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Recent regulations and researches on residual disinfectant in drinking water
Big K (ESCFRERAES, BE E— @RRSIE
Dai SIMAZAKI (Natl Inst. of Public Health), Shoichi KUNIKANE (Univ. of Shizuoka)

1. ELBHIC

AAENIZB - CHRAGEIEI & 0 SEUKBE CORBERDIENELE ST bhTnD, LnLanib,
HCROAEDBI BB & . FEOEMEEAOBRE FTIREZREL TBLT, $HRAELRIUKE AR
L AEA R IR BEAN R bNG, & T, EU #EICRT HHECRERFHROBUE.
Mo AT L AR BIHEOBRARE X FIC oW THET 5. %o, HATHAERDOREMRUENE
DEBRBALERENE LT, BREEREHOERCHET REC, SECERIZET 2 KHEHOERIC
SNTOEEMTON TS, =2 Ti, SRESRRZE B AKEHEAIC & Y Bl S IHFEORR
BILOSHROFREZ OV THEMNTT 5,

2. EU BRICHTAKEDEES KURERIFORR

EU i A E ASEEE LA UE 2 B 72y VIR & U CRRBIKIR R % 1980 4RICHETT(1998 FHET)
LTWAR, ZOF CIINEICET 2 EEITHRSATORN D, 2L, KiBEs L OREMAeD R
SHANT EREDBNTRY . SLRRIC, BARER & 588 REBOEREZ RO TND LELD, T0
AKEEAES S LI MBEAETHEANE L L OEBEAORECKEREORELTT D Z LBRDHNTND,
AEOWEICET A ERHCEERRT. UTO@EY) THD 2,

AR COMEIZ VT, T_TOREIKICH LTI ER R B ST T DRV M, AN
4V\§@F%6oﬁ~XFU7\?V7~9\7§VX\i?yﬁmiﬁKWBﬁmLTmé%%@&K
WELEEST TS, REKEROBEERICOVWT, BAL RIS/ CORBHER ORI & LI
EESITTOBDIIAN R E R v DB TIH B, BV N HVTHEARET 0.2mg/l, A1 1 0.2
~0.8mg/L DREBERBENSVETHSD, A—A DT L N Vi, MEMICBT o EERER T D LB
B BEEI R TREHEBRELER L TVD, L, X Y 7IRARCRETO LRMELREL T
BV Bl LCEREES 0.3me/L K & T ALERD D, BAEMESL L CHKEH D CRIRT NS ARERE
BRLTWADIL., ~U¥E—, 75V R, TAATY RO 3 HETHD, KETIL, EHCHELRE ST
7208 b ELVEER B IS E LTV VRV, BEMEERIOBEIL. ABUKE. BA0ERR, Bk AT LD
RIS U TRRS ORI LB, 0L ICREERRBRELHEL QW AEAE L LT, ORERFRIE
BIEC AT B, OAYEOAREILT 570, OAEYSEE/MET 57, @BUKBRIZKIT 5
FEYWR ABSOBEL B/NBE 5720, OBERMMENBALIBEOREL 25T, RENFTONRD,

—%. LROEDSCIHEESMOBEEERLTVRY, FOXEREHL, O TRz SFAKEDR REF
RAKETH BT, QBAMBIIBIT AN FAY TIZEVIEEAEOHEYEERETE D720, OWE
a7 b AMERSSEIC X Y BRSO AEREL R T B, OMRBIERMER ST, 2ETH D,
F . RO TIREEREDRE A RS LT TOERRBRBA SRS 2V, BREHELTERIBEAD
BEL LTRAVWADZ Lid, BEENREBIEICZ LW EOHEBNC S Jo T,

KBNS T, BB DA R R ENEAIC L 5 REROMBEICR LT, LV EXRHE
DREHDLN TR EESTIV, XY Iy, B MIA, A U ERROAMOER, HERIERMICE
+3 1EAMU LOEESZRTI TG, BhoA—A MY T LR 74TV R, AL A W TRVTAVT
LAEEMNERO LIRMES BAEEL LTRELTRY, HERAERMHEEZEL L TNDIREBELLND,
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3. HIHEHIURMERHITIEELLVLASUY KRDORIR

A7 &, BU BEOZRNTS & 0 i EREES L OBRBRRFHUET LRVKGE T R T AOREEICH
B R R SR TEY, BECIIS KB COEREHER TR TE Y 2o UV e LIt &by, &
Foo ENTRTOKENEREBER L L TRAKENTWS ¥, 20X RKET AT LA AREE LTS
BE LT, B0, BIFRKEAREREL TS Z LA b5, EHEZRELOREORE T T
K X774 b= arEEt) POBUKLTEY, TNOIIHAKBIIRVEARELTREY, #E
WHERNCRRRAKE THH729D, 13E A EDERITIHBOLER 2N E LTS, EHL0D 44%ITHYET 5K
VRO BEHIHUIRI P FREIRRAS T TR Y . BUKHEIEAGESRHOFA £ 2> Tnb, —F, BHT A
AT N BN T EOFHBLE T HEHTrE, #TAIESBEEND DT A IR L—R i ED
REAKEBUKLTWD, < VF Y TOBRND, BHAIIOoARME L RICDEINRESED, H
DN, BrAKRUHIA U BB BB S S IR HE L T B, BoKAERIZB W T, THERIAER
WDEENRH BN o7z 1970 FREBE L V #he THEFOBEZERY LD TEY ., bty v —kelkiE
PERILERS UV A EA L TWD 2, ZOfh, EKENEE. Sl A, BE 58, B (UF 83X URO).
RN (Y v — @B AR E 1AV v —UV) OBAELRIZL Y, BAKED(LFHIE LU
MR e L REE TR LTS,

BREEFBLAFLTORNI &5, FHIGEGERE COTERE LR, MAEDBFEORIEICER LizE
BOBAEE, BKOKETELZER L TVWARBRERFATHS, EU FEOPTHE T - FDKED
WKRIIBEZ - TEL T 3%RMTH Y, BUKE THR2 SICB1T ARARBORRIZ OV TEIR R 1EE
FIFZEDTND, o, BUKER COMEMERELZ MR 5720, HKUEOERE TIIAmLEE LU
FYCRNBBOM AR L 0 [EUEEAERIRE (AOC: Assimilable Organic Carbon) ZKIBIZER L, X HiZ
HEYREFERRREDIR Y PVC 07 AR b AV hEEA L AKGEE ~OMRRBELEHE L T\ 5, KEEH
IZDWTHL, 7 A1 EU SRS L 0 B LY VKEERER ED TR Y . HlAIEKBREORERIZIE 100ml
THd72< 300ml DFREIKE AV A, EEEH EOBEE L7 =rE A RHE (<1,000CFU/100ml) <
PERFEME (Colony count at 22°C: <100CFU/ml) OFEAEMZFRE L TD, FFCHER &L, 2001
FEIZMIE SN AGEIEIC BT, BRI Y 2 7 FHE(QMRA: Quantitative Microbiological Risk
Assessmen) ZEA LR THD 39, ZZ T, BERVANVAR, JITFRARIDYL VTAIT K
veay I X BAGEKBEROREMAEDC X DY) 2 7 BEM 104RE FARAD 1 HTAKOE
ERBRAE 1 LK) LTD2ZEEEDTRY, BUKEERT 2¥KEE L OWREMEDIC L 2ERDE
ENDHDHH T AREERT DEAEERRIT, AEAROBERRIL & O KRR COREMREL S F
A TEBMZTHEEIT D 2 & ERODTWD, RFAZERTIHKEERNRE LTITOWERED QMRA
ORERICIE, EFROBRY R 7 2RET B OIEKFO 2 ) 7 FARY P07 L%EEKK 6.5log, BV
vy 7 —%EK 86log ETRETAIENMETHSD L L, iz, FEPFKUBEOMAGHDEIZLD,
TN EDOBRELVSNVDERTE S E LT3,

4, BFIIHITHIKAORARI M T SMEFREORF

AAENTHE, KEES 22 FOREICESEFEELOEE L LT, FERITHAIE 1T&E 1EE3 B
BT, BRI D AMSTEREERE S 0.1mg]l EABRBEROSHAT 04mg/) BLEREHTH LD
IHEREBE T2 & & STWD, BERICKIT 2AGEKDR ML, HRMER L UREERERIC L -
THESNTVS L E->THBE T BERES T CARBRPED FRAIC K & R REIZ R LTE L,
Fle LT, THRBIKIZIR B IS B | IS ENORIE 10 sERI ORI K RS 5 &
e 22, BEEEEE: LT 7T80B6IT, MEORMENERO—OTHD LEERHIh TN,

UL LR b, AGEICI AR RLBEEROERHE, N uA2 S ERI AR O LRI R
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RIDRFRR . FVF BORA D PO BERDFEL 25 TRY, OWTHTRIAZEOAEKRICH 5 A%
RFEBRO—F & o TWBEN DD, Fir. EPSCAEKEDOBRERL CERBYEESE I O LR
HZUFRRRISY L2V T DT I, EREEC IO REEA R CERNIELIKEHI TN D,

BLEDTZ 30 ACEADZ SR OPSEIED X 572 510 LOBAN D, REERRIFRTIE, F#RFLD
HEFBFRIC L 0 17-19 4B [RBESRICKE LAV AGEOKESBTHEICHET 5015 &REL ", X
e CiE. ENOACEOBE L BEROMEIZ IR S L TABERERORR L BRF L. BEHERORHO
TR LRVVGEKESBOSH Y F A LMNCT B2 B E Ulc, ERRREOBEILUTORTH S,
OREANEOAEIZ BT 2 MR OREAEEEOREL., FREMEDIT & 5KEARGOTES: & BRI,

BRI L AR R R R OSBRI T 2 RAE L B LY £ & 07,

@In vitro /5 AT oA R BEENRBRER CHME) 25, REKFRREICERYOERL
BT X Y AR5 TOX oL, 7 v nfig : FRREA L 002 & %R Lis, —RAV2KEKD TOX
L. 27 o nERoOACEKNE LR Y TOX ([CHRE LEL Y 4~5 EENI M5, TOX ZHEEE L
TERBIAERS ) R 7 ORIBEREFHEOEE® RN LT,

Grkth A & —B{LHER & OFUSICI T, SIS B UERIINE D+ TRVWEEIC, AOC
DI AT H B Z L ER LT,

@R, BN, 4V VB I U BUHERAEII R A REE~OBREERBE LRI 5 LItE - T
BB EIREMBEC 5 2 DRE L~ VLEHEE L, HEE CTEICL o THREL-ARERY . 3V
Vit pH O 8% K& < Zitte, EHERRMRRER S NI L~ T VF 3 L— ML D
BUE CrIBRaHl & 72 D ATREMEZ R LT,

A RIBAEB ORTE LR 2 EEPICET B Ak L LT EREs & LTRAVWS s
KL, BREEBERECBOTHEENE L TRY.,. BR & LT—RMEICE $h 5 SIMRTERE O
TFEPBE SN,

@AY —EMRE L EA L CWAENOBKSE S E LT, Bk, EEREEICME LT SREM
B, B ORERSES TRFLP BB L - THE Lz, BUKROMASRERE IR AKBMOIEboE
BEBNN, TEHERRE L OMAEMREREIL, —BICEMId 5 bOOWIERIDZERIINS<, B
BIUT-BEEEENTER EN TV A Z ENRRR E v,

DRBEEMERORIEIC I\ T BrdU 423 DNA SREZ L 35 2 L1 L Y | 36 WA CHEEFTHE
ThHILERL, BEOEND bAGEKIZCHERARETH D Z L 2RI LI,

CRGHE T BT A A ERFC > X BRNER LTV, TEMEDEN 2~3 AR CTEHRBIETDZ
L. EERIBIC I AN S ROMEREL, AR OREHSRE L LOREOME R L UHEIDS
UTERB I L. (HEEEYRIIREERRE D2 LRIC L > TRRT P, £DORENTO LA
MRS EHRNCEETH Z e REEZALT LI,

QOHEAENOEARE Y I 2 b—3 3 0T 57008EL, BRERIUKE LRVRICBONTRESNDS.,
FIAS BRI AR BT DA OBERFTAD Y I 2 L—a Vik, BXU, REMEED L HERIERD
X AEEEY R 2 OWHE L 7 O DALY fli% AV e B H R L L, HERIORBEHENE OGS 2 EE
U fERRRE Y R 7 B EITV, TOHEANEZHEE LTS

 OBEERICEEUROAKEY R T 37D DM ERMAL LT, HEAGERIZISVWTKEKRDKEZ RAFSRA

BITAROTLARARTHY, TOFHITIE., EARLBIZBITHEEN 0 ThHoZ L, BKKEIE OBk

AT (BB DN BAFRIREBIART- TV T, AR HITEIC LK EE( LA RREL 2267202

b BAGERRIC BT AL O BB RO B E NN L #R7KRK O BRI KRR E BT T

OB EENREETHAZEETRUI,



Environ. Sanit. Eng. Res. Vol. 23, No. 3 (2009) 19

FRZ AGEUKIBRRIZ IV VTAGEAR DR E R BRIFRRIBITR DT OFEREIC OV TIL, &b ERM K
FRUETHAZLND, BIEETER 20-22 FEIZEOTIAEDEKBIRIZ T AR EE Lo HIERS L ov
BUZRE DI & E ML T, KEKOEKIBTRIZ I DL FRR L O A AR B B L& B NR D
RBID DKEEBOTROMEEOD S, $o, THATET 5 L CUBELR D KK ERW A IR 2
T LOBEMLBMEICTAEE BRELUIZRER LD TWHEZATHS,

() AAKIEWHS T BNOAKEFERICB I ABREERER OB A DOILRRL, BHBEORIER L
UEREEERICB T 28RN OBRICE ST, TR 20 £ REERETRCETIREFMEES 23T, B
NOKBEEEEICBT 2BREERETHOERCHEEOBEL BL LI RAEN 21T ¥, YEBL T
IROBEFAIFR R FET I JONERE B BIR BRI R MR LT RREOBREHIER 1T BRORIEREE 2T
FIEB L URFEED L TURELRDELEIC OV TOBREETT-CRY, ikt HEBRFHERHI W CHER
B R GUT BUREE T — OB SR LE THHED RIFERL TS, Fiz, FHIOEEOHAKE VT
BRREEAREMET RO LER LI OME SO O ATREHEIC DUV TR ERICIVREEIT>TRY. +
STEREEN SN K CHIITBIR R H L BRI DIV BB E IR
WZE HRNHEUIDREE TN DO TN BR BB L BA LS AT A0 IR B SR 3
HRET DT LRENT, — 7, T /K28 LLERA/KE DS BT RUKAE IV T, 0.1me/L IR DOIREEN R 45 L
NTBHRETMUIEE | MBROERENFETIRE T CHREBRBNESRHES I, KLY
BIZBWT, +07 CT AR T DL EMIRIBSh TW3,

5. SHROBRE

HERIAERMROI VX ROMRE BRI E U TREERZERT 5 Z L OBRIIRE VL 00, [FERCMAE
Vi B2 2R A RER T 5 Z L BRRAIRTH D, A4, KEKDOBHRIERYCRREERT 5 &
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Abstract

This research aims at gathering the background information for a novel approach of applying a
lower concentration of chlorine residual together with control of assimilable organic carbon (AOC)
Japan. In the first sampling campaign, AOC was measured at the same time with residual chlorine
and suspended bacterial, represented by heterotrophic plate count (HPC). In all samples,
suspended HPC was very low from 0 to 1 CFU owning of a stable chlorine concentration higher
than 0.1 mg/L in all samples, even the levels of AOC in all season were higher than proposed
AOC levels required for biostability in previous research. The result implied that if a lower chlorine
residual concentration was maintained in the system, a lower range of AOC would be needed.
AOC changes at advanced water treatment plant were investigated. The results indicated that
advanced water treatment technology including ozonation and biologically acitivated carbon
process did not reduce AOC effectively. Further, the possibility of removing AOC by ion exchange
using MIEX® (Magnetic lon Exchange) was evaluated. The results showed that MIEX treatment
could only remove 34 % AOC at the maximum, while over 50 % TOC could be removed at the
same condition.

Introduction

Disinfectant residual in distributed water has been applied widely in many parts of the world
including Japan to minimize bacterial regrowth and the risk from exogenous pathogen intrusions
(Haas, 1999). Among disinfection processes, chlorine disinfection, the most general applied, is
used in Japan. Chiorine disinfection, however, produces disinfection by-products, which is harmful
and generates aesthetic problem such as bad tastes and odors. The level of residual chlorine in
water supply systems, therefore, needs to be maintained in balance between disinfectant potency
and those mentioned problem. Moreover, the increasing complaint of customers in some cities in
Japan about chlorinous odors (ltoh et al., 2007) increases the demand to reduce chlorine residual.
within drinking water distribution system.

After the disinfection by-products problem was come out (Rook, 1974), two major trends were
formed to address the issue. One trend was finding alternative primary disinfectants (Volk et al.,
2002, McGuire et al., 1999, Lykins et al., 1986, etc...). The other trend, like in the Netherlands and
Germany, focused on removing natural organic matter (NOM) prior to primary disinfection. NOM,
which is well known to contain biodegradable organic matter (BOM), is also an important factor to
support bacterial regrowth. This approach has been established by customers’ high concern about
aesthetic problem and high percentage of ground water resources with low NOM levels there (van
der Kooij et al, 1999, Hambsch, 1999). The current chlorine residual minimum limit in Japanese
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regulation is 0.1 mg/L,, a level that leads to customer complaints about odors with DOC smaller
than 1 mg/L in Germany {(Hambsch, 1999). In Japan, with the increasing customer concern about
bad taste and odors, the approach of reducing chlorine residual with controlling BOM levels should
be evaluated.

The indicator for BOM often used to evaluate biostability of drinking water are biodegradable
dissolved organic carbon (BDOC) and assimilable organic carbon (AOC). In most case of Japan,
the water delivery time is short, such as within 48 hours. Therefore, AOC, which can be consumed
more rapidly by bacteria, could be more suitable indicator than BDOC, which often takes time to
be consumed. van der Kooij (1992) showed that heterotrophic bacterial growth in non-chlorinated
systems is limited when AOC is lower than 10 ug/L. LeChevallier et al. (1992) suggested that
regrowth of coliform may be limited by AOC levels less than 50-100 ug/L in chlorinated systems.
AOC concentration varies depending on water sources and water treatment processes.

In this research, to gather the back ground information on biostability in real distribution systems,
chlorine residual, AOC and HPC were determined in two water distribution systems. Then, a
survey of AOC removal efficiency in an advanced water treatment plant was conducted.
Furthermore, MIEX, a promising technology for removing NOM was evaluated for AOC removal.

Materials and methods

Water sampling

All water samples were taken after flushing for 5 minutes. The glass sample bottles and related
apparatuses were treated by heat sterilization at 250 °C for 2 hours except for AOC analysis. AOC
bottles and AOC analysis related apparatuses were heat-treated at 580 °C for 4 hours. All samples
were analyzed within 4 hours of sampling. For analyzing HPC and AOC, sodium thiosulphate as
final concentration of 0.003% was added to neutralize chlorine.

Distribution system sampling

In the main sampling campaign, forty samples were taken in A distribution area. The water
treatment process of the A distribution area includes coagulation, rapid sand filtration and
chlorination of water from the Lake Biwa Canal. Twelve samples were also taken in the same area
and B distribution area, to compare the seasonal fluctuation in finished water in January 2008. The
period in May and June 2007 represents a high water temperature period, and the period in
January 2008 represents a low water temperature period. The water treatment processes in B
distribution area were shown in Figure 1. |

Coagulation,
Sedimentation

Rapid sand

Ozonation
i ™ filtration

L, Ozonation |,/ GAC || Chlorination |,

Figure 1 Treatment processes of water treatment plant

Water treatment plant sampling

Twice samplings were conducted in one water treatment plant, which includes nearly all recent
applied technology in Japan (Figure 1). The water intake of this plant is from the Yodo River. The
main parameters of the sampling were AOC and HPC. Samples were taken at all input and output
points of each treatment process.

lon exchange experiment
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MIEX® (Magnetic ion exchange) a macroporous, acrylic ion exchanger with average particlé size
of 150-180 um, was obtained from Orica Australia Pty Ltd.

Prior to ion exchange reaction, the resin was washed thoroughly by repeatedly mixing resin in
Milli-Q at 150 rpm for 30-60 minutes until no further TOC from the resin released. To accurately
divide the small dose of resin, the volumetric resin dose was calculated based on the dry density
of resin suspension determined in the following way. A certain volume of the resin was filtered
through 0.45 um glass fiber fiter (GF-B, Advantec), and put in a desiccator for 24 hours to
determine the specific dry weight. Afterwards, the designed dose was weighed and divided into
separated AOC-free containers. Each portion of resin was then, rinsed once with Milli-Q, soaked
by 10 V/V of 10% NaCl for 1 hour, and rinsed 10 times again by Milli-Q before using for the next
experimental step.

The tap water of Katsura Campus, Kyoto University was applied for the ion exchange experiment.
The ion exchange treatment were conducted in 2 hours based on preliminary experiment that the
equilibrium of ion exchange can be obtained. During ion exchange reaction, samples were shaken
at 150 rpm. To determine the effect resin dose on TOC/AOC removal, the resin was added to tap
water sample as 4, 8 and 12 mL/L doses, determined from pre-experiment. Samples before and
after ion exchange treatment were collected for analysis after filtration through 0.22 um filter,
(Anodisc74, Whatman). The filter was prerinsed by 2-liters of Milli-Q to wash out all contaminated
organic compounds. To determine the effect of pH on ion exchange treatment, HCl and NaOH
(analytical grade) were used to adjust pH of 1 unit lower and higher than original tap water. Before
AOC measurement of pH-adjusted samples, pH was readjusted to the initial pH range.

Analytical Method

Organic carbon: Total organic carbon was analysed using TOC 5000 analyzer (Shimadzu, Kyoto).
AOC: AOC was measured according to the Japanese standard method (JWWA, 2001). Water
samples were pasteurized for 30 minutes at 70 °C in water bath. To make sure that carbon is the
only limiting nutrient, other nutrients were added including nifrogen, phosphorus and other trace
elements by adding 2mL mineral solution. Samples were inoculated with Pseudomonas
fluorescens strain P17 (ATCC 49642) and Aquaspirillum sp. strain NOX (ATCC 49643),
simultaneously. Samples were incubated at 20 °C and the growth of each strain were monitored
every 2 or 3 days during 14 - 20 days by pour plating on R2A at 20 °C. The average (CV < 20%) or
maximum number of colonies at steady-state and the yield factors determined with sodium
acetate as a carbon source were used to calculate AOC concentration. The yield factors in this
study were determined as 4.53x10° and 1.56x10" CFU/ug of C-acetate for P17 and NOX,
respectively. Those factors are consistent with the value determined by van der Kooij (1990) of
4.1x10% and 1.2x10” CFU/ug of C-acetate for P17 and NOX, respectively.

Chlorines: Free and combined chlorines were analyzed by DPD-Ferrous titration method,
according to standard method (APHA, 1998).

HPC: HPC bacteria were enumerated by pour plate procedure with R2A agar (Nippon
pharmaceuticals Co., Ltd., Tokyo) after 7 days incubation at 20 °C.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism version 4.0 for Macintosh (GraphPad
software Inc., San Diego). To compare the differences between two groups of samples, a
nonparametric t-test was performed. Significant differences were determined with a level of
p<0.01 in all analyses.
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Results and Discussion
Suspended bacteria and affected factors to bactrerial regrowth in two distribution area
The data (Table 1) showed that in all samples, suspended bacterial concentration was low,

meeting Japanese standards. Free chlorine concentration was higher than 0.1 mg/L in all samples.

Furthermore, combined chlorine was stable around 0.09 - 0.1 mg/L, contributing to the limited
bacterial regrowth. AOC in B distribution area were slightly lower than in A distribution area at the
same period. That can be because of the effect of advanced treatment process, including
ozonation and GAC. AOC concentration was 60 + 16 pg/L in summer, and about three-fold higher
than AOC in winter as predicted by lower bacterial activity within the system during low
temperature periods. In both periods, AOC concentrations were much higher than 10 and 50-100
ug/L, the levels suggested by van der Kooij (1992) and LeChevallier et al. (1992), at which
bacterial regrowth can be controlled without disinfectant and with chlorine residual, respectively.
Attempts to reduce chlorine, should be done in conjunction with controlling AOC at a lower level.

Table 1 Parameters associated with bacterial regrowth in drinking water

Parameter A B
May-June 2007 January 2008 January 2008

Sample numbers n=40 n==6 n=6
HPC (CFU/mL) 0305 0.0x0.0 08+1.9
TOC (mg/L) 1.8+£0.25 - 1.3+0.13*
Chlorine residual (mgCly/L) 0.52+0.13 0.30 £0.06* 0.31£0.11*

Free chlorine 04+0.12 0.25+0.06 0.21£0.10*

Combined chlorine 0.12+£0.02 0.088 £ 0.03 0.096 £ 0.02
AOC (ugCiL) 59.6+ 15.6 173.9£43.5* 136.0 £ 36.2*

Values presented here are mean and standard deviation.
*p<0.01, compared with the samples taken in early summer in Kyoto distribution system.

Effect of water treatment processes on AOC removal

Table 2 shows that water treatment plant can reduce TOC to 40 - 47%. However overall water
treatment plant can not remove AOC significantly. The most effective step to remove AOC was
coagulation, 58-69%. This result is consistent with other research in Japan, and Findland showing
reduction up to 75% in Osaka (Kasahara et al., 2002) and 43-74% in Hokkaido (Kasahara, ef al.,
1998), effectively removal in Finland (Lehtola et al., 2002). The result is different with results in
other areas where coagulation shows no significant effect on AOC (Sharp et al., 2001, Volk et al.,
2002, Volk et al., 2000). It is important to note that alum salts was reported to showed toxicity to
against P. fluorescens (Lehtola et al. 2002), in this water treatment plant aluminum sulphate was
used in precipitation stage. The effect of coagulation on AOC removal is therefore inconclusive

here.
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Table 2 Data about AOC and related parameters in water treatment plant

TOC {mgl/L) AOC (ug/L) HPC (CFU/mL)
19/12/08 14/1/09 19/12/08 14/1/09 19/12/08 14/1/09
Raw water 23 18 105.7 190.5 12167 8433
After coagulation 2.0 14 59.0 80.1 8133 810
After 1% ozonation 2.0 14 112.6 178 89 4
After filtration 1.6 1.3 107.8 100.9 70 3
After 2™ ozonation 1.7 1.3 130.1 121.3 2 1
After GAC 1.1 1.2 40.6 145.3 8 2
After chlorination 1.2 1.1 195.8 97.9 1 1
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Figure 2 The change of AOC during water treatment process
(value here are mean and their range)

Because there were no addition of disinfectant prior to GAC, GAC system therefore was
recognized as bacterial activated carbon (BAC) system. Biological filtration and BAC have been
reported to reduce AOC significantly in many research (Chien et al., 2007, Volk et al., 2002, Sharp
et al., 2001, van der Kooij ef al., 1989, van der Kooij et al., 1982). BAC was normally found to give
better effect than sand filtration (Volk et al., 2002). In this research, sand filtration gave stable but
small effect to reduce AOC. As shown in Table 2, the AOC removals during BAC process were
widely different between twice sampling, AOC samples were first pasteurization at 70 °C in 30
minutes. Our previous experiment with AOC of BAC effluent samples showed that some bacteria
could survive through the pasteurization process at 70 °C in 30 minutes. Escobal et al., (2000),
also provided an evidence for bacterial survivals after the same pastéurization process'. These
results suggested that the treatment of AOC samples contained obviously viable bacteria such as
BAC effluent should be considered. In this sampling, we conducted AOC measurement of BAC
samples with two different pretreatment procedures, pasteurization at 70 °C in 30 minutes and
sterilization with 0.22 um filter (Anodisc47) (Table 3). In the first sampling, AOC value with filtration
pretreatment was much higher than the value with pasterlization. On the other hand, the AOC
value in the second sampling data did not change significantly in both treatment procedures. The
AQOC elution from this filter was negligible (data not shown). Therefore, pretreatment by filtration
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was considered to be a better method than pasteurization for BAC effluent samples. Based on
these data in Table 3, BAC process did not give countable impact on ACC removal at this water
treatment plant. The reason for that is low bacterial activity in low water temperature as reported in
the case of nitrification in BAC (Vahala, 2002, Anderson, 2001). The mechanism of BAC effect on
AOC removal, however, has been handled as a blackbox so it should be evaluated again in
relationship to special characteristics of AOC at each site.

Table 3 Comparing of AOC with heat pasteurization and filter sterilization pretreatment

AOC (ug/L)
pasteurization at 70 °C in 30 min sterilization with 0.22 um filter
19/12/08 40.6 1129
14/1/09 145.3 152.6

Ozonation increased AOC by oxidizing some parts of BOM into AOC as proven in previous
research. Generally, chlorination was recognized as process to elevate AOC slightly, because
chlorine has also an oxidation power. But in this research, chlorination effect on AOC was
inconclusive. The different trend of AOC between first and second sampling also can be referred
to the fluctuation of AOC component from the source of each time and also the effect of previous
step, especially BAC.

Effect of ion exchange experiment on AOC removal

AOC and TOC concentrations in the examined water are presented in Table 4. The removals of
TOC and AOC by MIEX treatment without change of initial pH were presented in Figure 3. By
‘MIEX treatment, TOC can be reduced up to 47 % at the maximum dose of 12 mL/L (Figure 3).
‘The TOC removal increased with the increase of resin dose. This result suggested that removable
TOC fraction was still remained at the maximum dose here (12 mL/L) in the examined water. A
further reduction of TOC can be obtained by applying a higher dose.

-AOC, however was reduced at lower efficiency than TOC around 9 to 25% at all applied doses.
The removal percentages were calculated based on AOC of filtrated sample. The removal
increased with resin doses in the range of 0~8mLJ/L, but turned to decrease at maximum resin
dose. The removable AOC fraction by MIEX in the examined water was estimated as
approximately 25% at initial pH of 6.86.

Figure 4 shows that lower pH had a better effect on the removals of both TOC and AOC. Although
higher pH was widely known to be favoriable conditions for anion exchange because of the
inéreasing charge density of target compounds. However, research also suggested that
absorption of NOM on resin matrix also an important mechanism besides ion exchange
mechanism for DOM removal (Croué et al., 1999). Our result also suggested that the AOC
removal of uncharged fraction by absorption mechanism was improved at lower pH. In our results,
only 34 % AOC removal at the maximum was obtained at pH 5.84, while 51 % TOC removal could
be achieved at this condition. Therefore, MIEX treatment was considered to have a moderate
effect on direct improvement of biostability of drinking water. However, MIEX treatment could
remove considerable TOC fraction remained in finished water, which related to disappearance of
chlorine residual. Consequently, the amount of chlorine injected in water treatment plant or
distribution networks can be reduced. Furthermore, as previously mentioned, TOC contains not
only AOC fraction but also BOM fraction composed of relatively high molecular weight compounds,
which cannot be measured as AOC. Thus, there is a strong possibility that BOM removal can also
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contribute indirectly to biostability improvement of finished water. Our results suggested that
further research to evaluate biostability improvement including BOM removal effect by ion
exchange would be needed, in addition to determine the optimum conditions for ion exchange,
such as pH, resin dose, and contact time.

Table 5 TOC and AOC removal by MIEX treatment .

Samples pH TOC (mg/L) TOCremoval (%) AOC (ug/L) AOC removal (%)
Initial tap water 6.86 1.10 75.7

Filtred tap water 1.10 70.5

pH-1*, 8 mL/L 5.84 0.54 51 46.7 34
pH+1*, 8 mLIL  7.77 0.64 42 66.9 5

4 mL/L 0.71 36 62.9 1

8 mL/L 0.67 39 53.1 25
12mUL 059 - - 47 64.4 9

* Sample with pH adjustment 1 unit lower than initial pH value
** Sample with pH adjustment 1 unit higher than initial pH value

801 c—aoc [ 80 1 —aoc [ 12
70 4 1N —e—TOC 10 70 4 FN —e—T0C |, _
— | "3 ] -
4 B B 60 4 =)
. L0g E Fos s
50 - Ne- ¥ 50 - S
L 068 ®( L0658
40 - I e 40 3
O i - 0.4

30 A - 0.4+ 30
20 T ; : 0.2 20 T ' ' 0.2
0 4 8 12 Initial  5.84 6.86 7.77
Resin dose (mg/L) sample Sample pH

Figure 3 Effect of MIEX dose on AOC removal  Figure 4 Effect of initial pH on AOC removal

Conclusions

Drinking water in investigated area in Japan has a low suspended bacteria level, meeting
Japanese standards. The low suspended bacteria concentration was obtained because of a
stable free chlorine and combined chlorine. AOC was higher than the level that bacterial regowth
can be controlied under chlorine residual condition. To reduce chlorine concentration in the system
with guarantee the safety of water, a lower AOC is needed.

The advanced water treatment plant with ozonation and BAC system did not significantly reduce
AOC. Coagulation process reduced AOC levels up to 60%, consistent with other research in
Japan, and different with other areas. The water process would still need some upgrade in order to
further reduce AOC. The mechanism of coagulation and biological process especially BAC should
be studied further to increase the efficiency.

The ion exchange using MIEX could remove up to 50% TOC, and 34 % AOC. At lower pH, MIEX
have higher AOC and TOC removal efficiency. '
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