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Abstract Conventional disinfectants and disinfection method are expensive, hazardous and often require long periods
of exposure. Recently, there is growing interest in complex disinfection process as a disinfection technique in
medical instruments such as endoscope, hand piece bur to improve the disinfection efficiency and conveniency.
The aim of this study was to evaluate the performance of a new complex process for the purpose of disinfection
of Escherichia coli in water. Three single process (electrolysis, UV and ultrasonic process) was combined dual and
triple disinfection process. The order of disinfection performance for E. coli in dual process lie in: Electrolysis
+ UV > Electrolysis + Ultrasonic > UV + Ultrasonic process. Disinfection efficiency of E. coli and degradation of
N, N-Dimethy!-4-nitrosoaniline (RNO, indicating material of OH radical formation) of dual process was higher
than that of the triple process (Electrolysis + UV + Ultrasonic process). In electrolysis + UV process, disinfection
tendency was well agreed with RNO degradation tendency.
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It 53] AR E WAE2 Aol Adlder B
SVt ojgd & 3L 8 FaL vise] HIole 2]
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WA olgo] E& F7I5t ulddt WAl 71718 B8
Aol vlol| 2] ZFEANZE k71 gl o]
A= AT 10od9) Z2A WA1BS gl A5 Fa
3 FAZ UIFE o [2,3].

oje} 2L FgolA AlA Zhrollr SAHHR WA 7171
o] &% RS AFst] WA 717100 o3t 2 HAE
A8l =Fala glck 19809L AFsle] vl g W YB
AR A A 2 B pde] A2 e A4
A1t WA 717} A=l tidk A=A S0y, A
A viA], WA 717] &% ol theh A Aot
BIHARI WPEE 28k AT [3.4]
SEUERE 19959 tigkasty X178 E 3ol WAl 7



34

71 AH R Ao RS ARl o) AaE g k8 e
el glovt 7t WHdnit} BU=HA B3 wyos 4=
o] o}fAaL Ut} [5].

A WA &5l 71 Bl o851 JE 45
A= 2% glutaraldehyde{ld), 2% 9= 201} 94 &
F714 el tigk A=430] Qlo] WAl ME e 257
he Ao A7l slE & & U, 55 A5 3 9
sto] FU3 79 hko] B o] Foix|A] kS S Ytk
weba HZo 7 BddAMe Helgs U3 25 A%
= TP A3t As WAE AAANE A3k 3%
7t S7¥ekAL Sk [6,7]. @Al FUl- <ol fEEe] REH
o] J& WA AAg 2% A7V FE AF AH
719 B W8o] FF o|FAY [8], HIE LEFE
o83 o 7ot UANA AFYIE 29 A WAIA
AH7), 2F A5 WAIA ME7) 5 253 AHE B9
g F e AEFS EANET Y [9-12]

T A AR ARE T 2ES o183k AEe A
L skrlE] 0lA da A=) ikl Aoz WY
T &%) o]§ 7Hs3IAT 0] B Q&Y
2 HE FAE A8 X 5 &6} Baskn, 2R
o] 7H4e] 3 FREAo f71EH0] EAshs 4%
LF 87%0] S71E0] AAA eEldAo] FL Aoz U
AL [13], 2591 45 FP00e AY o] 8= ¥ §lo]
AHel F8& E FFelck [14].

webd] AE AH71E A% 7lEdr QFoh) 2e9E
WA = JES 25 AT 953k, 25 AlFo] §o)
& &% Tleo] Hasdht w3 e B 4% 3HS
ol&3te A|UA] o] T A= A%E EolE WP

g Q77 AFET Sl Aol [15).
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&5 3RE Agsi] o] B3 34 AT A B T
g9] sl FFE TRl Al thaled 13T [16].
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Fig. 1. Schematic diagram of dual and triple reactor system. (a) Electrolysis + UV (b) Electrolysis + Ultrasonic (c) UV +

Ultrasonic (d) Electrolysis + UV + Ultrasonic.



KSBB Journal 35

Ao, vk Rl 1 Lolx, L 95} mut
718 ol-8dted whkslith AR vk A AT 7
2L 2 mmE 1GSHY RE APS AR NaClS
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E. coli stock €9 1 mLE &5F<¢} Asfdo] Eo] Y=
1 L] 9k Aol Y1 10" CFULE 4A38 thg, 25
APE Tl 4 A7 FHo = AR 1 mLE A3}
At 79| HE-S pour plate methodol] ]3] FFAlo)A]
ofFolftt. Y 2AE F0)7) Yl 1749 A8 5709
s e ARSI, AR AFH Fole £2d 3
E3hs Al o3 AR 2aFo) JdEE AL )
8 kAl (neutralizer, 14.6% sodium thiosulphate$}
10% sodium thioglycolate) 10 pLE FU3te] d&A o
2 3143} nutrient agardl] 93 T 37CE $A 5=
BOD 710X 48A17H5<E w3t 5 dAE JFe
colony counterg ©]8-3}d A3ttt AL 53] AA]
3hal Pk REEAE a0 Jehidch

T3 LEEAY Al 450 JFS F= 249 -OH
< ARFES ARH o 2457 o3y H7)1ESA -OH
I e o & wkESle Ao R ¢# X N, N-Dimethyl-4-
nitrosoaniline (RNO)®| 3£ g37j0] o3 ER1g 4= Ut} [17).
7} Bgt 3404 -OH A4S ERIE 4= ¢l RNO2 £3)
£ SA31 7302 .OH 93kS nlRE SR i}
o AL

RNO+ 435 A)E o) &3ld 440 mmoll A FLTE
ZA3to vg] ez AFAE o]
Abetg o, Ao AFE-3H RN
50 mg/Lo|At}.

U
2% BAAAMY T A% A5S 13l Fig. 2(a)d
WERRITE 280 FAL 717l 44 5 W 992 [g
HAo] 7h53l7] Wil 5

A7) + 253 FA (Ble + Ultra), UV + 223} 2A
(UV + Ultra)d] 3¢ 2L9= 10 W=, 7|9} yvH =
S8 7L 8 WRE F 18 W &8 o] g3lgom, 77
+ UV 34 (Ele + UV)S ZF 99134 L 8 W= 3l &
16 W= frA|ste] A3k

B3 A g 7z AFS % A A F79
@ T F A% AT AR > UV 3 > 29w
FH02Z JERTH[18]. Al FF9 2% 34 T 289 34
I A3 3 P &5 Hee A4 HHL 18 W
ojATk F AFo| 2 W7k AL Y] + UV FAHHY Hoj
Ae Aoz eIt} Fig. 2(b)ol] Al 279 B4
A1 -OH 2§43 A]35Q] RNO9) B3 =E YeRiITE UV +
253 F4L& RNO7F A9 E3) HA go} -0Ho] A
HA et A4S € 4 AT o= RNO9 22 -OH
probe 2 &% 4-CBA (chloro benzoic acid)e] #3f 23
oM UV 34 229 9 FANME -OHo) AAE A
ool Bk 77} vk [19]9] Ak} Hlwd o ol vy
FAS A UV + Z253 B3 FANME -OHS A
HA et ARRET: A7) + 229 ZAedM 2] RNO
Bale 289 FAA RNOVF 848 =] ¢7] wj&io
7] + 253 340X RNO Fll= 2 Z71%s) 39
o 23 Aoz} Al SILE vha A7) + UV F40lA <
RNO #3lle 7] + 223} FA9) A9 2ujd] @h= AL
2 Yehydt] gl AR A|Es] T F 3 BF
2+ NaCl 559 A8 (8 W)olxat o]} 2+o- zjo|7} 1}
v A A7)+ 253 FA A 253 FAlA -OHO|
R e A7|RE] FA AR wAgslA ek A7) + UV
FA9 A AlUA &yt BAE) wEQ] AoZ AR
HATH [19]. Fig. 2(a)8t (b)oliA Bzo] 23-dket AfsH
FANME AFEE @I RNO E3les 3o Aoz
ettt 289 A9 2S¢ 292 AP EEEA
(cavitation)ol] ©J3l VA 7]} FAA-AF-US5-5-Hsh=
HAE AXEA 51é FAHTE WA HH o] FZ )
ofsf) Al 22S 3H8hH [20], UV &5e] A9 vAE
W5-2o] RNAY DNA7E kg0l 9Jsle] 415 o] DNA
EAE Weatr] bl dtEe Aoz ddA Qi [15],
27|83 o) 23 AF-E Y= (+) FHol Fol= A
ARl sl MEHe) 7]Fe] AT, FAAE VTR
Eo] F o] APdsEAY, IRsleA, QF, oikekA,
Y G4 5o AskAg -0H 5ol <Ja) n)Eo] Abdd
g ®aEI 9o 211

o9} o] Al FA4L Z7] g v|AE APE fAYSS
73 e, A28 Uvey] A 82 4zke] &
= UAYUE 9 olgje} o] ARl ds 2t
BpAast 9Fo) UV T2 UV AZoA sk 212
Azt 2 ()3 (2)9F 2o] ¥kl -0HS AA7=T)
o]Zo] FA9] Ao 7 Qg AR o] TAAA A
= o] 7Rk Aolgta A=A [19,22].
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Fig. 2. Effect of dual process type on the disinfection of E. coli.
(a) disinfection, (b) degradation of RNO.

Fig. 200M A 59 9 342 2354 2838 34
9] 453 RNO #3858 138319 AY) + UV 349 &%
T3 AR E34E 891519t Fig. 32 3% A9 AY
A EHE @3] A3l 2% TN ARTE A% S
o] $3HE AV + UV T3 A7 Rl uv 349
AEE HIAF|IL NaCl FHHS 1.5 gL, 229 34
5W, & AFEE 16 WE TAANZ] ZANA 352 2A4Q
A7) + UV + 253 339 A%5L vludle Jehfgleh
ART BE 33 ARG 2F 339 A7) + UV FHY
W A% o] % Ao eyt A7) + UV +
2530 3 oA A7 399 Aol =& A (Ble

7-UV 4-US 5 W)9] 7] i &%5L 27] ¥he&er}
=y Ao Uehgou) 38 o] mE Ao YeRt
. a3y 3% FANA 7 9l FFe] wHA wE
e FX e Aoz AAEHH

(a) te+10%x
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Fig. 3. Effect of triple process type on the disinfection of E. coli.
(a) disinfection, (b) degradation of RNO.
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el A7)+ UV FHA 8 9dd 349 vES
AR Yt AA HAEL 16 WE LA3A AR5k
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9 3R] A5 vlwdt] Yepel AR 24
9] o] FEFE WS V]9 A% 5= UV 85 TF
o Hlg] =3 Ao YeRIA|YE 38 o] FRE] &% FFol
UV AEoe] £& FTART 5& Ao Yehgo) o9} 2
L A= UV 49 A9 UV H= A5 ARE IS
Ao zpe)do] ZAKE 0] AE o] &HA Y MR F
Ao 79 ALFF AR AIRE AR 93 A%
o] X|X|qt Ak3HAe] 739 AT FEO AkeA7E LAY
3= Ao] o} wkg- Aj7he] F71E ] wE A =0t
Z713 e FEE AT I8l QF0] UV H=
oA ZALEE zpe)Azle] whgsle] AAAI)E -OH 5%
7] o] AeA] eIt e BhA7E 27)E UV
TR A% Aol AT AElA A FEIF 71
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Fig. 4. Effect of component ratio on the disinfection of E. coli

in Ele + UV process. (a) disinfection, (b) degradation
of RNO.

A7l + UV 34 e Wl wpg Ao uv
FAY A= Ao 7P doAle o Yehga A7)
B39 vigo] VAN A% Ao S7she AHos
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d FARG H7ES] vlgo] =31 UV 349 vlgo] &
< B3 A9 A% Ao ArEs v TG 5&
A8 etk &% Adeo] 7P 53 34 AR
o} UV F4o] § WE e 249 AT A=%50] 71
58 Aoz Ve 3% Age A7)+ UV 339 AY
HIE-S 27 RX5hHA ATt Fig. 4(b)ol] H50]
UV 342 RNO7F A #3) HA| 2o} -0Ho] A E A
FeETE A4S & 5 JoH, 7] + UV FANA A7)et
Uve] W7t 8 W2 -2 F3o|A RNO £&)7} 7P &&
Ao YET) ol A&, UV 2% ©@= 34 9
g A% 9] A7IES) + UV B3 3Ao) 28 AU ave
2o} LAsE] wlfolgkal ALRFH I

7| + UV SHollM M2z} NaCl2| B

Fig. 59 7] + UV FAAM A7)l 3387 UV 373
o] HES 2A e BEF T80 AY Wl mE 4%
3% ()7 RNO £3l] ()& JeRiITh Fig. 5(a)°lX BEX
o] & MY 8 W 12 WellAe 929 &% A7t T8 §
Z}z} 8.7 x 10 CFU/L9} 9.1 x 10" CFU/LE JERL, 16 W
olae] AeelME 10° CFUL 99E velsit) 33 A

16 W2 ZAs ¢ 48S APt
Fig. 5(b)°ll Z== Wsle] thgk RNO #3fl AEE Ueh
Ao} el Bl o] FU1EE RNO £3 &=
= Add oz ZrRlE AR eI 4% 453 RNO
Haj) 73ke e Aoz Uehth
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Fig. 5. Effect of electric power on the disinfection of E. coli in
Ele + UV process. (a) disinfection, (b) degradation of RNO.

Fig. 6(a)%} (b)oll H2<1 NaCl H3}l] wE 4% A%
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2 g/LZ 71l et a7} A1k NaCl 559
ue} AyF oz Friehe AEE HAOH, 2 gL ol
NaCl FEolMe A9 A3 FA1=0] 3 NaCl T=
£ 2 gLE AlEHA

Fig. 6(b)2] RNO E81% 2 g/L.9] 2.5 g/L2] NaCl %9
tigk RNO F= ¥sl7} 24 ¢ko} RNO &3l A3l &=
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Fig. 6. Effect of NaCl dosage on the disinfection of E. coli in
Ele + UV process. (a) disinfection, (b) degradation of RNO.
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Fig. 7. Effect of pH on the disinfection of E. coli in Ele + UV
process. (a) disinfection, (b) degradation of RNO.
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Fig. 8. Effect of air flow rate on the disinfection of E. coli in Ele

+ UV process. (a) disinfection, (b) degradation of RNO.
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