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Isolation and Removal Techniques of Harmful
Organisms Cyanobacteria and Virus from

Downstream of Nakdong River

Hong Ki Park
Departnient of Biotechiology md Bicengineering, Graduate school,

Prikyong National University

Busan 608-737, Korea

Abstract

The purpose of this paper is to systematically survey isolation

and seasonal characteristics of blue green algaes and viruses of
the chief harmful organisms in downstream of Nakdong river.
And effective removal method of harmful organism is to found
by this.

For axenic isolation of the cyanobacterium Microcystis aeruginosa,



water bloom at the Mulgum station from the Nakdong River was
pretreated by shaking with distilled water. Removal of bacteria
was accomplished using antibiotics (150 pg/m¢ ampicillin and 25
pg/wé neomycin) and colonizing on CB solid medium prepared
from 0.7% agarose at 30C under 40 xmol m” s' light Among 26
strains of the Microcystis species, only three strains were axenically
established. The three strains were examined by PCR-amplified
165 rRNA gene and 165 rRNA sequencing. The similarities were
99.5 ~ 100% with M. aeruginosa AF 139292.

For the proposal of Microcystis aeruginosa control technique by
coagulants, removal effects of coagulants were carried out using
isolated strain and collected water bloom of M. aeruginosa on
Downstream of the Nakdong River. Both of purified and
field-collected M. aeruginosa were entirely sedimented by the

addition of the coagulant Ceramic-Zeolite type Co 100 (1.5 mg/L)

within 24hr, but Yellow loess (10 mg/L) was less effective for the
removal of M. aeruginosa within 24hr. Thus it was concluded that
Ceramic-Zeolite type Co 100 was the most effective coagulant.

We detected waterborne enteric viruses from the raw water and
tap water in Busan metropolitan city by the total culturable virus

assay of EPA standard method. According to the results of



survey from July 2001 to November 2002, thirteen out of twenty
one in raw water samples were positive (61.9%) for enteric
viruses and all of the treated water and tap water samples were
negative. The enteric viruses in raw water were mainly
distributed through the summer to the early winter, suggesting
the seasonal characteristics of virus distribution in water. The titer
of enteric viruses per 100 liters of the raw water was ranged
from 192 to 970 MPN by TCVA-MPN program. The isolated
viruses were identified as either human poliovirus type [ or
enteroviruses by the immunofluorescent assay.

Water quality and removal of poliovirus have been determined

in a pilot plant using biological activated carbon (BAC) during
water treatment process at the downstream of the Nakdong
River. Most of water quality parameters were highly improved
after passing through BAC. Predominant bacterial species grown
in BAC were identified as Pseudomonas, Flavobacterium, Alcaligenes,
Acinetobacter and Aeromonas species. For the removal efficiency of
the poliovirus type TI, 99.6% of virus was removed by
pre-ozonation, sedimentation and sand filteration 100% of virus
was after in BAC filteration step. In the survey of virus removal

efficiency by ozone, approximately 61.1% of poliovirus was



inactivated by ozone of 04 mng/L within 5 min, and 100% of
poliovirus was inactivated by ozone of 08 mg/L over 10 min.
The important issue in water supply is how to minimize
disinfection byproducts of the same time to remove pathogenic
micro-organism of cyanobacteria and viruses. It will go forward
satisfying  risk  decrease of disinfection byproducts and
microorganisms removal from escaping the existing monotonous

water quality management.
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A1 4
3573 ot FAlol EEstE G35 Microcystis
aeruginosa®] F-dEe] 9@ 16S rRNA §# 4}

2714 QL

Abstract

For axenic isolation of the cyanobacterium Microcystis
aeriiginosa, water bloom at the Mulgum station from the Nakdong
River was pretreated by shaking with distilled water. Removal of
bacteria was accomplished using antibiotics (150 ug/mé ampicillin
and 25 pg/ml neomycin) and colonizing on CB solid medium
prepared from 0.7% agarose at 30T under 40 gmol m* s’ light.
Among 26 strains of the Microcystis species, only three strains were

axenically established. The three strains were examined by

PCR-amplified 165 rRNA gene and 165 rRNA sequencing. The

similarities were 995 —~ 100% with M. aeruginosa AF 139292,

Key words : Agarose, Antibiotics, Mecrocystis aeruginosa, PCR, 1656 tRNA primer
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2]3t7] Hsir vortex, homogenize 2213 lysozyme (20 mg/me)
AelE AIRPERE At

oA AAE AlgT 25 FAAA o) M. aeruginosas] &

Aol dEg PAA FowA 2GHTELS AL = dE F
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T2 zAL7| 9)sbe], A owlekdt M. aeruginosa 10 n¢E multi-well

| 25 500 pg/mt FE=TFA HrbskA

2

plateo] ¥t & &4

ol

A owlokst F owd Al

30T, 40 pmol m” g! B zA0E 197}

A

¥4E 2439t 4 A wRel wE gl MNLC
(maximum non-lethal concentration, F A§&of A&L nA2 Fe
Mol ol Aol Hul¥ %), LCsx (lethal concentration 50, & 50% A
£ AA)¥ %), MLC (minimum lethal concentration, & 100% -5
Az B HelMe Hrwr) v28 AAsIAH

Bgabe] ol M. aeruginosa &S He)slr] flste] AHgE A

8 2= CB vl #lojn, 62 HF 2 133} gelling agents TEHE 4

i)
o
A
o
lo

el g dAde] £ gelling agentd §F 4 a

oy
2
fo
JE
W b

s
o

2

vla dgstgeh d49 Je 7F g offe

O

2

it
]

2 Qerg Fsl CB AAMA G n)el B xUOE 2F F
sfekd F dujdow A FAsAc. A=A (100 me)ol oA
HEsled Y3 zdoz P v &7 wjgdE M. aeruginosa
£ Nutrient agar, Potato dextrose agar®} Tryptone broth agar i

Auf Aol FEste] 30C, 109 F WEFE F A 294%7= H

zHo 7 Flstgry.



small-subunit ribosomal RNA (165 rRNA)e] <3 3l% gene2| <
ZIMEE ol &g EAWHE 535l E2l§ Microcystis T3 H3
9] FY strain R} Microcystisd: 719 homology& <13} 1 =}

sho”

1-4. DNA & 9 A4

T Ao 7 Fel§ Microcystis aeruginosa?] DNAE 32317 ¢
gte], w3 M. aeruginosa A E (2x10°~100)& 6000 rpmo2Z 2
dEuste) FA8lAch o] 5 Lysis Buffer (0.0IM Tris(pH 7.8),

0.005M EDTA, 0.5% SDS) 500 e Proteinase K (20 mg/mé)S 3

of
ol

EX 50 pg/mio] HE% Wi & 42 & 56T ollA 241ko] 4L b

AR wE F 7 Frol F#9 phenold W3 30%7 AL

olo

YA invertingslx?, 30&37F HA)AZth 12,000 rpm, 15%3F 44
weste] F5NE 2AAHA NEE FRZ 7, o7 119
5= % phenol?} chloroform-& #H7}sled & 248 & 12,000 rpm,
15330 24 Eedte 4F5de 42¢ FER2 39 T3
chloroforms- d7}sled 2 42 F 12,000 rpm, 1587 4R g]
sttt A5 dS #Hstd 1/10 299 3M sodium acetateZ 37,

2.5 2] ethanolS 91 1A]Ztol4t A WAt 12,000 rpm, 1027t

A4 Fastal 4H5Ae AAFT 70% ethanole ¥x M Hzl of
% PCR_OJ _;].‘—?'SC:)]_.;E /k}_%—&-}ﬁiu}_f\l).
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=u AgedA Feld dx2ed AV EELdE IS primerd
2 dgAlge go| BEste 5ol primerE #A57] 9atd,
Gene Bank#}oll vfelol= 200 7paje] W zF o 165 rRNAZEEL 1)
w BEA35lY primerE #Asg = ]2 CJM 198F, CJM 1141R
(Table 1-5)2 HWWs g, o] 5 712 2] primer& PCRo) Abg3}
At

PCR ®EE- 4.2 & 100 @ volume {DNA (1-100ng), 10X reaction
buffer, 1.5mM MgCl, primers (CJM 198F, CJM 1141R 2ztz} 50

=

pmol/ ), 5 U/ pul Taq polymerase (TakaraA}l)o] 5 &= 3dlaf PCR

H

=
oEo

S Faslgdrt. PCRE 95C el A 303, 56°Coll A 453, 72°C ol A
45x F¢ A0S ¥HEAA PCR 428 40 PCR ¥h5 Zdat A

A 4AHEE 1% agarose gelol W7] g% 8led oF 943 bp band A

oA P& PCR 4HE& pT7-blue T Vector (Takara })ol]
cloningst plasmid DNAE F&3t DNA autosequencer ABI
PRISM 3700 DNA AnalyzerE o] &3lo] @97/ EE AASIG. &

71 Dol B4 & Gene Bankol 2|g3le] 7)&Ee] g7 YrFE
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BN

Yagie}l Sudoo ol&td Ao M) Microcystise} &2 1L
ol HekSg W WA 2%7p 25~35Te A9 wEALEE (specific
growth rate) 2=025 day'2 A uehdon], w3 wuk ZA
= 70 rpm HEPIOFA} 4=025 day'® A x|udA] =018 day'®n

o 4%l MedoR xAHAG Yy 229 A BEHY ol

49 40 pmol m* sTo M 4=05 day'2 R =

flo
P
lo
o®
.
[
L.
2

o mebA ols FAd o gake wmelshd
A, 30T, 40 gmol m”s’, 70 rpm Zo] T2 ZART B ZA

57 ¥ Aoz ey B AgdME MicrocystisE o] &7

AW Pt M. aeruginosa 775 A& F AdLew,
Me EestAl Zld w2 9 o] ¥
¢t cell dissociation W] A & vortex, homogenize =0 & #gto]
FAHAT. 23 lysozyme Ao Hete] FAHA Uk
tl o] lysozymeo] cell A& A7) 7] Wi+ Roz A7ty
of Rt AIZPE M. aeruginosa 3| <t P/ AT vortex 28 A g0l A
b B 5o Hee] AT e g e (Table 1-2).
AdAA 5 F3 g AE FAs7] 98t 85 F4ER
£ AHelst Microcystisoll = Q&S 2 g yt TS5 A&

spAl Rsle w=E AASy] Hstd Microcystisoll st 7F g4 E
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A% MNLC, LCso 2 MLC %% A#2whe Table 133 @oh 4
& Zabell A Microcystis7h & WAS uERd gAAQ) ampicillin
% neomycin?9] MNLC FZ&E& do] TE  antibiotic cocktail

(ampicillin 150 pg/mé, neomycin 25 pg/mé)S B Aol Hrtsted AT

AA D Fade fAE SjE AEsrh

oBL

ol A A2 ® M. aeruginosa strainES Y HHLE A

A 09 7133 Zoly] st ARl stk A A

o] gelling agent FF2ol we A zAbs DANRA AL A=
2 w5 srde] 4F4 a BFL FHToA FuAd HEE

2 dmslgr}. Table 1-40)A RiEwhel o] agarose, high gel
strength agar, phytagel, agar oz QAL HE o, transfer gel,
dginic acid® AHER TAMAGME e FAHA Wt
agarose®} agaropectin @ % o] 2ol Qi agard} ThE gel52 THY

s <l

& BgEs Fastal

ar

o o] B&Bde BEF A4S Al

= 84 £9) agent AEo| 9lo] o Aol ol FxFre} 4ol

%ﬂﬂ(ﬁmeuwf%éﬁﬁ4%%7ﬁ3$ﬂiﬁﬂﬁﬁﬁkmﬁ
2 Microcystis strain (Fig. 1-1)& A% 2] o] dF & 3~4 pm®] 31

Falo] WEsh wAels guzel Wad el AU M
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6,28,30)

aeruginosa Tk

G5} 5 AFANA T BEeldh 3702 M. aeruginosa straing
22t ¢4 WFste] DNAS #3320 728 DNAS #3032
sled #A43E primer® o] &3] PCRES 334U 1% garose gel
& AHEEte A7 FE & AAZE A 37 25 943 bpel 165 rRNA

¢] bandE w4 AU (Fig 1-2).

14. 471449 &4

olge @rIMeE 48 Hebked zzbe] PCR HE-E A A5}
pGEM-T vector (PromegaA})o}} cloningdla t}#e] DNAE £+ F
Aahel 971D E BAFAT & AT0A FHT 165 RNAZ A}
Botod Fa Eelgh 37§ Microcystis aeruginosa strainol] ti3gh 33}
el |7IME BAA7 3702 sample 257} M. aeruginosa AF
1392922} 165 rRNA F7|M B3 HugS o F3d7F A7 7Hd
7 em  (0.0021-00064) ol S7+el A/ME AEAE 995

100%<1 Zeog selxdck (Fig. 1-3, Tabie 1-7). &8 YTgEad

370 9] sample® NCBIo| 28 Microcystis sp. 5E%9 #483% #
AUAIE ¥ A4, F¥ 309 sampled FYI Tl HOE

ghel= i (Fig. 1-4).
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Fig. 1-1. Typical colony of Microcystis aeruginasa isolated at the

Mulgum station from the Nakdong river (x200)
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943 bp

Fig. 1-2. PCR amplification of the 165 rRNA region of
Microcystis from an environmental bloom. Microcystis
bloom samples collected in Nakdong River.

1: Mul gum-1, 2 : Mul gum-2 , 3 : Mul gum-3
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tgtaaggggeatgetgact tgacgtcatcececacct teeteeggl tgtcaccggeagtet AF139292

61ccttagagtccccaacttaatgctggcaactaagaacgagggttgcgctcgttgcgggac

- ——— - sample 1
—_ ——c -—— sample 2
S _— -— - sample 3

121ttaacccaacatctcacgacacgagctgacgacagccatgcaccacctgtgttcgcgclc

————— - sample

241cgegttgeatcgaat taaaccacatactccaccget tgtgegggecceegtcaat tect t

————— ~—-- sample

——————————— -- T —=- sample

————————————————————————————————————————————————————————————— sample
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301igagl ticacact tgegtgegtactececcaggogggatact taacgegt tagcttcggea

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - sample

——— ST e sample
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601cctgat t tgacggeagact tgge toaccacctgeggacget t tacgeccaataat tcegg

- - sample

- -- sample
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901 agctactgatcgtcgectiggtaggetcttaccccacaactag

Fig. 1-3. 165 rRNA sequence of Microcystis

Nakdong River aligned with that
(AF 139292).

Mulgum-1 sample(1); Mulgum-2
gum-3 sample(3)

_32_

aeruginosa from

of M. aeroginosa

sample(2); Mul



0.0006

0.0013 S— sample1
0.0006
0.0009 ————— sample3
0.0019
sample2
0.0006
| 0.000f—Aeurc
0.0006
0.0003 e ichthyobl
0.0008 }
novacekii
0.0006
0.0017 ———— Wesen
00006
00006 b———viridis

Fig. 1-4. Phylogenetic dendrogram of isolated strains (sample 1,
2 and 3) and 5 species of Microcystis in downstream

of Nakdong River derived from 165 rRNA

sequence.
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Table 1-1. Water quality at the Mulgum station from the
Nakdong River. Values are expressed as average
from four measurements during September to
October, 1997.

Parameter Result
pH 8.6
Temperature () 252
BOD (mg/ ¢) 4.7
COD (mg/ ¢) 8.0
NH"4-N (ng/ ¢) 0.07
Chlorophyll-a (ug/ ¢) 87

Dominant species

HPC (CFU/ me)

M. aeruginosa
(1.08x10° cells/ m¢)

1.2x10°
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Table. 1-2. Effect of pretreatment for cell dissociation. The

result was expressed as colony formation unit (10’

CFrU/mk).
Contact time {min)
Treatment
0.5 1 2 3
Vortex 3.1 7.3 8.2 2.2
Homogenize 6.9 7.4 3.0 0
Lysozyme 0 0 0 0
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Table 1-3. Resistance of M. aeruginosa to several antibiotics. The
resistant concentration was determined from the

dose-response curve against antibiotic concentrations.

Antibiotics MNLC (ug/me) LCso (ug/ml) MLC (11g/mt)

Ampicillin 150 175 400
Carbenicilin 0.3 1 12
Chloramphenicol 0.2 1 4
Gentamycin 0.5 2 35
Kanamycin 5 25 50
Neomycin 25 100 500
Streptomycin 4 18 50
Tetracycline 0.5 2 25
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Table 1-4. Amount

of chlorophyll-a

(zg/ 2) from

the M.

aeruginosa cells grown on solid media prepared with

different gelling agents.

Gelling agent (%)

Solid media

1.5 1.0 0.7 0.4 0.2

Agar 0 0 6 3 0
Agarose 6 19 83 50 3
Alginic acid 0 0 0 0 0
High gel strength agar 2 20 7 10 0
Phytagel 0 15 18 0 0
Transfer gel 0 0 0 0 0
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Table 1-5. Primer pairs used for the detection of cyanobacteria.

Target

Sequence(5’-3)

165 rRNA of Cyanobacteria

CJM 198F 5'-cgatcggtagetggtctgaga-3’

CJM 1141R 5 -cattgtagtacgtgtgtagecca-3’
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Table 1-6. The morphological comparisons of 6 species of

Microcystis in the Nakdong River.

Cell
Species Colony shape Cell arrangement

dia. (ym)

compact, irregularly

M. incerta 11~20  spherical, elongated
flattened

. regular arrangement of
o rectangular, cubic
M. wviridis 40~61 ) ) 8 cells three
subcolonial unit )
perpendicular planes

. loose and uneven
y spherical, elongated o )
M. wesenbergti 1.8~6.4 ) distribution linear
lobate, budding )
peripheral arragement

y spherical, ‘
M. novacekii 22~438 . firm, dense
moniliform

spherical, irregular soft ageregation,
M. ichthyoblabe 23--4.1 p & gs &
compound delicate

spherical, elongated
M. aeruginosn 3.6 ~6.6 lobate, clathrate, firm, dense

reticulated, perforate
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Table 1-7. Genetic distance of

2

and 3)

and

isolated strains (sample 1,

5 species of Microcystis in

downstream of Nakdong River derived from 16S

rRNA sequence.

sample sample sample

Species aeru. wesen. viri. ichthy. nova.
1 2 3

sampl

mpre 0.0000

1
sample

) 0.0032  0.0000
sample

3 0.0011  0.0043  .0000

aeru.  0.0032 00064 0.0021 0.0000
wesen. (.0053 0.0086 0.0043 00021 0.0000

viri. 0.0064 0.0096 00053 00032 0.0011 0.0000
ichthy. 0.0043 0.0075 00032 0.0011 0.0032 0.0021 0.0000
nova. 0.0053 00086 0.0043 0.0021 0.0021 00011 0.0011 0.0000
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A 2 %
S A Al Ceramic-Zeolite type® FEZE ol 83l

Microcystis aeruginosa A A o] 33k AL

Abstract

For the proposal of Microcystis aeruginosa control technique by
coagulants, removal effects of coagulants were carried out using
isolated strain and collected water bloom of M. aeruginosa on
Downstream of the Nakdong River. Both of purified and
field-collected M. aeruginosa were entirely sedimented by the
addition of the coagulant Ceramic-Zeolite type Co 100 (1.5 mg/L)
within 24hr, but Yellow loess (10 mg/L) was less effective for the
removal of M. aeruginosa within 24hr. Thus it was concluded that

Ceramic-Zeolite type Co 100 was the most effective coagulant.

Key words : Coagulant, Microcystis aeruginosa, Ceramic-Zeokite type Co 100
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= BuE 9a Fol geA gk e REsH
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l 2R FU1EdE EEHA FUE
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ojn
lo
f ’Z:
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2
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2] H2]Z slA71 A, Disinfection by-products (DBPs)E 44 2]
e & M otdzke 2z <s] FA 1 A1ES Fstw 3
= ageltt olg 7 ojf 7 Qlaf YFelME HHE o]&F =
F oAlel wgol BuEm o™, Ha 6~8/49o] itk 27
AN &EHA7F ez, d geosimin, 2-MIB 59 ol#Hun] E A3}
phenol 2] fal&do] Fapzoz Aol AqPHo o fsle
AL ohi Fert E ez Addsojdh F8 SjelMx it

%ol citric acid® #7138k copper-citrate™, w2, 222 o

84 2FFAdA6d W 297 BasHE § 3 A7 AYHT
= ol
2 A7= 19874 s 2 olF wE A wEs xdst

W RGYEe B4 AR At 4EY SFAd TF H54

oM Fd=d Hst % A

=l
o
Rl
olr
lo
Hﬂ
ri,.i

T

2] 8 Microcystis
aeruginosast  MEid w4 A A AlEFY M
aerugimosa-s e 2 G A Ceramic-Zeolite?} #E TS5 ALE3]

o] M. aeruginosasl] et S AW AATHL vlw =S

B A¥o AlgH 2FA Ceramic-Zeolite typed SHztdtm 3
Y wg AEHNM =AY o F vl Azx A 2HEd g3
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Al

Hol oz osx g=gPf o

Microcystis aeruginosao | = A AHAH} e R 2 3o
A} sl T
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As 2 WYY
21 FAZH
oA A3 WERE M. aeruginosar HEF g 28 F
FRlollA ZuAog B3 2H52AM CB wjAe)A At &R
o, WekeALe 300, 40 gmol m”s', 70 rpmoF 23 F<r g
aforal At wa Ao M acruginesa A EAFL 1999

379 35 FAg MDA AHAA 33 A ARE

22 Wi A=A 2 oG

A ZFe sk AE CB u] A (Ca(NOs): . 4H0 150 mg, KNOs
100 mg, MgS0;4.7H,O 40 mg, /5 -disodium glycerophosphate 50 mg,
bicine 500 mg, biotin 0.0001 mg, vitamine By 0.000 1 mg thiamine
hydrochloride 0.01 mg, PIV metal 3 af/L)E AM&3tgrh -70TH
=2 REH M. geruginosa TFE CB AAWA] 5 meodl H3E, ul
okg

b3k & ookl A Ae)A] 200 meoll A wieksie] Adel) ARS-SHA

=
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2-3. 3 Aol 2§ M. aeruginosa A A
FHAAN s M. acruginosae] HMAH FE vinsz] dsi

A M. aeruginosa vjeked 200 wE 300 m¢ 822l

rob

s i oF

.-'_{ ¥

CSAA FRE Aol 30T, 40 4

Mo
oY
2
o

BODHol z}z}
mol m” s' P ZAoF Hx|ujokabHal 14 7F 9 24A17F Fofl Ab

= 90 mf 2 3 90 we (HFRE 20 me A L)) B9 AN8E z+z}

b ¥, 7habe d ESolM 1wy M¥sg zAldd =@ @

—

Aol A A A} M. aeruginosa® e ZH 0.7 ujeksle Adsty
c}.

& Hygol AbgH ZHA Ceramic-Zeolite 4%9] YAislake
Table 2-17} Zt}. Ceramic-Zeolitex Age] U591 obAjR e (D)3}
AE (Coe U8E sto] w8l Bdolth. Az WHE 93 A}
YELTH HES 01 mmolsE st FAHZ 2tz 11, 37,
73, ¥ 100% 2 &3l 4o /5 Arg BL Hrtsld] 10
mm THOZ HEFL st} o]= fA] 150~3007 Alo]e|A] 5A]zH
ol d AEF F 700~800CoIA 8AF 24L AT &A4H
Ceramic-ZeoliteE T}A] 0.1 mmolslg @ad & Sxla Aad A}
sttt ¥ Alx o) oste] FAE Ceramic-Zeolited] H4

3% 28 das Table 229 2t}
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2-1. - Awig}
AEE gt AR B3 Ao e olgsta zal (43)=

AL At gRE 29FE} B AL RAY $ee 3

El

22T, pHe= 869 FXE R¢lx, BODE 47~75 mg/L, NH'-N
= 007051 mg/LE SIS noded o) 199%d 793E 19974 2
Y744 2AgE BOD2F NH'-N %29l 26~10.1 mg/Le} 0.02~0.75

mg/ LR U= ok el dgtdog 2804 Gzl wiad

3 TREXE A A9 eyze M aeruginosa 2 2F 97%0] o]

283, 21 9] Anabena, Oscillintoria S-0] =23 HaE o).

2-2. T2 M. aeruginosa®] Ao <3 AA @}

PR =) @—75*]?} —_‘-Sr' 94{'! Ceramic-Zeolite $- Ha 42 015 g 15

me/L SRR A7 Hobdel 147 0 4A7 Fol 439 sz

SHHA @ dekdde AEsE vastdnt (Fig 2-1). 015 me/L
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:u

o
H1
1A
—J' i

1A ZE Folli= A2l vtz glolen], 2441 Fojle

N

g fraw dolubA]l el 015 mg/L RelAe AR gls

Aoz HEpsth a2 108 F7kA 15 mg/L FRelMe HE

b E3Ae} whgsted A7bsle Fed Warl veldd (Fig 2-1).

DCo 119 A& A5 147 F 2441 3 25 964%9] AALES

Hol 1A7keld ol Hr AHEAE B & dv g Yee
o

A
L, ke A 222% AHEES B
bttt DCo 3:7¢ 425 DCo 113 & AL Rgout DCo
L1Rt= AAAEe] o0 (988% AAELE), AFo Hee 24
AlZE Sl MEart 100% 9 AARES Byt DCo 739 Ab=
S IAZE Felle 95.2%, 2407 Bol= 964%9) HAHAELES Ho

of o, ATl Af AALF Fes

rr

DCo 3:7Ht}= A A3
=

&
100% AASE A2 vepgrh 18)x Co 1009 H$ A2d)A

o

12 &, AZelHE 244070 Fol ME57F 100% AAE] 7}
a7t gtk

upeba] Aol 23t M. aeruginosa?] A A A= Co 100, DCo
37, DCo 7:3, DCo 111 22 uelyt) o] Co 1000] 3ol A
Hydroxy apatite & Cas(PO.)’2 wW&3le] M. aeruginosa®] ) oFed
P et vrgsle HdstA &3 AAsy e Aoz 355

o' mela 5 Co 100 pAA RS M aeruginosa A A 714l

_48_



& Hop FAHLd Aoyt ol Fojmol & HoZ AzhE o]z
ol dAf g Bz Aol b wol Algstn ¢ ZED
FHAe 2 el M aeruginosaE Hulokst Tl CB H|x)o] T
& AEFE HEFANZ F A2 1, 10 mg/L R dubEle] 14171
HO2AARE Ao Fo| MESE #EE AR 10 mg/L FEHIME
AARE] Gopra (A, sh3a A UAD e zZtz 764,
70.7% AA) F4¥E sxo W Ao)ETE Co 100 B} e A

°.2 yelsto (Fig 2-1).

2-3. AZANH M. aeruginosa®) @A ol A A &}

FoHeR FeF M. aeruginosnd ol £33 A 2 HFEo A
W 2923 E 2AR stod dae] A8AA Bkt 199949 79 4=
e AT MeEF =2 AHoA 33 A5 AEE gyos
dAstded, oMol =F HEFS M. aeruginosa (92%), M.

ichthyoblabe (5%), M. viridis (3%)7} A8k Ut =24 a =%

T a4 987 we/L (13]), 584 pg/L (23]), 265 pe/L (33))2 1}e
HoEd A 35 BRI 2R Rgdsis e Az
2 @ 4 9oy

FETHA SHA FY FEE M aeruginoss AU 2¥H F
U3 zdow A 147 @ 24413 Fo M. aeruginosa A E
& Fgstel vimstdth A8 dn} Fig. 229} o] Co 1000] &

_49_



Bt

[}
=

0
To

o

LK

¢} H]

_50_



Lower(After 1hr)

I
:
:
|
.

| L

S g § S
(TarQ 1XS1130)AD

f]

D

LO\VC[‘(AﬂCr 24}'[!’)

I . k

(=
0

] = -
w g =

(/0 1 X813

o

D E .

C
Coagulants

- 51 -



400
EIE U Upper(After i)
2
=20
5
oy
5 100+
(]
0 — | o |
A B C D E F
A0 o e e e T
2 a00 | Upper(After 24!r)
&
£ 200 f
100 |
o L .  w—
A B C D E F

Coagulants

Fig. 2-1. Effect of Ceramic-Zeolite (1.5 mg/L) and Yellow loess
(10 mg/L) on the removal of the axenic cultured M.

aeruginosa. Ceramic-Zeolite (1.5 mg/L) and Yellow loess
(10 mg/L) were added to 200m¢ of cell culture. Values
are expressed as average from four measurements
during March, 1998.
(A)Control, (B) DCo 1:1, (C) DCo 3:7, (D) DCo 7:3, (E) Co 100,
(F) Yellow loess
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Fig. 2-2.
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Effect of Ceramic-Zeolite (1.5 mg/L) and Yellow loess
(10 mg/L) on the removal of the field-collected
M.aeruginosa were added to 200m¢ of water sample.
Values are expressed as average from three

measurements during July, 1999.

(A) Control, (B) DCo 1:1, (C) DCo 37, (D) DCo 7:3, (E)Co 100,
(B Yellow loess.

_54_



Table 2-1. Relative content (%) of elements in the coagulant

Ceramic-Zeolite types.

Parameter DCo 11 DCo 3.7 DCo 7:3 Co 100
O 56.71 58.00 58.78 73.88
Na 1.56 0.81 1.89 0.16
Mg 201 1.71 1.95 0.22
Al 4.85 3.51 4.85 0.15
Si 15.23 10.87 14.81 0.37
P 0.03 0.73 0.72 0.03
K 0.70 1.49 0.84 0.33
Ca 17.53 22.86 15.01 24.86
Ti 0.00 0.00 0.06 0.00
Fe 1.01 0.85 1.14 0.00
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Table 2-2. Specification of Ceramic-Zeolite type.

Item

DCo 11 DCo 37 DCo 73 Co 100
Specfic gravity 2.37 2.48 241 2.50
As(mg/L) 0.01 0.02 0.01 0.01
Pb(mg/L) 0.2 0.2 0.1 0.1
Cd(mg/L) 0.1 0.2 0.2 0.1
Cr(mg/L) 0.3 0.7 0.5 0.2
Hg(mg/L) 0.01 0.01 0.02 0.01
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Abstract

We detected waterborne enteric viruses from the raw water and
tap water in Busan metropolitan city by the total culturable virus
assay of EPA standard method. According to the results of
survey from July 2001 to November 2002, thirteen out of twenty
one in raw water samples were positive (61.9%) for enteric
viruses and all of the treated water and tap water samples were
negative. The enteric viruses in raw water were mainly
distributed through the summer to the early winter, suggesting
the seasonal characteristics of virus distribution in water. The titer
of enteric viruses per 100 liters of the raw water was ranged
from 192 to 970 MPN by TCVA-MPN program. The isolated

viruses were identified as either human poliovirus type 1 or

enteroviruses by the immunofluorescent assay.

Key words : total culturable virus assay (TCVA), waterborne enteric

viruses, poliovirus, enterovirus, immunofluorescent assay
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FAEHE o] Bsl] FA3AY (Table 34, Fig. 3-4). 223 137)
dlolzi 2 F 870+ human poliovirus type 1 #} enterovirus® &9l
Hado, 509 AR AMRE FHcMs FAEA gkt ol
AEA AFEdAarE gatez NEAdA] EAHE  coxsackie B,
poliovirus®”, PCR 4HE-& sequencingsled %33  adenovirus,

enterovirus™, T12|1 A A5 YUFE Ao 2 PCRE o] §38ld
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A3 human poliovirus type [ 7 H|$:3 A& Hol: zow

e,

3

- 72 -



\ Yangsan - u

NO2 Z
NO 1 f~

Kimhae

Pusan

TV

Fig. 3-1. Sampling sites for surveying of viruses in Nakdong
river.

(No.1 site : Maeri, No.2 site : Mulgum, No3 site : Heidong)
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Fig. 3-2. Cytopathic effect in BGM cells.
A 1 Control, B : Poliovirus (Sample number 1, No.1 site),

C : Enterovirus (Sample number 17, No.2 site)
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Fig. 3-3. Enteric viruses distribution of seasonal and sampling
station in raw water.
(A : Mulgum, B : Maeri, C : Heidong)
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Fig. 3-4.

Identification of enteric
immunofluorescent test.

virus in raw water by

A : Control, B : Enterovirus (Sample number 17, No.2
site) , C : Poliovirus (Sample number 1, No.1 site)
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Table 3-1. Clinical syndromes

viruses.

associated infections by Enteric

Viruses

Clinical syndromes

Polioviruses types
1~4

Coxsakieviruses group
A types 1~24

Entero o
i Coxsakieviruses group
viruses

B types 1~6

Echoviruses
types 1~34

Enterovirus
types 68~71

Paralysis, Aseptic meningitis,

Undifferentated febrile illness

Herpingina, Paralysis, Aseptic

meningitis, Exanthema, Hepatitis,

Acute hemorrhagic conjunctivitis, Cold

Pleurodynia, Aseptic meningitis,
Paralysis, Rash, Pericarditis,
Myocarditis, Pneumonia, Positive

fatigue syndrome

Aseptic meningitis, Pleurodynia,

Respiratory discase Diarrhea

Pneumonia, Bronchiolotis, Paralysis,

Meningoencephalitis

Adenovirus types 141

Hepatitis A virus

Rotavirus types 1~4

Norwalkvirus

Astrovirus types 1~4

Calcivirus

Conjunctivitis, Respiratory disease

Acute hepatitis, Fever, Jaundice

Gastroenteric disorder of infant,

Vomiting
Gastroenteric disorder
Gastroenteric disorder

Gastroenteric disorder
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Table 3-2. Water quality in raw water from July 2001 to December
2001.

Sample Sampling S2MPling o Temp. Tur BOD Chia

number  sites (day/mofyr) (C) (NTU) (mg/L) (mg/m’)
1 No.1  30/07/2001 85 307 12.6 2.7 33.8
2 No3 14/08/2001 89 23.0 25.7 2.3 78.5
3 No.2 18/08/2001 8.2 294 18.7 2.4 61.5
4 No.2 25/09/2001 9.0 231 13.7 2.9 83.2
5 No.l 26/09/2001 94 230 114 3.0 81.2
6 No3 28/09/2001 69 230 35 12 547
7 No.l1 29/11/2001 94 95 97 4.1 133.3
8 No.3 20/12/2001 88 63 11.6 3.0 15.5
9 No.2 21/12/2001 9.5 3.3 10.5 4.1 185.9
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(Continue)

Samplin Total E.coli
Sample Sampling NplUNg  oliforms y HPC
. time (MPN/
number sites (MPN/ (CFU/mlL)
(day/moy/yr) 100mi) 100mL)
1 No.1 30/07/2001 1800 3 52500
2 No.3 14/08/2001 2500 5 15600
3 No.2 18/08/2001 2100 ND 76400
4 No.2 25/09/2001 690 ND 3000
5 No.1l 26/09/2001 690 ND 36500
6 No.3 28/09/2001 460 ND 4700
7 No.1 29/11/2001 400 ND 9800
8 No.3 20/12/2001 330 ND 7000
9 No.2 21/12/2001 460 ND 23000

# No.1 site = Maeri, No.2 site = Mulgum, No.3 site = Heidong
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Table 3-3. Water quality in water treatment plants from January 2002

to November 2002,

Sample Sampling Residual
Snum l_er time pH Te.?;p‘ 13}11{1 Chlorine BOD Chl-?
( as!;:gs;ng (day/mofyr) (C) | ) {mg/L) (mg/L) (mg/m’)
10 RW  15/01/2002 8.4 4.0 7.6 - 29 787
(No.1) ™  15/01/2002 7. 5.0 0.09 0.5 - -
TW-1  15/01/2002 7.3 6.0 0.10 0.6 . -
1 RW  21/01/2002 77 2.5 18.1 - 32 69.1
(No.2) ™  21/01/2002 6.9 6.4 0.09 0.8 - -
TW-1 o 21/01/2002 7.0 5.0 0.09 0.6 - -
1 RW 01/02/2002 7.2 6.0 34 - 15 6.1
(Nc:fi) ™ 01/02/2002 6.9 0.0 0.09 0.6 - -
T TW-1 01/02/2002 6.8 6.0 0.11 0.4 - -
13 RW  18/04/2002 7.7 17.2 106 - 2.8 109
(No.1) T™W  18/04/2002 6.9 17.3 0.10 0.8 - -
TW-1  18/04/2002 6.9 17.5 0.11 0.3 - -
14 RW  25/04/2002 7.9 17.0 12.2 - 21 201
(No.2) ™ 25/04/2002 6.7 17.2 0.09 0.6 - -
OTW-1 . 25/04/2002 0.9 18.8 0.09 0.4 - -
15 RW  02/05/2002 7.1 15.0 2.6 - 12 120
(No.3) W 02/05/2002 6.7 15.2 0.08 0.6 - -
TW-1  02/05/2002 7.0 153 0.12 02 - -
16 RwW 1070772002 7.3 23.0 8.9 - 22 421
(No.1) ™  10/07/2002 6.7 231 0.11 0.7 - -
TW-1 10/07/2002 6.7 26.2 0.11 04 - -
17 RW  20/08/2002 7.8 23.0 20.3 - 1.2 34.3
(No.2) TW 20/08/2002 6.8 24.0 .09 0.7 - -
O TW-1 20/08/2002 6.9 245 0.09 0.6 - -
18 RwW 22/08/2002 7.2 22.0 7.3 - 0.8 7.2
(No.3) ™ 22/08/2002 69 22.2 0.08 0.7 - -
TW-1  22/08/2002 69 23.1 011 02 - -
19 RW  04/11/2002 7.4 125 8.2 - 29 58.9
(No.2) ™  04/11/2002 6\9 125 0.11 08 - -
TW-1  04/11/2002 6.9 13.5 0.12 0.2 - -
20 RW 21/11/2002 7.4 i1.0 9.5 - 29 736
(Nho 1) TW 21/11/2002 6.7 115 0.08 0.7 - -
OOTw-1 21/11/2002 6.9 11.5 0.10 04 - -
" RW  26/11/2002 8.0 9.5 10.1 - 1.3 10.1
(No.3) ™  26/11/2002 7.2 102 0.11 0.6 - -
TW-1  26/11/2002 7.2 10.2 0.11 0.5 - -

_80_



(Cotinue)

Total

Sample number Sampling time coliforms E.coli HPC
(Sasrﬂgsl)mg (day/moyyr) {BGI,LNL/) 1%2{/) (CFU/mL)

RW 15,/ 0172002 10 ND 15000
(Nlc? " TW 15/01,/2002 ND ND ND
TW-1 15/01/2002 ND ND ND

1 RW 2170172002 200 ND 34000
(No.2) W 21/01/2002 ND ND ND
TW-1 2170172002 ND ND ND

RW 01/02/2002 17 ND 1600
(1\}53) ™ 01/02/2002 ND ND ND
TW-1 01/02/2002 ND ND ND

; RW 18/04/2002 2400 3 21000
(No.1) W 18/04/2002 ND ND ND
TW-1 18/04 /2002 ND ND ND

14 RW 25/04/2002 700 ND 25000
No2) ™w 2570472002 ND ND ND
TW-1 25/04/2002 ND ND ND

15 RW 02/05/2002 430 8 5600
(No.3) ™wW 0270572002 ND ND ND
TW-1 0270572002 ND ND ND

16 RwW 10/07 /2002 8100 300 19800
(No.1) ™ 10/07 /2002 ND ND ND
TW-1 10/07 /2002 ND ND ND

RW 20/08/2002 450 ND 34000
(N](ZZ) ™ 20/08/2002 ND ND ND
TW-1 20/ 08/2002 ND ND ND

RW 22/08/2002 120 ND 10300
(N}(? 3) ™ 22/08/2002 ND ND ND
TW-1 22/08/ 2002 ND ND ND

19 RW 04/11/2002 430 4 84700
(No.2) ™ 04/11/2002 ND ND ND
TW-1 04/11/2002 ND ND ND

20 RW 21/11/2002 390 10 39200
(No.1) W 21/11/2002 ND ND ND
TW-1 21/11/2002 ND ND ND

2 RW 26/11/2002 170 2 11000
(No3) ™ 26/11/2002 ND ND ND
TW-1 26/11/2002 ND ND ND

# No.l site = Maeri, No.2 site = Mulgum, No.3 site = Heidong

# RW = Raw water, TW = Treated water, TW-1 = Tap water
# HPC = Heterotropic Plate Count
# ND = Not Detected
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Table 3-4. Identification of enteric viruses in raw water from

July 2001 to November 2002.

Sample ] epe 4

Number Sampling sites Identification
1 No. 1 Poliovirus type I
2 No. 3 Poliovirus type 1
8 No. 3 Poliovirus type 1
9 No. 2 Enterovirus
10 No. 1 Enterovirus
12 No. 3 Enterovirus
17 No. 2 Enterovirus
18 No. 3 Enterovirus

% No.1 site = Maeri, No. 2 site = Mulgum, No. 3 site = Heidong
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Abstract

Water quality and removal of polio virus have been determined
in a pilot plant using biological activated carbon (BAC) during
water treatment process at the downstream of the Nakdong
River. Most of water quality parameters were highly improved
after passing through the BAC. Predominant bacterial species
grown in BAC were identified as Pseudomonas, Flavobacterium,
Alcaligenes, Acinetobacter and Aeromonas species. For the removal
efficiency of the poliovirus type I, 99.6% of virus was removed
by pre-ozonation, sedimentation and sand filteration 100% of
virus was after in BAC filteration step. In the survey of virus

removal efficiency by ozone, approximately 61.1% of poliovirus
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was inactivated by ozone of 0.4 mg/L within 5 min, and 100% of

polio virus was inactivated by ozone of 0.8 mg/L over 10 min.

Key words : Biological Activated Carbon(BAC), cell culture,
Integrated cell culiture - Polymerase chain

reaction{ICC-PCR), poliovirus, ozone
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o Al vlE Sl iEk wAdol FE Aty 548 AU

vpole)27h A F Aol HE2EHA G ALds dEE vheAol

—

=} stk As AAlel ojeigh AxmATe] ghAH A4S A
Qbsted HelFeo] AmATS HAsled He]s& @dHstA odu 7}
A iAol A3 FR PAES HAE £ Uve AR A=A
E FREE doof ot A Il FFFedM 5T Hrbs
CT (A%A] FExHEANY 2oz HEEY, 2 %2 niE 5
E= CT ol nidske] x5 gafo s Hadts 545 e
th ol CT g2 Ao s e asAY $57, &, pH

, Qe A] gAdsldol Bt Ba £EFe )

(Environmental Protection Agency)®] A #4 A2 (Surface
Water Treatment Rule)o A& A H 4 v Adtre] s @
~EEo ofs] MCL (Maximum Contamination Level)Z 4 7]& 4
o2 2FGEHEY FxE st oeld 45 AHEske A7)
=74 (Treatment Technique)s A3 F#A ulolgiAE HFA e
H#AA 99.99% (d-logs) AAH, MCLG (Maximum Contamination

Level Goal)s “B 72" i “0708 s 2 3 70]xe] uholals
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M EEl olabskAlEl (granular activated carbon : GAQC) F-Fel A
CAC 344 & A} AE&5Hd0z 33 Axp, GAC XWH 2%
VA YA (aggregation)] 9B WEHH P NGO olF
af &K 7]8k4 (dissolved organic carbon : DOC)7} A H ¥tk
Hauzh deid g olHs MEHAE (biological activated
carbon; BAC) ZAol#h1 stedl™ Rk 5o mE o I
& Y8t &9stn Aok Eg, 7 ARRE Y e g4 A

of Bla] 10w o] MIFE 7HAT U= TE AFME AHE

ZHoz ©oEyolE Aot 200120023 A FHARA] Al
A v FEE gk vlolgx BAEAY the A3 zALE
3 Yol M vholal A7 1.92~9.70 MPN/100 L7} A& 53 A

9 FERANNE BT $HE B¢ MW v Aok @by 35

r[r

Aelgy o= @AM nlelpArt AAHEA L] GRS FAb)
A Bastck Pzhsjol A

geba) 2 oyt RAA HEga £stn i YA F
AL %43 pilotplantE ol B3lal A:F AW SAwslel AR
BEE ZAlsld MEGAe AT andRE nA Hr}
star, FARAl el b ol AEEHE Eevlolds

(Poliovirus) & the 2 Ayajn] FHYEE volgl: AARES £

Astgeh ma @A Sl YEglM ASAZ Ages e oF
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4-1. Pilot plant % 3]

B o] AEE Pilot-plant 23 A 2= 7]& 74 A 25l

L

oh

Mod gaAe] o] AgEdn, 2] d- % A9 BAC

&

B7e Aadog ddsigon| (Fig 4-1), BAC $492de

o

Table 4-13} o} A5 F584 sFAFHS) e HA+-Fe 135
2 AH83lH R, SAAEE PSOM (Polyaluminum Sulfate Organic
Magnesium)-S AFE-sH . g 2 HPGA 9 IFEAAEs A

2 MebA (F-400, Calgon) AAiere|m] ojapzef Zle]i= 25meolll

e Adere] B4 3 Table 4-29F 2t}

10
=3

eEAY AAe oo A QAL HeFsAE olEFe] 2

o

o

71t b2 s Ad3t] AL (Fig 4-2), LEHA7E &
715 AHgste HA e 1A e g ARl ozoniart A|lFE (Lab2b)S-
AFESEAE. 2F AF2T %0 1om, 4% 01me] of=d 9F e,
A 71EF et 5000 PFU/mee] poliovirus type MME HEg 5 Lo
$48 oF P23 A T oF TR TS welsel A%
Atk F71E 4 L/mine] IS F7iFEEs FAAZ0H, &0

ke 01~08 mgOs/L air®m A mga|zlch 1y 9F FQle

...90_



& HEAGI MRS PaE olgute] oy Aoz ANFHET

0.08~64 meOs/L o WAZ el

LEEHmg O/L air) <57 1L air/min) X HEAR Kirin)
2 &5 (L)

LETFU H(mgOs/L)=

FAJNA FFe] Ay F 13, FAdel AAF 2 gud 52

WEBHG R we FazA 3B osgH pae

Standard method™ ¢} Y2 AT Ao wgron, o] ulsh
BAEE 9 wWo Table 435 20k ulME R0l ZUAAFL
(Total coliforms) % A+t (E.coli) A% oy S o] &sle] 4

Alstdos, Hldet FH5AUEMT (HPOE RA agar (Difcorl)

okt

el A)ell Alg 1 mE T3 3 25C vkl A 1497 v okt

A4 colonys AlFstdd.
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4-5. A3t BAF =%

Faof okt A« gk (biomass)2 BACS 5% 1g

71 3 &3 22 (3 min, 37 Kk 190 Wysled Hl78 =g2)A7] o
2 RoA agar (Difcorl) Hau] Ao A8 1 piE dAFCZ 34 &
de 25 T oM 253 kst 5% 1 g9 colonyd
g AEsE AT wg WA Mg Ay Asssl st
o BAC? $F% 1 g8 A2 F 259 A (3 min, 37 Kk,
190 W)ste] Mg g2e2]A17]l AR 1 s 33l sudan blacke 2
viz] AME polycarbonate 2t (022 m)el) g obE 0.05%

acridine orange® 53+ dMste] 333 w4 (Olympus, BH-2)2.

2 FAErE FYSHET

BACH  FAE Ao A4k (bacterial  production)£-
’H-thymidineo] DNA®] Hojrl= Ax 2 palgot™ Wz 7Ax4)

7 BAC 3% 1 g& 253 st Aldg @9zl A8 2 m

oy

o] 200 nM [methyl-"H] thymidine &<} (specific activity : 40~50
Ci/mmol) T m¢$} 200 nM cold thymidine §< 1 atE H7igh ¥
WEF "leErio) A in situ 2O F 447 wketg e ATP &< (25

g/ 2) 100 z0¢k 1 N NaOH 2 w2 #7bsbad 100 CollA} 1417 &
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ot JtEste] DNAE &35 & A WzhA17]3 3000 rpmofiA] 10
w8 {4 B2skEn. 445N 1 meol ice-cold 10% trichloroacetic
acid 5 mtE F7bsted whE& FTRAIZ 1R HE dA4AM F
0.22 ym membrane filter2 GilstHTE o] AR E viald Y32 HZ
Azl F ethyl acetate 1 m¢®} 10 m¢e) scintillation cocktail
(Aquasol-2, Packard Co)& %o} liquid scintillation analyzer (HP,
2500 TR/AB)Z Wb S S48y, o]zl DPM (disintergrate
per minute) ZFO. X E} Parsons ef al™ o] 2& 22 o] 23
incorporation® thymidine] %2 AAtslgot 44 Hadss 23
A4 2.0 x 10" cells/mole thymidine2 o} £3}¢31%, gtAgo 2 o
A#olE 20 x 107 g-C/um’e} A MAY B4 HF 4

el 0.0865 pm’/cellS F8 173 x 107 g-C/celle} #3&S AR

st

22d"H A& API 20 NE Kit (bioMerieux, France) 2 A}&}3l& 2

35 A8l Bergey’s manual®] EFAAl wel & Zo w7t
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4-8. FALAA AV w &

AE g YA Bdel 2R Ausg dFEsts]l A FAR
A& v (scanning electron microscope : SEM) #4-& 712417
BAC A5 10 m¢e) 2.5% glutaraldehyde -&< (in 0.1 M sodium

caccodylate buffer, pH 6.8)% H7}38e] 4Tl A 2435 A 14

3 & 0.1 M sodium caccodylate buffer (pH 6.8) 10 m¢2 A 514
2 e Fz2dM AAgd 1% OsOs &9 (in 0.IM sodium

caccodylate buffer; pH 6.8) 5 m{E #7}ste] T uA4AZ F GA
0.1 M sodium caccodylate buffer (pH 6.8) 10 m¢2 H-2A A}y
sty c1elm 2+ 10 weel 30, 50, 70, 80, 90, 95, 100% ethanol

Zbzte] el 108 2aA £ SEM #9S A sk

4-9, n}o} ] A stock FH|

A Aol AFEd wlely iy X2l viol#{ 2 type MOo2X
SHEAA TN EoF wokc) wpele 2 stockE 2AsH7] H 8l
FH 5o M EB|Y Feb2d i Ygt Buffalo Green Monkey

kidney (BGM) Al Eeo| 400 wo] nleo|ei~g HFolo] wiolel F

s

[

g 98 208 HeR EEo Fu wjdrldA 08T HAT

% 2% Fetal Bovine Serum (FBS)7} &% MEM/L-15 wj A& 4
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S BEsrh wlold A% PEAYID 3UHE AU F vhole]
2% A7) 9t L000x gl A 583 f4lRe stel 4Ede

M Fon Wolls pellet2 0.15M phosphate buffered saline

i
a°
tlo
w
Jot
oI

(pH 942 AAerstgdrt. 70T 365T A L} 2
Hato] wpole]l =& &2 A7) F thA] 1L,000xgel A 53t A4 e

ted deds #Hdl Mg AsAn £tk E3E vholy

ol

stock2 1 m¢¥ vialol] go} 70Tl B3}

4-10. vjola)l 2~ R

ulola 2~ ko= Plaque assayH-S AHE3IATH (Fig. 4-3). 9ol
A wpolEl 2 stock S TAEZ 10w} 84Sty 6-well plateo]
nlEl s gt BGM MEo] HE3 F 14170 B¢ F2A7 F 2%
CMC#} 1% FBS7} sh48 MEM uj A& H7}slo] wlolelx #¢lS
DA AT 3Y0 vk & H, ABAE plaqued] ZiFE Mol mid

Hlolg] 2 9] 42 AAsET.

4-11. nlolg] & 458 FAF
sholdes F48E SANRY FHAR A2 IS olgatd 3

AAS AT WA PR W9FE Toxzad 706 33 2

Yok

G- 40 LS @ oF 200 PFU/mé 59 oF%3l Zgloulelejs A

=

i

R

g Al 1w ArbEEth @ £gAz) AmE g

I
T

F
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o] £3le] 1-MDS filter {CunoAh)7} S0 v BEFHHAANZ 53}
A# olapsigint. w3, SAAMER 33 FRT 40 LE Edd E9
zzgd §7)d Yol ¥4z ¥y wdshl FHAZACG oA

71 1-MDS filterE & s okA] wpolejx AW we} =8 3~

oE
rﬁL
oZL
e
&
™

4] 7ol wj¥® BGM Mol zzh FEAIAH ME

ot

Cytopathic effect) o]5% 3zt

e

% MPN program2 o] &3l 4

A2

mim
N{x

412, A5F Q4 vpoll 2 AAE A
8o 33 284 30 Lol npolelX stock 1 mé (5000 PFU)E 3
7baked 3 me/min A2 DA SolvtEE HYFPEIE o] 85

A5 FYxol Fatdrt Als A5 vl= EPAL) ICR 3 &35

rir

o Al KT IHAXNE 2ol Agdc AR A5

£

1-MDS filterE o] &3} -1 &2 200 L~300 LS A -
- Fe& - BAC 4 181 HHE 1600 L o]4g osiin
B oAFe AL H filter: %ol A negative chargeE =11 & vf

ole} g T3 FFo RE #7IEFE FHE 5 UxRE Axd

Al ol= EPAS] ICR oW 2 #3RAM 33 EEAZ e
Fatod Fgsigd’”. 2 FEsb e AFPL (peristaltic

pump)E ARR&ed 50 mM glycineo] 2H{-% 1.5% beef extract £+
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o (pH 95)2 o1 A7} Aa% Housing filtert] 2 Yol Yol 1827}
AAAIZE & 33 wkrEsted A7 WA 28E EE5d pHE
70 ~7582 £AH3xn 1 M HCl=Z 35+012 =A%t A& A 30

_i;__
A4 owRiAA FHAHEL A w75 FAdstin. g8 dEs 2500

s

Xg, 4T 158 A4 an F5dS AAT F 015 M
PBS (pH 94) 30 mE H7Ig £ &4d3] &A1 e A=

& 7000 xg2 4TColA 1083 el g F, 5w #Hslod 1
M HCIZ pH 70~758 ZAsdct vlAE 22E& A sl
022 ym E3t FEE o|&sl 45AE At AHAIzl 45
NG 3~6U7t vk AAEMY Bt (25e)2 BGM AL F0]
HEsad. Az 2 dduzye 742 015 M NaHPO, -
7HO (pH 74) #9437 23519 poliovirus type MS 015 M
NaHPO; - 7H,0 &Aooz slMste] Az JTHa FdstA AT
stk wiakr|ol A BGM Mol Alg2 F2A7)Y 158 tAdoz
WGE7IE R A TR HED AT IR A F
FEE2 sttt HE 801208 F AlE wikZelszo] 2% FBS
7} &8 MEM/L-15 v X & B3 & 14 vkl Az

AL BAEETE A - HQELE 100 L, ™4+ 300 L, o5

i
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413. EF Y vlol# 2~ A AL A}

WA ARE 3% £F5 5 Lo Agap® vlolel A stock 1 m

fEl

(5000 PFUYE #d7tste] zAlsldch 24 H 32 54 5 L8 o
2 w@A7I 2F BT (generator)E AL R

o YA FANA AlEG AEE e

21
2
to
ri
(2
=3
o

o HEAZI S L ARE 48 qadAg o8ty dnsigot A}
H AH#AE FFlA negative chargeZ =1 ¢l nwlojel A9
Z}A 7} positive charge® o]0z gl
0.22pm membrane filter (Hybond-N", RPN 303B, Amersham
pharmcia bioech.)® o33t 2 o= & 1 Lo 50 mM glycineo] &+

5L Zapaze] 24 wol 30

r

¥ Beef extract (1.5%)¢] Eojgl:

= Eet WWAlA oo Fabse] gle nlolY s gAY @
2] %o Hg3FLe  Pilot-plant FF5FE AALTEH =Y}

TEA TEYE ol 8std HElsldon, AR o2 KI 9o

2 Zgstgoh 4¥e) 8" BE 2x Pk 01% drgdos
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4-14. Al EW) <}

nholg) s wjekelle IHBHAFHAAM G- BGM (Buffalo
Green Monkey kidney, passage 135) M ZE A}£3lth BGM 4
F2] wjUHE  penicillin-streptomycin &£ amphotericin
(fungizone) &2o] &35 gAA 2 10% FBS (Fetal Bovine Serum)
b A MEM/L-15 wiAE ARgstgnh AlEe] Ade A
monolayer7} A E BGM MEFE wickr]ola 7Auo] i FE-7]

A& -4 A AT F otrypsin-EDTAE A ALul & 71 el

Skl 2

i

AR (F 10m)-& Wil 37T, CO: W7ol 58 A= WA st

slo

-

oy

o

BGM A Ego| wjergrlel wpetel N ghde) ol A

R

-

3t

il

nx

el

>
M
&
or
=2

2

F wolx AEES 1,000xg 1087+

i

= A)
QT3

1=

o

op

Hy

=

=

i
Ho

FEde AMEe] AAND FHY HEE A
a3 & A Zujer ZgAa (5ol EFEske 37C, 5% COx9

s F 7)ol A B FE Tt

4-15. ICC-PCR (Intergrate Cell Culture - Polymerase Chain Reaction)

Hlol 2l H2 -8 913 primers poliovirus genomeE 50]4 07
AT £ Yt 5 NCR 389 47148 A&ttt (Fig 44,
Table 4-4). 1, 2z} AlZujeke} 200 wE 500 weol GT (5M
guanidium thiocyanate, 50mM  Tris-HCl, 25mM  EDTA, 8%

2-mercaptoethanol) 2} 41-2 %, phenol/chloroform¥} &2 RNAE F



=5l RNAS 70T oA 3870 7tdste] HAAZ] L,

m\'-

Faho. 23
e FRgE cDNA SHEHE (5x ¥ @F, 3mM dNTP,
150pmol  reverse primer (PEV-R), 250U M-MLV <RAALgA
(Promegarh}& o 37ColA 1A &9k Sdstdt. B5TAAM 55

& Eg shstel Mee FPA 98 PCRS 9% FHOE AME

tiio

tgdch PCR ¥rgolo & 100 @ [cDNA, 10x ¥He gh3=od 15mM
MgCh, PEV-F, PEV-R Zz}z} 50pmol/d, 5U/ul Taq polymerase
(Takarar}), H,Olo] ¥ &tod PCR ¥reS 4339ty PCRS 9
5T A 30&, 56TollM 45%, 72CollA 452 %ok 40H g HHEA)#
PCR AHE& A%t PCR ub3 Ax AW 228 12% agarose
gelol #7199% stol 304 bpel PCR #29 F4 #7% #AF F
Hrdom ol F¥eg so Wi ot primers gl

nested PCRE A Alste] 309 bp HEo] AEAHS 2l EIst

= 100 -



Mg dve Table 459 2tk W57 A eF AzoM BAz

ARzE AH F exAel 34 @Al ol=w, oln HE -
KMnO, &v% - 244 ol @t B 712 9ol vls) 97.4%,
731%, 71.8%9] AAELESL Hgomn pH, NH'-N 5& Ao w3}

bogiE Aoz ushdth pAe @AQl BAC REFE F 0FH

2 SANAAA AARA Gk NHUN 52 =ghad ng o=

=

Sol Aol AP @ 5 g9k W FURAAT BAC o3
B0 olzm felHE §7183e AdsAl F3m Axsel o
stel AAGE Aoz Juiwth 1oy o5 $AEA 95 3
4o Auige A5 Aol weh Aol wg gler, GEy
Bre) B MEEFAECd A% H9ds F A Microcystis
aeruginosa, "5 ] Stephanodiscus hantzschii ol 2|3 g FAHLS
2 pH, NH':N, BOD 59 w=7} Ade] mel o2 vehe

Acg Hug v dob? B el 2R Felw WG e

of AP EF HEe) G FOE e el vs) 959 3
e Adnos Fud Ao vehduh
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42, AR BADe] WA EA 54

BAC #&49 $H£du%Mme F7r 15-30 x 10" CFU/m =

BACe] %a® AMae 4HMFe Avzgoz BAC o3 HFoA
06~98 x 107 CFU/g, AZdlM 05~36 x 100 CFU/g HYS 1

]

)

Y

o

e, ole 4o ZAS 10°~10° CFU/g Hrhe ¢kt &8
2 elth ¢hH acridine orangegs ©]-8%F Mol A Algol 9
b & Al WAL HEolA 53~16 < 10° cells/ge) MHS K

rz=ol A 0.7~71 mg-C/m’h, Aol A]

4%/
)
]
L)
k

)
2t
o
r)-
g8
rlo
b

03~57 mg-C/m’h2 e},  Servais £7Vo] ZAFSF 20~60 mg

C/m’h Bohe @ AgE mych A AMER guge) of

2ol oW Ade] BAE 9 2 AoE YRt

BACY XH&m MAES 5343 Al Pseudomonasdyo| i
505%=% 714 2o BEXEZ2 HeEyw I ch& 0 F Flavobacteriumss
20.9%, Alcaligenesdy 4.8%, Acinetobacters 2.5%, Aeromonassy 2.2%

o2 gesddern, 10%e Aade 5453 gt ol Stewart
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= 93)
<)

of FAlg Arda I AEEAs] FEE AdeEs F2
Pseudomonas, Alcaligenes, Bacillus, Acinetobacter, Aeromonas,
Chromobacterium?; So] glys Ao w deld Ayl nl=dt Z3ks
vyt w3 AAMAH o Z= F2 FA 9 SHA N Pseudomonas cepacia,
Z=A A= Pseudomonas vesicularis7} @o] H ¥ &t} (Table 4-6). ©]
Yo ALY RadRe] SREo| e it Bywe 21 2
J, B8 24, 58 59 Hold os AFo] eawel Raw
&gl B4 zdol B2y WE Ae® Btk 191 BAC
UAEEe] RaE HBTe) RXT FAENACR DR Ave
Fig. 45914 R nps} o] Aate] A JApwo] Fo] F3

ol ql@em, w3 qEFmrl wEel 2wl die] Uk Bl

4-3. blojE 2 JF H I+ &
gfolel 2~ W @e Plaque assay’d S o8t =vl A48 mtd Bk

o] e A med 6x10° PFUS &8 92

L
_“,i
J_
-
i
i
o

o

wpol gl 3]4H-2 1-MDS catridge filter2 3#A1A #7187
S ol f3le F=AAY FFAD YA Alge 99, 15 1:25 34
Wjg 2, 4 F29 (NalPO,.7HO, pH 7.4)2 99 w5z 717}

BGM A o] 1T me H23 F 14Y7F s dsle] CPE 52 Q)
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3tsitt. MPN program® 2 &8k 23 120~250 MPN/100L= 1}
gwon, 34&e 60-120%8 Ho mFEAu oA FAs 3

& 35~150% 713 S 9Esl= Ao w LEpgoh

H ATAY 39 vole 2 AAE

drAeiegel w2 vrole)s AAELLEE WEA Pilot-plantE
°l-g3tel 38 HAskrh 94 ol B Zol 5000 PFU/mesl wlol
28 FUR ¥ A FALE ARE AHSUG. 45 By

HAaxs TaE e d F HEzx-HA oz -F 90F .

Aol FE vpold 2B FF02 HYS W B 0FE PxolA
£ 96.8%9] npoles) Al ARG olu Pilot-plants] ¥ & =

HEls 1 mg/LAch A &S AR AATANNE 993%, Alelx

100% AAH)HE 24ele 4 Utk (Table 4-7). A EA Tl Z
Fadel A YoM E Ha 430 MPN/100me 7
B

&
AC ozt BH dEH A odn, giade Jede

N
ol

A 9 ol olERH #Ewx 2ol uvpolgxsh u£3 A

Fe vk webd oEel FYHE W - F 0F HAol Gl
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Bgol ] wrolejz: W PME FEE taAzled oA M R
S22 dAYS 4 & Aok

a3 ol wpolda AALL FE7F #s5:@ Pilot-plantE
AFEEte]  ZAFSE Robeck™e] A zwAolA  98%, JapdAelA
99.84% A AGz AY vlg 2#HE B, A48 AFHedy
42 §Astd BAC %S AHXE oo woleizs AFA
el A Aol 100% AAL 5 9

ol AW AALE A b e BAHE sl ¥
Ao g Azislojzict. WA nloly s HAEUHEIY B d¥dXs
AZu oy ICC-PCR WS &3] AMEstAEd FA9 4
o] AMatmuh ¢ W HEwez FHT od ARE
Reyrold™ 5ol zAbgh Aol Aol dxsigon, weha] A4

8

GoA wpejeizol PEE TR HAH B A o}
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Z5%) gky] wjRo| RAA g wpolgl AL FED
susk Aow gudch a9, A eF Aol 97% o4 H
olg] 2yt A AHAE £ ALS AR, I3 gL 4k

4-5. QEA 7o WE vpoje X AMAE
Pilot-plante] 2lgt A5 FAE vrel2js AAE ZAIAM A
2 F @AM vroj2s dlRye]l B4 HolHonm 2%

@ ol AASAE ARHen 4WEnA HAT oF ¥

o

To| ot whoje)x AA APe &y Axg o gstd HAS
%t} 5000 PFU/mé 2] poliovirus MEE $ 75 5 Lol Ho 2& #

oz waRe nPST AFANLE @HAP22A

}:l

I

SEL

QF FQeo| we npojzis BHAES FHREJY vhele e

F2e AEEEYg dolsle wolH A 3-4Y G A
oF A7) & O ojF TEAA Ge 3w vheleand 4EQ
4 ol |CC-PCRH©.Z #olalglth (Fig. 4-8). 4 Xujdel <3

wpolel s 29l APAF 04 ng/Lel Fo] S HAFHUST W

- 106 -



Hlol#) 2= ok 61.1%o]4ol, 0.8 mg/Le] LEFEE 10T JF4
71 ol wlolzixel 100%7F 248 HAAHSE & 4 AN
SEU 13 AP E 08 mg/Lel eFEEE 1087 J5AUE
ICC-PCRYloll 2l& nloleizrt AEsAoH, 23 28744 A
71e A% M EujdH s ICC-PCRY Z5FolA ulolel 27} #E
gk webd wel2e @4dd AAE HAsME 08 mg/LellA
105 olAte]l ¢ EAjelymrt 7oA E HAoz eyttt (Table
4.8, 4-9). o]= Harakeh 5°Vo] zAlgt #H 2 E 02 mg/LolM 10~
1587 BZzslgemel A AL 80~97% o= ozt zolE HA=d
olo] T3t F=rbAQl 7 Zo] ojFolxol B o7 MztEoHTh
@& o3 wlolalx AAMFAAY FAPE LT HSHA A
HAElE BaEel whalolth & e AFA WAE A 9

= JAes 2Ed dsae s des dadd e 29

il

2Hsel Atk mepd eEe i ojsds T BE £%A|
uo g4 AL PERANGY 5Eg A58 5 Qs 4@ ol
o, 33k Aol ALEHAS W TG 2% 2@EAL YA

gron, Aol W WAE Fr1A gan vl aE 283 8

s 9alM dz, FEHW F 23 a5 ZARAFk shal, U
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stol= &, AER, 7t2Ed FE 59 & AU BAEHR OH
radical, O» £9] ROS (Reactive Oxygen Species) A4 52| @3 o]
ATk AR wvlol g v R HWAA vAES A F Us 7]
Ho| Fut3] A-7x3w Aed thiEAd Ao] 7 (Membrane) of#}
M3 UV (Ultra-Violet) ZAPHolr}. ¥ ofztes ¥ ES A AsH]
#g whEaee FaATE AR oz Alsdd oapa o
21 g ARg-gthE S Aefstae ohE AT AT vy dl
olgls, T IFREo|E, FF AP AAH AAFI JoE KB
oo ey HAEE +98 8% %389 Biofoulingo] HAl
T o5 ©Ao] ok iR sEAlsete 2] UVe #Hedg 28
ks 2Adehy] §E Al s AE daw e B

aeu g2 A5Ae go]l UVE 42SAEAM FAE 7}
Aed EYAHQ] AxAolr] wie FS5AACdAM HAT F2A7
HEEE 2As7] Hd AFAE AFstA Rain 13 A5AHE
UVE A28 of 23 A5AZ G448 2 s 5gAE Apgsior
she §9 ©del Ao

of grojx . oleld EFel wel v]Ee @A A de
oA "o} S8 FH welrt vdE A% -k 2]
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Fig. 4-1. Schematic diagram of a pilot-plant for water treatment.

1. raw water distributed tank 2. pre-O; contactor 3. coagulant
mixer 4. circulator tank 5. pulsator 6. settling tank 7.

post-Os contactor 8. BAC column 9. clean water tank
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Fig. 4-2. Schematic diagram of oxidation process.

~

1. air 2. ozone gencrator 3. ozone contactor 4. sample pump
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Fig. 4-3. Plaque Assay for poliovirus titeration, Photograph
was taken under microscope (X300) after staining

with crystal violet.

- 112 -



5NCR [Vp4 |Vp3 |Vp2 Vpl 2A12B |2C|3A 3B |3C 3D | 3'NCR

394bp

F —> PEV primer 1 P R

NF —> PEV primer 2 <«—- NR

Fig. 4-4.  Schematic diagram of PCR-targetted gene fragment

position in genome of poliovirus.
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Fig. 4-5. Scanning electron micrograph of bacteria attached on

particles of BAC. The carbon particles were taken

from upper part of coal-based BAC reactor.
Bars; 5 /m.
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Source water{200~ 300L)
Finished water(1500 ~ 1800L)

|

Filteration (1-MDS cartridge filter, CUNQ)

}

Elution (1.5% beef extract/ 50 mM glycine, pH 9.5)

|

Neutralization (1M HCI, pH 7.0~7.5)

'

Concentratation (1M HCI, pH 3.5+0.1, Organic tlocculation)

'

Concentrated

sampie 25~30 mL

}

Purification

ICC-PCR Cell culture

Fig. 4-6. Schematic view of virus detection from water

samples.
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Fig. 4-7. Detection of poliovirus by ICC-PCR.
Lane 1 : Size marker

Lane 2 : ICC-PCR after mock infection (negative control)

Lane 3 : ICC-PCR by PEV primer 1 (394bp)

Lane 4 : ICC-PCR by PEV primer 2 (309bp)
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Table 4-1. Operating conditions of water treatment process

using biological activated carbons.

Parameter Operating conditions
Empty Bed Contact Time(min} 12
Linear Velocity(m/h) 10
Bed depth(m) 25
Backwashing time(min) 19
Expansion rate(%) 40
Pre-Ozone dose{mg/ ¢) 1
Post-Ozone dose(mg/ ¢ ) 2
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Table 4-2. Specification of granular activated carbons(Coal-based).

Item Property
Apparent densitv{g/cr) 0.43
Hardness number(%) 98
Iodine value{mg/g) 1050
MB adsorption(mé/g) 256
Residual materal after mesh 995

(8 x 32 mesh)

Specfic surface area(m’/g) 1100
Total pore volume(cr'/g) 0.61
Mean pore radius(A) 23
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Table 4-3. Analytical method and instrument.

Item Methods and instrument
pH pH meter(Orion model 260)
Turbidity Turbidimeter(HACH 2100 AN)
UVasy UV-Vis spectrophotometer(HP 8452 A}
NH,-N Indophenol method
KMnQO, Acid titration method
THMEFP Head space methed
(Gas chromatography HD 5890 SERIES 2)
Mn, Fe, Al ICP(Jobin Yvon 50P)
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Table 4-4. Primer pairs used for detection of Poliovirus

Target Poliovirus 5’'NCR
PEV 1F  acggacacccaaagta
PEV 1R  agcacttctgtttcee
Sequence
(5-3)

PEV 2NF caagcacttetgtttceceg

PEV 2NR ggattagccgcattcaggg
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Table 4-5. Water quality from each step of water treatment

process using biological activated carbon.

Step
1 2 3 4 5 6
Parameter
o 7.7 77 71 72 7.4 7.2
b (£04)  (£03)  (F02)  (+02) (02  (+03)
Turbidity 1629 14.39 238 0.34 0.36 0.20
(NTU) (£1680) (+1541) (=318) (+013) (*£024) (£007)
Vo 0.0551 0.0341 00212 00236 00104  0.0079
si(cn) (£0.0112) (+0.0113) (£0.0082) (=0.0319) (+0.0043) (=0.0030)
0.06 0.06 0.07 0.04 0.03 0.02
NH;-N{ng/ )
(+011)  (£012) (=019) (*015) (+010) (*0.09)
MO ? 95 74 38 28 25 14
nOufme/ 1) (+2.6) (27 (212)  (F10) (+09)  (+05)
64.9 453 26.0 216 18.0 11.3
THMFP(e/ 1) ‘
(1231) (1171 (95 (£85)  (£74)  (*+51)
0.01 0.01
Mn{mg/ 0} ) N N N N
(£001)  (£001)
0.21 0.23 0.06 0.02 0.01 0.01
Fe(mg/ ) ) ‘
(+024)  (+030)  (=020) (+006) (£0.04) (+0.02)
0.32 0.37 0.21 0.05 0.05 0.01
Al(rg/ ¢) : ‘
(£034)  (+039) (+019) (+006) (=0.04) (+0.02)
Bacteria
32,000 2,500 21,000 28,500 500 15,000
(CFU/mt)
T:otal
CE’IL‘I%}{]";S 430 2 10 12 N N
100mL)
E.coli
(MPN/ 5 N N N N N
100mL)

% Values are cxpressed as average from weekly measurements during
one year. Step 1 is a water sample from raw water tank. Step 2 from
pre-Oy contactor. Step 3 from sedimentation basin. Step 4 from filtered
water tank. Step 5 from post-Os contactor. Step 6 from coal-based BAC
cffluent.
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Table 4-6. Seasonal distribution of bacteria in coal-based BAC.

Mar. 5 Jun. 4 Oct. 4 Dec. 10

Acinetobacter haemolyticus + + - -
Acinetobacter alcaligenes + + - -
Aeromonas hydrophila + - + +
Alcaligenes faecalis + + + -
Alcaligenes odorans + - - -
Flavobacterium  breve + + + +
Flavobacterium indolgenes - + + +
Flavobacterium menigosepictim + - + -
Pasteurella haemolytica + + + -
Pseudomonas vesicularis + + + ++
Pseudomonas aureofaciens + + - -
Pseudomonas fluorescens + + + -

++ ++ + +

Pseudomonas cepacia

*  Presence of the bacteria was detected in 1999,

* Symbol "++" is expressed as a dominant species.

Symbol "+" is expressed as a detectable species.

Symbol "-" is expressed as a non-detectable species.
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Table 4-7. Elimination of virus after each step of water treatment

process.
Step Mfiaerr:s?:;us of Vims  Cell 0 per
(MPN/L) remained culture

Raw water 71.12 100 + +
Pre-ozone 2.288 322 + +
Sedimentation 0.4689 0.66 + +
Sand filter 0.2877 0.40 + +
Post-ozone 0 0 - -
BAC 0 0 - -
Finished water 0 0 - -

* Symbol "+ is expressed as virus detectable on cell culture or by ICC-PCR.

Symbol "-" is expressed as non-detectable.
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Table 4-8. Survival rate of virus contact with initial

concentrations of ozone

Time{min)
Virus
1 3 5 8 10 15
Polivirus type I 593 424 389 288 0 0
Initial Ozone dose
concentraton 0.08 024 0.40 0.64 0.80 1.2
(mgOs/L)
Residual ozone
0 0 0 0.08 0.1

(mgOs/L)

# Supplied ozene concentrated was 0.1 mgOs/L air
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Table 4-9. Comparison of Cell culture and ICC-PCR to detect

poliovirus inactivation by ozone.

Initial .
Exposure First passage Second passage
fo Ozone
dose
ozone
(min) conc.  Cell culture ICC-PCR Cell culture ICC-PCR
(mgOy/1)
1 0.08 + + + +
3 0.24 + + + +
5 0.40 + + + +
8 0.64 + + + +
10 0.80 - + + +
15 1.20 - - - -

* Symibol "+" is expressed as virus detectable.

Symbol "-" is expressed as non-detectable.
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S HAelE AAAH EA 5 edddE A@s] vea, w3 A%
H FHMEE ERFHoE AAT £ Ade YHE FYs=d Aok
HA, GR25F Microcystis aeruginosas S o2 Heolslr] 9 &)

@G Eo A9 35 Wit SHTE vortex AAHEE YL
o, AwAr 9 ¥ 4UE A& $As] sl B4z
(ampicillin 150 pg/mé, neomycin 25 pz/wmi}-S vizjol Hr}sn, =
HoAEe® g4AlA 24 vIFE Fol7] 98l 0.7% agarose:
188 A7l CB o) xo]A] 307, 40 xmol m?* st @ 2A0E )
et 1 Ax E2lH o]zl 2670 9] Microcystis aeruginosa colony
s 3o 3 @FTo] FHRHAT 349 FdFFE 165 rRNA
primerE ¢| &3l PCR ZF% 3+ An M. aeruginosa AF 1392922}
99.500| A 100% 2] &F4E 7HAl= Aos vebwch

SAA o g Microcystis aeruginosa A7y LS H HF

a4 stRAGAA A gl " A g M ogeruginosn s iR

- 126 -



.lr

g

godvk rejuh Hxvl wadstd s o vhg wel AMEH I Qe

_—

o] B9 10 mg/ ¢ wEAME AMALE] Yol BUH Fro
vlg] Aotautrzt e Aoz depygrh ulg}A] Ceramic-Zeolite
type Co 100°] opd HoljM 7Hd Hojd S84 d& 4 5 A
=3

ul= EPA (Environment Protection Agency)$} 373 oA 73

1 e BEHEHA M FTv|by (Total Culturable Virus

Ol

Assay : TCVA)g o] &3te] HbA daedg 9 Jrae dites
2001 7oA 200213 119474 A whele] 2 PALE HAsldch AA
23 210 e A8 3 1370 A8l CPE  (cytopathic
effect)7} F2l=]o] 619%2] YAES nYow, F4 W Fxuz),
AMeE BF AEHZA FUdch =3, 1&g njolgdxag AdEa
B 2 g5 3 248 BXsle EAS Ryt 2249 vlo]
#22= TCVA-MPN whel ol3f 1.92~970 MPN/100 Lo W9z
4% HAenw, HL9HFYH  (Immunofluorescent assay)ol o] sf

human poliovirus type 1 2} enterovirus® %3 =)o}

G457 ekRel WPHFY A5E A 42gED 9@
pilot plant F4S& $HsHA FAQE] WHEle) MTEE B4
& 2A A BAC 99E AAWA NHUN £& ¥g9 v

dEse Aol AARL U 5 ddch £a A8zl BACH A9 A

it AdAlga gargle Zbzb 98 x 108 CFU/g % 71 me-C/m hE
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Mol & Ad SAEE Hath 849 BE Ao s diRo g
Pseudonionas=s, Flavobacterium=;,  Alcaligeness:,  Acinetobacters;,
Aeromonas® =02 &5 At Pilot-plantE o] &3 A4 233
HoZEQ dloly 2 A AAYeA] HeE HEo o] 9%6.8%, HL

pr =) =
=5 Az

o)
pY|

AGA M T 99.3%, Abqatell e 99.6% 2] Hiolej2r}
ANAHRen], $2E5 AZ BAC 934 AlsdAle AXvidy
ICC-PCRY 2o A whele] 27} 100% AA=IHE &A% 4 3l
Act. 2=2F T % Fee gtolg 2 AAANE ZHy 04 mg/Loj
A 5 HEEHQL W= o 61.1%0] 0], 0.8 mg/LolA] 10837 #
FAIZD Folle 100% 9] wiele] 27t B84 Holgs g F 7 UL
ot mebA Fele violEzze] A AAHE Y= 08 mg/Lol

A 108 ool e@msl 2EelxE Ao eyt
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