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Disinfection effect of corona discharged plasma
water on fish pathogens
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Fish culture is constantly threatened by various infectious diseases which are largely transmitted
by water. Plasma technology is being used to sterilize polluted water in many industries. In this
study, two bacterial pathogens Aeromonas salmonicida and Streptococcus iniae, and a virus (viral
hemorrhagic septicemia virus, VHSV) were subjected to plasma water that was produced by a corona
discharge system. Growth of A. salmonicida was greatly inhibited from 10°°' CFU/ml in positive
control to 10**! CFU/ml in treated group by only 60 sec contact with plasma water. Similarly, S.
inige was inhibited from 10°* CFU/ml to 10** CFU/ml. VHSV titer also decreased from 10*' TCIDsy/
ml to 10" TCIDsy/ml by the same treatment. Activation of water by the plasma was confirmed
by the existence of ozone in the plasma water. These results suggest that plasma water could efficiently
disinfect fish pathogens, possibly by the action of reactive oxygen species contained in the plasma
water.

Key words: Plasma, Corona discharge, Ozone, Aeromonas salmonicida, Streptococcus iniae, Viral
hemorrhagic septicemia virus (VHSV)
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A Fol] dor, HZ Eet=2ut A 2 (plasma
water) & ©]-&& AR AEE ARbEIL QUTh
Szvtes A, AA|, 714 oy = &35hA|
R Al 49 24 HHE B, A, FAAA,
o] T YASE ol HHE 3 5
gzul g TGS A2 ZZ0H(non-thermal
plasma)°ll <3}= ZZ U Z(corona discharge)®]
7 A 78 - (dielectric barrier discharge, DBD)
Zehzul A X ol o) o] FojXith o]F
v A2 A 3ol HlawE tasi,
A714E o] &3t EE}ZU}—E— A4kt o]
Zoll £F(0), OH 2
F A AFAF(reactive
oxygen species, ROS)©| 2§ é%‘:}(Deng et al., 2006).
o]# g ROSES #4348 H o w +F9 At
2 Hlo]# =9 &Juts} DNAE I3 3}7] &l
A A A aARAD AR o=, 93
w2 A Zaj o] 22k 2ol gle AHE 7R
ATHLee et al., 2013a,b; Park et al., 2013). Altt7}
f71E, el 2 AA 2 Aa8 =4 24
T TE s AN FFE PFT L &

il

] ) Y(Schroeder et al., 2011; Spiliotopoulou et al.,
2018). Z&}&ul A V|&e 9 L Aute]
A% 4%, w2 A 5 g $AE Fopol A
ksl A o] 5 Ath(Lee et al., 2013a). 4
FAjol 2g317] 3 2ol 2 Fol AT Fef
zoh el 5ol off WAA 250 UE ATE

o}7 FE&A %t}
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Aeromonas salmonicida+~ 15 g4 A&
Yerle WA el FUE TAAE] & T
o] o] Foll A A (furunculosis)S LG oA Ul

™ 2o 2 H3]E Fth(Janda and Abbott 2010).
A TETe A LA
H, g0l B o] BF AEEM, 53 ol
Ale gA Al 2 FalE F= YA ©]THShin
et al., 2006). vlo] 8] 2243 &8 d 3| & F(viral hemor-
rhagic septicemia, VHS)2] <l v}o] ] 2x(VHSV)=
Family Rhabdoviridae, Genus Novirhabdovirus®l| <5
st 9]uto] 1= RNA HEo] 2 20|tk VHSVE A
o Th Aol & o & ZAEATIH, FHAAME A
7N &1 (Oncorhynchus mykiss) 2ol vl X4

Streptococcus iniaex
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o Qe Eepzol Aol ofF WU A
g ntolg 2o gk S 9A 598 Bkt
o] Aol )7 Fekznt X5 YA L Fig,
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A. salmonicida®} S. iniae= ZYZ} 1% NaClo] X3+
H TSB (tryptic soy broth)} 1% NaCle] 23
BHIB (brain heart infusion broth)oll A 48A| 7t &<t
Hj ke 5(277C) 10° CFUMmI®] B =2 FH| 53t
2844210 L) 4. salmonicida (10° CFU/ml)
10 mE 9 £%55 1 LE B4 o3 Fg=n}
AeT 9 LE o] = A Fdstith A3 A
FUS AT 5 2 gz 5 dEs HA
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Fig. 1. Schematic diagram for the production of plasma water by a corona discharge system. ROS (reactive oxygen

species).
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unit) 2 AAFSFATE S, inige (10° CFUMNE L3
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BHIA (brain heart infusion agar)ill | 2 w}o] 3%
sttt
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HEY Ho|HA AZSaF "It

5% (v/v) fetal bovine serum (FBS)3} 1% (v/v) an-
tibiotic-antimycotic agent”} % 7} minimum essen-
tial medium (MEM)< ©]-83}9] epithelioma pap-
ulosum cyprini (EPC) M3EE 20Coll Hl 3t H .
VHSV (KJ2008 58], Kim et al., 2016)% EPCO]
HAEsk] 15ColA 3~5d Wi & Azdas
(cytopathic effect, CPE)E 213t t) njdd &

3,000 xgoll A 158 &t GA B = ASHE
Azt -80Co| Bastact Aol A& nlol

H2o v WY 222 T2 ™o FA3)
AHS 53 Z2AAY. 50% tissue culture infec-
tious dose (TCIDsp) ®'H S Z VHSVE| ¥71E &<l
S, AEHeR dojd VHSVel H7ke 108

OEL
>
Q

Z(10 L)ol] VHSVE
A th Eek=vt Zi

mlE ”04‘—%%1&%
aT4L o] ol A%
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Tl Bzt Aels A FEES FYSHY
o, gATlREAE Holel A8 BA ettt 4
-z Y 25 15CE &

Aol 602 Ft HE A7
_.T_E"_L_

mg/l Aol E YEHAT. A3t *”%% 1094 34
3k T2 96 well plateoﬂ = 3 & EPC A X0
50 pl & HEF F TCIDse= S48

SHXzZ
H 2] -5-] g.»]—
2] &= SPSS program ver.23S

mean+SDE YEM 3L, FAIA
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™, one-way ANOVA$} Duncan's multiple range test
2 o &3}0] p<0.05 SN A FolHe AEHU,

#n o o

Zehznt Aelee olF WA Al 2FU. sal-
monicida, S. iniae) 2 WO B 2~ 1F(VHSV)S &3
Ao g AEsIYTE Eeh=ut Agg e ofd <l
27t ol H 7 AHE FESAEA = HEsHA| &
o, Fehzrt A £3E o] = ROSEHF
B HRHAE 7hsdol wTh

M= (Aeromonas salmonicida, Streptococcus
iniae) A=s 1}t

A2 A2 Fetzut A2 S5FE A salmonici-
da®t S. iniaedll HE)dte] F2 A T8-S Hrst
Aot 1 A3} A salmonicida ¥ ZT-& 107
CFUmICI}E W Zet=n}t A+ Y3 4
P 10> CFUMIC.ZA A salmonicida®) ) 3}
99.21%°] F4 A &S BTt o] ¢ vl=EHA S
iniae ¥ Z7-E 10** CFUMmICI A oH, AP+
< 10** CFUMIS.ZA . inige AT FA=
ol vl 99.64%2] F2 A &S AT whebA
A. salmonicida®} S. iniae T4 E2F=v} A g
Gl )@ AT 2% Fasl Folo] HelH AT
(Fig. 2, Fig. 3). A ETANA = AlTo] =5
A ekt

dojzl &3e] AJAEHL Fe=rt A Y
2] ROSY 7FsAd ol EHGuo et al, 2015). ¥ A
oMt thEH ROSY Bh}Yl 20 FEE BY
HesgL, Fehzol A5t AE T AEee
AL FQH60x), AETF H 2F FEE 0.1~1
mg/l Abol AT 2&9] A a3 oln] A
HyE bl Qled, &2 5% 01 ~ 1.0 mgle] &
60x &N Al A salmonicida, Aeromonas liquefa-
ciens, Pseudomonas fluorescens, Yersinia ruckeri &
of A2l st w 99% ol Al a4 '3t
2 THColberg and Lingg, 1978). =3+ @ && ThoF
g+ e 4tol 7 W
anguillarum, Pasteurella piscicida 5 °l D)X= 2
o 55 2te o2 B Etk(Sugita et al,

AA| Enterococcus seriolicida, Vibrio

ol X% 48] A 2 e T

No PW PW
+ A. salmonicida + A. salmonicida

PW
+ 8. iniae

Fig. 2. Disinfection of pathogenic bacteria by treatment
with plasma water. Aeromonas salmonicida (A) and
Streptococcus iniae (B) were incubated in TSA plate
and BHI plate, respectively. No PW: Not treated with
plasma water, PW: Treated with plasma water.

" NoPW 0OPW

A. salmonicida S. infae

Fig. 3. Difference of bacterial growth (deromonas sal-
monicida and Streptococcus iniae) in log number of col-
ony forming unit (CFU) between No PW (m, not treated
with plasma water) and PW (o, treated with plama wa-
ter). (1=1 logjy CFU/ml). * indicates significant differ-
ence between No PW and PW (P<0.05).

1992). Fehzoh S NS e Ao
Ae ey A B A (deromonas hydrophila)
£ Byl Agezol FYse ul, Fejzo)
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A7} AR FRAAE Al FY 2¢ ®ll Al
98%7F A A= YL =Tl H] 3| 4’%01" A&
S5 793 EUTH(Lee ef al., 2013a). 31, A7)
3l = ol A LA 3 mixed oxidant (MO)Oﬂ =&
2 Streptococcus parauberis®] e A EIN = &
Q1 =] A Th(Park et al., 2018). ©]42] & A g A
A% B oy T/ ROSS B Eo] I

HIO|2{ A(VHSV) AE& 1}

Eet=n} A2 45 VHSV AHEste A5a3
£ W7t 27 VHSV &7 10Y'TCIDsyml <
Ve HYom, A+ 10'TCIDsyml 97+
Btk tepa] AP gz Blaste 1079
TCIDsyml®] %7} zo] 7} vrebton, Wl nio]
g2 5243t a3E FAs i thFig 4). =3 h
Zro e AEHGEIHCPE)7F YEFA] &3
ok Al Aol A e} A 2 Zekxnt Hea
o] Hlol#l 2 A5 E T ROS &) HIFEEHAS
Ao 2 FZHFilipic ef al., in press). HFo] 2] 2
Y A 2E9 s HS AR F¢60=) 0.17
~1.89 mg/l AFo] A Th &S VHSVE 28 rhab-
doviridae® &3t ©&3 Hlo]2] 22l vesicular
stomatitis Indian virus (VSIV)E &2 o2 B84
3} A A (Murray et al., 2008). Ultraviolet C (UVC)
radiation®] =& % infectious hematopoietic necrosis
virus (IHNV)2} VHSVE 25 B34 315 9 &=d
(Afonso et al., 2012), UV *€]7} ROSE A 3sl=

Log TCID;y/ml
*

0 T
NoPW PW

Fig. 4. Difference of infectivity titers of viral hemor-
rhagic septicemia virus (VHSV) between No PW (m,
not treated with plasma water) and PW (o, treated with
plama water). (1 =1 log;o TCIDs¢/ml). * indicates sig-
nificant difference between No PW and PW (P<0.05).

AL 2 4zl AHdoltt ROSE Hhol2] 29 o]ut
(Envelope) T ol e ZH(Capsid)oll Ao 2
A&, ukst A =S} A H W REHA ¢
< I 4Hnucleic acid)d ¥H-&-31e] Hlo|H A& B
38 A
Sohxnt AEge oF

Z, dtstrd 5 OdE sekd GFES =9
gkl 3lom o] 5o BehH o A-gste] Wi
4 EE 9 BAAE AAT 5 7] W&ol o
gk AFdEokoll Al Zgstal Atk SFARE akekA
ool A Zeh=ut A A &8 TS
opz] 7|tE A %?E}E} EE}XU} Aol At &
ol FS F= dAES AY AT AT
A= = 9} HEAZTOIT F &
F71=0] BeTs By YolAn =3
ko] A ghel wel §43] wopxtt
(Lee et al., 2012; Sharrer and Summerfelt, 2007). £
ATolA Eekzmt Aol 60x St HEAIZ
S u o] 99.9% Rt Hokd AS FYH
MeFo] @3k, o9 wWE Hkr| 2 Qs A
Hol Zad Acw FAAG. E3 o] Wil
gtzul A eoke] HEALE 60 o] 38, 5
I, 15802 sHFolE ddgoly &25837}
O 71844 ekkth(data shown). Z2}2u} A g4
7} ROSE Tl 4d¥S zte A w-¢ #@th
webA FAbeEA Fokoll A Eetxnt HEE <A
#Zo] = =77 A43}7] Brb= ROS AlA &
“dto] $ud EBrE &&= zlo| o AT

L
= A

AEHORE B AFdA s Fet=rt A9
AR WYAA 4. salmonicida, S. iniae, VHSV I o3k
A58 HE AU A AASTo HAA
AA &L F IS Ao=E G, k=)
Ao BH7F ROSE &3l L3 EE=E ROSY
=/d(Ritola et al. 2002)7 EAZ B S 1
sto] b3Sl E&2Ql o] &5 A% F7F A7Vt
o] Fol o & Zoltt.
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AF71e7189 el A EFAT AT EA
At el A e wrob A5 1 (818006-02).
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