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Our approaches for reducing chlorinous odor to establish satisfactory
water supply systems in Japan

Yumiko OHKOUCHI', Shinya ECHIGO', Nagahisa HIRAYAMA?, Sadahiko ITOH'
! Graduate School of Global Environmental Studies, Kyoto University

? Graduate School of Engineering, Kyoto University

Introduction

Waterworks in Japan have been working on improvement of drinking water quality to
reduce health risks caused by micropollutants including disinfection by-products. However,
customers’ complaints for drinking water have been getting increased, even after advanced
water treatment processes were installed to reduce micropolhitants.

‘Our results of questionnaire survey”, which were conducted in Osaka City area where is
supplied with drinking water treated by advanced treatment processes in every region,
indicated that only 40.6 % customers were satisfied with current drinking water. The result
also suggested that around 35 % customers sensed chlorinous odor of drinking water. In
particularly, the percentage was increased among customers, who prefer bottled water for
drinking behavior, over 40 % people sensed chlorinous odor. Thus, customers’ concern
about chlorinous odor has still been growing, and waterworks can no longer ignore this
issue.

Framework of our research

A framework of our research is shown in Fig. 1. Our research includes three subjects,
field survey on chlorinous odor, chemical approach, and biological approach to reduce it.
First of all, a field survey on current levels of chlorinous odor in drinking water was
conducted in Osaka City. Based on the results, we are working on two approaches to reduce

chlorinous odor. One is chemical .
Gathering information on current
chiorinous odor in drinking water

approach to reduce precursors by

Improving water treatment <How to reduce chloribous odor?>
processes, such as nitrogen precursors 4; chlorine
compounds, which cause i —
. . . Chemical approach
chlorinous odor by reaction with - :
New processes combined with Target water quality for biologically
chlorine And another iS biological AOP and IEX to remove precursors stable water with lower chlorine residual
. *NH,*, *AOC,
appro ach to prevent bacterial -Org;anic nitrogen compounds etc, +BOM {biodegradable organic matter)
regrowth, assuming lowering of v
chlorine residual in distribution Improvement of customers’ satisfaction with
drinking water by reducing chlorinous odor
systems.

Fig. 1 Framework of our research

Field survey on chlorinous odor in drinking water
TONs of tap water samples were determined in Fig. 2 by sensory tests with three
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samples at each dilution”. The TONs of samples 100
with chlorine residual were ranged from 3 to 88.
After neutralizing chlorine residual, the TON
values were decreased significantly in all samples.
These results confirmed that current water
treatment processes including ozonation and BAC
could not prevent formation of chlorinous odor
after chlorination. There is some debate over

®

60 @ With chiorine residual
O Without chiorine residual |~ -

A0 L e
@

e @ @

O. 5

1 2 3.4 5 6 7 8 9 10

Threshold Odor Number(TON)

whether chlorinous odor causes failure in

customers’ daily lives, but the fact that Sampling Point
considerable customers are avoiding direct Fig. 2 Threshold odor number in
ingestion of tap water by sensing chlorinous odor .~ current tap water samoles

should be paid attention carefully.

Chemical approaches to reduce chlorinous odor at water treatment processes ,

Several compounds have been proposed as major compounds of chlorinous odor, and
trichloramine was believed as the most likely compound among them®. It is well-known that
trichlroramine is produced by reactions between chlorine and ammonium ion or orgamc
nitrogen compounds®, Therefore, an approach to remove one of precursors, ammonium ion,
by cation exchanger must be an effective to reduce chlorinous odor.

The removal ammonium ion from BAC effluent supplemented with 100 pg/L
ammonium ion by cationic exchanger, zeolite, was shown in Table 1. Two types of zeolite,
MOR-Na and A4, were chosen based on the removal efficiency in batch-mode experiments.
Chlorine was added to the ion-exchanged water at chlorine residual of 1.0 mg/L after 24
hours chlorination, and then the TONs were also compared. Although almost 60 % of the
ammonium jon could be removed by cation exchange treatment using selected zeolites, only
17 — 35 % decrease of the TONSs after chlorination of treated water were observed. These
results suggested that there were possible precursors besides ammonium ion in BAC effluent,
and that the impact of ammonium ion removal on reducing chlorinous odor was very limited.
Another candidates of precursors vwer'e organic nitrogen compounds.

The effect of removal of dissolved organic matter (DOM) from BAC effluent by anion
~ exchange treatment using commercial resin SA-10 on chlorinous odor formation was also
shown in Table 1. About 10 % DOC could be removed after 24 hour anion exchange
treatment, and the TON after chlorination was also reduced by 72 %. At the same condition,
the TON was reduced by 55 % by cation exchange treatment using MOR-Na. These results :
indicated that not only ammonium ion but also dissolved organic matter contribute to
chlorinous odor formation equivalently.

Now, we are workmg on establishing new ‘water treatment processes with combination
of advanced oxidation process and ion exchange process aimed at organic matter or
ammonium ion, which are difficult to remove even through an existing advanced water
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treatment processes.

Table 1 Effect of ion exchange on removal of ammonium ion and chirorinous odor

BAC effluent +100 pg/L NH4* BAC effluent only

Resin used for Residual Chlorine residual Chlorine residual
ion exchange . TON after 24 hours TON after 24 hours

NH” (ug/L) (mg/L) (mg/L)
None(Control) 100 82 0.889 56 0.869
MOR-Na 40.7 53 1.097 31 0.808
A4 37.2 68 1173 - -
SA-10A - - ) - 40 0.937

Biological approaches for minimization of chlorine residual in water supply systems

The other approach to reduce chlorinous odor is reduction of chlorine disinfectant. This
approach means that waterworks make sacrifice microbiological safety for improving
comfort of drinking water with lower disinfection levels than present. In Japan, 0.1 mg/L
chlorine residual should be kept at each faucet, but many waterworks try to control
chlorination process as higher concentration of chlorine residual, around 0.4 mg/L, can be
detected at each faucet. This chlorine residual level works effectively to inactivate bacteria
in distribution systems. As you know well, however, water supply systems without chlorine
disinfection are established in the Netherlands, with various efforts not only at water
treatment plant, but also at distribution processes to keep biological stability of finished
water . '

On the other hand, there is little information on biological stability of finished water in
Japan. The importance of maintenance of distribution pipes to supply high quality water has
also become recognized only recently among researchers and engineers. Thus, there are
several technological hurdles to establish water éupply systems without chlorine residual.
The first choice that we should take in Japan is minimizing chlorine residual within water
distribution systems to prevent chlorinous odor formation, without any worsening of
microbiological safety.

First, the current AOC levels in drinking water were determined. The water samples
taken at each faucet in Kyoto City contained 59.8+15.6 pgC/L AOC in summer (n=40), and
173.9+43.5 ugC/L AOC in winter (n=6), respectively. The target area was supplied with
treated water by conventional treatment processes. The large difference was observed
between AOC level in summer and in winter, and it was considered to reflect the seasonal
changes of AOC in water resource. Thus, the current AOC levels were much higher than the
level for biologically stable water proposed by van der Kooij®. _

Based on the above results, we should reduce AOC levels in drinking water prior to
minimizing chlorine residual to establish water supply systems without chlorinous odor
formation. The target level of chlorine residual was set at 0.05 mg/L, considering the range
for its stable measurement. Then, how much lower AOC will be required for biologically
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stable drinking water at a such trace level of chlorine residual? Now, we are trying to
determine a curve for biologically

@® Regrown O Not regrown

stability as shown in Fig. 3, which 046 T
represents points that the rates of  J 44 @ /w.,».«’“o"ﬁaﬂ ©

~ inactivation by chlorine became equal Q: 0.121 Oo o, g o 4
to the growth rates of bacteria at Té’o.m 1,; ©
different ~AOC  and  chlorine & 008 / °
concentrations, in batch-mode % 0.06 ::'ﬂ %o o oo |
experiments. ~ This  curve for g 004/ °© e
biologically stability will help us to set ~ © °02}
a target AOC level at trace level of O'OGM -3 200 20
chlorine residual, and to make choices Initial AOC (ugC/L)

Fig. 3 Bacterial regrowth after 10 days incubation

i reassembli water treatment . r=
mn ng © reatme at different AOCs and chlorine residuals

processes to achieve the target AOC.

Summary

In addition to above-mentioned approaches, it is important to analyze possible hazards
and their risks caused by pathogens, especially when water treatment processes will be
reassembled based on new concepts and technologies. We believe that these multi-directive
approaches can help us to optimizé water treatment processes totally in terms of specific
aquatic environment and water quality in Japan.
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in Drinking Water Based on the Amount of DNA Labeled
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Introduction

As one of the indicators for integrity of water treatment processes and hygienic status of water
distribution systems, heterotrophic plate count (HPC) is often used. However, it usually takes 7 days
for HPC measurement. In many cases, water quality management based on HPC numbers in
distribution systems will not work effectively, because water distribution time is usually within 2
days in Japan. Therefore, to quantify rapidly regrown bacteria in distributed water, newly
synthesized DNA during short time incubation was focused on here. Synthesized DNA during short:
incubation was labeled with 5-bromo-2’-deoxyuridine (BrdU), which was a thymidine analogue. The
objective of this study was to establish several conditions for labeling DNA with BrdU or
quantitating labeled DNA using model bacterial stains, Pseudomonas fluorescens P17 and

Agquaspirillum sp. NOX.
Methods

The procedure of proposed method here was shown in Fig.1. To optimize a labeling reaction with
BrdU and an immunochemical detection, the following factors were examined in this study;

(1) BrdU concentration: 10 nM, 100 nM, 1 pM, 10 uM |

(2) Reaction time for BrdU labeling: 3, S, 7 hours

{BrdU fabeling) (Preparation, Immunochemical detection of BrdU) -
iat . e ee——
Addition of BrdU labeling reagent | l Washing with PBS
Incubation | st ¢ o -
nactivation of endogenous peroxidase
Iy n I~
, 20°C.5 b : 38 H,0;. RT, 10 min
Washing and resuspension ) Washing with PBS
Diepensing into microplate wells . Digestion of cell wall
: 2 mg/mL Pepsin. 37 C, 2 hr
Addition of equal volume of 99.5% ethanol C 3 mg/mL Lysozyme, RT, 156 min
} ‘ Washing with PBS
Drying at 50 ¢C : Denaturation of DNA
Dehydrating with 89.5% ethanol Nucleases. 37 °'C. 2 hr
i Washing with PBS
Cell fixation with 4% parafermaldehyde i Blocking with ESA solution
l 4°C, overnight ! l 37°C. ) hr
: Washing with PBS
Addition of anti -BrdU antibody conjugated with peroxidase
37°C.2hr
Addition of ABTS
|RT.2hr

Absorbance measurement
Measured wavelength =405 nm, Reference wavelength =480 nm

Fig.1 The flow chart of the experimental procedure modified based on Hamasaki et al. (2004)
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(3) Anti-BrdU antibody concentration: 40 mU/mL,
200 mU/mL 0.12

-8 1st

(4) The effect of blocking with bovine serum 0.10 .
albumin (BSA) solution for prevention of -
non-specific antibody adsorption Ev: 0.08 |
c
Results and Discussion %: 0.0 ]
®
First, the conditions for a labeling reaction and an g oo4 ]
immunochemical detection were determined based 0.02 .
on relationships between bacterial cell counts on ol \ , ,
R2A ager medium and amounts of DNA labeled 107 10° 10" 10 10 10°
with BrdU. The labeled DNA amounts were P17 cell count (CFU/.mL) :
increased proportionally with the logarithmic values Fig.2 Relationship befween bacterial
of bacterial cell count. So, the conditions, in which cell counts and amounts of DNA
obvious positive correlations were obtained between labeled with BrdU

them for both strains, were chosen as follows;

(1) BrdU concentration: 1 uM

(2) Reaction time for BrdU labeling: 5 hours

(3) Anti-BrdU antibody concentration: 200 mU/mL

4 Performiﬁg the blocking with 1% BSA solution

Then, the amounts of DNA labeled with BrdU were measured under the above-determined
conditions in triplet .and the reproducibility of them was checked. The results obtained using P17
strain were shown in Fig.2. The slopes of linear regression line were quite stable in triplet trials. It
was suggested that this method enabled us to estimate HPC numbers in water samples within 2 days
based on the labeled DNA amounts. However, the slopes of liner regression for NOX strain were
greater than that for P17 strain. Many bacterial species with different growth rates exist in tap water.
Therefore, the determined conditions of our proposed method should be examined for a wide range

of indigenous bacteria in tap water.

Conclusions

_The conditions for labeling DNA with BrdU and quantitating labeled DNA were determined. By our
proposed method, HPC numbers in water samples could be estimated within 2 days. In future, an

applicability of this method should be evaluated using real tap water samples containing various
kinds of heterotrophic bacteria.
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1. LB

19804 LSk, BREIK DMAEDNIE EM 2 ERILT 57D EENMES ) X 7 7Hifi(Quantitative
Microbial Risk Assessment; QMRA)2%# f & 11T & 7=(Medema et al., 2006), &GV R 71k, Bkk
FICEENAREREDOEBRESL, ZOBRIZL > TRERENEE 2HENLHEIND, %<
DRFFE T, HBAKAB AT v 7 OBRE « FELED & 5 RS BEROLBNIFEEREEBEPDRHIC X
STREREND, ERBIHRIZ. T T ey alb—va VLo TEENICFHES NS,
AR T, ZNETOQMRAFFIR CHE SN TELFELMYV AL, AT FTOy—RAF
7 4 O TCampylobacter DR Y 2 7 25/l Uiz, TOH TRt AIRRTROMEMRET —
FORT YT FEZONTRILIZZ LM TH D, DT, FHERE RIS UTTRREESES
FrEITo T,

2. 5 ¥

2.1 WREFKLBE TS 0t 4T o FEMIALET S Waternet D Weesperkarspel {§7Ki5 % 77— A A
75 4 & LTHWIZ, FKiX Bethune polder 2> HBUK SR B ERMAK TH D, EECFEKENEX
4 2 B8HAIZ13, Amsterdam-Rhine canal 7K (ARK-water) BN L CTHUK &b, £ DORUKEILE
MOEKED 5% ThD, FKITET, BE. Ik, REDSBICE > THILE SR D, Jrkilic
BT DB EREREIL 89 H TH D, ZOKITEFFKBIZEGH, A V0, 8k, hDRIEMER.
BE A L » T EN 5,

22 MBMEHET —F 1 E coli 2 &0 HITFHAKT o ADORE - RiEEEZFMME L, £0DR&,
F KT TRIE &Nz Campylobacter \Zxt$ 5 E. coli & DR % i\ T Campylobacter BUZHE T
%, E.coli & Campylobacter 1%, RBEW A, BEWAE, 4V V0BT, FRICERE - RELS
B EMERD LI TV A (Hijnen ef al, 2005; Smeets et al., 2005), FKF E coli BEDT —Z X
2002 4F 4 A5 2004 & 12 A TIZ 46 ERIE S i@z v,

23 F—FO_TY T BAKOE v AOKE - REGEEITER . T4 bi(date method)
Lo TN, FURKERENEZHAKE FBHAKOY I VOREEE T Y 7 Lk
xE - FEREHET D, —F. 77 EFank method) TIE, FAKBE & HAKRE & ORIC
MERHBEZLERETS, 2FY0., HRAKRESBTNERHABRE L&A RV, MAKRE
MET ISR ABE LIRS R LEWVWIHIRETH D, ZDIENT HF Aik(random method) & VD
FHiEbdH D, MAKBELHREAKBEDT -2ty 2O EET VA ACBOIHBLTAT Y VT
45, Smeets et al. (2008) 5 DKREBIE BB, T2 TIRHTA MEL T V7 EEIBR LT, E6iC,
F—Bty NOEBERREARNLIED T — FA NS v Y Y U T ERBABADECGEME L,
2.4 BRE - FEBREANT20MBHTED : fH e LBKGOLE o 2T, ERMEY
DONRY T EEZ NSO, BE—FrK, BFEDAE, V08, BEDARTHDL, 22T
T ORI INOD4ERE Lis, £AT v 7ICBWTC, TV 7EIC L o CGHE S cbrE
RIELEEDSHICH L TCEATHOMEEBIR U, SBER A B%OKIE, BERKINDKEKE
BT 5, 20034F 1 0D 2004 4F 12 A £ THEBRE SNIEF 1393 BOE. coliORIEEIT. 1
B2 (0.2 E coli /100mL) Sz, ZDIIENETRTCO Thol, ZDDrERZM
TAHEDITE A 1y bR —VTITOINTZE coliDBREEBROFER % AV 7= (Dullemont er al.,
2006), 7KIR 13°CLA T D&M T CHIE S iz 6 BIOBREERREME) S, K/IME 4.2 log)o, HAME 24
logio, BKME 2.0 logio%2 B, ZNDHE/NRT A—F LT HZANMERE LT, BRE - FELFITH
LTEZONEPDFE L EICETAINE Y 2 b—y g VEITWV 4 BEOMEBRT o 7 ORE
BREREEZIE L,

25 BV RIFE: E coli®> | HHT- VIBINE (E colilday) 1EAEKTPE. colilRBE & 8K E(Mons
et al, 200N HRHE L, KRiZ, BRIMAKFOE. colitzxt$ % Campylobacter D Ht. 3 (C/E ratio) & AV
C Campylobacter 1% Bt B (Campylobacter/day) \Z # 8 U 7=, C/E ratioll b 3 MBE R E L T,
Campylobacter\Z B3 2 BERISEF V& BWT, 1 BHI Y ORYERERP, (infection person” d')%
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B8 LTc, Campylobacter jejuni® FRBEFISE TV & LTIL, Teunis ef al. (20052 & » TR E -
Beta-Poisson®E7 A3 248, HRESDHER STV B (Petterson et al., 2006)D T, EFE 7 (P,
=1-exp(-0.686xD), D:Fl &) & FiV o, Zh & 0 4ERESE U R 7 P, (infection person” yr )& 51 & L7z,
JFIRHE. colifRE., 4 BRFEDUEAT » 7 KIHEE, CE ratioll R LTCEVTH BV I 2 L—
varETV, ERREREEPE RO,

3. MRLER

3 74 MEL TV I7HBORE : SHEC L > TS NEHATO E coli EE L. EEIZH
ESINTRHKPDOE coli REZHB L=, ZORE, T4 MEOFNREEMELS FMEN 5
HWaBHY, T 7EOHPEEEZ I<HERLTRBVLEE Loz,

32 FMEOHTIED : HAHREDOHER. FAKE coli (I H ~oki, BEEFKIZITu YR
T A VTN, BEWABITIIT A TS, Y ABIZIZIERSH. CE ratio (ZI3d3IER
S EEA LR,

3.3 RARERBLEMBYEER 1 4 DOWERT v 7OREGREEEL RO ER, FRIEIT 746
logye, FHJMEI 6.22 log)o T o oo IHAKF DE. colifBEMIFIELT 0 THHITL b b TH’RE
T 100% L 1TE X T 746 loge (FRIE) OBREEEZETIEHMML TV AAPEETHS, A
HIKHPE. colifR . E. colifEBLE. CampylobacterfE B R, 1 H 1= D OREYHER, ERIRYLMERD
HEEHE A Table 1 1R T, AERBIRILFERIT, EHME 1.68x107 person yr', thif# 3.37x10° person™
yr' BESNT, 4T ¥ TIEQMRAI X » THERIRLFESEMN 1x10* person” yr ' L FTH 5 = LA
RKOOENTVWER, EHEFX I LV KEREL 20T,

Table 1 Statistics estimated in the QMRA

Lower 95% CI Median Mean Upper 95% C1

boundary boundary

Over-all log reduction ‘ 541 7.46 6.22 9.58
E.coli in the treated water (E.coli/100 mL) 1.07x10° 4.35%x10° 1.64x10" 9.25x10"
E. coli dose (E.coli/day) 0 1.24x10%  2.99x10™ 1.36x107
~ Campylobacter dose (Campylobacter/day) 0 1.3 s-x 10 9.52x16° 3.36x10°
Daily risk of infection (person™ d) 0 9.24x10""  6.51x10° 2.30x10°
Yearly risk of infection (person” yr'') ' 0 3.37x10°  1.68x10° 9.06x10°

3.4 RREFEMELNT : QMRA IZR1T 24 THIHE B B L UBAMKAIZETAM & h /- SE R MERIT., 248K,
REBTHEEMEE D, ZTTIIBRICARESHETHETFRENIEAZ LV DY, THREMR
ST ERIT T,

(1) ARK-water® HUK : BUKEIZEM O LKED 5% TH Y | Bethune polder /K & ¥ HiERE TV
Do WAKTDHZDIIEZFDELLT6HASADI » AMITH B, E colilBE X, Bethune polder/k @
175 fFIZFRE L 7= (Hijnen er al., 2005), ERMBRMEROFEFE R % Table 2 (ZR7, FHMEIT
1.72x10° person™ yr' & b hic Ak Uiz ds, K& REBI3IL bRl ho T,

(2) BERD HBIZBIT HEAKBIOBREROEE : kiR 13°CULT TORERER 6 Flizw L, 13°C
LLETORIEFRESRA 3 1% % (Dullemont et al., 2006), Z 4 & 0 F/IME 5.6 logi, B AAE 3.6 log,
KIE 3.1 logx KD, ZNEH/NSTA—F LT HZAHMERE Uiz, KB 13°CULE L 25D,
SA9ORDOERS ry AMICTHD, ZOHMMOBERSBOBRERIIEROBECLENI DL L
2o Table2 £V, FHHEIT 1.01x107 person” yr' & RREH L=, 5 » AR DR o TRED S8
DEREREZ | logiobl LB TZHEREN TS,

(3) C/E ratio : X— &7V V=C/E ratiod LTI, river Meuse CORIEEIZR L TEHE
0.042, FRYERZE 0.10 & b DXHER DA AR E S iz, Thizxt L, WHO Drinking Water Quality
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Guideline, 3" ed.(2004) 23R L7e7 —# M bR/MEE LT 0.001 (0.1%)EBRET 5, —77. BAfE
AT 2 N T O A TOFRER E(Smeets, 2008)% B EIZ LT 1(100%) & 5% E Uiz, FHRIBRLRHE
FOFERER % Table 2 2R T, 0.001 OBFE, EHEIX 6.59x10° person” yr' & D TRV ME L 72
o, —H. 1 OEE T 2.53x107 person™ yr! & K U7z, C/E ratioD 73 Y he R D REAMEIZ K
X SEEBT A LR, KiEKEDEKTDCampylobacter/E. coliE T2t Campylobacteri= £ %
DHLDDRELED DLEENEHNLERHTE D,

4) RBRIGETFNVOEE | BiET V0K Y [ZMaximum risk curve% @ L7z, Table2 XV
EHIERE 2.30x107 person” yr! & 2R K LT, Beta-Poisson® 7 /L& AT 5 2 LTI ¢l g
L, ZZ TR LiCBetaPoissonTF NV EHEA L CRRERLEHE L THh, FHER
4.24x107 person™ yr' & 729  Maximum risk curve T EH#HE 2.30x107 person yr' & ¥ bR & 2 fE &
720, 1LY Beta-Poisson® 7 /L O B IEEY) Trdde v,

(5) TA MELIVIZ7HEOHE 2 TRBEDRD, BEATK, 2EBDAH, 4V AHEOD 3
BEDOBREEL T A MEZRVTEME Lz, REEESFOER & LTHRY B, 74
DTV T FERBRLRVES, 8%, T4 MEEBRATEINLTH D, ET. RERER
DFRAEIL 6.18 logjo& T v 7 IEDFRAE 7.46 logie L ¥ 1.28 logio/h SWME & 72 o 7z, RIS REER
O EHE 5 B (Table 2)1 . EHHE 3.18x107 person yr'& T 7k & HBE L T 19/ b K& 7efeR & 72
o1, QMRAZATIRINC, T—F OBERT VY VT HEERIRT AULENHD LWVR D,

_Table2 Uncertainty analysis of yearly risk of infection

Yearly risk of infection (person™ yr'')

Note
P2.5 Mean P97.5

Base case 0 1.68x107 9.06x103
Amsterdam-Rhine canal water 3 -3
(ARK-water) 0 1.72x10 8.60x10
Removal efficacy by SSF in high ' 3 s 3
temperature 0 1.01x10 3.72x10
C/E ratio 0.001 (0.1%) 0 6.59x10°  3.54x10%  Min. (WHO, 2004)

1 (100%) 0 2.53x10% 2.84x107" Max. (Smeets, 2008)
Dose-response model Maximum risk 0 230x10° 127x107

curve

. .3 .2 (1=0.024, [32001 1

Beta-Poisson 0 4.24x10 2.77x10 (Tenuis ef al,, 2005)
Date method 0 3.18x107 4.72x10™
4. Bbyic

AT OEKEE LY BT —RARF T 4128\ T Campylobacter DEEREGL Y 2 7 HSFHE
ANte, T, LEFIROMEBDRET — & OXT Y I HEIZONWTULZ V7 ERMERTHWD
TEDHEREN, RIZ, 4 0DRBAT v T OBERERO TR 7.46 logi, TFHIEIL 6.22
logyo & - & A7, ERIRRYLRER D EHE L 1.68x107 person yr' & 54l &, 10 person” yr' &
DbRERMELE Rolz, FHEMSMOER, HBAKLBEICRT 2REERICTIKROKEE, K
RS L R ERAE Y DL OB E, MEETEROMENRET — ¥ ORT Y U T HIEORERK
EWVWZEERLE, IhbHEDHEIE, QMRADFHBEDORKEE 2 M LD DICKHEREE, B
LONET 2 LEMERENT —F R L,
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OBE - FECEILER 7/ ML TN s, 20
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BIE SNl x AV, BB O E coli BEEIL. 2002 4 1
BHe 200548 A F G2 9l HIE SN EE HVi-,
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CHHABREDT -2y bEBIBEICY—-FLTBE, £0
BTN BT TRE NELEEHETZT 7 ED
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MEZBWTHL 89 AMOBIBE 527, Bon/BEEER
AKBECRCTHRHAKBELZHEL, HEINIRHKE
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T TEET A MEOFEREFigure 1 (a), (b)IZRT,
CCDF (Complementary Cumulative Distribution Function) &
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TA MEOBAREENMESFMINSEAIIH D Z LMD
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DBRERENHET AL E2H D5, ZHFLABEBORMEDE
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720>, Figure 1 (a) , ()XY, Zo7EOFPEHES
I<EBLTBY., EF LW &Bbhdb, —F, T A
BT A MEE IR REES X, .
4. BHhYIZ

QMRA (251 A1 KMAEE T ot ADOFA - BHAKBEDOT
e ENRT YT HEE LTHT 7 ER > ELEBRTWVS
TEBBLNI R, FITT U 7EEEMA LT QMRA
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1) Smeets,et al. , J.Water and Health,6(3),301-314,2008.
2) (PG, B 44 FIFSHIE,2010.
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Figure 1 E. coli concentration after coagulation

and storage calculated with the non-parametric
model validated by the rank (a) and date (b) methods.
Calculated concentration by the rank and date
methods (dashed) are compared to monitored
concentrations (line and markers). Median
concentration and 95% CI are shown.



1-G-09-4 EBMBRUVRIVFEOBRERFICETIEMBRBKHEREBT—20EE

FARARER TEMRR OF RS

KWR Watercycle Research Institute Patrick Smeets, Gertjan Medems
Effects of Statistics of Unboiled Water Consumption in Sensitivity Analysis of Quantitative Microbial Risk Assessment,
by Sadahiko ITOH (Kyoto Univ.), Patrick Smeets, Gertjan Medema (KWR Watercycle Research Institute)

1. EL&Iz

KT8 DY AN JAT MK B R & LT E BRI A5
{fi(Quantitative Microbial Risk Assessment; QMRA) %17 5
e, ETRET ot R OMEBBET 1O~ TV FE
DWTHRFTLIVHEREYTH B Z L 2RLEY, RKFETI
Campylobacter® &MY 2 % M4 5, QMRATII®E,
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TRTIEEL, ZITHEBERIICOVWTHT S,
2. FHBREMEORTE

SHERE KB OB I n-1E . BRE— Nk (B B FER 89 H)—A&
HED A VLB —RDREM R —BED S8 TH
h, WEHEBIITOR TV, E coli R3EEHED L L,
#HRT nADRRSE « NIECRELFET 5. E. coli 7 -4 2002
FD 2006 FILBLNELORER LKL, BAD E coli
BESTIIIN ~afid b I,

ARG TERMEHON VT, BE—RK, 23 5B,

1)V RRER SR TH Y MBI IS 4 BMET S,

BRIV RBWTIVNEIC L A% - REEICHLTHA %
BIRL | BE—RAKITey A7y o, RERSBIZ47 V5
i, A VREBIRERSHFOTRLBE - REAL logo izt
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4. BhYIC
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Removal of biodegradable organic carbon in drinking water treatment processes, by Yoshihiro Kawano, Bich Thuy Ly(Kyot,

Univ.), Suguru Ishikawa(Tsukishima Kikai Co.,Ltd.), Yumiko Ohkouchi, Sadahiko Itoh (Kyoto Univ.)

1. I

BEOKEVRAT ARBREREHERETLHZ L TH
EHOEBEEEZME L, MEDFENEEEELR ST
WBHLOO, FRICART DI AN RIC L > TREK
BABPEATWE, ZoOMBORRED—2 L LTE
HEZREERICETIRMBED LTV DA, H
B MAEDFHNEERRERTIEDORERRTFARX
LB, T TEME TR, £EHSMEFEY OFM
BIE L L TRMETFTRER B IR F(AOC)A b TN AOC #iTBE
WMEICEHL, AOCRIEYERBRERE D - DMK
MOABEELRTLE. £, BB O KQERES
ERBELTC, BALBRBIEBT AN 0OBRESR
HBIUHEKTFRELR L.

2. EEBRAFE

WERRLELT, BINKREFREARE TS ABKE%L
BELRL. A BKER, BEULE, B4V, A
W, BAY L, ATENRR (BAC), HEWE» LR
Ehd., F7n ARG CEH LAY ELLHh 2 B
KEI TV, TOCB LUV AOCEBEXRE L. £/ AOC
AMEHEONASHEE B L LT, HEE T I KEL
FTRY Y LADEMIZED pH % 4.0-10.0 12 FE L= #
Z, 75°C-121°C T 30-120 55 I O MBVLE 2 4T - - #,
pHZSPHIZELTACCEELZREL .

I HRBLUEE

WAKMLEB o AZEBITS5 TOCBLTAOC BED
AL R R 1 EAT. BALE o 22EkE LT TOC
X 44-55% DD BB ST, LavL, FEAkO AOC
BENE 44 pg/L, £ 148 pg/L THoDIF L T,
MEKILE 3 pg/L, £ 130 pg/L TH Y, AOCEEIK
REHELZB IR, £, AV UCAHE
CHEEFHEBICLY, ACGCEENREMLE. ZThix, B
CIERIC L > TCES TEERDOES TIBEES R
Tied&EEZHND. BAC T —#HIZ AOC BEIZH
LTEWHERRET I LHE "ahTW5., AR
TH, EHICIE BAC THEMIC AOC BREZI R TW
5500, HEMBEICLY AOCC EEMBMLTKY,
AOC OH 7256 F AOC BiIBEMEIR DWW T HHEIRE
TONERSDEEXZOGND. £ T, AOCHIEME
BEOMEFEICEDVWTHREEMZ .

ACOC BiEEMEOMK I BABEHEORFHEREK 1
IR, pH=10.0, 121COE&ETMENE L -RE T
AOCEBENR LM UL, 740 Y &8 F Tomam
BILLY, BEMICILAOC L LTHAEATW AN
ERTFEABDP MK I, AOC BIFEEKEMNF

HRAERBES F B IER SN D LEEILRD.

£, ~HORBTRIEMMEA LSS, TOC BHX

THHEMBEB SN, KFETIE 30 pMon
BULE ZRE L. BE L4 M4(pH=10.0, 121°CT 39
SREMBLE)THEIE LI VKO AOC RiEEH BBk
12120 pg/L TH Y, AOCRBRED 226 ERERT T3
ZEMAEINTE.

£1 ERKRBIOLRATHOTOCELULACREDE L
(24 - BTN TN 2EMEDFHE)

TOC AOC (AOCri7, AOCnox)
(mgC/L) (ugC/L)
£ 4 -3 Z8 B8
Rk 2.05 2.05 148(144,4) 44(36,8)
BEIR®E 170 1.45 67(56,11) 21(13,8)
fityJ# 1.70 1.35 110(72,38) 62(13,49)
2E B% 1.45 1.10 100(80,20) 29(16,13)
®BAVUE 1.50 1.00 125(95,30) 63(31,32)
BAC # 1.15 0.90  133(122,11)  24(13,11)
EREER 115 0.85 130(98,32) 53(33,20)
200 20
1601 16
- 4
~ ~
Q1201 125
2 E
g 3
Q 80 108 2
40 404

30min  30min_60min_120min 30min_60min_120min 0
75°C pH=7.0, 121°C pH=100, 121°C

E1 ACHEMEOMASBRLEEMORHER

4. 4R

R B OHKLE T v AT TOC IXREFRREY
B, AOC DREMBRITIZLA LB IR Mo 1.

« pH=10.0, 121°CT 30 /> MMBLEEKIZ AOC HIE %
T52L 7T, AOCHIBEMEBRE XML .
CEKAE T o RAZRIT A AOC B LU AOC BIEEY
HBOMRERM EVLETHS.

B
BAREZIZHBAWEE DI ARKSOEGHICEHLET.
&5 X

1) Chen. C. C., et al. : Effectiveness of AOC removal by

advanced water treatment: a case study, Desalination,
202, pp.318-325, 2007.
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1. i

HKBRIC B TR, TRRAERINC LB Y A2 & T DI OMBERRIRR T a A THh D LV 5, BIERMN
BT, BREAC L DHERERE 2o TVWDA, HEERMEOR VRROFERS, EREERERSORRE R &b
B, EOMOBTHIEI OV TORI NN TCNA, EEFE L U OMOERFEC L IRFREH ORE LRIz -
WTIE, BRSSO EBIDHEEN & EARV S, SEEAEDEREFRICOWTH, HO7BRREhTn5 &t
BVEER O, BEFORE N AU, R X5 BARERBF L L TORBEIEE, OB 8MISOMRE, ORSROMBE,
OB~ DIERIC L D 2IRAELE LTS, 2L S ICEMICHB SN TN B b0, FiEEHEICHIT D1
{4 & BRI & ORBIRE ERINCRAT LTIV, & D MESRM TAE(L LA mh BSER 2 RE Ch B 0hy, [BliE
WERERFERIETHDON, LV T ERTHIRAREE T, L VREERERY X2 OEMA Biates L3 L.

AHIA BRI L DREREDICRT HIRIEL VR ERMICRIEL, ZhEiREdTsZ L2 BNETHHDTH
L. ETRRBESOAEED L LT, BEEECHIIBEEAY, 7T LARMIENRIC R D IRESE -~ DRSS
HERE LTe. E-iBmEL LU, SERIEEAICAIRY AR L U CEADBIA SIUADT- AN, SLUERINE
BIERIMDAERMME B ERTE LTHR ST B UERICEAR R TR 32 L L L.

2. FEE
2. 1. KBS L BENEE

TRIFEAERD 5 5 75 LIEMASFHIEIC BT 5 bOOREAEY L LT, KBE (NBRC3301 3L X ATCC13965) %\
o, FREOHRAZERFRISHNCT, 37CT 12 BERREER L%, BRLI-ao=—% 23 B2, BEL—7 1078
HL, % 100 mL U BYSEHE GIREKE L CREL-L0?) dir M ES TR ER L. —oXEE
INEOBRBEIIH 105~108 CFU/mML Th-o7z. {HEERTR ONBEORENEICT, UTIOTT SBEOFRIEREHE
ERFHCAV. ENHORHI TR ST ARIEORF S L IRE L. '

DY FFo s VAT (BUF TSA LB : 417 0 EHRBAE S R LRI TR I AR S N5, Tryptic Soy
Agar (Difeo H8Y) OFFEMENEAEER L, BERSRE L b By CllE Lz,

@217 b K54 BC il (UF CEC LK) : ISR THS §-7 17 0 =F—P 3 NI SEHRA
EEND, 22 F RS54 EC (AABE) %M\ CHE L.

@F A% a—VBEEAIEH (SUF DESO LB : SUEMBENOAE, b U< I1yT MM RE LT\
BHEAIEENS. FRAF LA M GEFHLER RFVER, NMEKTIC CHS SO LA V.

TEHMUERE AV ERICBO T, EROBREHIEOMIZ DAPT B L UPT I (WP b Fessss)) ok 5 e
EiRE VT, HBROTEEOAELIE Ui, SETEORNEE () v SABX-51) 12T, 200 {5 TEE L.

2. 2. NELFBHE

AR L DINEL IR T, SOMROIRIEEEANG T 7 G2 GL20, 20 W) %V V-, KBRS EPYE 5.4cm
DONMIMIZ 20 mLEAL, 727 T4 12 em 3B U TR B L=, = O4c TREHZBBET X 2580
0.5 mWicm? Cého7-. BRETT B 5RINREI IIREIRENC X > TR U7, SONBERRHEOBRENT, YUEIHE DR AEHT B 12
D, ERTICB W CREREEEY B RoTz.

TR & S E( LRI, TR UHESR/KIANIK 2,000 ppm (Finex #H3Y) A#UK (Milli-Q /&) &V THARL, 5 mgl
DZBA{CERFR VR Uiz, KBEAIRICFTERE L 225 L OITHEAL, REMEISICEIKL, KBEREPHE L~
KIGEREERERORAKIZBRLTIL, 0.03%FAFBELTS b U 7 AT TR UER A1 X8OS LER 221k ST
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3. ERGRLER

EEEOBE YT, EREEICRVTH, & CT fECORNE LRI T, TSA ik DESO Sl L HMHREDZEN £
LW ETAY AR HEE 1T, A RIS KUY LREUKOVTTHICEVL TS, TSA e CEC
sett o b C DESO B3E & HRHBENE L B 2o TV, ZRBIZNTIS, ERBLUAY VRSO

mﬁ{%%@ﬁmm:%‘l?@: L, 8277 AAMHSROMRETT S / (ml/om?)
B Ao Tele®d, T Y F Lo — MR X D HEITHIZHRAS 0 2 4 6 8 10 12
FxoT ol E LTS, o
B 1SRRI SO RBRTELERE (T 88 @ A
O, BEDLEEREREOR UL bOTHS. SOA5E & R
ML EDERISF SR X 5 = L b o TG O3, % 2 B
FRRERIITNERMT 50O Thole. Bih, BEEEHC u§ -O~TSA
L BF AV, TOMMBEOMTEE ke aEL K D —A—DEsﬂ A
QR Th, MR TE A2 R B THD. EoT 8 4| |O-CEC
EHORHEIZ D O T CE RN I LILE > THL
SRR E A olen SIC XY, EOEHNTEVTHEDRH . ;Mﬁ‘ LB AT (R
BET(NE L ol b EXBNS, K1 R = 20 EE
2 BRI & 5 KIS RIE L 1T - 1B A Ol TSAsEH, ECHiH, DESORSH)
BRI R R LIc b O Th 5. SOMRIRA L it ‘
B2, BT L > TEORERLIZENE T TV, - 0 ) &%%Fﬁﬁ/;nm. ]
B THBON, DESO HHITHAT, CEC SRR 0. s o o
PEL 2o TVBRTHD, ZHIEEFOAY ORI O
£2oTHN, EOMERFIMIITIIR, MBI S 2 A A
B SMROKE ST LB b, M2l # |
i, ML REC DAPUPL BT LT, OB g -
HBRA AT HRIEEIRAREINTVE, 2 THHiR ﬁ 3 | -O-TSA
BB LIl R oo, BT, Bk {—A— DESO 0 o
I SO T CMABRL, ETEoR 3 1 | TO-CEC
FRAESEEENNE T LIRS, S TSA 5 [ T®-DAPIPI|
HORRDORBFRESMERESEDIHE>TORY ) —mepimse (005 mgL)ic & 5 KIBEOTIEL
CovHRan (RIZEH: : TSAK:HL, ECHSH, DESOM#IR ¥

DAPI/PI#:)

4, 1O

BRORREEHRIT I L SRR K> C, TE{UERR LUYSIIC L DB NS LERBF 2R~ &’
B3, BESBELAOTELERSFEALNT, TR T, AV R RRY, MERLERALT, ¥
TIIHIRAPNOBER 2 50E ST BRENMENZ BB D, TEABIESRE RESE DR LORIBE 52X D T L35
LnNE ) Z bl

& bz TR UERORERE IR CIHET 558, RIERC L > CIBFHIRIRICE DT & bNE LS LHE
ENBVOW RO 22> TLE S RS H D EEX BT,

HEE
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Annotation

This study was to compare the removal efficiency of assimilable organic carbon (AOC) by biological activated
carbon (BAC) filtration in three advanced drinking water treatment plants in Japan. The influence of total microbial
abundances and bacterial community associated with BAC on AOC removal was also investigated. Results showed that
AOC concentrations were increased after ozonation treatment. BAC filtration offered high removal efficiency of AOC
Jrom 53% to 73%. The highest veduction was observed in plant A. Total microorganisms on BAC in plant A, B and C
enumerated by DAPI staining method were 4.4x10°, 9.0x10° and 5.1x10° cells/g-wet, respectively. Cell-specific
activity of AOC removal in BAC treatment followed the order of plant A, plant C and plant B. The bacterial community
structures of raw water and BAC samples were investigated by PCR-DGGE and T-RFLP. Bacterial communities in raw
water of all three plants were similar but significantly different from those on BAC. This suggests that community
structure changes along the treatment process. Bacterial community on BAC of plant A was slightly different from those
on BAC of plant B and C. The difference in service time or retention time of BAC filtration might have some influence

on bacterial community structures.

Keywords
Advanced drinking water treatment, Assimilable organic carbon (AOC), Bacterial community, Biological activated
carbon (BAC), Polymerase chain reaction-Denaturant gradient gel electrophoresis (PCR-DGGE), Terminal-restriction

fragment length polymorphism (T-RFLP)

1. INTRODUCTION

Biological stability of drinking water has been gaining considerable attention in the fields of
water treatment and water quality management. Biologically stable water is defined as the water in
which the growth of microorganisms is limited in drinking water distribution system. Bacterial
regrowth in drinking water distribution system leads to deterioration of water quality, acceleration
of pipe corrosion and the risk of microbial diseases [1-2]. Chlorination is not always effective for



controlling bacterial regrowth because residual chlorine decreases with time [3]. It is commonly
recognized that organic substrate is one of the main factors for bacterial regrowth. Thus, potential of
bacterial regrowth can be quantified by abundance of assimilable organic carbon (AOC) in water.
AOC is defined as a part of dissolved organic carbon which can be assimilated by reference
bacterial strains [4]. The heterotrophic bacterial growth can be limited when AOC is lower than 10
pg acetate-C/1 in systems without residual disinfectants [4]. On the other hand, LeChevallier ef al.
suggested that AOC should be controlled between 50 and 100 pg acetate-C/l in systems maintaining
the appropriate level of residual chlorine [5].

Ozonation combined with biological activated carbon (BAC) filtration is one of the major
advanced drinking water treatment technologies. Ozone oxidation can produce AOC by degrading
large organic molecules to smaller ones such as carboxylic acids, aldehydes, and ketones [6].
Although these hydrophilic and low-molecular weight materials are hard to be removed
physicochemically, they are efficiently removed by biological oxidation in BAC filtration [7-10].
However, the mechanism of AOC removal in BAC filtration has not been elucidated yet. In this
study, we compared the removal efficiencies of AOC by BAC filtration in three advanced drinking
water treatment plants in Japan. In addition, microbial abundances and community structures
associated with BAC were characterized since they are the important factors relating to the

efficiency of AOC removal.
2. MATERIALS AND METHODS

2.1 Sampling site selection

Three advanced drinking water treatment plants (plant A, B, and C) introducing ozonation-
BAC filtration in Japan were investigated. Water and BAC samples were collected from these
plants in November and December 2008. BAC in plant A (BAC-A) had been used for 4 years
while BAC in plant B (BAC-B) and plant C (BAC-C) had been used for 1 year. Plant A and plant
B receiving raw water from the same river and operate with the same treatment configuration:
coagulation/sedimentation, primary sand filtration, ozonation, BAC filtration, chlorination,
secondary sand filtration and post-chlorination. On the other hand, plant C receiving raw water from
another river operates with the similar treatment processes as plant A and B, excluding primary
sand filtration. Retention time of BAC filtration was 15 min in plant A while that in plant B and C
was 12 min.

2.2 AOC determination

AOC in water samples were determined according to the Van der Kooij method [4]. Briefly,
water samples were pasteurized at 75°C for 30 min in water bath after sampling to inactivate
indigenous bacteria. After cooling, Pseudomonas fluorescens strain P17 and Aquaspirillum sp.
strain NOX were inoculated into the water samples at the initial concentration of about 500 CFU/ml

of each strain. The water samples were incubated at 15°C for 7 days and then the colonies were



counted on R2A agar by spread plate method. In this study, we used the yield coefficients of
4.1x10° CFU/pg acetate-C for P17 and 1.2x10” CFU/ug acetate-C for NOX [4].

2.3 Enumeration of total microorganisms on BAC

Microorganisms attached on BAC were detached by vortex for 1 min and ultrasonication at
40 W for 3 min. Suspended cells were harvested and immobilized on a 0.22 pm-polycarbonate
membrane filter then stained with 1 mg/l of DAPI (4',6-diamidino-2-phenylindole) for 15 min.
They were enumerated with an epifluorescent microscope (Olympus BX51, Tokyo, Japan).

2.4 PCR-DGGE analysis of bacterial communities in raw water and on BAC

DNA was extracted from raw water and BAC samples by using PowerSoil™ DNA Isolation
Kit (MO BIO Laboratories, Inc., CA, USA). The extracted DNA was used as templates in
polymerase chain reaction to amplify the V3 regions of bacterial 16S rRNA genes. Two primers
(357fGC and 518r) were used for the amplification. The amplified fragments were separated on 8%
polyacrylamide gels (37.5:1 acrylamide/bis-acrylamide) with denaturing gradient ranging from 35%
to 55%. After the electrophoresis at 130 V for 5 hr, the gels were stained with Vistra green
(Cambrex Bio Science Rockland, USA) and scanned with a Fluorlmager 595 (Molecular
Dynamics, USA).

2.5 T-RFLP analysis of bacterial communities in raw water and on BAC

Bacterial 16S rRNA genes were amplified using primer 27f and 927r. The 5' end of 27f was
labelled with 6-carboxyfluorescein (6-FAM). The 200 ng of purified products was digested
separately with 10 U of Hhal, Mspl and Rsal (Toyobo, Osaka, Japan) at 37°C for 6 hr. Separation of
fluorescently labelled fragments was conducted with an automated DNA sequencer (ABI 3100
Prism Avant Genetic analyzer, Applied Biosystems, USA). Fragment analysis was carried out with
GeneMapper (Applied Biosystems). The major terminal restriction fragments (T-RFs) obtained by
Hhal digestion whose relative fluorescence units were more than 50 were selected and transformed
to the binary data (1 or 0 corresponding to presence or absence of T-RF). The binary data was used
for principal components analysis. The composition of microbial community was estimated by
matching the T-RFLP profiles obtained by Hhal, Mspl and Rsal digestion with the database of
bacterial T-RFs through the phylogenetic assignment tool (PAT) (http:/trflp.limnology.wisc.edu/)

[11].
3. RESULTS AND DISCUSSION

3.1 AOC concentrations in treatment processes

The concentrations of AOC in the treatment processes of three drinking water treatment
plants are presented in Figure 1. The total AOC concentrations in raw water of plant A, plant B and
plant C were 136, 69 and 52 pg acetate-C/l, respectively. The increase of AOC concentrations were



