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Water Quality Variation and Removal Characteristics of Poliovirus by Blologlcal Activated Carbon
"(BAC) and Ozone Treatment Process in Nakdong Rlver Eun-Young Jung®™, Hong—K1 Park’, You-Jung
Lee, Jong-Moon Jung, Mi-Eun Jung, Yong-Ki Hong' and kyoung-Lib ]ang Water Quality Institute,
Water Works HQ of Busan Metropolitan City, Kyoungnam 621-813, Korea, 'Department of Biotechnology,
Pukyong National University, Busan 608-737, Korea, *Division of Biological Sciences, College of Natural Science,
Busan National University, Busan 609-735, Korea — Ozonation is a disinfection technique of harmful mi- '
crobes commonly used in the treatment of drinking water. And Biological Activated Carbon (BAC)
treatment also’ provides numerous benefits for drinking water utilities, including removal of micro-
pollutants, improved treatmeént processes. The multiful-stage ozonation and BAC play roles as effec-
tive methods for removing several materials in raw water. Water quality variation in Nak dong river
“and the removal efficiency of viruses by ozonation-BAC process were mvestlgated on pilot-scale. During
the period of survey, most of water quality parameters including NH'/N were highly improved after
passing through the BAC. The removal efficiency of poliovirus type IIl in water treatment process using
pilot-plant, 99.6% of viruses were removed by pre-ozonation, sedimentation and sand filteration process,
100% were removed after in BAC filteration step. In the removal survey of viruses by ozonation, ap-
proximately 61.1% of polioviruses were inactivated by ozone of 0.4 mg/1 within 5 min. and 100% were

inactivated by ozone of 0.8 mg/l over 10 min.
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2] 9} BAC 33& Hhe Al2d o2 J¥3y on(Fig. 1),
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FEs AZES 2std AEAAT. T71€ 4 1/mind] ¥4
3 I ESE AL, QESHFL 01~0.8 mg Oyl
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Fig. 1. Schematic diagram of a pilot-plant for water treatment.
1; raw water distributed tank, 2; Os pre-contactor, 3; coagulant mixer, 4; circulator tank, 5; pulsator, 6; settling tank, 7;
Os post-contactor, 8; BAC column, 9; clean water tank.

Table 1. Operating condition of water treatment process using Hio|2A 8|8 ZAL
biological activated carbon (BAC). Hlo]E A 3488 SAA Y AR 2 178 L o]
Parameter Operating condition _g_o}oq 33) AA) o],gaq. c‘ﬂ_x-] AN EE dFY E0xay
Empty Bed Contact Time (min) 12 A 879 33 & 012 Y3 o 200 PFU/ml %9
Linear Velocity (m/h) 10 =g 20 H}Ol av Aede s AREY 1 me H7
Backzzcsih;fgp tzrr&:n)(min) 2195 Atk 2 EYAA AR HZS o] 83he] 1MDS filter
Expansion rate (%) 40 (Cunorh)7} o] Qe EEFHFAZ THAA AFs
Pre-Ozone dose (mg/1) 1 o X3 $AAEE 34 FR5 4015 27 E EYzzy
Post-Ozone dose (mg/1) 2 g £7)9] ol ¥AHAE A3 FLUA SHANAY. o34
A7 1-MDS filterS F wjdA vtolglx BAM w5
ﬁ %3t 3~49 A dj%¥E BGM (Buffalo Green Monkey
@ @ E | kidney, passage 135) A ¥o| Z7} ZEAA AEHAER
. _| @ 3 (CPE : Cytopathic effect) 95-& 23t & MPN program
o © (ICR-MPNV Software Program)g o]-&3lo] £315 &3}
1 o o T At
2] ]

1 o © Hy3dY Hlo|HA HAHE AL
2 L o [il AL 33 FFS 30 1o 3x10" PFUS wholef 28 £
'S sl AFYZE o4, 3 ml/ming] SET U5 Yz

N

FstAtt. A8 AFE = EPAY ICR ¥ #7356 A
A3he BRBHINE 2P ASHAT AR ATE
1-MDS filterg o] &3t A4 - A &L 200~300 15 HA
+ 3. £ ZE . BAC o3 1231 AgE 1600 1 o]dg
© Standard Method[1]} Q& A4% A@H[1920]0) Bt AR 2 APo) AHE-H filters 314 negative
o UAE &= FAFF(Total coliforms) Z At chargeE H1 & wlolg 22 T8 £59 RE §7|E
(Ecoli)y AEL HHYE o] &3t A er, (IGF A& F4Y & U=E Azxd Ao2 EUAAI} positive
Z 29 94} 7 (Heterotropics : HPC)& ReA agar (Difcor}) 3 charge® #x itk 53 A5 AXeE w=Z EPA9
B o] AlE 1 mlE Z28 F 25T wjg7]olA 143t H) ICR ¥y @ 37304 A8 FZAAud] 23] 583}
Fsted AW colonyE AF3HATH QTH3]. 9 FH7F ZEE A% Y Z(peristaltic pump)

Fig. 2. Schematic diagram of ozone process.
1; air, 2; ozone generator, 3; ozone contactor, 4; sample

pump.
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Z9(pH 95)& 327} A3t Housing filter) 2 Hof ¥
o] 127t A ¥ 33 ukB 3t &AM WA g
g §399 pHE 70~752 2A3}3 1 M HCIZ 35:0.1
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THO £4202 gMste] Ag JAE%F FUHA HEed
o w7l BGM M X AEE FHAA 158 HE L
2 WEE A2 A 112 AFE N8 1R
A EALTE 31} FE 80~1208 & 4T WY
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A E5E 3 1497 A gsie] AZERASS B33
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QEZTY HIOIHA MHE ZA

WA X 8Z 33 255 514 PL3E npo)a) 2 stock 1
ml (5000 PFU)E A7iete] ZAs9 Y. £AE 34 S/
518 ¥xg o0& ALA U 87T & 47
(generator)Z AtE-3te] O & wAlFS AAA KAXAA
Azo} AZPEZ WA AT BHEAIZ DL Al e 4 A
FAE o] &3t oAHfsP. AEEH ARAE FFAA
negative chargeE H3 31 viruse] EHol F HEE 2
A 7} positive chargeZ o] Fo1A 91 0.22 ym membrane
filter (Hybond-N", RPN 303B, Amersham pharmcia bioech.)
ZX 9738 & A S 119 50 mM glycineo] 3% Beef
extract7} So91E 51 ZAIc] 24 ¥oj 308 o awk
ANA R0l F&H o] e ulolH 2 BRlAlAh gl $9
Ao Pilot-plant F35FE AALIH FY3HA F71
SR YL ol &t Ayt on, IF LEL K &9
o7 238490 40 A" ZE & 7)7e 01% &
Agdog 308 oo T AESFIH 2% E|QIAMIEFOR
Z3A 7 T oA 34 SRR oy | AL F121T, 207

T Egste] dxd ¥ AEsten] 49E 35 dAlstA

MIZHHE
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AT E AR5 ok BGM M EZF9] v ofd-L penicillin-strep-
tomycin €93} amphotericin (fungizone) & o] T3¢ 3
AA 9 10% FBS7F H719 MEM/L-15 uj A& AL&-3t9 T
Azl Adle €4 monolayer7t E4 € BGM A 2FE uf
7)oM) Aol wjekgr] ol Yl WA E A AAT F
trypsin-EDTAE A o) & 7] HF2H(F 10 ml)& ¥x
36.5£1T wj%7]dl 5% A= wWA3IHth BGM A 50| uf

MEZES 1000xg, 10832 ALoX 44 28 Foll 43
dg ARo] AAGT AAY ALS N2E F

o) 83 3 AEujor SepAA(25 cmd)o] £33e] 365T,
5% COx9) w70 A FakATh.

ICC-PCR (Integrated Cell Culture - Polymerase
Chain Reaction)

Hlol g2 HEE 9%l primere poliovirus genomeE %
o]Ho g A&% 4 9] 5 NCR (Non Coding Region) ¥
29 d7IMEE AHESIRTHT] 1, 230 Ml Z el ey 200 ulE
500 ul¢} GT (5 M guanidium thiocyanate, 50 mM Tris-HCl,
25 mM EDTA, 8% 2-mercaptoethanol)$} 4-& &, phenol/
chloroform¥] ©.8 RNAE &34 H7]. %3 RNAS 70T
oAl 387 /tg3ste] WMAAA L, wlE FHld DNA Y
EGE(6xuk-E 9329, 3 mM dNTP, 150 pmol reverse primer
(PEV-R), 250 U M-MLV & # A& 4 (Promegarh) & o] 37T
A 1A 7 Bt A stk 95T AN 5E E-& 73t il
& 227 g PCRE AE 302 A3 goh PCR
u

PEV-F, PEV-R Z}z} 50 pmol/ul, 5 U/ul Taq polymerase
(Takarar}), adjusted to final 100 ul with H,Ojo} ¥ =& 3}
o PCR 9H&-& 33191t PCRE 95C oA 30%, 56T ol A
45%, 72Tl A 452 5o 4035 uhEA A PCR 2H&& 49
o} PCR v+% A3 AAG A28 1.2% agarose gelo A7)
F% 3¢ 394 bpe] PCR 229 ¥4 F75 &Lt

_;‘{_
o ol2®, o|n] B % . KMnO,; &:H| % - F&4 o] gk
5o zvzk A5 uls) 974%, 731%, 71.8%] AAEEL
Hgor pH, NH/N & A9 H3rt gle Az ve
g} opA e @49 BAC &4 & 2&XE dAdM7
A AAYA 9 NH,-N 58 83 BE g§2E0| A
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Table 2. Water quality from each step of water treatment process using biological activated carbon.

Parameter Step 1 2 3 4 5 6
pH 7.7 (£0.4) 7.7 (£0.3) 1 (x0.2) 2 (£0.2) 4 (z0. ) 7.2 (x0.3)
Turbidity (NTU) 16.29 (¥16.80)  14.39 (£15.41) 238 (£3.18) 34 (x0.13) 036 (£0.24) 0.20 (+0.07)
UV (cm'l) 0.0551 (+0.0112) 0.0341 (+0.0113) 0.0212 (+0.0092) 00236 (£0.0319) 0.0104 (+0.0043) 0.0079 (+0.0030)
NH,-N (mg/1) 0.06 (x0.11) 0.06 (x0.12) 007 (x0.19) 004 (x0.15) 003 (£0.10) 0.02 (£0.09)
KMnOy (mg/1) 9.5 (£2.6) 74 (£27) 8 (£1.2) 8 (£1.0) 5 (£0.9) 1.4 (£0.5)
THMFP (ug/1) 64.9 (£23.1) 45.3 (£17.1) 260 (£9.5) 216 (£8.5) 180 (£74) 11.3 (#5.1)
Mn (mg/1) 0.01 (+0.01) 0.01 (0.01) N N N N
Fe (mg/l) 021 (£0.24) 0.23 (+0.30) 0.06 (+0.20) 0.02 (x0.06) 0.01 (x0.04) 0.01 (+0.02)
Al (mg/1) 0.32 (£0.34) 0.37 (x0.39) 021 (£0.19) 0.05 (+0.06) 0.05 (+0.04) 0.01 (£0.02)
Bacteria (CFU/ml) 32,000 2,500 21,000 28,500 500 15,000
Total coliforms 430 2 10 12 N N
(MPN/100 ml)
E.coli (MPN/100 ml) 5 N N N N N

* Values are expressed as average from obtained values per weekly measurements during one year. Step 1 is a water sample from
raw water tank. Step 2 from Oj pre-contactor. Step 3 from sedimentation basin. Step 4 from filtered water tank. Step 5 from O3

post-contactor. Step 6 from coal-based BAC effluent.

0(.}5} e 0}74]9] Microcystis aeruginosa, 741 2] Stephanodiscus
hantzschii 5o <& tl# 2402 pH, NH,-N, BOD 5¢]
557} AR B B2 dehbe 202 Bad v g

[15]. B A7 ZAL7|ZF ZeE vlwe 738 o3

=5

FEY AA ii Aate] oide] Hlsh Ao FHL Ak
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Hlo| A AFE FAHANEE A2 E Plaque assayH &
ol g3l on, Aad A mlF 6x10° PFUY ulo]g 2~ S
de 2 99

Hlo| g4 3488 1-MDS catridge filter2 o342 A #

N1SHAYE o) 83t FEFAIAT 5417 ¢4 AEE ¥
o, 155, 125 S $2, £4 559 (NaHPO, . 7H0, pH
74)2 99 FEE 2447} BGM AEo] 1 ml¥ 453 3 14
A7t vekdle] CPE 52 88 H ). MPN program© &

&3 A3 120~250 MPN/100 12 Jepgon, 5482
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150% 713§ @&de Aoz ey

HayXa 3EY olo[qA HAHE
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Y 500~1500 19] A B2 o, B3 AT
vk 9 ICC-PCRYC.2 Attt 200 19] ollA] A

Hlo] Y25 7]F0 2 1S u A 2FE HEFMe 9%68%
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Table 3. Analyses of virus elimination ratio after performed each step of water treatment process
Step Mean virus density (MPN/]) % of Virus remained TCVA™ ICC-PCR
Raw water 7112 100 + +
Pre-ozone 2288 322 + +
Sedimentation 0.4689 0.66 + +
Sand filter 02877 0.40 + +
Post-ozone 0 0 - -
BAC 0 0 - -
Finished water 0 0 - -
* Symbol "+" indicates virus detectable on cell culture or by ICC-PCR.
Symbol "-" indicates non-detectable.
** Total Culturable Virus Assay
2 F7HHQ ATl ol FolAok & ALE HAY26] £ @ HEIA G 2 = 4F npolL A 49

FAAE Egontole 2t 402 sof AALYS 4
Asgot, #A0 Bl RIPTh LR A Lol
G Sl g A S B E S AALYE FF A

3te] wpol gl s FRo| GEAAEE BT ZALH Ao} &
Aoltt.

AAZ 2 Fte] wpolgx X ZANAME F44A] 370
A 1EZFAHTZE AN AT FREA NN
vlo]#] 27} A& EA 99k uﬂ% of 34l A4 upo
g2 AASE F83) FR Aoz Addgl4] 181
HeE A 97% 1*04 H}olaiéﬂ AAHAD & 9

$¢ gAsgons, oF
P P P et

SEXMSTO M2 dlol2A MH2

Pilot-plant] &g A5x 2548 uholg AAE FA}
AN HeE GANA TR Hpolart B8 Hol
Houg QEA A% ol i AASHE AR &

Table 4. Survival ratio of virus by initial concentrations of ozone

2 &g FAE o] gsta] AA s 5000 PFU/mlel po-

liovirus M¥& S/ 51 o] L& AEFxe Y31, 2 F
BAFS AT JHAILS AP o2N & FUF

o }E vlo]Hi BEES FHEJT vpoje 2 E
A= ‘ﬂ:‘_{‘fﬂ"ok‘ﬂﬂ Aotgle HholelAE 3~49 Am
AZHF A F A dF FFAA E2 2 vela
AA AEY 4 = ICCPCRY 2 8913k ch(Table 4).
HIEHH‘”‘@"H A wpolz 2 &< HEA% 04 mg/l9] 2

Eo] 5L AFHNE W vpolHae oF 61.1%0]4¢0], 08
mg/l,] LEFEE 108 A Tl w29
100%7} 2743 R &S ¢ 7 AR 28y 14 43
A E 0.8 mg/l19] LEFEE 1023 &g &y ICC-PCR
el oz} whole vt HaHA o, 23 472 AYAA
< BFole Azt ICCPCRY EFo|A nlo]2i 2y}
AEHAT webs vpolg 29 Hd AAE AM= 08
mg/le] A 108% o4 2 &Xe7}t aHolAle Aeg y
elygtl(Table 4, 5). o= Harakeh §o] A AF 22 02

Azl
o)

A

il
A~
T

Time (min)
1 5 8 10 15
Polivirus type T 59.3 424 38.9 28.8 0 0
Initial Ozone dose concentraton (mg Os/1) 0.08 0.24 0.40 0.64 0.80 12
Residual ozone (mg Os/1) 0 0 0 0.08 01
* Supplied ozone concentration was 0.1 mg Os/1 air
Table 5. Analyses with cell culture and ICC-PCR of poliovirus inactivation to ozone.
Exposure to ozone Initial Ozone dose conc. . First passage Second passage
(min) (mg Os/1) Cell culture ICC-PCR Cell culture ICC-PCR
1 0.08 + + + 4
3 0.24 + + + +
5 0.40 + + + +
8 0.64 + + + +
10 0.80 - + + +
15 1.20 - - - -

* Symbol "+" indicates virus detectable.
Symbol "-" indicates non-detectable.
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