is
thought that Japanese people may not be affected physiolo-
gically shortly after drinking tap water with a perchlorate
concentration of higher than 24.5pg/L. On the other hand,
perchlorate concentrations in rivers are unintentionally
increased by explosives (e.g., fireworks) over a short period,
and those in drinking water may also increase as a result.
Also, perchlorate may be ingested via foods and beverages.
Furthermore, in a recent study on perchlorate and iodine
levels in urine of men and women > 12 years of age in the US
and on their serum thyroid hormone levels, it was reported
that the serum thyroid levels of women, particularly those
with low iodine levels, might be affected by perchlorate
exposure (Blount et al., 2006). Of course, there is a possibility
that some may not ingest sufficient amount of iodine in daily
life in Japan. Considering all the various factors together, itis
therefore desired to reduce perchlorate concentration in
drinking water in the Tone River Basin. Currently, the data
of perchlorate concentration in drinking water in the Tone
River Basin are limited; thus, it is necessary to collect such
data more in details.

S. Conclusions

Perchlorate was found at high concentrations in the upper
Tone River and Usui River. The maximum concentrations in
the upper Tone River and Usui River were 340 and 2300 ug/L,
respectively. ]

The possible sources of perchlorate in these two rivers were
attributable to industrial effluents. In the upper Tone River,
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perchlorate concentration in an effluent was 1100 ug/L and its
concentrations in a tributary (or waterway) directly down-
stream of the outlet of the effluent were 44-1500 ug/L. In the
Usui River, perchlorate concentration in an effluent was
15,000 pg/L and its concentrations in a tributary (or waterway)
directly downstream of the outlet of the effluent were
1100-3900 ug/L.

Both perchlorate and chlorate were found at high concen-
trations in the discharging area of perchlorate of the upper
Tone River, and the maximum concentration of chlorate was
9000 pg/L. On the other hand, chlorate concentrations were
not remarkably high in the discharging area of perchlorate of
the Usui River.

Because of the discharge of perchlorate in the upper Tone
River Basin, perchlorate concentrations in the river waters in
the middle and lower Tone River Basin were generally
10-20 pg/L. _

Perchlorate concentrations in tap water whose source
waters were coming from sources other than the Tone River
Basin were 0.16-0.87 ug/L. Those in tap water with source
waters from the upper Tone River Basin were 0.06-0.55pug/L
for seven samples and 12-29ug/L for the remaining six
samples.

Perchlorate concentrations in tap water drawn from the
middle and lower Tone River Basin were 0.19-37 pg/L. Except
for one sample, perchlorate concentrations were more than
1ug/L, and they were more than 10 ug/L for half the samples.
Tap waters in the Tone River Basin were widely contaminated
with perchlorate.
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Occurrence of Perchlorate in Water Purification Plants in Tone River Basin
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Abstract

The occurrence of perchlorate in water purification plants in the Tone River Basin was investigated. The sampling of raw,
processed and treated water at the plants was conducted between September and October 2006. Perchlorate concentrations
in raw surface water taken from the upper, middle and lower Tonc River Basin were 0.09-0.82, 0.15-15 and 0.15-2.7 gl 1
respectively. Perchlorate concentrations in the upper Tone River Basin were low because the intake points were upstream
of the discharge points of perchlorate. Perchlorate concentrations in the lower Tone River Basin were lower than those in
the middle Tone River Basin. However, many of the perchlorate concentrations in the lower Tone River Basin were higher
than those of the upstream of the discharge points of perchlorate; thus, it was found that perchlorate contamination of the
surface water of the Tone River Basin was widespread. Perchlorate concentrations in raw ground water were < 0,05-40
pgel?, and were high at some water purification plants. The shorter the distance between a well and the Tone River, the
higher the pechlorate concentration in the well. Perchlorate concentrations in treated surface water of the upper, middle
and lower Tone River Basin were 0.12-0.86, 0.22-14 and 0.23-1.8 pg* 1 respectively. Perchlorate concentrations in
treated ground water were 0.08-24 pgel” 1 It 'was shown, in this study, that perchlorate concentrations in treated water were
lower than 24.5 pgel”, the Drinking Water Equivalent Level (DWEL) of perchlorate defined by the United States
Environmental Protection Agency (USEPA). From the comparison of perchlorate concentrations in raw and treated water
at the same water purification plants, it was confirmed that perchlorate was not removed by either conventional or
ozone/biological activated carbon (BAC) processes.

Key words: perchlorate, chlorate, water purification plant, Tone River Basin
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Fig.1 Map of the Tone River Basin.

Table1 Numbers of water purification plants and samples
in the upper, middle and lower Tone River Basin.
Number of

Division of Number of i
water samples analyzed
the Tone X
X , purification Raw Process | Treated
River Basin
plants water water water
Upper basin 11 6,399 - 67,59
Middle basin 16 19% kYR 22Y
Lower basin 15 199 77 179

Samples whose raw waters were a) surface water and b) ground water.
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Y1iE ¥ Be(Biological Activated Carbon, BACYRE)TETD
CSERER A L OEHERT . ERAETR, IREICK
&, K, BBk, BKOEREZE, TV /MBACAET
12, BRI, Bk, Bk, 3K, 4V REK, BAC
MBIk, FKDEBRERLTWS, FokERKO &EHKkH
SO A TR LS, WRAEKS 2BABKE
HEOMMSERUBEREYEERALE. £k, &
VU BACHUEBIZ BN THRERLE 21T o T 5K
T3, PHEELENEROSBABKEZERLUESND
3%, TOEFRPEHERAENO S BAEKOHERA
L7z, 728, PHERAEMZOBERE 4 Bk
ER U Tdh oo, P20B X UP228KE T, Bk &gl
Bk & OB THRIERES T OBEIESOEMNBo kb
OO, 3WKIFEDHIT, BEALAERE, /2 /BACAERRD
WTHIZBNTD, UETETBERE:T 4 REE s
AERLEho 7, YV BACLE T, BACHER
- DU KPS BOBKRERBRLUBELH S, Zh
5DMBKRTY, BERE F VREICELRBD Sh
Mo (Fig. STIIAER). LLEDERN S, BEFRE 4>
WKBETRETH DD, BEAEPAY L /BACLE
THRBRERETHI I EBEEINL, Tk, REEAL
T2 BHEREN T BEANOEBEO/NEI NI ENERE
hic. ZRE{EINTN 3, SROAEZENE L BERE
13 OBREBREL TR, 13 TROBKEOEH AR
HASHTHZN, ThoDRBEZEBIIBATS L
BRAOCENMNSEZALSERMTH S, £ie, COREHT
1, BORTEME: B (Granular Activated Carbon, GACHIZD AT
HIRY LT TSN, BEOGACK L2 BEFRE A0
FREMEIES, GACITHERT I 2RSS H1 4 Kl
R B BEITRREENE 2D LTS,
Ch50OT &S, BRTCINPANBTOEERE1F>
OREZEETHIEEL NS,

4. £ & B

1) BRAFOBERE A BER, RITKOBE, £
Wik, PHED XU TR TEHEN0.09~0.82, 0.15~
158K TR0.15~2.7 pgel' THo %z PHBLD THRICH
VOBEREE A A S RENEWHERIC H o, BERE:
13 BRBINFROFKRPICELSBFEELTwBZ &M
RENE, £, FRA TR, FENHELEOFII
KEFAKEL TWBEKBOFRKDOBEEEAT B
i, {TFEM, ®I, FB)IoEIcE M.

2) BTKDBE, FEAPOEERE + > #EI<0.05
~40 ugl'' T, RSN -BOBKBIZBWTERENE M
oo MBIRREL A A BENE N o BB OBERE A 4
BB, FHF SHIRN & OIEREAGSEWERSIZ, KDE
EEizH oz, —F, HEOEZN100mL ETD, 60D
BB TR RER T 4 NS pg "R BATHD, HF
DTS LIBERE1 4 > E & OB RED s Nah
o,

3) KT OBEREL 4 L BER, REKOBES, L

-

W, PREB LU THRETENETN0.12~0.86, 022~
14857000.23~1.8 pugl' THo 7, ThOHEE, 0.08~
24 ug " THolk, ZRERXBNWT, 2TORKDOBE
IEUSEPADSZR S DWEL (24.5 pgel )k D o 7=,

4) BEFRA R, BRLAESLUREQLEG
BACEYD WTFNKEBENWTHRERBLMBETHZ =
EEBEhie,

» =
EPFEDO—EBITEEF BRI EHE IRFOREHARIZ
EIKKBERORBLSITHT 2HAEEREE : B
HRE) Itk oiTbhk. HEORRUITEWTERKE
OF &I, REOAMITB WV THERNBRMHRESER),
ZEARFIREJISTKER), RNELHEALF LK
EREM)CITHAWEENnE:, BLTHEZERTS.
URF2{ 20074 18 318)
(RE2E 20074 5HA 20)
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An Analytical Method for Haloacetic Acids and Oxo Halides using Ion
Chromatography Coupled with Tandem Mass Spectrometry and Detection
of Perchlorate in Environmental and Drinking Waters
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Summary

A sensitive method for determining nine haloacetic derivatives and four oxo-halogenated
compounds (oxo halides) i.e., bromate, chlorite, chlorate and perchlorate, and bromide was
developed using ion chromatography with tandem mass spectrometry (IC/MS/MS). This method
was found very senmsitive and effective to quantify these target compounds, especially oxo
halides. For analysis of haloacetic acids, it was necessary to use ammonium chloride for a
quenching agent and a Ba/Ag/H cartridge for a sample pretreatment. With this method, the
concentrations of perchlorate in raw and purified waters at twelve water treatment plants were
examined. The maximum concentration of perchlorate in raw waters and purified waters were
17 ug/2 and 18 ug/e, respectively in the Tone river system in the Tokyo Metropolitan area,
while their concentrations were less than 1 ug/¢ in the other river systems. The
concentrations of perchlorate in source water and its purified water were almost equivalent for
each treatment plant in this research.

Key words: haloacetic acid, oxo halide, perchlorate, ion chromatography, tandem mass
‘ spectrometry '

1. FUBIC

NOEERHE, AROLHBERERYBRO—DoT, EE
C) H2VizRFE Br) %1, 2, 3AEFE>/OEEE
FOMHEFET 2. S0, F)rooElE (TCAA),
Yo nuffly (DCAA), €./ 7 0 of: (MCAA) ®3
HITOEKHEERB I, 52Y) 6 MIIERNEBICIEE

ENTWABY, MCAA D EHEMEIX20 ug/e, DCAA 1340
ug/s, TCAA 200 ug/sTdh %, KETIE, LR 3HED
KELRBE O UEEENCE / 70 EEEE (MBAA) &
UY 7o B (DBAA) %£INZ 7 5 HDRIRE60 ug/ 2
MWRRKFEFBREL LTEDLRATWVSY,
NOyrEBEMEELABTHI IV NS VE
DI HREWIL, FV/URBDOEERYELTHLA,
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EMAENDH B LA LABEARBLEEE IZEESN
K@ 0ug/e & o TWAY, T/, BIEEBRRUE
FERGTEUERAENEERY L LTALR, wih
bAREETHEFRERBICHEESN, BEEHIZ600 ug/ 2
TH3% b IMEIIREELEET b)) Y ABEHD
DFMWE LTOFET %o KEKELERIZHET LT
164 BE D ZEIETE B B (KBB4 b 2146, 000ZBT)
Tit, REBOZLEBEI0GR LN, wTRHEABE
RIS KEREET M 7 ABRPOTRMYHETH -
2o 72, KEEHBEREHEIET 5 FRIGEED
LS (WA K2 031F£4) Tk, EEBI, F0
EDIBEH 6 1%, FEENI0% TR 2BFAHIR2ER
bl lhs, ZEHE~ORELYIHFEATH
z)o

—%, BIEERIE, FRRIIBE LX) FEOMY 4H
2HETIWECT, X045 v FRECBRIE, BLH
BHEOFLRYEE LTHON™, FE, KEZLL ED
SHH S ATV B0, REPHHEIEF (USEPA) H,
BEFBROSEAR L LTKERET 75 I~ (NAS)
D3R L 7:0. 7 ugfkg/day® 2 $R M L, % 0 SRl ok Sk BE
ELT2U S5ug/e®#R7LTwaD (—HLS-DRBAKE
2oL, FOFH5HELI00%E LA L, B
EEBIT, ASH6IREAROND 202, KBEKD
BERLTERTL RN BEMI B ug/e L TiCk
2MEERLH 5,

AEKIC BV TR E 2t BEEASED SN TV
LB ADES, £ DVYI0LT OWREE D ER T RMZ T
BT LENH D0, NOFEERAFUNTS VEER
S oy VB oWTIE, T ugle~Blug/s LV
DERTREIRDbMB, Shonay v, Ki
tTHh, FEHORBARLKEAPTIIRMEL T (14
CYELTD) FELTWALD, RELICCC, HBED

St - ERETO 0, TReET 2, BE NOEERE
DAEETIY, Tl o TpH 20.5iCf¥L, AFNV
= x ) =FFNr—F)N (MTBE) I & o T3
WMLtk VT RAZCEASHELET, FA2D
< } 75 7 BF BRSNS (GCECD) LR AARY
o< b 73 7RESITE (GCMS) THTEITH HEN
EHENTWBSP, 7272, STU/RAY Y DERILA
WBRZ MO YTV REEENEC, ETBRCA
3% MTBE 4 kEFHEEREHEN—D"THY, H
ERDEHIN T 2130, EREAIZBT AHEROB
bbb, T ZOFEOHE REEEL O
BOERTRERSVWI ENAOATVS, Lo
T, HEWELAWTREORWH A2/ OFEROST
EORENKD STV b,

~%, FERINTP B (A EEER EER)
DT, BE KEIZBWTHE, RFEBREI+>o0

b5 7 (IC)-RAMH 5 A%BED), BEBEBL
UTREERI, ICEMEDLNTVEY, RAMHS
LB ETIIREEE AV 2 ORBBORESICIEEIC
BN B3, REICLI YV REBHENRLL I LA
HoHGY, BESMICIIEENLELEENTVE,

IhET, NOBRBROF SR EELT, ICHA
EEREsOT Y57 (HPLC) KL > THHEY
Torthiz, VL7 VaRATL—4F{L-ERIFEL
(MS) *#HHEES 77 XHABSHEL ICPMS) 12X
THREZTIFEIKRFENTVS, Pall BE T
Barron® O£ T, IC, ICMS, IC/ICPMS % B 7o
DRSO FHEIZOVTREASNTEY, wThok
ETLERTRERE ug/ B ETH o7, Liu 62
IC/ICPMS % B THE 217, EE2&L/HOBEEET
120. 34~0. 99 g/t DFER T BAH{ S IAH, EHEDH
20U DFEEE T ER T RMAEMMEEIIZE (15.6~
23.6ug/2i2BE o Tz, £72, Takino 6™id, 44+~
RPHNE{ES>ZLCMSIZE T, NOFEBOFHED
BEEIToTHh, ERETERMELE LT0.02~0.12,49/2
RHEE L, 7270, AT URTHERNAILIZMS
DA F Vi, REBICHLAENEL Y, A+ VS
OBHEGIFED T 2 Bl EROTUEREHC B 2367
WMEIZE Y EREI T ATIRENER LS,

¥, FF¥vnraFUBRIZONTS, NOEEBLE FEHE
I2IC (HAVWIZHPLC) & MS (Hdwvidiy Y FLHEE
S5#rEt (MS/MS)) A DLEIHITENREIT SR T
V3%, Charles 3 & Uf Pepin® 2, ICMS/MS # T
NOFCBOFTICHT 2RE LTV, HERR
HER RER 3 vRBEILO2VWT £hEh
1.0, 0.05 0.0553LU0.5ug/tDEETREERL
LA»L, CoOmETE AFEDHICETIRENIIELA
b Twivw, ¥/, Snyder 5'"id LOMSMS %
HAwe, EXEE BREER IvER AEZERoOSN
EOREEFTY, EETRMEE LT Eh€th,
0.045. 0.045, 0.0703 & U%0.021 ug/2 % 3. USEPA @
FiEE ORBICBVWTHEIRE, 2L hRBEL
HUTER S EEFRLE. ALEBERBICO>VWTH
USEPA @ Method 331. 09 LC/MS (/MS), Method 332.0
D ICMS (/MS) & MBENOBREXFTV 5,
NOFBRUTF Vv Uy v BEEbEl—Fotik
LLTi, ThET FEo NOEBRURER
EERO ICMS 2L 2—FHOBH T 727 L
L, BESMTCEVWAOR MS/MS Tl MSTHY,
NOBEE I DWW T+ S R ERTREN G2 2o
oo Fh2 COBREITIR, RTEWECIAAF VDR
EHRTH LN, WERBEICELRINEC LS ERET
5 SEMBH oo 72, Barron B & U Paull®id, #%V
NOF U EE LTEEZEBOMAL, Shonay ViR
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DICMS i &k B—F MR EI 2V T 21To7. oL
X, EEOSHPHABMRY, NOEEE LN Y VB O—F S
ICOVWTER SN BL L WIIRT, ICMS (LBR%T
DESERLICHY, "oBEROERTRIER 2 ~138
pg/eThH Y, NOBBOFIICBWTIE, USEPAD
GCMS D ER T BRIE0. 01~0.5 ug/ s P KEREAIC
ENEZEERHEOERETRMEOLN (BHEICLD 1
ugf/ ORI (E Lol

FCTCAHRMETIE, HNOFER O M (MCAA, MBAA,
DCAA, 7o €/ uuf:f (BCAA), DBAA, TCAA, 7
oY s ool (BDCAA), Y70 E s 0ol
(DBCAA), FV7o<xE:#E: (TBAA)), A¥vnuyy
Erath (R¥EE, THERR ESH GEEER) LUB
HTEALF L LTIC TOEREMENE{LY A + >
BRI, —FI, BRE, BVRRMEE D o THE
X335 &x HIZ, ICMSMS 2HWI—FSH
BEORErRAL, T, BRBLAFEICLY, HRY
B OANEARREHKFGOFEK (FNK) - GARPOBEE
e L7z

2. ik

WEICIE, ICMSMS Bk vz, FEElR, ICILE 3
A% VBSOS EEE, TV v — KX AAELER
B DEREICLY, MS TOA + Liiflic X 5 REE
TTERTHZLZFEHLTWAS,

NOFEEROERFER E UT, HOEE 9 RS MTBE

BURAEEE Voll7, No.3 [2007]

B (L EFNL,000mg/e, BIEALEER) % @E L7,
BB, SN OEEBBEI0mg/2L 23 L2 X
§/— v (FAMER, HPLC AER) IKARLBIC
EFRBICANTHRRBREL, BRI, SoICHBkT
MRUAEEE A L. NOBBRIK P CRRTARET
HBw, EECHERTS N OFEBERKERORES
MizRA1EBRE L, 20OMIBERLESET CHRMBIZE
#FL

FRUNOTUEBEAMBRURY A+ > OEEwST
1%, 1, 000mg/ oK ER DB KBH (BIEXER, EEH,
ERBBIURILYA A > BRIEER, BEFE:
GFS Chemicals ) #fHR L THW ., BEXBOMT
I I*0~BiEE B+ b Y v A (Cambridge Isotope
Laboratories 3¢, #EEFK: >90%) zAEIEICHW, K
FEHE 100 ug/ oK B & LCTRE L o SRR,
0meD 2275 AIRE (5 ITEH + BEK)
#9.9me, PIERHER0.lmeiNZ, BET D & TERL
7o POCEETER T MUY A1k, SEOME TR
BWTAMIHIRH SN P o7z, -

IC/MS/MS D547 &% % Table 1 127R T o IC X Dionex
W ICS-2000% AL, 7T A4 4 Y RBEENK
i<, BEWEREOA > O5HEIZHE L7 TonPac AG20

. (2 mmx50mm) + IonPac ASZO (2 mmx250mm) %,

# 7Ly Y% —I2ASRS ULTRA O (2mm, ¥ h d
Dionex) B L7z B{HERIZKOH Y Z 71 b
10mM KOH (0min} —80mM KOH (22min) & L, i
Bi30. me/min & Lo RAMITFTAT, TEF=}

Table 1 Analytical conditions of IC/MS/MS

1C:
Equipment ICS-2000 with AS50 (Dionex)
Column TonPac AG20 ($2 X 50mm) + AS20 (42 X 250mm)
Eluent KOH 10 - 80mM (0 - 22min Gradient) ’
Flow Rate 0.25m(/min
Column Temperature  35°C
Suppressor ASRS ULTRAII (2mm)
Current 60mA
Injection Volume 100p€

Post column solvent

0.2m{/min (90%Acetnitrile : 10%Water)

MS/MS:
Equipment API 3200QTrap
Ionization
Scan mode SRM

Turbo Ionspray (Negative mode)
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v/ (9:1ww) Bil%FR0. 2m ¢/min TIMZ 7o &
FHEABEIZI00 u2 & L7o MS/MS i1 Applied Biosystems
B 0 AP 3200QTrap % fE A3 L, 1 F ¥ ¥ i3 Turbo
lonspray % BV /oo F 7, WEHBER, #%iE, AREYE
4T Millipore 21 Gradient A10iZ & 2HMA % A7,

HENRBEEL ZDOMIMS NDE/ST A =5 —OFH
40t % Table 2 iR To MSMS D& /S5 X —F —5:ff
2, BISEEIC Lo T3 NV —FRHITREL. ¥

2, B FMA—-THRELT, SOV 7T,
4 7 ¥ IRE (Temperature) MBVIBSICREIKE
CEBETT2PEND o= b, ASBROWGEEIE
z bhiz7-®, Temperature #{& { BE L /e
HERdRDEONMERRUMECAVWIERR
(SRM: Selected Reaction Monitoring) % Table 31277 ¥, .
skrh, B7EEA 4 > (precursor ion) X QliZ, 7B ¥ b
1 4~ (product ion) (X Q3ICHLT 2, E=F—A 4>

Table 2 Target compounds and their analytical conditions

Group 1 Group I1 Group 1II
Chilorite, MCAA,
Bromate, MBAA, 100 BDCAA,  Perchlorate,
DCAA,BCAA,  ppops TBAA  'Og-Perchlorate
Chlorate, DBAA ' 4
Bromide
Curtain Gas (psi) 40 30 30
Ion Spray Voltage (V) -3,500 -3,500 -3,500
Temperature (°C) 500 300 600
Jon Source Gasl (psi) 40 40 40
Ion Source Gas2 (psi) 60 30 30
Collision Gas ' 3 6 . 6

1. MCAA: Monochloroacetic acid, MBAA: Monobromoacetic acid, DCAA:
Dichloroacetic acid, BCAA: Bromochloroacetic acid, DBAA: Dibromoacetic acid,
TCAA: Trichloroacetic acid, BDCAA: Bromodichloroacetic acid, DBCAA:

Dibromochloroacetic acid, TBAA: Tribromoacetic acid

2. Other parameters such as “Declustering Potential”, .“Entrance Potential”,
_ “Collision Energy”, “Collision Cell Entrance Potential” and “Collision Cell Exit
Potential” are optimized for each compound.

Table 3 Target compounds and observed ions (precursor ions and product ions)

Chemical

Name Mw* Precursor Ion Product Ion
Formula
MCAA CCIH,COQOH 94 93 M-H 35 ClI™
DCAA CCLHCOOH 128 127 M-H 83 M-COOH
TCAA CCI,COOH 162 161 M-H 117 M-COOH
MBAA CBrH.COOH 138 139 M-H 81 Br~
DBAA CBrrHCOOH 216 217 M-H 173 M-COOH
TBAA CBryCOOH 294 251 M-COOH 79 Br~
BCAA CBiCIHCOOH 172 173 M-H 129 M-COOH
BDCAA CBClL,COOH 206 16l M-COOH 79 Br-
DBCAA CBr.CICOOH 250 209 M-COOH 81 Br~
Chlorite (ion) ClO,~ 67 67 ClO,~ 51 CiO ™
Chlorate (ion) ClO;~ 83 83 ClOy~ 67 ClO,™
Perchlorate (ion) ClO,~ 99 99 Cl0,~ 83 ClO;~
Perchlorate (conf., ion) ClOs~ 99 101 Clos~ 85 ClO;~
Pechlomeanogie w0 107 107 “0cCI07 8 0500y
Bromate (ion) BrOs~ 127 129 BrOy~ 113 BrO,~
Bromide (ion) Br~ 79 79 Br- 79 -

* Mw: Molecular weight calculated using 35 for Cl and 79 for Br.
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(BBAA >/ F7O¥ s b4 AY) LT, MCAA IR
93/35%, MBAA 13139/81%, DCAA i1127/83%. BCAA
13173/129%, DBAA i3217/173%, TCAA 12161/117%,
DCBAA 13161/79%, DBCAA 2209/81%, TBAA 3251/79
¥, REBUII20/113%, TEFERII6A1E, EEEE
83/67%, BIEFMIIOYS3 (EHAE) R U085 (FERR
R %, S84 A4 L IET979% BE L7 PO-BIEEE
1X107/89% SER ISRV 12,
TOMDHIEL LT, 1,000mg/s 38kl 1 A > 1EHEK
B (MFILEEW), 1, 000mg/ 2 BBk 4 4 > BERUKER
(FTMbsERY), Ik 7 > €= A (Aldrich b5, #ifF
99.998%), TRAINE L EEF Py YA (WE{LFEH
HRR), EL= ATy A (AR, 45%), RE
MU T A (RNJEMBER, 1) TRV . RTMES — b
Vv P22 Tid, OnGuard II Ba/AgH 1 — b 1) v &
(Dionex W, —2D YY) ¥ ¥z 3BICHREAME T
550 FRWw,
KHAEOWEIZB T, L0, 2 um DBIKE PTFE
7 4% — (Advantec Toyo ) 2RV THEOAHL
T, Bl & FRCP0 BRI U Y AR TH)
ExTTo7, :

3. BERRUER

3. 1 AEFZCHTIHRNRUERTRME

Table 1, Table 2 DIC/MSMS SR BVT, ENRY
BEORBBRIZOVWTHE 2Tok e 25, BFER HE
B R USBIEEREIC DWW TI0. 05~10 pug/ 2 Ol BEFEH T,
HIERENS DV TIX0. 5~10 ug/ 2 DIREFE T, Bbty
4#wuowrua&dm@wmﬁ&ﬁﬂvﬁﬁﬁﬁ%
Do, BIEFERICOWTIE, RBLTIRIRETS ~
TEERL, BBROBIBEZ0.Bugek L1z,
0.05ug/2 = BH B~ BERUY -2 BKRIIBFT,
S/N 13280 (5 BIDFY) Thotie —F, NOFEREC
DT, BEEBHSPEICL TR0, REH
12, 0.1~10, 0.2~102 % v>120. 5~10 ug/ ¢ O i BE it B
TEMENRS bz, SERE LAUDEOREIRT
FHEETH o/ Table 4 KHENRYEOERTR
BERT EWFEICBITS100/slope (o : HIMEKEICH
BRI E, slope - BIEMBOMEE, n=5) ICX3%E
BRTFRMEICOVWT, WFhoPEIZowTH, ICMS %
B2, —FKHICAVWSRATWS GCMSHS &
) RIFRERTROE OIS, FREFROERBIIBIT
BE—~IRRLBIFCTHo 1 (Fig.1)o Fig. 21213, &
KEBDFARFOBEZEMDO 7 a< 754 %ERT. NE
MR REPOEREAS T, BT R RTR
U— 7 BRERLAY, ERBORAECBVTIR, BE
DX D IREE, BENKE (RL B0, REROERKE
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BHICAS &) KARLTNES 2 LENH Y, i, 3
FHENKBLRBEENEAOBE L R L 20
26%ve LTOET, ZN56ICHT 2R 2T

3. 2 HEWHOBEOFE

BHORBICIE, BICHRMBEUSA DO« 23 E A
FELTVS, FHIETRAF Y XBH S a2 HOTR
13 EMEETHELTB I L2 s, EMEOGT
LERA A OBBILOVWTHRE 25070 BIEA 4
NH L, REKFOFEERENR AR 1 + > LT
1F 220 T, EDERFREERE L. Fig. 312,
140 YR O BRI R 12$100me/ e LW 4 o+ > &
100mg/ s el 1 4 ¥ ORERBEFT. ERTRELY
TAREL, REBOBEADIZIZNEATH L4 ug/s%
MENSRPEORMIBREL Lz, T/, ZOBMBE
2, TS, KERFCTONMENRPHIRESL LCTlEE
LIBDIBETH 5. HIEFEH, B EH BDCAA,
DBCAA % U* TBAA @ 5 I EH O BIIX=EIL, 83.5~107.0%
DLEERIFTH o7z —FH, RiLI A 3, MBAA,
DCAA, BCAA & UF TCAA @ B ZI30, 0~45.8% & {&
Molze Tid, MBAA, DCAA, BCAA, RAbA 4 >
1B A ok &, TCAA BHKEEA + v L ¥~ s Hi
B, ThEDEERSITCBIIBA T s ER £ L7
THEEZ LR, BB LARES T OBEIL BE
DHAROHFFIKE LTHEL ) 2EE LNV OBETIE
HBH, ICMSMS HEiZBWT, A+ > L4
TR, SMCHBEREZTEEETFCHI I LIRS
hize

3. 3 EBEFMHEHIC & B EINEADBEDOTHE

HEARPONEHERERRET X, RKEOW
BRILERYISELBETAI L, 7T ANDORFLER
TAHIEERBEMIC, REBKICBRTERBEEA L EMT
50 #IT, BRYBEFRHEENE LT, EHIERINT
WBTAINEVEEF Y Y AizonT, ENEAORK
BIZowTHRE LA (Fig.4)o NRBEORIEE X,
4 pugleb Lico TRANYEEESF MY 7 LH50mg/e D
BRETHRELTV254, BROWEOEIRNRI;LES
STAHI L, HICTIEEE L TCAA OERIKE &
TTaILdbdot ICHIUT L FILdb, TA
INVEVBII3DODE — S 2o TWVA T EATTEER X
h, BREDNETIX, CN6OY -2 LDELDIZLS
LOEEZ LN,

ZIT, REEFWENL LTHEILET v E=v s, R
BKORIAEIC OnGuard 11 Ba/AgH 71— b ) v P %
ALT, B4+ B LUREA + DBREZT,
{EME OB DWELH RSOV TRET L2 $HILT
YEZY LDFIME, HEEREEEERIEE0EWI D
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Table 4 Limit of quantification (detection) for halogenated acids (unit: ug/e)

: This method- b) 10) IC/MS d) 18) o7 USEPA
Chemical CMSMs® | ICMS (SPE) O IC JTWWA™? Standard
Methods
MCAA 0.078 (0.1) 1.0 19 0.5 2(5) 0.17"
DCAA 0.093 (0.1) 1.3 2 0.5 2(1) 0.0207
TCAA 0.21 (0.5) 33 5 24 1(D) 0.019"
Non
MBAA ! ) } o
0.042 (p 1) 14 91 calonlable 5Q1) 0.027
DBAA 0.34 (0.5) 1.1 44 2.3 ) 0.021"
TBAA 0.099 (0.1) . 6.0 - - 50 (1) 0.0977
‘Non ‘ f
BCAA 0.18 (0.2) 09 calculabie 2.1 1(1) 0.016
BDCAA 0.029 (0.1) 4.] 33 2.5 30 (1) 0.0317
DBCAA 0.053 (0.1) 2.6 138 8 10(3) 0.035"
Chlorite
(CI0,) 0.36 (0.5) 34 - - - 2.0°
Chlorate . ' )
(€10, 0.0064 (0.05) 0.5 9 (direct) 06 - 1.78
Perchlorate Not . 0.008(0.005)”,
(€O, 0.0033 (0.05) observed 10 (direct) 0.96 - 0.027
Bromate
: ) D 140
(BOs") 0.024 (0.05) 0.7 39 (direct) 0.6 0.17%, 1.2
Bromide Not g
®r) 0.14 (0.2) observed - - - 1.7
a) Limit of quantification (LOQ) was calculated from 10o/slope (where o¢: standard deviation at added

b}

©)

d

concentration (parenthetical reference) (n=>5) and slope: slope of calibration curve), Injection volume 100 u2-
LOQ was determined from the minimum concentration of coefficient of variation (CV) less than 10 % (n=5),
Injection valume 100 u2

Limit of detection (LOD) was determined at S/N=3, 25 times concentrated (except ClOs;, ClO, and BrO),
Injection volume 100 u2

LOD was determined at S/N=3, Injection volume 100 u2

e) JWWA Methods for Drinking Water Quality Testing, Jepan Water Works Association, 2001: Analytical method

=

8

h

~~

»

is GC/ECD (GC/MS). LOQ was determined from the minimum concentration of CV less than 20 %, 12.5
times concentrated. )

USEPA Method 552.3: GC/ECD, LOD was determined from repeated analysis (n=7-9) at tested
concentration 0.5 ug/# except for MCAA at 1.0 ug/£, 10 times concentration

USEPA Method 326.0: IC, LOD was determined from repeated analysis (n=8) at tested concentration,
Injection volume 225 ueg

USEPA Method 331.0: LC/MS(MS), LOD was determined from repeated analysis (n=7) at tested
concentration (LC/MS: 0.075 ug/#, LC/MS/MS:0.010 ug/£). The value for LC/MS/MS was in parenthetical
reference, Injection volume 100 u¢

USEPA Method 332.0, IC/MS, LOD was determined from repeated analysis (n=7) at tested concentration
(0.05 ug/£), Injection volume 200 u¢

USEPA Method 326.0, IC-post column chromomeric method, LOD was calculated from repeated analysis
(n=8), Injection volume 225 u2

!

T IVAETLEEBFETH Y, NOHBIITICHIT
AUMBRBEENEHE LTHASATYEY,
BIL7 Y=y AOREE LTIEIW A+ 2 HE 1 bh
BA WMBH— by VOFEAICE D, BEKBICE
ETHEWA A > E—RITREZRB LD, FHFRI
BWTRMBLWEE X %, Fig. 342, 100mg/2 ELY
13>, 100mg/e HlE 4 F >~ R US0mg/e 87 v &=

& ARIEE L RIET, BAE S — b v VR R L7
L A ONSWEORIELRT (S ERIGE : 4
ugle)o 7273l B4 4 vid, B4+ R
FAEL: — ] 1) v S1o ko THE 5B DRI
Btnotee ¥7o WITEEL BT, MEUKEISIIL
FE. TEY — )y SBESND S EATERE
R, ZERSCHINT, SUEHKIZ0, 005M B L=
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Fig. 1 Mass chromatogram of halogenated acids (1 ug/2)
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Fig. 2 Mass chromatogram of perchlorate in a raw water sample

FRLYILE COL LTI00my/e HEDREEF F U A (& §HLES — b Y v VEL OBA TEIREAN S, 3% T

IR 7B BURBER % 17 o 720 Holhed, WREN— by VEERETICHMTT S
EERR, AFRROREREAMCHAEL - FHRELTVEEZLLAL,

VAL o TRESN, SHIETTI AV TLLER MIEFEERURH A 4~ DALY EIZOWTIE,
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