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Hi-Di Formamide (Applied Biosystems) 17 uL GeneScan 1200LIZ 1 pL 95 2

ABI PRISM®310 Genetic Analyzer(Applied Biosystems)
GeneMapper ™v3.0 (Applied Biosystems)

Fig. B.2

RERR I~ —D—%Y

< PR
SN0

- -0
oy N Gy N, oo

~ T

A || —~

IFRHEE NREE T

E — SR OB PR T \

OIBRE . K VA

:

A |

z

PRE SR E S .
v —~J PR
| T W A %
> A
T-RALPZO 771 )L
Fig. B.2 T-RFLP
B.2 P.aeruginosa
P.aeruginosa PVC
P.aeruginosa
1)
B.1 Pseudomonaus aeruginosa (ATCC15442) P. aeruginosa

47



2)

PVC TSB Tryptic Soy
Broth P. aeruginosa 30 24 ® 90 mm
PVC 20 mmx 30 mm 25 1
PVC TSB 25 24
P. aeruginosa PVC 20 mL PBS
10,832 gx 10 PVC PBS
PBS TSA 37 18~24
30~300
CFU(colony forming unit)/mL
3)
2) BioSurface Technologies corp.
10 50 100 rpm 1 10 30
P. aeruginosa
B.1
B.1
(rpm) (m/s) (min)
10 0.089 0, 1, 10, 30
50 0.44 0, 1, 10, 30
100 0.89 o0, 1, 10, 30
4) P. aeruginosa
10
PVC
200 mL 1 1.0 mg/L
DPD
PVC 10 mL
PVC P.
aeruginosa 2)
Fig. B.3
M- $
- - 7J(/}|Lu[uct5/\:r7j- iﬁ;%}go’ 3, 5 m|n
INAT T4 LR 7“[’;@%”% pH 7
rorzn _ [0 g (RS ONR) sERAR 1 OmglL
— 44cm/s (50rpm) ’/1 HCIO
- 89cm/s (100rpm) —
m ) ooy

Pa B8R

Fig. B.3

T H A

10,8309 10 min.

7
/ [
/ /
/ /
/ /
—J

- Q8R4

e

48



B3
NBRCI13965 NBRC3301 2 Tryptic Soy Agar 37
PBS
10° 10’ CFU/mL
lcmx 1 cm 2 mL SPG-120UV

210 230 254 270 290 nm

KI/KI O,
1)
99~99.9 6W
6 mm
0.1 mL
C
T-RFLP C.1
C2 C3
C.1 T-RFLP
3 6 C.1 CT
15 =0.25 min.
C.1
. _ T-RFLP
CT . P.aerulglnoa P.aeruginosa E coli
(mg min/L) (CFUmL") log (CFU/mL)
1
(A-blank) 5.3x10°
-1 (A 0.21 1.6x10° -1.52 4.4x10°
2 (A-2) 0.29 2.4x10* -2.34
3 (A-3) 0.30 1.7x10* -2.49
e T R e S
(B-blank) 3.3x10°
-1 (B-D) 0.13 1.8x10° -0.26 3.6x10°
2 (B-2) 0.20 1.1x10° -0.48
-3 (B-3) 0.28 3.7x10° -0.95
T-RFLP
Fig. C.1

49



1)

2)

8 r 8 r
7 L ~ 7 F
sl £ 6
g st g st
=4t 3 4t
! [y
1t 21t
O M Pk AT A2z A3~ ¥ Bblak  BI B2 B3
Fig.C.1 P. aeruginosa T-RFLP
C.2 Paeruginosa
PVC P. aeruginosa
PVC
P. aeruginosa Fig. C.2
1
10¢
=
£ 0.089 m/s
o I | - S .
G0 | T e .
3 0.44 m/s
o
Q - 0.89m/s
10¢ —
108
0 10 20 30
Time/min.
Fig. C.2 P. aeruginosa
P. aeruginosa
Fig.C.3

50

B &%
0O =269
T-RFLP%



Time/min.

0 1 2 3 4 > °
0 R TP T T T 1
N T -
\\ ...................... \\\\\~ 0'089 m/S
N ~ * s \\’
05 N
= ON0.89mis 044 mis
Z _\4\
3 ‘«\,\\ e
om/ls ~ =~
-1.5 -
-2 b
Fig. C.3
0 m/s
0.089 m/s
C3
Fig. C.4 NBRCI3965  NBRC3301 254 nm
18
1.6 = NBRC3301
14 NBRC13965
S 12
T S —
R
S os
3 06
N.
0.4
.2 I
0.0
210 230 254 270 290
E&x/nm
Fig. C.4 254 nm
Fig. C.5 C.6
NBRC3301

51



W ICKT BB ST EFE/ min.
0 0 60 120 180 240
-l 230 nm
e —— g
#H 2
é "‘\\Z\IOnm
g 3 e
- s
d
N )
Fig. C.5 NBRC13965
a) 210nm 230 nm b)
/ min.
0 60 120

4 8)

Fig. C.6 NBRC3301

a) 210nm 230nm b)
D.
D.l. T-RFLP
Fig. C.1

T-RFLP

Fig. D.1

B AT IR ST H i/ min.

0 0 QO 120 ISO 24'10

v\
4

3
)

%

RS
254nm 270nm 290 nm

log,, E.coli

254mnm 270nm 290 nm

T-RFLP

52



51 _
SFMIBLIC A r=0.99

& i
3

%
i

ot
B

= \;{'[H

2
< . x
S S~ «—— InR = 1.0X In=—1.7
3o (o “
< 2 : N
S S
5 o exp (—1.7)
= 9.4 2 6 s X =U
> 3 R
=
g =
&
- R = Pat’—~{#/ E.colX — 71
= x = PaigimiE
4] u=E.coliziRE
In (conc. of Pa./conc. of E. coli)
Fig. D.1 T-RFLP
[ O O
(P. aeruginosa) E.coli

Fig. C.1
T-RFLP
(P. aeruginosa) DNA DNA
T-RFLP P. aeruginosa
D.2. Paeruginosa
Fig.C. 3 0 m/s
Fig. C.2 0.089 m/s 0 m/s 90%
90%
Fig.C3 0 m/s

Fig.D.2 P. aeruginosa TSA

1.0 mg/L
Fig.D.2 0 m/s

53



CT value (mg min L")
0 1 2 3 4 5 6 7 8 9 10

P.aeruginosa survival ratio (log,, N/N,)

B TSA
50 - ® TSA deso
ATSA
-60 -
Fig.D.2 P. aeruginosa pH7
21
0.089 m/s Fig.C.2 PVC 10%
0.44 m/s 1% 10

044 m/s 0.89 m/s
10 1 100 1
Fig. D.3

e
0.089 m/s
<< &
0.44,0.89 m/s
é
Fig. D.3
D.3

Fig.C.4 NBRC13965 270 nm

230 nm NBRC3301 254 nm 210 nm

DNA 13965
3301
Fig.C5 C.6 NBRC3301
254 nm 254 270 290 nm 3301 13965
270 nm 290 nm
254 nm
210 nm 230 nm

54



NBRC3301 NBRC13965

NBRC3301 254 nm
NBRC13965 210 230 nm
Fig.C.4
13965
E.
T-RFLP
DNA
Pseudomonas 0.1 m/s
90%
0.4 m/s 99 99.9%
2 210 300 nm
254 nm
254 nm

1) Marc-Olivier Buffle et al. (2006) Measurement of the initial phase of ozone decomposition in water and wastewater
by means of a contmuous quench-flow system: Application to disinfection and pharmaceutical oxidation, Wat. Res.,
40, pp.1884 — 1894

1.

1) Kazama S. and Otaki M. (2013) Quantitative analysis of the inactivation mechanisms of
Escherichia coli by a newly developed method using propidium monoazide, J. of Water and
Environment Technology, 11(6), pp.507-517

2.

55



25

0.2mg/L

104 cells/cm?

14.2 (1/day) 0.14 (1/day)

a-Proteobacteria

71%

B-Proteobacteria

105 cells/cm?

29%

Plate Count: HPC
CFU/mL

20 4

59

HPC

Heterotrophic
2000




1.
1 2
15rpm
10cm 10cm/
10 12 0.2 0.3mg/L Run
1 Run 2
100 10mL/
Runl Run?2 1
2.
5W, 2
3.
Assimilable Organic
Carbon AOC AOC Pseudomonas fluorescens

P17 Agquaspirillum sp. NOX
P17 4.1x 106 CFU/ugC NOX 1.2x 107 CFU/ugC

Accuri C6 BD
SYBR Green | / SYBR Green |
Propidium lodide

Run 1 OFF: ZBIERZREFLI-R
Run 2 ON: B BIERZPRLI-H
10mL/min < B spm

7=a5—)77%—(AR)
(23%)

FARE
FRUDL

HRT: 100min

60



61

16S rRNA Terminal
Restriction Fragment Length Polymorphism T-RFLP
C.
1. Run 1
1
0.18
0.24mg/L
1 AOC 36 ngC/L
2
2 3
1 104 cells/mL
2 104 cells/cm?
106 106
:
§105 % 10°
2 = LWH
< ®
gm‘ TR K H
af 10*
H &
A “ o
10% O o} o} lo} 10° >
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days Days
2 3
Run 1 Run 1:
2. Run 2
1
1
AOC 43 ugC/L 20 ugC/L AOC
P17 NOX
AOC-NOX



LW (cells/ml)

4

1
105 cells/mL
2 105 cells/cm?
20 70%
SYBR Green I/PI
6

106 106

et K 3
10° % 10°

ot

=
10° # o0

E

/}ILA* /\ ﬁ
103 O—0000—0—000000—0K 103

0 5 10 15 20 25
Days
4
Run 2:

104 cells/ml

EEE

E3oE

Run 2:

10

Days

@

12

62

15

Run1

20

25

12



1,2)

bulk
A

Xb
Ubiofilm

p

0.14 1l/day

ax
V= QXin — X) + tpupeXV + BXpA

dxy,

A—> = WpioriumXpA — BXpA
mL
mL/day
cells/mL
1/day
cm?2
cells/cm?
1/day
1/day

p

Mbulk 14.2 1/day

71%

~ 10°
§
~
% | |
S 108 > u
o e
ﬁ —ETILHR
S o " = EAE
4
I\
T
NETI

0 5 10 15 20

Days

63

25

(1)

(2)

0.14 (1/day)

Ubiofilm
1/100

29%



8 T-RFLP
4 A B 2 A
18 C 400bp
22 A C
22
16S rRNA 9
Proteobacteria 50% o-Proteo-
bacteria 40% p-Proteobacteria 9% y-Proteobacteria a-Proteobacteria
Rhizobiales Sphingomonadales B-Proteo-
bacteria Burkholderiales
o A Day 4
o B
wo A Day 12
o . 1o0%
”°Z : W Actinobacteria

Acidobacteria

8000 A Day 15

Myxococcales
75%
Xanthomonadales y-Proteobacteria

B Pseudomonadales

4000 A Day 18 Methylophilales

50%

Relative fluorescence [RFU]

Rhodocyclales B-Proteobacteria

m Burkholderiales

g 8 8 g 8 ¢

e ©6 ©6 © © © ©

O =0
> L

" BD7-3
Day 22 25% Caulobacterales
M Rhodospirillales
E2: /B S S m Sphingomonadales GeFrotrobactcria
0 il L H Rhizobiales
0 200 400 600 800 1000 0%
Fragment length (bp) #LAJL
8 9 22
16S rRNA

0.2mg/L

64



1/10

0.14 (1/day)
1/day HDPE

23

AOC
105 cells/ml
3)
PVvC 0.15
0.14 1/day 4)
HRT 14.2 (1/day) 0.59 (1/h)
0.22 (1/h)
71
Proteobacteria
a-Proteobacteria  p-Proteobacteria 90%
Run 1

65



1)

2)

3)

10° cells/em?2

0.14 (1/day)
1/100

o-Proteobacteria B-Proteobacteria

Yukihiro Osaka, Ikuro Kasuga, Futoshi Kurisu, Hiroaki Furumai (2013) Chlorine
resistance and growth potential of drinking water bacteria, The 5th International
Conference on Microbial Ecology and Water Engineering, 12927. [Honorable
Mention Best Poster Award]

2013

25

pp.598-599.

2013

29 p.89.

Bott, T.R. and Miller, P.C. (1983) Mechanisms of biofilm formation on aluminum
tubes. J. Chem. Tech. Biotech., 33 (B), 177-184.

Melo, L.F. and Vieira, M.J. (1999) Physical stability and biological activity of
biofilms under turbulent flow and low substrate concentration. Bioprocess Eng., 20
(4), 363-368.

Liu, G., van der Mark, E.J., Verberk, J.Q.J.C. and van Dijk, J.C. (2013) Flow

cytometry total cell counts: A field study assessing microbiological water quality

66



4)

and growth in unchlorinated drinking water distribution systems. BioMed Res. Int.,
595872.

Manuel, L., Nues, O.C. and Melo, L.F. (2006) Dynamics of drinking water biofilm in
flow/non-flow conditions. Wat. Res., 10, 1016-1027.

67



D

2)
3)

4)

5)

D

2)

3)

4)

5)

6)

7
8)

9)

Itoh, S. Effect of the Ratio of Illness infection of Campylobacter on the
Uncertainty of DALYs in Drinking Water, Journal of Water and Environment
Technology, 11 (3), 309-324, 2013.
2013

60(9), 1-7.
Kazama S. and Otaki M. (2013) Quantitative analysis of the inactivation
mechanisms of Escherichia coli by a newly developed method using propidium
monoazide, J. of Water and Environment Technology, 11(6), pp-507-517
Ohkouchi, Y., Yata, Y., Bun, R., Itoh, S. Chlorine Requirement for
Biologically Stable Drinking Water After Nanofiltration, Water Science and
Technology-Water Supply, 2014 (in press).
Zhou, L., Echigo, S., Ohkouchi, Y., Itoh, S. Quantitative Microbial Risk
Assessment of Drinking Water Treated with Advanced Water Treatment Process,
J. Wat. Supply: Res. Technol.-Aqua, 2014 (in press).

Nakanishi, T., zhou, L., Echigo, S., Ohkouchi, Y., Itoh, S. Effect of
ozonation and ultraviolet light treatment on the microbial safety of
drinking water, Conference Proceedings, 22nd KAIST-KU-NTU-NUS Symposium on
Environmental Engineering, 2013.7.2-3, Seoul, Korea.

Asada, Y., Ohkouchi, Y., Itoh, S. Investigation of methods for isolation and
guantitation of Campylobacter jejuni in water environment, Conference
Proceedings, 22nd KAIST-KU-NTU-NUS Symposium on Environmental Engineering,
2013.7.2-3, Seoul, Korea.

Yukihiro Osaka, lkuro Kasuga, Futoshi Kurisu, Hiroaki Furumai (2013) Chlorine
resistance and growth potential of drinking water bacteria, The 5th
International Conference on Microbial Ecology and Water Engineering, 12927.
Campylobacter jejuni , ,
27 (3), 208-211, 2013.

Asada, Y., Ohkouchi, Y., Matudate, K., Echigo, S., Itoh, S. Structure
analysis of Campylobacter jejuni lipooligosaccharide associated with
Guillain-Barré syndrome in source water for estimating disability adjusted
life years, Conference Proceedings, Water Micro 2013, 2013.9.15-20,
Florianopolis, Brazil.

Zhou, L., Nakanishi, T., Matsudate, K., Echigo, S., Ohkouchi Y., Itoh, S.
Infection Risk Assessment of Campylobacter jejuni in Drinking Water Treated
with Water Treatment Process Reducing Chlorinous Odor, Water Micro 2013,
2013.9.15-20, Florianopolis, Brazil.

JE, WEEER, REERE 2013
, 64 566-567, 2013.
2013
64
pp.598-599.
2013 (E.coli0157:H7)
64 pp.642-643

71



10) zhou, L., Nakanishi, T., Matsudate, K., Echigo, S., Ohkouchi, Y., Itoh, S.
Infection Risk Assessment of Campylobacter jejuni in Drinking Water Treated
with Water Treatment Process Reducing Chlorinous Odor, Asian Core Program

, 2013.10.28-29.

11) JE#i, Infection Risk Assessment of Campylobacter jejuni in Drinking Water

Treated with Water Treatment Process Reducing Chlorinous Odor (

Campylobacter jejuni ),
2013.11.8.
12) .
Campylobacter jejuni , 16

, 391-392, 2013.

13) , Campylobacter jejuni
, 50

, 116-118, 2013.

14) 2013
29 p.89.
15 , w, BRE, O Z,
48 , 2014

72



