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Table 4. Comparison of keobed for HOBr among various
types of organic compounds.

rate constant

compound (M-1s1) source
1X104~ .
phenols? 3 }5 0;01 05 this study?
2-hydroxybenzoic acid 3.3X 102 this study®
benzene <0.01 ref. 24
anisole ' 52 this study
ethanol 5X106 ref 15
acetaldehyde 2.1X103 ref 25
p-xylene 0.2 ref. 24
propene 7X10%2 ref. 26
1-butene 9X102 ref. 26
logk, =7.79-3.29YG o, m,, (*=0.88, n=18) 3)
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Fig. 3. Hammett plot for the bromination of phenols by
HOBr. For —COO-, 0.1 was assigned instead of com-
monly cited value, -0.02820), Other ¢ values were ob-
tained from ref. 27. Open circles are the values obtained
in this study. Closed circles are obtained from ref. 10.
Numbers indicated correspond to those in Tables 2 and 3.
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Fig 4. Relationship between pXKa of phenols and %' of
the reactions between HOBr and phenolic compounds at
20 °C. pKa 's of phenol, cresols, halophenols, and
4-methoxy phenol were obtained from ref 21. For va-
nillin and vanillic acid, pXa values were obtained from
ref. 22. For other phenols, pKa values were obtained
from the thermodynamic values?¥. Open circles are the
values obtained in this study. Closed circles are ob-
tained from ref. 9. Numbers indicated correspond to
those in Tables 2 and 3.
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Fig. 5. Hammett plot for the bromination of mono-
substituted benzenes by HOBr in aqueous phase at 20
°C. The rate constant for benzene (open circles) is the
largest possible value from ref. 24. The op* values were
obtained from ref. 6.
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Fig. 6. Comparison of k' of HOBr and HOCI for phenolic
compounds. ks'Hoci of cresols, and 2-nitrophenocl were
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Fig. 7. HOBr concentration profiles in the presence of
NOM. DOC, 3.0 mg L'3; pH, 7.0; initial HOBr concentra-
tion, 3.6 pM.

Table 5. Kinetic parameters on the reaction between
NOM and HOBr.

code Siter/DOC knom: x 1075 knomz[Site2]/DOC
(ymole mgl) (M s1) x10%(s"l mg™)

SRFA 0.92 13.6 10.0

LBJ 0.20 5.4 2.4

LKA 0.60 6.0 8.4
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Fig. 8. Comparison of the reaction types during the
reaction between HOBr and NOMs. The reaction with
HOBr was conducted at pH 7.0 and at 20 "C. Reaction
time was 1 s,
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<HFRFER>

IC/MS/MS £EVN=FRIEE O BSR4 DR ERE

ME BT, RE EE AW ST, BED A% Da

| EREEFAER AE TR (T51-0197 F1XHTE 2-3-6 E-mailkosaka@niph.go.jp, asami@niph.go.jp,

matsuoka@niph.go.jp, kamoshi@niph.go.jp, kunikane@niph.go.jp)

B =

2006 4E 3~6 H. FlBJIFEEa&Ic, IC/MS/MS 2BV CRERBRA AV IREDEBHER T
e, FIRN EFEEEOTND A JHZBWT, BREOBEREBAAVXRESh, BEEER. #h
¥ 340 BETR 2,300 pg/l ChHY, Zhb 2 DOHUROEITE OEERE N HBLHEHShE, 2hb
RAERLHEHS DI O L EOE T HRDOBHERRAA EE, FIRNEERITANBRD
BET, TR 44~1,500 BLTR 1,100~15,000 pg/L DEIFTh o, RN LT BIT 55

AREYD, Rd TS TR, BERRAAVBEIEL T 10~20 pg/l. OFEEITH Tz, ZOIEM,

2006 48 2~6 A iz, FHRJITUEOWN AR 2 EOIFROERBKE KR ER R, BEREAA A BE
ZRELI, FARFSFIRNTEROWNIARUADHE ., TOREZ 0.16~0.87 pe/ls LIEVETH-
2o RARBFIARNITEROR) A C., BUKHADEERERAA S OB SRR S-S LY Efi0F
B Tk R OB A BT, TREHZOVWTIE 0.06~0.55 pg/L LEVMETH o728, B3k
DREREBALTOBEELLNS 6 BBHCOWTIE 12~29 pg/L LBVMELZRLUE, —H. FARRH]
BT FHROMNIKOES . BEFREAABET 0.19~37 pg/l, DEBHIZHY, ELOREHT
DT 10 pg/L ER X TOem b, FHRNITHROBERE AL, Y \ﬁ‘éﬁo;'k:@.ﬂck%@m—a

LiEL T B ERRENE,

F—T—REERBAA Y, ICMS/MS, %U*EJ R, ZKiEA

1. [&L&IZ

BIEFBRAT VL KREEORAZ T, KETCIBE
HERBL FFCRELWHTHS D9, EE, B
AAVEL, BERBECBERR T NY A, BERBRT T
=Tk, BERBEIVY MEHBVILBERBOBIBTE
| EERSh TS D), g, 2004 FE0BEFRBTNY
LOWEENEERR 1,600t ThH5 9, BERBAAVD
ERERRABRLL T, vy MBIV OHBERIPMLN
TG 08, ZRBSMTH, K, Tk, Be<yF BFE
FE, R RHEBERERTHS 09, —F, BERERA
AVIERBBRTOFEL TS, FIOTZA<BHEICH
STEEET MU AERYITILRERBER S E TS 1,
¥l RO BEFBAAIVRREFORLER S L

THERTAHERBESNE O, KEFCERLUEES

BAA VI, 0%, HEREICET 5,
BEFBAAIE FRIBICB 237 ROMYAHEZM
fl3ZLHB MBI TS D99, 2005 4 2 B, KERETH
53—(National Academy of Sciences. NASHZ. BEFR
A4 D& R A EReference Dose, RIMD)EL T, 0.7
uglkglday ZEhELT 9, FIA , USEPA i1, NAS DBEFR
BeAv D RID &AL, 808K %M 32 B (Drinking
Water Equivalent Level, DWEL)L LT 24.5 pg/L AR
Li=(70 kg DA 1 B 2 L OFCEKREEAL, SiBbkoiE
B2 100% THHERELIADD, UL, BERTH.,
EHE LR AR ATEA T E (Maximum Contaminant Level)
IEBRESITUVARWWHO bECEIKKETARZA 2R

TRV, F, YT =TI, BSR4 Dk
Stk oA EE B E(Public Health GoaldL T §
pe/L ZREL., o5 OR T, 1~18 pg/L OB T, 8

EREAAY ORELSAERELTOS 19,

1997 £, AY7AN=7 i} & RK(California Depart-
ment of Health Services, CDHS), A droaehd 5
ZRAVE, TS COFELYEBEDBIERBA4
ST HFERRRELUTUE 9, RESHOBEKRBLOVKE
KD, BERBAA OEENGESN TS o),
T BIERBAAVL, KEDOLVER 125047, 10053,
BHENTWS, ZhETRERE A OREIRENE
RBLULDL OMBIELAY Tholeps, BIF, Bl Aribi 519
2, AL EOASBLUMEIE S ICRE R TV R
EOREETok, ETI, BROABZPEEHZ ST
BEELTHY, FIZIT, DAV BLUE— L OBERER
AFVREN, FNEN 0.756~14.85 BLT 0.248~7.57
pe/l DEEIZHoZEBWELTD, Z0HER, B
KBWTHDIBERBRA AV BREPITEEL THhAI SRR
BLTWS, LnL, BN COBERBRAA VIOV TOR
Fid. ST HFEORHREE BT, TO—RELTKERA-
BRKPOBEZRELLERIEDHE Wi, BEDLOABIERY
IZBWT, ZEOKBER COERIZSWTIIRESKT
Y24 AN

20, AR IR BRERRIC, Ak
777507 NERSHTE(on Chromatograph Tandem
Mass Spectrometer, IC/MS/MS)& AV T, iEIERE A
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IC/MS/MS & B\ FIRI [Ff OB SR 4 Y ORIERE

B O EIBRE R T otr, COLE EREBATVBER
DNTHORELHRTIT o7, Tho, AKEXKDOGERES
’fj‘yﬁgogﬁg%ﬁﬁfco

2. AEFE
2.1 FAEHR .

FIARJ | FEROF K. Sk E 082K, 200645 3~6 A
ATole, —D&E, LHHROBEAKIX 2006 4F 4~6 A, P+
THUROEARIL 3~4 A Tholz, KEKROEAKIX, KK
BRRNFUEOTNMATHEEEL, 2O TRVESKD
VYT, 2006 4E 2~6 B 12T ol BUBRIL, Bkt SE
RBRELTZ, KEKIZDWTE, TARINVEVETR YA
FtMEIC LB R EROBERTol,
22 HIEAE

BRIE-CTRBEROIERE, A CHERALEKIR, £T
Millipore &40 Gradient A10 [ZXVRBILI-BMAK THD.
BEFEBR A BRUERR A OS4E., ICMSMS
FHOT ok, BIERBA AV O T, WERENEY
BHLLT 180-BEE B bV A(Cambridge Isotope
Laboratories)2{E A LI, NEEEMEIL. aﬁﬂi’i’:ﬂ.‘%
0.2 um DA PTFE 7 1A-Z—(Advantec Toyo)’(‘-’.’:
BT HRINLIC, IC K Dionex 10> ICS-2000 ML
720 H—KH555: IonPac AG20 (2 x 50 mm. Dionex)%,
Y8BT 5 A JonPac AS20 (2 x 250 mm, Dionex)%, %7
Ly¥—i% ASRS ULTRA II (2 mm, Dionex)®{E AL %,
IR KB Y Y A (RO & AV (Wi 0.25
. mL/min), 77 4= RfErk, 10 mM KOH (0 min) —
80 mM KOH (22 min)bUiz, RANIZAT, 7EM=N
MK (9: 1 vIV)EREE TR 0.2 mL/min TNET, BREHEA
1% 100 plL L7, MS/MS i Applied Biosystems &0
APT 3200QTrap &EALEUAVE: F—R A ZT L
—)» Multiple Reaction Monitoring (MRM)E—NCHIE:
L. MRM (&, BEREAFVICOTH: 9983 (EEF)
BEO 10186 FEER)E, B0 BERBAAUAONT
1 10789 %, MRBAA T OVTIL 83—6 T2 R/IRLE,
ERTHRER, BERBAA BRUERR VO
ZIZOWT, 0.06 BXT0.1 pe/L &Lz,

3. ERR

3.1 FRJIFREOANAKROBIERB A4
Table 1 iz \%um}ll.hﬁiﬁa@mllmml@iﬁﬁ@ﬁv

DEBREMEFESTT, EAHEARL>TRERSBRA

B ERKETo%, £, BKBILICETOREBOR

B HD RN DB,

o AR ER TR, & LR EHAORERBAVE
B 0.09 g/l T, EOTHTH 0.08~0.74 pg/L OFEHE

Thote, Ll X HIBIcB T, BERE A BER

EFU, && 340 pe/l LW EERRLURE, TO%, TIIZAT

EDNEEIXETL., EFURGSBE L IR TR

EHATOREL, 12 pe/L THoT,

FIHTHWTRBE, A NOBHE, B EHRARERCE
BB ERERAA VB EE 0.23 pg/L Thoehl HAZ
LAFLEREIL, 8.8 pg/ll L ERLE, TO%. IBERRA
VBB 8.6~21 pg/L OFIFFCH7H, Y HU T,
FERTRENREY, BE 2,300 pg/l Thol, THiC
EATHBEITREUETLRWES, Sbicjloiies
Felic, Bk, BEFB-CIVBEIETL, 20%.5)
BIEETLE.

Table 1 Parchlorate in the river waters in‘the upper Tone River basin

River {number of samples analyzed) Perchlorate (ug/L)
Tone River
Upstream of region X (6) 0.08~0.74
Region X (3) 70-~340
* Downstream of region X (2) 12~13
A River
Upstreaﬁ of region Y (12) 0.23~21
Region Y (2) 2,100~2,300

Downstream of region Y {2) 720~1,100

P EORERESS, FAR EFSR T X BLO Y #igen
5 2 SOBERBAAHAHRBHE- LB bioTk, %
7o A NBE T, Y HIRBASHIAL B3 580X
KEMD 1 pe/l B2 CEBERBAAVIREShER
27 pgll), BEORERBFEL TOBILRETFRINI,
XBLU Y #HRIE oUW TR EE T o2 b, DTho
HIRBIE T RAER A H B LIRS Mz, X BLUY e
BiF5. BERLENSLOHIE D L2 OE TRALOSE
ERBATARE, 2 Th 44~1,500 BIU 1,100~
15,000 pg/l. DEEE ChoTs,

Xk&(ﬁYi’&ﬁ@:@ﬁ%@/{ﬁ‘/ﬁEﬁ%b\%ﬂk.ob\
THRBAAVBEOREZITolk, X HIRORETCIX,
MRBAAVBEDRARICEVELTRL, RERER
9,000 pg/L Cdh-oTo, —7F. Y HisiosEl¢iL, HiEREA
AVBEECILTERBAAVREREL £TORBT
50 pg/L R CTholc, ZOBRMPD, X Hig CiliERE,
FYDFTALELTWBZE, FLT, X, Y HIBTORAR
BRRERBZEBRBEN ERBAA . RE TR
HEEAEREE TR ESN TR 600 pg/l),
REEELTDBLLRNBEDLI TS, ZRETIH.X
WIS ORAER L Z ORI TR, FARATBNT
bERERE REEVEX TRIBSE, X B CHERR
AZVEDOTOERBSELEZLNS,

Table 2 iZ, FlR)I|F - FHIZOFIIAR P OB EREA

FVREORERLRETT, AR LFROFN R DEH

AL, A B D LICETO EEBORERHD T
BHD
FIRNA N DVTRBE, - TR S EU - g0




woct [RICA] 511 B8 235 AHS (2006)

217

B R RRRIEH A COMEL, 12 pg/l ThoTs, FHTR.
3.4, 5.7 pglL LW ELBRRIEN S, B TRAE#HATY
11 pg/L E@hote, INTHD C NOFE . IBEREAA
VISR 14 pg/L THY, FURNLFRE Thole, . D
NOBE, B EFRAEHATIE 0.738 pg/l THoTR, F
BINQABETTHL. BEREB AV BER EA U, T
lebh, STERIED D JIOBERE AV RER TNE
R 0.54 BEU 12~18 pg/L Th-oie, FIRIIDKMBEHIL
It ® D JIOMBEREAA BB, 11~18 pg/L OFEER
Zdole, LLEDFERYE, FAR)IF - FHSROM)IKPD
BERBAAVBEDL, ERBE~ORAOEET, HLT
10~20 pe/L OFEEITHHZEN RENT,

Table 2 Perchlorats in the river waters In the middle and lower
' Tone River basin

River (number of samples analyzed) Perchlorate (ug/L)
Tone River (6) » 34~18

C River (1) - 14

D River (7) 0.54~18

3.2 KEKPDBEREBEAF :
Fig. 1, KEAPOBEERERA zi‘/i&&@ﬁ'%’#m%

Y. BRI, BRREDPBIT ol BIERERIZ. BASH]

B SO, b FHRSOR) K BIOEREL
HDIKFHD 8 DI, BKAFIRI EFHROTIIA
DS, BUkH AR, AFE GRERRA OBRHNE

DOIHIR IO i Chote, FKBHHRIFESEORI.

| ROBAHE. EED RO DRI B
LRBLELTRDR, B, —HBAKSVTH, BRER

THEEEOBEAEToT

10 '

'. Water htake

al 0 Upper Tone River

B Middle and Lower Tone River

.g I & Otherregion
§ 61
0
k-]
3
2 4
=]
=

2

0 L

<0.08~1 1~5 5~10 10~20 20~30 30~40

Range of perchlorate concentration (ug/L)

Fig.1 Relationship between the water intake for drinking water supply
and perchlorate in the tap waters,

BRBFEBNTSHSEO TN AN DTS SIS T,
BEERRAAVEBRERL 0.16~0.87 pglle LEdsoTz. JRK
RN LSRR IKOE A BEREA T RE.
138855, 7TREHT OV T 0.06~0.55 pg/L LBV VES
LT, LdsL, BRYD 6 BEHZDWTHE, 12~29 pg/L &F

WEER U, —OEBELT, Zhb 6 B 0E4, FIBN

TS OTARH A CHBEREA A OBEREN LN,
BEHITLOMDFRDONTHPABRBEBIITL TS
MRS BLIERIS L, —F  BRASFIR) o T ¥
DFNIRDEE, 14 ORBOBEREAAVRE 0.19
~37 pgfL, DEEE Chote, ZOLE, BEHRDEST S
B 7 REHZOVTHL, 10 pg/l BRBL T, ORI,
KB R OB A A BB, TR SRR o « T
BOFMNARDE S, FKSBERBRAA T ORHARES
RCORWTRIBEOR IR DEE XD, BV ERKSHEZEE
RUTWB, LidioT, FHRN S OBIERERA VI,
BV OKE KIS B IEL TV ZERTREN,

4, %ﬁ

A& ADEEERAEEQIS ERNOF T, RACLIAL
B M7D0awRoREET 150 pg IZRESH TN 19,
YR EEDEEER FIEEEATNS 18,
WEDZED AFRACEEMLOIVROEBREIL. 1AL
H %70 0.5~3.0 mg LHEFENTHS 19, 20Ok,
%%Abﬁé?@&ﬁorwé% AUBEARZTHAE
EidEoLELONG, .

R R ITRIERFROENS, RFERZBITHAEK
HOBEFEA A BREOHERE R, IRENRLOTIE
HAN, BEOBEHZOWT USEPA 234A%L DWEL
(24.5 pe/ERRBEL EOEZRL, LML, NAS ik
RID OREIZHEL, FREEMELLT 10 AVTHBIE,
o, BRLEISI, LTE RARIVROBERERS
WILERBRTIE, KEKTOBERBAAVBREMN
DWEL #8BxlchbiE-> T, EbIAb0R8REN
BEETRERRVEELLND, L, BERBAT O
BEUL, KEAZATEIHEET T BHCHEEN
THREALHD, T, BEREMOHBTTBL., FIRIFE
TR DEEREBA A OEERE I Eo TOALERE
Nd, LiedioT, 4% FRNITEERORIIK, BLUEh
ZEAKLLTHBKEARFOBERBRAAVRESIZON
TR BRI TONERDS,

FHREILBWCEERBA 73'/27%%**-‘@3%71%!% fireics
OFINAZRAELTOBEKIET 10 28X TOBRBK

C ABER 2,000 FAIZEREREDOND, Tk, FIFRO

FAZEAWTRIES - BEG-CREShR S, fos
ZbBERB AV BREVRE THEEL TSR
HBD, BERRAL AT Lo THEL ST A TIRED
REWEHEIND, ZOREREAOIR, 22FRITH
BIC R DIEERBRAA VR B REE THE 19,
BERBAAVIE, BEOBRKABCIIRELEVHE
THD, LNET, BERBAAVOBREEIZ VT, %
LAl ZREVSVTREBTHOR TS 08, BoknE
EXBRLLEE S EREShTOBEIFICIRA A asthis
REYNBERSD, UL, ZbDEHIE, 2AMER
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LB DLBREPOHERATHL, BT LBHEHALRTWE -

HTIRBROEERD 9, LR T, BRATORKIFIZE
BRIEOEML, BETHELELDND,

5. £LH ,

FIRFEDORER, BbohimREU TR,

D FHRMN ERBIOZIND A JIIERWC, EREORIE
REBAAVIRHEh, RBER. ThEth 3408
KU1 2,300 pg/L THY, ZThb 2 oSO ED

- RERSHDLENESNE,

2) FRMERBIYT A JIBRICRITS, BERR A
FRAFLENZ AT N LZOE T RBBOBER
B4 BB, T B 44~1,500 BITt 1,100~
15,000 pg/L O TH o7,

8) R _EFSR~OWMAOKEC, FIR/ 4 - Tl
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Source Water Quality Management for Reducing Disinfection By-Products
By Shinya Echigo, Sadahiko Itoh, Yukio Miyagawa, and Shinya Tanida

Department of Urban Management, Graduate School of Engineering, Kyoto University

Yoshida Honmachi, Sakyo, Kyoto 606-8501, JAPAN

Abstract
- To explore the possibility of reducing brominated disinfection by-products by
controlling bromide lex}el in source water, a basin-wide‘survey and origin analysis of bromide
were conducted in the Lake Biwa-Yodo River Baisn, Japan. The survey showed that human
. activities greatly increase bromide level in source water in the doWnstream area. Also, it was
suggested that industrial activity is considerably contributing to high bromide level. Thus, a

regulation to reduce bromide discharge from industrial activity would be effective for better

control of brominated DBPs.

1. Introduction

in a large river basin, water is repeatedly used for human activities before it reaches
ocean. For example, in the Lake Biwa-Yodo River Basin in Japan, water used for agricultural
purposes in upstream areas is discharged into Lake Biwa, the largest lake in Japan, and cities
along the lake use the lake water as the source for drinking water, Then, the water used in the
urban area returns to the river system after wastewater treatment. Cities in the downstream

areas use this “used water” as drinking water source, and oftentimes the loop is repeated




several times. Hence, drinking water ﬁtilities in the downstream are required to remove
contaminants released from the upstream cities. For this purpose, advanced drinking water
treatment technology (e.g., ozonation and activated carbon treatment) has been introduced in
many treatment plants in Japan.

While these treatment technologies are effective to control micropollutants, these
technologies require large quantity of energy, and are not always the best solution for
- constructing a sustainable water supply system. That is, the effort to minimize the
contaminants in source water is equally important.

Indeed, the Japanese government has been intfoducing legislation for preserving
source water quality. Howgvef, the regulation is limited to several organic compounds and
nutrients, and not much attention is paid to micropollutants and the precursoré of
ﬁcrbpoHths in source water. One major reason for this is the lack of information on their
fate and source. Without this information, it would be impossible to evaluate the feasibility
and effectiveness of regulating these compounds in source water. - Among these compounds,
this study addresses the origin of bromide ion, a precursor of disinfection by-products (DBPs)
in the Lake Biwa-Yodo River Basin as a casé study. |

Bromide ion is a minor anion in fresh water, but is involved in various chemical
reactions in drinking water treatment process [1-3]. While the toxicity of bromide ion itself is
conside_:red negligible, it is reactive to hypochlorous acid (HOCI) and ozone (Os) to form
hypobromous acid (HOBr) [4]. During dzonatioﬁ, HOBEr is further oxidized to bromate ion
(BrOs"), a suspected carcinogen. Also, HOBr rapidly reacts with natural organic matter
(NOM) in source water [5], and brominated organic compounds are produced. The source of
bromide ion can be both natural (salt water intrusion and dissolution from geological |
formation) and anthropogenic [1, 3].

Recent toxicological studies have suggested the impotence of controlling brominated






