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ABSTRACT

Waterborne infectious disease is induced by several pathogenic microbes such as bacteria, viruses and protozoans, and the
cases caused by viral infection is currently increasing. Water treatment process could reduce the number of virus in the
water, but there were many difficulties to completely remove the virus particles from water. Therefore, the membrane separation
technology which was reported to effectively remove pollutants from raw water has attracted increasing attention and demand.
Since its efficiency has been introduced, demands for evaluation method toward the membrane filtration process are increasing.
However, progression of the method development is slow due to the difficulties in cultivation of several waterborne viruses
from animal models or cell culture system. To overcome the difficulties, we used adenovirus, one of the commonly isolated
pathogenic waterborne viruses which can grow in cell culture system in vitro. The adenovirus used in this study was identified
as human adenovirus C strain. The adenovirus was spiked in the raw water and passed through the microfiltration membrane
produced by Econity, a Korean membrane company, and then the viral removal rate was evaluated by real-time PCR. In
the results, the amount of virus in the filtered water was decreased approximately by 5 log scale. Because coagulant treatment
has been known to reduce filtering function of the membrane by inducing fouling, we also investigated whether there
was any interference of coagulant. In the results, we confirmed that coagulant treatment did not show significant interference
on microfiltration membrane. In this study, we found that waterborne virus can be effectively removed by membrane filtration
system. In particular, here we also suggest that real-time PCR method can rapidly, sensitively and quantitatively evaluate
the removal rate of virus. These results may provide a standard method to qualifying membrane filtration processes.
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1. Introduction

o) e Aol e us B Foi WY
g gl L ARAAY egE St U BY
o] FHE oML o Hek e EBHQ Ao ek
(FEH, 2015). 2014 HGHE FUsHs WA o

M2 Aot (bacteria), HFo| 2 A (virus) 123 A5
£ (rotozoa)o] 510w, ol ufoleiso] ofs)
AL A7k Z74SAL ol A5ole (ung o al,
2000). AA7H] AHQ) AT o] A Yol
chokal 0] 714 vloleasl EAele Aow
oA} 514 BT Holel st R AR Ei

gEo] Aox FAsh dlolplan wuw )
Xﬂﬂli Hr= =t} (Dubois et al., 2004, Papaventsis et
al., 2005). Abgholl Al A3t 7Hs3k =914 A vlol
A= ollg|Zulo]# A (enterovirus), Ofd|=Hlo]Z 2
(adenovirus), =ZH}O]#H A (norovirus), ZEH}O]#H A
(rotavirus), AE7+gHlo] 22 (hepatitis A virus), |2
Hlo|H A (reovirus) 5©] 2th (Cukor and Blacklow,
1984, Fong and Lipp, 2005). o]&|3t 4=¢14 #-A| v}
olYAE FE E5 Foto] AupEm, QA A Al
Aotabd] (polio), T4 x4~ (aseptic meningitis),
3 -GoldA}= (infantile diarrhea) <FE (ophthalmitis),
7+ (hepatitis) 5 T AH-E FEEch (Gilgen et
al., 1995, Abbaszadegan et al., 1999, Fout, et al., 2003).
=3] Ageo] oket -foh} el T2l sl
o] AekEl Bk Soll ARG 1) g HololA] AL
W7kA] ZF & 4 Qlt} (Harris et al.,, 1983, Beller et
al., 1997). FA| A Apgol] o7t Hire] o5t 1997d
1} 7] 28k (Pakistan)9] o]<&EfuHl= (Islamabad)of| 4] E
F7rgutol 2 A (hepatitis E virus)oll 23t tif & 7+
o] Jlglem o]Ae] YU A7 FHY FH &
Foll ofsto] AR Aor FH3rh E3F 19959
Knolle®] }ilo] O3t =UoA EH|Hfolg|A
(polio virus)®] F-3§0] Ul om o]= Ao 9f5}o
Aatel Aoz FHEATH (Knolle, 1995).

TR A dolHAs E SeF AL
2 Hede] A8 4 jlaen, A2 oz QAo
AHol 7hsstal, Ay oA Atk 524
ste} AAo gt Aol B =27] wiiel wl=&
H sk iyl G 5 AX=ollA Q14 -84

dpolei o] ojgk ekl &AME AXsta glnt

(Bitton et al., 1986, Cho et al, 2000). o= 273
(environmental protection agency, EPA) HIilof w=tH
A Well HiEd U4 BuA vhelE e ARk
Gk Aol QA ) e ek, 44 5He
W= AR He EolA whelH At R Ev=
HI3% It} (Manula et al., 2005, Vainio and Myrmel,
2006). E3F Q|59 T, AqtR o] A4 T 7o A
£2Lo]| A Hio]HA ooz olsle] AWo] vFrAGH
AR 538 Glo] g4l Tk holel s 4l
AbIL ZEo)7b a3k Al o|th (Bitton, et al., 1986). w
ebq el Bolqo) 5014 g3 wpolel sl o
B2 o3 ulo|ly AL A BAXI 2o st
& ARE frell AL vlolgsd Mt A2 3

2B A el it JEE ATy Eed
AFSHE 5l T A4S A

o

=
=

Mo B 2 e
ofN fr
iy

om 2 J&ﬂ 71Ee st 8%t 719
& 4 gl AA|R ko] A 7]E0) Hpola
) /}j uoh)ﬂij = }1/}0] i HHOU\% H]—O]a/\ Hk]lﬂ—l

,_.

ulturable virus assay, TCVA) o= AAI7F 53

HHH-3-71% (real-time polymerase chain reaction)
S 8 7] EAAETH VM-S ol 85t HE &
& o7l %t =8-S skal Qt}h (Duizer et al,

=
(total cu
2

1:op

2004)

7129 A A=A %Zé% FREd A7t
amo] = HHolglnt. Y Feele] =3 o)
RIHek fefed 23 % AP%X}QJ Aol thek 719
7t S7F @l whet 7129 HaAE HAlRE w2
S 2T 5 U =l 7129 AeAE 54
< B AlatE =9t #ﬂ*é A vielHAE
AAsh=d ofglgol Wotd ds2RE o 4%
anyer AAZ £ &’l—““— 22 (membrane

separation) 7]<of T3t 40|

W e E o g Sod Aoltt (Taedosiu et al.,
1999). olggt H&e] 7| daot 42 asmAE
ARESHAl QFal= Alef, HbolE|Z, F45, natural
organic matter (NOM) U 7]} 2 JEH 5 a1}A
oz AAL 4 7] "ol A A s ol
izt ot 5 shE o AR AL Ut} (Cheryan, 1998).
£ f4o] o] We Aeloale 489
oot HAIQlo] Allat W BlolE & Fof Y =4
o 9 AAT 5 ek o] glo] Hulx]

2, B3, 2L 5 AA oY Il e o

ol
ox.
\

i

12 e ¢
tlo

iS4
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22 QAR IR O 0[014- OB HE3| HEF- 2ehS

Aol digh =4 A7 S7kska it
gt 54 Zido] EielA FxIE AL
ol =724, 1991 Membrane Aqua Century 21
(MAC 21) A= AlZFe. = 20079 7HA] 4 ©he]9] 4
7N AFY (New MAC 21, ACT 21, E-Water, E-Water 1I)
& F3ste] woizh 34 Agste] wake ohals)
=it (Ahn, 2007). B3 0] H9E DEAD o
AE AAE flste] ALEHNE o& W SATEAT
7)ol A HAF Hofi} A 2R A=A YT A
o] 1,000097) oo m F7fstm wtol} ]go] &

A9 AEE A Qe AAoln: olFA A=oAe

Horle

x0
rir

R ies
& orlo

AARE e 714 A LEREH e
214]5} o1 upgo®

I gk AE sk
A=ro] Aol 71 Hgsl 7|eeS Jidstal SR
Madaeni®] R i1of w2 A Wojadt (microfiltration,
MF)e] oJgt Hiog 2 A| A& uho] S4o] waf 35%
~ 99%2] HQof o]Er}al st} (Madaeni et al., 1995).
a8 e e, st Ele] Halof w
2 Aojuputo] uholg A A AL 96.83%0l 5t
o 7o Fdhe A% Tl F Utk 1y
OFA 7R A Al Aol ok violg A A AE
B7he vlmgt Aotk (Hur et al, 2008). 7ot
3o vpolgA AAE F7P7 EdstA J3E
A o A R 04 A Hiolg A7t
v cko] 7tttk 2-g- Aol 71QlsiH, olof wal F8/dd
Hlsl| AS54 At of7hA] &3 AAo|tt
oeta] 2 AFoAE A E5H W=
4 A-TA dholg A FOf shto|HAl FAlO] Al
Fol i F4lo] 7hsgt oft|lientolf AR [FHA}
% 312l real-time PCRE o]gato] HfolaA

Embryonic Kidney cell-293)& ©]-&3)] vljoFo| 7531
gl vjop Azl 48AI7E Y| Aldslu] wzufole)
29| A RU2 % o] §E= 5 Hiol7A el A+t
off dhel chekat o] glo] wol ol gEa ek &
HO R HpolgAE #AS= 7]E9 W= AR
n)7 whah wWogsha A, A auid Sol =t
oleiat MUEL 145 o] ol £a77HE Wa
2 oha Wt won woleae gura 2
o]Hth= kA o] Tk (Schwab et al., 1993). F A=
7129 el 73 i BALE 385 96

]
=
=

oL
o)

fr

TagMan probe 5= ©]-§3%F real-time PCR Ho| 7§k
o] o]F o] &3t £=F9] Hiolg A HEHo| iy
t}. o] 3t real-time PCRS 7|9 HIHE T B4

(Fong and Lipp, 2005, Gu et al., 2003). o]o] & &0
A= HEK-293 Af|3zof| ufjofgt oftf|lzHfol2| s o]
sol fl50] 27 ofdleutol i AS spikingd %, of
FUE Ao A A4bE EejubE o]-§5to] Biojz|A A
78S SYBR Green2 ©]-&3t real-time PCR W O &2

Fs4e Bt stk

2. Material and Method

2.1 HIO|ZA HHQE

olg|i=Hlo] & A vk 93] 10% fetal bovine serum
(FBS, Gibco BRL, USA)o] 33+ Dulbecco’s modified
Eagle’s Medium (DMEM, Gibco BRL, USA)H|X| & ©]
|51 HEK-293 (ATCC) A|ZE 5% o]4taeta EAY
stof 37°CollA] sttt Aol ARE-E ofd|into]

2% 100 mm plated]] 2.0 x 10° ©] HEK-293 H|ZE
37°Col| A vfjokstitt. 12417 & 3 mL DMEMO]| 2.0 x
10'7]2] vpolefAs HEste] FuT HAER 55
o] &, 37°ColA] 90 F3F vieFatTE 1, 4
¥ A ZL FBSZ £33t DMEM 7 mL< plateo] 3
SFATE 42 ~ 48A17F & A|ZZEE 50 mL tube HO}A
-80°Cof| 2A17F o) ATt 3T°ColA =ol= B
33] HHEsto] oft|mrlo| B AE A Z2EE WEAIZ
A2-0f| A 3,000 RPMO & 20 5t HAl&e] sfof of
Hliertol A7 SHR-E AAFAS okl =2 tube
B2 &7 Holg|2 Y-S -80°Coll Hyshith

1=

2.2 Hio|HA HR

pol@| A0 HEAL 9ls] HEK-293 H|EE 24
wello] 2.5 x 10° Al ZE A1 FA|of gHEo] H& o}
dlieetol g 25 107°5E 10° 08 747k 50 uLoj 514
slo] ZFA A7)l 37°CO| A 48A|7F HloFalgITE 1 &

> 1z

i
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Hlolg] A Aok Adeno-X™ Rapid Titer Kit (Clontech,
Palo Alto, CA, USA)E o]-&3d}o] AFstHTh

2.3 oii=Hio|2|A2| REX} S I H7|ME &l

o wnlol el A wigtelA A& 98 71
FAoIA AAE ofelimutolel s Sol primers A
%ATh (Table 1). 12| 7}A] primer 5 o}l i=Hlo] 22
PR WS W FERLT ARG A &
HexAA18852} HexAA1913 primerE 2 Lo 4 ARE-
se] o] F AIPS AAWsHATE. vholel 2 73 DNA
2 ARgsto] PCRE =3)513itE PCR 271 94°Cofl
Al 387 BEERE 3, 94°Col A 30%, 56°CollA] 30%,
72°Coll A 30%9] HFS-FE7|E 30 7] Algstar 72°C
oA 3&7F BkE-stelth 53F4HE-2 100 bp Molecular
Size Marker (Enzynomics, Daejeon, Korea)2} &HA| 2.0%
Tris-borate ethylenediamine tetracetic acid (TBE) agarose
gelo] H7]%9%3F &, ethidium bromide (EtBr)= &M
3} Gel-doc XR SystemZ E3f =7]|7} 300 bpQl =
ZANEL 3ol ZE£ 5 dl =X LaboPassTM Gel
Extraction Kit (Cosmo, Seoul, Korea)E ©]-&3}o] A A|
3t 5 937|321 Genotech (Daejeon, Korea)ol 2]=]
stof Q71Me BAS Sastalth @71AY ATks
National Center for Biotechnology Information (NCBI)2]
GenBank$} H|ul- £ 35} 9T},

flo tn o fg

2.4 Oi|lcHO|2{A BEFEAQY Cixa MIZ

o utolel s FEPY Tlrz AL Slstol
PCR 2.1-TOPO vector (Invitrogen, Carlsbad, CA, USA)
2 olgstel 2mye Fystach HAH ol
ol#g]A DNA ZZAM23} 10 ng PCR 2.1 TOPO TA
vectorZ ligation £3ol2 W50 A-L20)A 305 Qg
A7l & dgo B39t Ligation E3R-S E. coli
DH5a competent celldt E3HA)7] &, A-Sof 308 <
HFA| Bl 42°Coll A 902 ZF WESAIF T Theoz o
A Alof wiFet Al 100 ng/mL ampicillino] 229}
% Luria-Bertani (LB)E 2z HHo| = 3+ 3,
shaking incubatoro]| 4] 37°C, 180 RPMO.2 12A]7} vl

Table 1. Primer sequences for adenovirus PCR

stttk wiA] Ao ARt S 100 pg/mL ampicillin
o] xZ3tel LB AAufA o] HFsto] 37°Coll A 14A17F
e vfjoF & ujjokol © 2 HE| plasmid DNAE Plasmid
DNA Purification Kit (Intron Biotechnology, Suwon,
Korea)5 AHg-5Fo] A8t A plasmid= H7]
A A4S S8l 22 2o E AREE 4 9L
= M=% plasmidlZ SHIsk3ich A2 plasmids
U 2L R AM37] 93 Nanoquant Infinite
M200 (Tecan Group Ltd, Mannedorf, Switzerland)E A}
&5to] A= plasmid DNAQ] 5=5 F75taL, 742t
9] F=E o]&3sto] copy o AAtS SHATE A=
plasmidS 1.0 x 10" 4] 1.0 x 10° copies2 Tris-EDTA
(TE) bufferE o]-8sfo] 107 AE 3|45 &, o] +
gog Aol SYBR Green2 ©|83l real-time PCR
(Applied Biosystems, Foster City, CA, USA)S 4
3t} Real-time PCR ZAL 95°CojlA 287t

T, 95°ColA] 5%, 60°CollA] 30%2] ¥-3-571&
7] Al3sHATE mRAeE 7] o= R BESEO
sto] 95°CHE 60°C7HA] 258 W5 7} 1°C nic
I 7S =751 melting curve analysisE A A} T

ofr
-

w
w OIO oozl'

ofh & N ok

o}
o}

Aol ofticvfolpl At BT F AU
AR A RE o] &sto] Blo|g|A AARE F7HE A
3}t (Econity, Young-in, Korea). = A3l of AL&%
FYE AR AWdojiek2 Polyvinylidene  fluoride
(PVDF)A A o] 100 nm] pore size2} 0.01 m’2] W22l u]
Um g, gt By 2404 et A
3l 914~ 2 Lof| 40 x 10° plaque forming units (pfuy/mL o}
wefolelag BQlslo] F80] 418 %, uoiniet 3
A& AR o2, gt g oA SRAY] FF
S sels}] glato] Hagol 2 AMgaks SRl
polyaluminum chloride (PAC)E 17% A &]s}o] A oz}
uke 7121 ofdlierlola A AAE B ANSHAc
1222 Lof| 4.0 x 10° pfmL o}d|i-tlo] Y AS E9]5}0]

Swd] A2 & SHA AE 5] flste] G523

e}
2 > o

oo

Primer Sequence(5'-3") Reference
HexAA1885 GCC GCA GTG GTC TTA CAT GCA CAT C Allard et al.. 1990
HexAA1913 CAG CAC GCC GCG GAT GTC AAA GT N
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EEY- QMR- - Ok 0|el- OB - Bi5sl|- &5 2Rt |

iell

[l

o455 FAAe] S9LE Jar st S AT F 5
ofzput 3L Ak 2 3okt 200 mLg A 519
o), 57 ARE B 1 LR | 518 A5ge]

o} ice boxol| 424313 4°CE G2 ¥l WAkt 23
|2 Haksto] 48417t o|Uje] A s3It

2.6 OlH|.=HiO|2A HHASS LISt real-time PCR

7k 37 ' A AR Woll EAste ofd| Hlo] 2
25 #Hst7] flste] Hiol#lAg HE Q] Zeta plus
Virosorb IMDS filters (Cuno, Meriden, CT, USA)E 250
mL membrane filter holder (Tarsons Products, Kolkata,
India)o] F2FA]71 H filtering?}4d2 7|4 membrane
filter?t 3|5} Power Water DNA Isolation Kit (MO
BIO, Carlsbad, CA, USA)E o|&3lo] AAT S
AR F, ¥ W Bio]y 9] DNAE #&sto] 3
o2 ARgelith Hiolg A AFHILE A 9
&} real-time PCRS 4~333} %t} Real-time PCR Z7A
2 95°CollA 287 §EgEE &, 95°CollA] 5%, 60°CO
A 3029] WIS 35 27)2 Agsherr. ohAe)
F7] Fol= BE vhgEo) diste] 95°CHE 60°C7h
A 225 @5 2 1°C ot 3% ¢ S35k
melting curve analysisE A A5}t

2.7 SH=EH

RE A= Bt ¥ #25 dAE #ZA5G o
SPSS (release 12 Standard Version; SPSS INC, Chicago,
IL, USA)&A ZEIHE o]&sto] 7te] Hlu=

Student's ¢ testE A|3Y5tE o, ZF ++ U H] 1= paired
t test®= AlBYSEGLAL, p ghol 0.05 wRkel -5 5A 4]
ox ofo) Qe ez sk

3. Results and Discussion

3.1 OfCl|=HIo[2{A =

Aol AHg oblwute] H 28 A7) 93} of
Ylievtol A8 4FA|E HEK-293 AJEo] HE5h,
AZAAS shelsheleh. HEK-293 A} vho]el 2o
FYE HEK293 M ZE nlaste] BT 23} Az
¥l WREAT (Fig. 1A, 1B). o] HEK-293 A%
oMt obdwutolej2rt FABA BN T U
2 ojugic.

3.2 OjH|.cHfO[2{A

2 Qo] AgH obdleubolpi At ANdskL o
Apweleta) Bojs AR e Aol Aol A
gateich vjoFer ofumutolelzgl §% 4714
& BB isto] ALY s Hlolels ET}
obd|i=Hlo] 2] 2 HexAA1885, HexAA1913 primer PCR
2 skl 300 bp 2719 FHEARE WrYFOR
spelstaitt. $BAHRS gAIste] LA A7 MG
BLAST Z=1& ©]-&3lo] NCBIo| 555 Hiolz
2 FAA ol Ho] A9 Hlu Sl Felgt A,
human adenovirus C strain 212} ¢]S &+013}% 0,
224e Bo) B2 di2wel AxT plsmidS

R EIIME 22l

(a)

(b)

Fig. 1. Morphological changes of HEK-293 cells infected with adenovirus.
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o—

M : DNA size ladder (100 bp) Amplificationplot

M 1 2 3 4 NC i X 7
1: 1/10 diluted adenovirus DNA g

T e 1.0x 10° copy
—_—— )
300bp 2:1/100 diluted adenovirus DNA ¢ — ‘/ == 10X 10% 1.0x 107 copy, 1.0 x 10° copy
3:1/1000 diluted adenovirus DNA 54 y P LOx 108 copy, 10x 10* copy
4:1/10000 diluted adenovirus DNA 4 /
3
2

ARn

NC: Negative control 10X 107 copy

/ /10X 10 copy
(a) A / 10x 10t copy
" 0486017 Atof /sy

M PC 1 & = O " e Negativecontrol
M : DNA size ladder (100 bp) 0 2 ¢ 8

S0k PC: 1/10 diluted adenovirus DNA
1: Recombinant adenoviral plasmid
(b) w0

Fig. 2. Gel electrophoresis of adenovirus DNA and amplified
products of recombinant adenoviral plasmid.

A2kt vlolH A HE &9l 9 4 FJE FEE "
ZAst7] g &4 HrkE g 2y ofdHfolg A
o] DNAZ} 1079] 8 Auja7ta] SEEE AL 22 Quaniy
3} 2= 9lQlT} (Fig. 2A). E3F ALFHII2 o3l kAT (b)
ZQl ofg|=nlolE| A A Z3Tt plasmidof| A e HAA] Melting curve
o7 FFo| B AL Flsielet (Fig. 2B).

0000 100000 1000000 10000000 100000000 1000000000 10000000

foi

o] O

- x<

3.3 ojH|:Hoj2{A BEAY WX A=
2T HAE

]

&0 8 FZAYILML 0|83 AA Hrr) 7
A9 42T BE) ol A <l BRlaly] 9
ARG 2 o obtlieitol oA HET plasmidS
A slsste] FEale A4S AEVAEES
ZAsl9ict Q23 plasmidS F& 02 Ao} 1.0 x 10"
of 4] 1.0 x 10° copies® AA 343t & SYBR Green
2 0|83} real-time PCRS 4~85}9ith 1 23} 1.0 x i - = \
10014 1.0 x 10° copies®] W 9]oll A= 7|2 o] 1064 k
slAEo] wg} standard curve?] 7]&7|= tj=F 3 ~ 4 wo  ws  me  me  me  mo  wme  mo
712 $AeLI, ofelutole 2o et 24 HE Temperature ()

317 (limit of detection, LOD):= 1.0 x 10° 2.2 01| Q] . ) () ) ] )
_ . ] Fig. 3. Real-time PCR of recombinant adenoviral plasmid.
T} (Table 2). 1831 3] HAF (regression coefficiency)

Derivative Reporter (-Rn)

LR = 09742 ]S 953t 2144 Bt (Fig. AFZ0) S 31015} 7] ©)5Fo] melting curve analysis % 4=
3A, 3B). o5 &3l & AtolA AR £ESE o 3t A3}, 1.0 x 105 1.0 x 10* copies7}A| =& Al
272 AEAH B7PF 7hssithe A& Eelskinh B2 BF 22 259 87°CY Tms 2= A=
Mid-point of melting temperature (Tm) Z< Hk-So] & ZAE Yo, curve’t BF AX|dF FE2 R
U 65 ~ 90°C7HA] LEE £8%7 EW DNAY] AoR Hol U FEAEAS st (Fig.
o]F Aol TUvtHg o= HolX WA SYBR Greeno| 30). & A 2E v or A tgo] ekt &3¢
WEEA Hed A71AEd et WEEE 257 A=A vloly A AFH T} 7ol &84S Ad

th2t} o] EALE o|gsto] sz DNAZ} B= = A& Y5k, B3 2 7ol wie =2 it
Al gelgh 4= Qlry g sto] 7 AtolA EE F% L5 7 AS 2 & 4 QAo

638
Aot ale|2| 4|29 H A 6= 2015E 128



Z25Y- YA - HCR2- Ol & 02l Ofe] Y - Y=5]- d&57 e

[ulnd [=) J\
O

Table 2. Mean Ct value of serially diluted recombinant
adenoviral plasmid using real-time PCR

Concentration(copies/uL) Mean Ct
1.0x10" 7.80
1.0x10° 10.39
1.0x10° 14.41
1.0%x107 18.13
1.0x10° 21.80
1.0x10° 25.64
1.0x10* 29.25
1.0x10° 32.34

3.4 Ot cHIO[2A MI7HE HE Hot

Adojdpato] &gt miolg A A|AE, U] 54
of W& HiolglA HEE X AA ] o3t Pk
2holsl7] $J3f real-time PCRES o]&3}o] 4
shith ol offmHlo| A5 spiking SFS 7
© 8.1 x 10° copies/iL %E=9] Hlo]g A7} wFEA %
2] A] 5.1 x 10" copies/ulLZ °F 5 log scale 7rAdl=
AL 29l519T} (Fig 4A, Table 3). 12|10 ubo]abz
ol SlojA ZAI7F H= Aoz FFA (PAC) A=
Al 27 (fouling, F2H=)of ol =he] ofn}7]5o]
AskelA ks 2E17F ok (Defrance and Jaffrin,
1999). o]of] whe} 2 Ato| A= ubgge] gt Hiolg
2 AA Al SHA (PAC)O] ofsf Hfol2]2 A[AE0]
Aash=Al ZRIskieh ol ofdiHbolBAE
spiking & WFE AL A2 A 5.1 x 10" copies/ilL F=
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Fig. 4. Adenovirus removal efficiency by real-time PCR from different processes.

Table 3. Clearance efficiency of adenovirus by each condition of processes

Processes Mean Ct Average of copy numbers
Raw water + Adenovirus 17.36 8.1 x 10°
Raw water + Adenovirus + MF 33.65 5.1 x 10"
Raw water + Adenovirus + PAC 26.32 1.1 x 10*
Raw water + Adenovirus + PAC + MF 34.23 3.4 x 10'
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