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Feasibility Study of UV-Disinfection for Water Reuse of
Effluent from Wastewater Treatment Plant
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Chun G. Yoon - Kwang-Wook Jung - Jong-Hwa Ham - Ji-Hong Jeon

Abstract

The feasibility study of UV-disinfection system was performed for disinfection of effluent from wastewater
treatment plant. Three low-pressure UV lamps of 17, 25, and 41 W were examined with various flow rates.
Low-pressure UV lamps of 17W were examined with various turbidity, DOM (dissolved organic matter), and
SS (suspended solid). The pilot plant was a flow-through type UV-disinfection system, and the range of
exposure time varied from 5 to 40 seconds, turbidity from 0 to 40 NTU, DOM from 0 to 30 mg/L, and
SS from 10 to 40 mg/L. The 41W lamp demonstrated complete disinfection showing no survival ratio in
all the experimental conditions, and generally 17W and 25W lamps also showed high removal ratio over
97%. For the same UV dose (UV intensity times exposure time), high intensity-short exposure conditions
showed better disinfection efficiency than low intensity-long exposure conditions. While the effects of
turbidity and DOM were not apparent, the effects of SS was significant on the disinfection efficiency which
indicates that SS control before UV-disinfection appears to be necessary to increase removal efficiency.
Considering characteristics of effluent from existing wastewater treatment plants, cost-effectiveness, stable
performance, and minimum maintenance, the flow-through type UV-disinfection system with high intensity
and low-pressure lamps was thought to be a competitive disinfection system for wastewater reclamation.

Keywords : Water reuse, UV-disinfection, Line-throw type, UV dose, Turbidity, Dissolved organic matter,
Suspended solid, Treatment efficiency
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A B2 oEgs g% AL Qo @
A AAFe R & EAE /M 8% A= F74
s Qlod, 98 vehe ofn] #5E Skl &
3= Ytz B59 vk ok (Kwun et al., 1997).
ol X7 AT Ao AMM B AHEIA A
£ 7Fed FAgo] ghAlel E=dshdA, §5Aol
go] 2 A 9 agFdee SHdAM 3A

Ae e tek) Heth §5AES $74)
A ZRER ohje, FA PRANL
AT 5 e FARAE AL F YE 08
o AT BAL AAA Bk Aolg

AL F2A7 AT ) F4 - RFololo}

BUL 274 H848 Fole Aol 7
2, e AR 543 F5 2
1248 olsty 1 HHsES A4E &
=g MEshs o] FOEY a3}
9lth(U.S. EPA—manual, 1992). tj%
7 1 (total coliform, TC), ¥+ + (fecal
coliform, FC), WAt (Escherichia coli, E. coli) &
oA EA EdolA A48 Br)Fo]
FAERA TS 3t e¥ozRE gAY
H7h 9 BUEPES A8 dutdor ARgEHI
t} (Weiner, 2000).
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a9tk UV A 2776l Zuje] 7HFo] 1713
oy A&l 7&da FAAeR Qs A
AQl 2oL £ iAo Hrhtn gl
t} (Mally et al, 1996).

UVell 93t 252 Aty og AfAolala &

= UV-C(253.7 nm)7} MEdje]l Exjsh=
T 2A8] B &2 deoxyribonucleic acid, DNA) ¢
B4Eo] (1) AEBE &4A7)T, (2) AXY &
FAlo] WalE Frf (3) AXgEde] ZroE
EXo W3ls F1, (4) A9 Bl WElE F
g, 23 (5) AU FAYE =40 DNAY
B A (ribonucleic acid, RNA)ol £4& 43l
A gk webA, UVASEEE 253.7 nnE 7H8
gadoz wppgd £ QuE AAsHEe o
(Linden et al, 2001). thA] 2, UV-Cel DNA
7t x2€9 DNAZE 732 Qe 771889 2
8 Zolx E3A 8 (inactivation) HTF (Lee et
al., 2002).

UV7L &5l oJste] wAlshs Fglshael wo]
AL H UVE o438 A%v]eo] T 3
ol darEWS AL Res 3l F
Q3 7] figter FES Wi 9Jou)

UV EAY] olg] 4 UVl gk gl4]

F&A o]go] AAF o7HI e Aot
(Lee er al., 2002). UV "]5% 489 2 ot
FAFAN AraEE S| Al
(George et al., 1991; Lee, 2002; Ministry of
Environment (M.O.E.), 2001), $3 YA
2003d%E kA BHT F4 71Eel o
A ol tig 710] Al - AldEo] A%AlA
A FgegioH A LuAEE HAd
71 9% w¥og UVakel HEHT it
M.O.E., 2002).
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Table 1 Characteristics of UV lamp used for experi-

ment
Watts Lamp Lamp UV lamp
) length current intensity
(W (mm) (mA)  (mw/em?)
17 357 425 0.90
25 436 425 0.75
41 842 425 099
£ dA319th. 49 329 (fouling) o] A3}
+ & B3] fste] goln g AX|stoq Azt
el g Moine A% AHo] Aseng 4
At
£ A¥o] ALg¥ UV #ZE: Philips xﬂ%ﬁ&
A+ #E (jow—pressure lamp)ol® I A|Y

Table 1¢] 22k=)o] gith.
UN £%59 &5%5& ¥ WL Ao =
AUV dose)& AHESPH milliwatt—seconds/

em’(mw-s/em) 2 Uehe, 49 Zre] =3

AZHsecond) & Fot Teth AN AEUV

lamp intensity)= WX} o)M WA= A&

F Y AN &S S dYHET BER

milliwatt/cm’(mw/cm®) 2 88t} A9 2%

Aidske W

=2

5 point source sumanation

Washing quartz
sleeves system

—>

t

=

é Inflow

UV Lamp

Quartz
sleeves

L

Fig. 1 UV disinfection system
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TED - AFE - FFE - JAE

(PSS) & AME-31tHTchobanoglous et al., 1996). Table 2 Analytical methods used for constituents
Congtituents Standard method Remark
2. AlEidH Do SM4&00-0C  Azide modification method
BODs SM 3210-B J-day BOD test
N . - . SS SM 2540-D -
Spase] ok UV AZE2S et 98
astel i UV 25583 27io] AJ Tutbidity SM2NB  Nephelometrc method
] Table 1944 Hi 2z o] 72+ UV F= N
(17W, 25W, 41W)el dhal A=&322 10, 20, Organic nitrogen ~ SM 450Ny €~
30, 40 m'/day® WFA7|EAM HIaLe =3 NHgN SM 4500-NH;-D BUCHI 435 and B-316
NO-N SM 4110-B Dionex DX-100

st B%sF UV &%l vjale 9L 2R
7l fldide ZERE AEEAd sted PEe Tp SMGNPE  HPSIA spectiophotomeler
biofilter A2l &3t} AUnbAQl g9 B& Total coliform SM %21-B

e o~40 NTUZ ZA3fo] ng} ] lt&i 164% Fecal coliform SM %21-E
AEESS ZAFAT. §ENGI)E )2) Escherichia coli SM 9221-F
qdEs ‘Qo}iﬂ YsiA = biofilter ‘th]‘L‘[‘"

WhatmanAte]l GF/B(1.0um) & oj=}8t & bicfilter Aol g3 BHAo] 2 v|AEH {718, IUE

NOx--N SM 4110-B Dionex DX-100

Multiple-tube fermentation
Method

Agst Egste] FASGI A e A AFE F4dion Table 29 &2 Stan—
A3t e FFY DOME us] fsidE —dard Methods(APHA, 1995)] wet £48

biofilter Y ATE o3t} A8 H, DOM o 72 A¥("EE, DOM, SS)of st RAjgE
< 2487 A% F£23EA BODs HYUE 0~32 (TC, FC, E. coli) B2 58] o]} wiEsto] 3t 4l
mg/LZ WA7IHEA APt SSo FEe & HAREL FATZIA(SPSS for windows,
olB 7] Y&lAE biofilter HEso] §Y¥rE ¢ ver. 10.0)& ol&s FEAMEA(analysis of
A ) 3hslo] #tA7)HA SSef o3t ek variance) % A¥5-4 (correlation analysis) O &
S F7RIFY, FEHEAE 10~40 mg/LE i3l FAEY &k #AREA (One—way ANOVA,

Liltved er al.(2000)2F Kashimada et al. Two—way ANOVA test) Ze]A ZApe] of
(1996) o Yspd A& o] Fi 1~2A17Hy 3 ZARAT UV &5 digt digd FH(TC
oF Bdt A WIS mdESTe #svh § FC, E coli)Atolel] A58 & AfolE Brlsh=t ¢]
Avk 0)¢ A9 on Standard Methodsol% =) L3I0 AUEAL & Hpr) thE g o=

29 5w #H5E A& A8 SA A8e 2% ALY #EAo] YA HAtstuA T o ol
A% 10T WYokre] 2aste AL AFsn HE BAVIMolth (Jung er al, 1998). 24 AY
oItk (APHA, 1995). wehd, & Aoy BE AR TR HFA7IEM UV 252 AR &

NBZ 10T Yool Baste] g 3 247 BT FHE EES oSl FEEAEGIH.

©

el A#AldA] BAshgith 8% DOM, SSol

o3 A3o] ALEH UV ALE 41WE AHEE 7 I &2 % &
o BE nAEo] AR o]X] AERFEEMo] ofF
7] HBo] 17W ALES ARgsIg o AalLs 1. Biofilter2t WwiP2| &
& 30 mY/daygE A¥sdct
FAZAYLGEL BAAT] vl wE1 &5 2 A7l o] 29 biofilter HUF A4 3
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ErAol &S AW drHe FE5Y UV 25 58 AT

dojM 109749 Hg 43 200195 A=
}FT A WWTP & 37 £33 Table
39 HlEE] Qlh B Ao UV FUFE A}
£¢ biofilter M5} FF UV £25A4 247}
40l U WWTIP #E4E vasd =n
biofilter A2l4=7} TCY 7% 4.81¥), T-P=

Table 3 Comparison of water quality of biofilter and
conventional waste water treatment systems

Patameer Biofilter" WWTP®

Inffluent Effluent Inffluent Effluent
TC(MPN/100mL) 260000 16308 122205 3390
FC(MPN/100mL) 147,778 10900 - -
E coli MPN/100mL) 114444 12915 - -
BODs(mg/L) 1549 59 1074 69
SS(mg/L) 544 34 117 59
Turbidity(NTU) 500 11 - -
T-N(mg/L) 60.4 31 302 15.5
T-P(mg/L) 74 40 34 11

a © Mean concentration form March to October in 2002,
b : National mean concentration of WWTPs in 2001.
(MOE. 2001).

3648 A& ¥& AHoly, SS, T-N 137,
BODsw= AR #olgitt. olgjdt Aol #9s
A9 ol oy biofilter Mol AL Atz
old 1¥EHol FHE F UE Aol Yo
biofilter #7129 MFATNE AX e, dw 5
FELAYRNE 1248, 23442 ®eohgt o
FANe nzxE @ 25x27x A £ wE
7] 9Bl biofilter X257t dulslsEaxe)
BET ddFer & £XE yehd o
geth

2. Ao AR WE WV & 58

Table 4 & UV #XE 17W, 25W, 41We] th3)
Zzt §32 10, 20, 30, 40 m®/day2 ®W3AA
2 o AAzAET RE2AE Arele] Al
Holn, Az W7t HL4E A9A ZErt )

W) A9H zAPo) Pastel, TH Aol
& F7MI71E AR A Bee] AHoA
2Akgo] ashAl Aok 2 UV Amd febis

Table 4 Survival ratio for different lamp types (Watt) and flow rates (UV dose)

Flow rate  Exposure time UV dose Survival ratio (% meantSE.*)
Lamp 3 2 . - .
(m’/day) (sec) (W - s/cm’)  Total coliform  Fecal coliform E. coli
10 208 182 221146 14113 0.7£033
20 104 91 04021 03013 0.2+0.08
1w 30 70 6.1 0.3+0.14 08+0.22 04x031
40 50 46 0.61+0.26 071041 0.6+0.26
10 29.0 26.2 03+0.11 04£018 0.7+050
5 W 20 145 131 0.7x019 09+0.16 0.3£0.16
30 96 87 151044 05+0.08 04+0.16
40 7.3 6.6 20+135 05+013 04016
10 38 480 0.0+0.00 0.0+0.00 0.0+000
20 190 240 0.0£0.00 0.0+0.00 0.0+0.00
aw 30 126 16.0 0.0+0.00 0.0+0.00 0.0+000
40 96 120 0.0+0.00 0.0+0.00 0.0£0.00

* © Standard error
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#5774 ABL - B2 AAE
o] tigk TC, FC, E coli®] 4&4 A= Table 41W #ZolA mZA[Zto] AL 9 (41We

4o Qokgo] it} 41W #BZoXE F3S W
ANALZ AEHANMEe BE Aol 100% 25
o] olFojFom 25We 17TW ALY Ao
gl wt Aol glou BE 979
ol wig A AFo] o]FoxE AoFE
vebttt 7k 3E(TC, FC, £ coli)ol] Wt UV
A=F8S dotsly] 93kl One—way ANOVA
test® AMNE A 17W, 25W, 41WUolra 25
FAFE 0.05 oM F3le fo]2 vehdx] U9k
on o]ZAL UVAEC] TC, FC, E coli B5Fo)A
AR oZ AR WY 2 AYags Ve
A 5 eSS 9n)gt). Sinder er al. (1991)9)
AFA N E 2 zALE 60 i - s/em’ T
71 o)l A kA Aol TC7F 23
MPN/100mL F&olgleH, oAt seAjels 4
Zod k] HZARFO] 97 i - s/em®Q) Aol
TC7} 2.2 MPN/100mL ©}&telsith. Loge et dl,
(1997)& SS9 ¥%57F 10 mg/Le) skeAelse]
A AMZAE 100 ¥ - s/em’ 2 FAEFIS 4
4-log? TC7} AMAHTL Rl o] A
T ARES BF B AR B A AR
o7 A%3 ZAyo|t} Kashimada et al (1996)-&
FC7} 30~35 W - s/cm®ellA] 3-log7} A= AT
1 BuEisd o] dFdi: B ATelA A
 41W9 o] §%L 10 cm¥/day® AP
A9} 853 2 2ARRIT B g o)
02 BEA dFdung oA zARo]
Mol M e AHanrt 34 debged, ol
AERATF GFACEA UV I A]
A7t 1~5 cmz w$ Agten, 29
QS vlA= SS AL AAEY] g
wjFolzt gtdch dwiHor Fmuf
ZFe AgAged vl wEel (Gregory
et al, 2000), TFE APJM =R AJHERALE
2o} A2 zAEozME Ayt Fopd T A
35 9L F Y AoF gddn

L
234

>

=
<

b > fr rlo Mo
o Uit & o:
2 ©

o & rx fu do 2 o
b
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40 m*/day) 9 25WSt 17W HZ9] wZA|7F W
A% (17W) 10 m*/day, 25We] 10 m*/day) A
O]EAQ AYMEAFZFO] AL 41W HLo|A 2
318 0% AEES UEUder g 24E
ARFA AEES YERAT (Table 4). whet

A, 0|24 AR AL S

A 25T Aoy} g 4 3
gt wabs, AdMgEst & @
AFAIHE A ke 7o) 2AJAAEI} ZFe
Zol 2ZALE AA o] o]
e H5EH 3 ALY 2 A5E8S 92
£ Sg Aol #wdRd, ¥ A¥d
biofilter XaTE 41We #TZ A% %
8 A$ uEo] AZHA G AoE YA
A FA7E s Aor dudn)

WBIAT 9} A gFo] TC, FC, £ cali®] A
ago] vlxe JEs Hokst7] HalA Two—way
ANOVA testE AAIS A3, TC, FC, E coli X
T FoFE 0.05 oA A gge] FUist s A
YEgo] M3} g Aoz Yehdrh oA A
4% 10 m'/day~40 m*/day HYWNHE F
Az oz W} glo] ¥ Mlads FA8I%

= A% gugith £ AZRE 1TW~41W
Apolo|ME TC, FC, E coli 25 $942 0.05
oM AEg JFE Fr oz Jehkth
Fig. 3& I Weol| w2 LSDY AMEEA Azl
U, AFEREAS 7E Ads 29 z2Fgos e
of o] =7t Aol& Blwsh: RoE, e
A A%t BE #ol7t 91, ABS B, ABS Ax %
ARSR zol7t ¢SS dnlsict welAd, TCS
E coli®] 7% 41W X7} 17We} 25W #x 1
FRY HEEo] F& AR JEon, FCY
A= 41W7F 17W BERT g gdo] 52 A
02 Jepovt 25W Aok M2l §& Afojrh
e Ao yehgth

%
lo
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2
o
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250188 AT A5AY §E35Y UV £5 18 A7

30

LB
25 T - CZT 28W |-y
—_— W
20 T Y

15

Survival ratio (%)

00 |-

Totai coliform Fecal coliform E.coli

Fig. 3 Survival ratio of lamp type (Watt) on the
UV disinfection (Mean+SD). Means with di-
fferent letters are significantly different at
P=0.05

7 §E(TC, FC, E colo] thdt UV 255§
& mpo}s}r] 8te] One—way ANOVA testE A
b Az} 17W, 25W, 41W JollA 2% 894

1%

>~

o~

T 005 oM FHE Ael2 vehiA ostor,
oA AFE W UV B HYeM e UV &

o] TC, FC, E coli 5 EASHOZ fA}
B9 Heass vehd + 9L Yujsd

2

3 B2IXQl olXjof] WE WV A= &E

e =
2 @) ASE B HAE QWA 8%
A% BHSY GEEAA 0~40 NTUZ

s}
AAA 17We 30 m/daysls 2gsE A
Fig. 4 3 Zo] AwAog 29 olate] WESS
wyoo e©r ZFyld wtE TC, FC, E coil?] 4
THAE BA&E Fa AdaAsrt 42 -0.54,
-0.53, —0412 &9 AHaAE JYeglen,
ojje] foj&g&2 Z+zt 0.01, 0.01, 0.07 °Igich
E coli®] B #2+F 0.058 713078 Agido]

fle Aoz dehden, TCe FCe #o+E

B Total coliform
O Fecal coliform
4 ® Escherichia coli
—_ 3
23
2
S
E 1 . o
‘2' . g . °
2 14 24
3 [ o 1 8
@ . . [ ] o o a
O
of W 8, LT
-t T T

4] 5 10 \'5 ZIO 25 3'0 3'5 4'0
Turbidity (NTU)

Fig. 4 The effect of turbidity on the UV disinfec-
tion

0.05& 7128 &Y AATAt e 2oz 4
Elstt). Lee ef al.(2002) 8} Ron et al,(1998) 9]
d7A 8TE UV 288 #AaNUtE 434
Aok & AFolxe] AEEo] e Fe RS Ut
8 B o, g%9 Uvel 2% TC FC A2 &
o] £9 A#IAE vehdths FERTE 0~40
NTU oME 857t UV Aol nlxj ddke] 7
A gtk #iAo] g Folet ket

2 A AREY UV ABAE S BEg) 27}
AT UV7E B8 Al88 a5shed 22 7+
& X o A0T oy, AAZ 2 Qi
AHRE FEle] f UV A5AHE Hx] &
ot o gro ded Ax 9L Aox ¥
t}. Z+ $E(TC, FC, E coli)o] t3t UV 2=%
&5 geksr] Ys8le] One—way ANOVA testZ
ANE A FEEY 0~40 NTU Welld 2% &
4E 0.05 oA FRE xolE Yehlz] ogto
9, o]RAL AP FTo g WA= UV 4
%0} TC, FC, E. coli B5FoA FAEH o= A}
g 1YY =& AHYgass vehd F 3leg 9]
i},

Lt DOMoi| o[3t gt
Fig. 55 DOME H&A7)7] 98 dE o3
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Total coliform

Fecal coliform

2.0x10° Escherichiacoli
Il Before UV disinfection
[] After UV disinfection
g . =
£ 1.5x10°
o
(=]
by
g
= 1.0x10° y=1492.5x+31058
pt = R=0.23 -
L y=467.3X+7990.8
b= - ] _
© y=957 .5x+6101.2 R’=0.28
‘d.:: 50x10°{ = » "= R=0.47 » — {1 =
Q
g y¥1.2x+55.38 . B =T sk 12%8
o » 2_ 5 L I
= R*=0.06 R*=0.48
00 m——os P S S, ] M= o e

0 5 10 15 20 25 30 35 0 5 10

15 20 25 30 35 0 5 10 15 20 25 30 35

BOD, (mg/L)

Fig. 5 The effect of dissolved organic matter on the UV disinfection

g & Y3tke FEE St} ©e AEY UV &
el UV AHelee F58 ehd ol
(17W I, 30m'/day). DOME H7ksb7] st
FAFEL BODsE 0 mg/LolA] 32 mg/LE W3}
ANA AREEd e, dubdel a9 DOME Eds}
7] 98te] Aol L AFYFE sl AR
3ttt DOME #o17] & oj#st sprdss
#7}48re| wat TC, FC, E coli®] 57} 44 &
FobRAIRE, UV &% & &M & AJolE
ELO] ] 0}01—1;].

Fig. 6& DOM2] ®igle] W2 UV &5 F A&
& J#=Zold, AEEo] TC, FC, E coli BF
2% o3tz UV 25 gk DOMe] <3 43
o Ad WA= AL Aoz Yept
DOM Z7te] W& TC, FC, E coil®) AABAZ
A A3 AaAlsrE 44 048, 0.38, 0.06
o% ko] AUTFAE Yo, ol {9
&ge 247 006, 011, 082 BA FIdF
0.058 71F22 fAo] 9 Zo=E Yehdrh
Morris er al.(1995)2 ZAaUolA HIFE o4
sto} A&e Az DOC(dissolved organic car—
bon) 8] ¥E7F F7Hgell webs UV-B(280~320
nm) ] Frhgo] Zadittn SFGItE Pages et
al.(1997)& DOC7} &71tell we} 254 nm 943

w  Total coliform
o Fecal coliform
a4 ® Escherichia coli
- 31
£
2
=
& 29
H .
S 14 . as
@ o o _— , oo
=
od agd [ ] as H - vc 2
-1 T T T T T T
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BODs (mgiL)

Fig. 6 The effect of dissolved organic matter on the
UV disinfection

ARA (R*=0.76) 0.2

5 7kt &%l
1, Dilling et al.(2002)&

254 DOMo| 2748
£ 260 nm3Fe FFEo] F7Hx=19.75y+
0.53, R°=1.00) 8ttty LTk Laor e al.
(2002)& DOMS] %% Hrlsh=dl UV 562
H H7keto] 10~15%9 DOMe] 4A¥% wf, UV

2 35~65% aFHEThn Hngk wl glok
olgidt ATARETE Bl & AN A
UV 25AMS fpao2Zn #ogl Algelel
27F 1~5 cmEA oi¢ AG7] wie] DOMel
ZHdo]l Aty wdEth Table 5% UV
ALl TC, FC, E coli &) +%22 BOD;7}

B 1o Mo

Jm (e
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SrAel g AE A FEF UV

A% B& AT

Table 5 Average coliform concentration with dissolved organic matter

Coliform groups (mean MPN/100mL)

BODs (mg/L) TC FC E. coli
Before UV After UV Before UV After UV Before UV After UV
3-10 50,200.0 62.4 10,6400 242 13,500.0 214
11-20 80,000.0 114.3 32,0000 493 26,400.0 443
21-33 76,0000 108.3 31,000.0 638 20,000.0 66.7
Z7Kel wet UV &% ¥ TC, FC, E coli®] ¥ Ch SSoff o8t dst
EE Audcz ke RoE dehtod,  SSY 9% AR 8 shdsrE £ge
DOME F7H71A %2 biofilter HTE 4% ol UuHARl FrelA Yehd 4 Sl SSE
& A% fAket FERAAY 4 F5(TC, FC, E Ads}7] A4 ol Fig. 72 SS9 5xE
col)el djgd UV 2588&% sl 313y 10~40 mg/L HYZ W3A7|EAM 17W HZo
One—way ANOVA test® A8 A7 FLH9 A4 30 mY/dayez UV Helo] st agz
0~32 mg/L WelA 25 F5& 0.05 A4 F A, biofilter H2Fel FULFE E83I FEE

A 2lolg UehiA] odghon, oA UV &%

ZR8e] Agsied 27| dFd =0 a9d

. ~y = 4 5
o] TC, FC, E. coli 254 483 We DOM 2ol 1x10°~3x10" MPN/100mL& o] 7}
TEAME fARE WY & MElgge Jepd ol Bty ofHs] 2 4% A&2 YES
T S dulgit) o Jey, UV 4% 32 $58 A8 Adsnd
Fig. 894 B ulgl Zo| 1x10°~8x10° MPN/
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100mLZA biofilter HMeFE UV &=31x] ¢ FA7IEE WA= o] Fasit)h dadk A
B AR 2 FEE B SSUF FeE dagoly AEES A1 A558S ddshs
TC, FC, E. coli®] ¥E& A¥H o7 F7lsl= 4 AE FAFE F 9loBZ UV 2% & 47|12
o7 yehgth E coli ARAS 08002 8w of WERE Hrisjolgt s}~tﬂ oy UV 2%
FES YA AREAE eI FPeM SSEEE UV 2558 93g )3
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