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Disinfection Effect of Chlorine Dioxide on Pathogenic Bacteria
from Marine Fish

Kyung-Hee Park, Myung-Joo Oh and Heung-Yun Kim*
Department of Aqualife Medicine, Yosu National University, Yosu 550-749, Korea

This study was conducted to investigate the disinfection effects of chlorine dioxide (C1O-) on 4 fish pathogenic
bacteria (Vibrio anguillarum, Edwardsiella tarda, Streptococcus sp. and Staphylococcus sp.) isolated from infected
olive flounders. The bacteria were exposed to different concentrations of Cl1O, (0.129, 0.246 and 0.455 ppm) and
response times (0.5, 1, 3, 5 and 10 min), and then were incubated for 12 hr. The effective disinfection con-
centrations of ClO, against experimental bacteria by ClO: for 0.5 min were observed with 0.455 ppm for Sta-
phylococcus sp., 0.246 ppm for V. anguillarum and E. tarda, and 0.129 ppm for Streptococcus sp., respectively. The
duration of exposure at low concentration of ClO; increased for the disinfectant ability to experimental bacteria.
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o] A S AstAT) = 71l 9a) 7ieg
W= (Junli et al., 1997b), Si7telA 2
#H2 2 vy 2R 5E EE3IES U
AYgl v} ClOs= free chlorine G=8-249] v]3] AFEo] Hxl H
ot FH9 AEAEAN HIHATHJunli et al,, 1997a). T-$-
7] xpold Aakat 7+ free chlorine 888 A% x|gAld)] 7}
TR A §-7183 v-2-51e] chloroform®}t 2+ trihalomethane
(THM)E, §& ¢EYoh} AasRteEs) vhgsted Wby =
Z9l chloramined AJAshe S 32 fsiAdo] e Aoz
224 ATH(Travis and Heath, 1981; Wan et al, 2000). ©]=F
SHEIAHUS. EPAYIAE 859 daxg 2 @i
antifouling agent2A] ClO, AF-& I3 oy, S8
Cl0,2] EFX|¥& 0.06 mg/L, L8] 1 chlorite®} chloratex= z}zt
0.007 mg/Le) HE& F33}3L UTHChanda, 1998). Wetr 4
b FAAEL FHHOE BT AFOF LH|E] 2|31, 42
HHollA A ot FAYSE BF 02 SsHEA S 0|88
ARG Adls FAAE A g 24 sevE A
2 &HEAE AT o EA AFo T B A ALEEo]
ofF & Alglolgl & 4 9t

Ann and Rimstad (2001)= "] &0l o3t iAo &85}
712k o g} than, ol Algd wel g9 EE 3ekE]
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A Al A2 G| G| ojolA Eelste] e
B2 Vibrio anguillarum, Edwardsiella tarda 8705, Staphylococcus
sp. & Streptococcus spE 1.5% NaCle] H7HE 50 mle] B+
BHI (brain heart infusion) brothol] &322 25°CelA] 100 rpm
o2 ZgshAA 18A7F il B A7 APALE AR
3T,

ool FH|

F71E2] F& 3 AP Ae] oA E Hastelr] st
o 7} M oSS HaE 9AEEE FE ¥ 3,000 rpm
oA 1587 AL EEs FAE B o 2ad AYAY
“*(phosphate buffered saline, PBS)E d&sji= 27102 33] 1t
Halo] FAE SAISIATE HEH 0 F dojzl A= Had A
YA GFE ojgale] F2 BEE 10° cellmlE 23151t

Cl0; 8Nl Xx & =& §F

Alake] vhg AL At o]t
(Oxycraft, 5,000 ppmye BF SHFTE M3 ¥ 5Tr}
HEE Azd SA AR Llacy
AL ClO, AA X5 &Rl §15t Wg AgA) A8
o 34HS 7+ 10 ml #3F ion chromatography (Dionex-
600, USA)Z A #F3ch 542 824 2.7 mM Na,CO:%F
1 mM NaHCO;Z, flow rate= 1.2 mVmin. 2 ZA3lo] 3|4
10 u}& guard column (TonPac AG14)°l %35}e] main column
(IonPac AS14-4 mm)E EFAZH L, &% ClO= detector
(AMMS-ICE)Z A&stsirt.
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f7129 M9} & =0 WE 10, s=HS

AAAI7Y ClO, A A} AP FS AR F, w8 A
ANYe oz AME37] 98l MEM (minimum essential
medium), FBS (fetal bovine serum), BHI broth & PBSE o=
F Clo, B a7E Hwasich. AE2 1 ppm®] CIO, 34
Aol Zpzte] f718-8 A7kl 30%, 12, 108, 208 % 30
E7F 917 ol AF ClO, FEE At AFa3Ad =

- O

Ui =Fo 2 5T Cl0, IFEEE FAFHLZE AR}
At AFARFE, SumE EFUFE TYE AFAR oG
£ &9 AAEgam @&, 500 mol A2 Cl0, =7 1
ppm©] EEZE FulET} oloM S AA A7 At
3 A7 AF Aujelio] ZhzF £931, 0, 2, 5, 10, 30
2 608 A Fof A JF Cl0, EE [ e
2 st

Cl0;, 5T oif HMZe =251

Aol AL Clo, F== A8 ke 10, 5, 1, 0.5
2 0.1 ppmoll AT 5 ZARE AN AR & AFEE Y
Ehlle A% E 0.5 ppme 7|ESE 3435l AEFE 0.129,
0.246 & 0.455 ppm.2 FEIE I} ClO, 3|4 A A7+
Ao Whe-& 1.1 AR Papon, vhEARE 30%, 1E,
38, 58, 10222 33t} o] if ul=+= "d¥ PBSE Al
o434 5FoZ whEAA FHEIHT vk FE F, 96-well
microplateZ ELISA reader (SPECTRA MAX 340, USA) ¢
I 25°ColA 12A17F SR AT 7HH 2.2 600 nmollA] F3%
(OD)E &A 3t Ao F4 g g F&si%ch

AE T A+ :

Clo, 5=EE vAIZ) Agwe) A4-E SAsP| 4
o] agar platingd-2 o83kt ¥k T8 F 48T FH/dY
A4 PBSE 9% 3143 3 1.5% NaClo] 3718 BHI agarol
100 p1 A Gojzgl v Pdad FEFEoE TIsty 25°CHA
241 7F Bl U2 wiR]ell FAER AEFE] colonyE colony
counter (SUNTEX, USA)Z AlFdle] mig wegwe] & &
3t
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APA G o ABE2(CIONS) 23 T8 F vhe-8
ANZ = JE AT IS 37 At RUIES TRE
A7Vt AET9 Clo, FFEEE 543 4= Table 134
72tk 0.5% FBSS] 7% Ad7ol dris 7 12 358 A
H#) ko], MEMS 1A 7bo] w9 o] 0.5%<] 73-%- 10
Fol 225t} PBSE 5Y & 2 ZLEHAE Rol
2] gkol whe A Lo 2 AWK e AOF Vet 2
U Al vkl o2 ALREl 1.5% NaClE &8k BHI broth
£ 302 oujol ZF Clo7t AEHA ol FUFHU7) &
AelMe ClOot Ao Absi-g- AN 0 24 1.5% NaCl
o] ¥5t8 BHI brothS ©]-4-3}%1t}H(Table 1).

ClO, =41 o|F Bz AFAdaL 45579 2ol &
# Ba)57) Ao, Fa AE5E colony count L2
goldt A3 Vibrio anguillarum®] 3.3X10° CFU/ml, Edwardsiella
tarda= 43X 10° CFU/, Staphylococcus spS} Streptococcus $p.S
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Table 1. Reduction effect of chlorine dioxide (ClO,) according to
addition of different media, FBS, MEM, BHI and PBS. The values
present ClO; concentration of parts per million (ppm)

Elapse time (min)
0 0.5 1 10 20 30

Medium (conc.)

FBS" (0.1%) 084 080 075 070 ND -
FBS (0.5%) 0.84 065 ND° - - -
MEM? (0.1%) 0.84 081 080 080 072 0.65
MEM (0.5%) 0.84 082 080 ND - -
MEM (1.0%) 0.84 070 ND - - -
BHI® (1.5%) 0.84 ND" - - - -
PBS* (0.5%) 0.84 078 080 080 070 0.72

YFetal bovine serum.
OMinimum essential medium.
9Brain heart infusion.
“Phosphate buffered saline.
3Not detected.

Table 2. Bacterial strains and the number of bacteria

Bacteria CFU/ml
Vibrio anguillarum. 3.3x10°
Edwardsiella tarda 8705 43%10°
Staphylococcus sp. 2.1x108
Streptococcus sp. 0.85x108

Zkz} 2.1X 10 2 0.85X 10° CFU/mI®|AcH(Table 2). 282 2+
Ao Aast Ag 44 444 Clo, FEFEx 0.129,
0.246 % 0.455 ppme]SiTh.

WYX ZHe] fal V. anguillarume 0.246 2 0.455 ppme]
ClO,2 30%7F WhEAIZ) 3 124174 59 viekst AdolA] uj
Ftol F4o] &9 XJEHEM 0.246 ppm ©]/d<9] Hi ]l
o3| o] BF APEENSS AT 5 AATHFig. 1). :Lai
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Fig. 1. Growth curves of Vibrio anguillarum after exposure for 0.5 min

at different concentrations of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.

0.35

Optical density at 600 nm

0 2 4 6 8 10 12
Incubation time (hours)

Fig. 2. Growth curves of V. anguillarum with different exposure
times at 0.129 ppm of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.
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Fig. 3. Growth curves of Edwardsiella tarda after exposure for 0.5 min

at different concentrations of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.
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Fig. 4. Growth curves of E. tarda with different exposure times at
0.129 ppm of chlorine dioxide. Each point represents the mean of
optical density determinations. Error bars are omitted.
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Fig. 5. Growth curves of Staphylococcus sp. after exposure for 0.5 min at
different concentrations of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.
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Fig. 6. Growth curves of Staphylococcus sp. with different exposure

times at 0.129 ppm of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.
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Fig. 7. Growth curves of Streptococcus sp. after exposure for 30 min at

different concentration of chlorine dioxide. Each point represents the
mean of optical density determinations. Error bars are omitted.
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4 A AANFR) Renibacterium salmoninarums AL

2 pHe} =& 28T 271904 free chlorined] Ad%5< X

Table 3. Residual chlorine dioxide concentrations (ppm) in the chlorinated-seawater exposed to sunlight irradiation and darkness

conditions with elapse time. Values are mean+S.E.

Elapse time (min)

Experimental condition

0 2 5 10 30 60
Sunlight irradiation 1.036+0.054 0.612+0.032 0.234+0.027 0.118+0.021 0.078+0.017 0.047+0.012
Darkness 1.059+0.046 0.736+0.037 0.685+0.041 0.501+0.032 0.472+0.036 0.324+0.024
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ARSIAE ¥l pHE 549 B 4W oA, 28 A2l
7.5°Co] H]3] 15°CllA] BAAoln, A= &I free chlorine
FRRTRE 23 ATl § 223 219 AeE By
Ak ool sl B A7 V anguillarum XM= AEE
91 0.129 ppmellA 3029} 127 vRSAIZ] AL vl F 5A17H
I 8AIZF o) FHE Fo] Aol HAHJUAT 107 54 S

M g2 w717 R S40) 93] AsiEe AR B
o, Ad] golre dFstel =g 2o vlsl daxE o
Zoll ClOyt A7 RO 2AM Aol o8 ALHE A

o7 B4R,

Junli et al.(1997b)S 23T Staphylococucs aureusSt
I8 F E. coliT FOR ClO, A7 E7E 2AVSH]
YA S, aureus?t E. coli Bt IFES] ClOIA Atd
skt 3 Mir et al. (1997)2 Faxzlgrolia £
b ek @ oS4 d FAlE free chlorinedl] HIg 28
3} kineticsS AV A3, @Al free chlorined] A
7+ek WAL Kol chloramphenicold] EA3tol] d5F A
o B33 A 7iztozs S5 g S AU M
TAZ FAdhe AR BAYT e £ dellx] 27k
a9 Staphylococcus spE LTS8 V. anguillarum>
E. tarda®) ¥13le] ClO©) ¥I2A S A we 245 B
A HBe o5 FAIE Ao AR 2FFIa 4dFY
Streptococcus spE AEE 279 0.129 ppmol|A] 30:29] vt
2.0 2 AtHE AN 2H3AF] V anguillarum E. warda
of ulate] 2318 7Adel B2 Aoz Jeigth webd
Aol M2 o AFES ClO, AFAF 38 ¥lae
U AE/ Hed Rog HrkEoAn.

Junli et al. (1997bye Staphylococucs aureus®ll T3l &2 4
a3 2.5 ppreld] pH 2 WAl & ClOL9 free chlorine
o) AFAAE v 2ALE QYA ClOA pH 3.0-9.0 ¥
9} ¥bS-A)7E 1~28 Alo]ol| 98% AHFE) 2 free chlorine®]
Me pH 7-80M BRSAIZEE 2.5-3580] £8¥S ERIES
o}, 282 ClO, FE7F 0.75 ppmel L, 57} 5~32°C MY
ZANA Bacillus FA) A AdFES =7 10C $7HE
FE AFAZRS 128 FoEo] R4 AFEATE FA
ZeEe AE By %&dﬁ} B Age pH 7.0, 2=7F 200C A
Q1 ALzANN 457 oAHYNAE LR CIOS Hds
< AR A Staphylococcus sp= 0455 ppm, V. anguillarum=t
E. tarda= 0.246 ppm, Streptococcus sp= 0.129 ppme] ©]4t
st aollA 30% B¢ 23S | APEEHIT. AFE 0.129
ppmol A= WAk} 10802 HAARAFE V. anguillarum®)

A= AR 248 AFER PkoH, E. tardaw Y2l
Z2]o] AAslA KA e Aol =AU

olate] Wgolx et 7o) Cloe W B9 pHOM A&
It w32, FHARgAle] gle ¢ 52 ZANME FFATke] AH,
chlorination 0l F718 2 2243815187 §E3-51o] trihalomethane
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ol EH'a @&ﬂﬂ 1

OB AAL(CIOy) A AAF off Azel A 5AE =
A7) st} el fa EEF
Edwardsiella tarda, Staphylococcus sp.
AS 2 ClO; F& &% 0455, 0.246  0.129 ppmll 30,
15, 352, 5% 91087 Asled Clo,2] AaadE ARSI

V. anguillarum3 E. tarda= ClO, 0.246 ppml A, 30% ©]
Aol Azlel oJste] AMlte] F2o] 3] AU Lt
AAe 2 AEEel 0.129 ppmollE SE ol FAaAE
z710] BR3YT}. Staphylococcus spi= @ AHEE oW
A 5 CloS Aol 7HE & Ae= Yehht) 0455
ppmoIAl Staphylococcus sp.i= 303 WF 2 F2]o] e8]
ANE R, 0.246 ppm+ 0.129 ppme] ClOLE zH2} vl
3NZE, 8AI7ZY ol FRE L Ae] ofdt F2lo] disleinint
Streptococcus sp= 2 2@ AT HAFER 0.129 ppm

Q1 Vibrio anguillarum,

W Streptococcus sp.=
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of] 30371e] Hhg-o = o] Apdg oz APl ALSE Al T
CloPN 718 W7e Ao 2 Jepigvh. Z2{E 2 Staphylococcus sp.

= 0455 ppm, V. anguillarum} E. tarda’e 0.246 ppm, Streptococcus
sp= 0.129 ppme) CIO, =2 30% AFE sk 21°]
NV aRHYE B A7E FE AT F Uk

ZAtel 2
o] =22 1999 % FsteEA T AH(KRF-99-
003-H00006)%l| i3] A7 Azl Ao, A1 E X As)

Z SzaeATAT FA=EUT
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