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Effect of disinfectant consisting of triple salt
(Potassium monopersulfate) to major aqua pathogens

Da Yeon Choi, Hee Jae Choi, A Hyun Jo, Byoung Yoon Lee, Jung Woo Seo,
Jeong Hyun Na, Ji Won Park, Jun Hwan Kim' and Yue Jai Kang''

Department of Aquatic Life Medical Sciences, Sunmoon University, Asan 31460, Korea
"Department of Aquatic Life Medicine, Kunsan National University, Gunsan City, Jeonbuk, Korea

Infectious diseases are a major cause of death at the fish farm. Therefore, various disinfectants
are used in aquaculture to sterilize pathogens. In this study, the disinfectant efficacy of triple salt
was evaluated against Salmonella typhimurium and important aqua pathogens. In the case of bacteria
under the conditions of distilled water (DW), hard water (HW), and organic matter (OM), S. typhimu-
rium was inactivated with 0.56, 0.5 and 100 parts per thousands (ppt), V. parahaemolyticus (AHPND)
was inactivated with 0.17, 0.13 and 20 ppt and V. anguillarum was inactivated with 0.25, 0.17 and
33.3 ppt. Also, in the case of the virus under the conditions DW, HW and OM, VHSV was inactivated
with 0.1, 0.1 and 0.5 ppt and SVCV was inactivated with 0.5, 0.5 and 1 ppt. In addition, this study
investigated the disinfection effect of triple salt against WSSV by bioassay using Lifopenaeus
vannamei. Investigating the antiviral effect of disinfectants under DW, HW, and OM conditions, WSSV
was inactivated with 0.05, 0.05, 0.8 ppt. The results from this study showed that the triple salt was
a highly effective disinfectant against aqua pathogens. Therefore, we can provide basic data for estab-
lishing the standards for use of triple salt in aquaculture.

Key words: Triple salt, Potassium monopersulfate, Disingectant, Disinfectant efficacy
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Viral hemorrhagic septicemia (VHS), Marine
birnavirus (MBV), Hirame rhabdovirus (HRV)<} A|
3 AW Vibrio anguillarum 5°) 2.1, Yo
of ZAAEE &AL vlel2j 24 Ao A%
+ Spring viraemia of carp (SVC), Koi herpesvirus
(KHV) 5] ok =3 Al 2ol A ohdsar
AZSHA FAAE I e ZH &= White spot
syndrome virus (WSSV)$} Acute hepatopancreatic
necrosis disease (AHPND, ¥ R1A| Vibrio parahae-
molyticus) 5 °] AT

A2EAA THZA 4FEA(triple salt)2 Potass-
ium monopersulfate (KHSOs), Potassium bisulfate
(KHSO,), L8] AL Potassium sulfate (K;SO4)7} 4:2:3
o vl &2 Ifid d& orletH, G LAl AskAl
o] TH(Crandall et al., 2001). =3+ Hlw & ZAJo] &
o] TEF AtgClA sk, AFstal Eoll Al
£-3)) ¥ T}(Ghanbari et al., 2017). 12|31 7+ 4k
stH o g A, vlel# 2 18] @] Al 4
=22 38 45 IE dorH, olHd 7|d
< ol &3t AR 75 A A FAY
(Foot and mouth disease, FMD), &% 7 (Avian in-
fluenza, A.I), o} 8]7} S x| G4 wlo] 2] 2 (ASFV)
S A Ths ks A F A9 S el
AFE-E 31 JITHYAN et al., 2008; QIAO et al., 2013;
Sonthipet et al., 2018; Jiang et al., 2021; Sovijit et
al., 2021). 182 Q17 = E2Hlolgl 2ol = a}H
A &5 aHE BAFH(Su er al, 2012), HT A
Tol e A AAA R AT Yt k)
FZ2uynto] g2 AW (COVID-19) SARS-CoV-29]

ok o2

CzobE - AR AL - UAE - o - WED - ZolA)

A= &% &0l Jrhar B ATH(Tula-

lamba et al., 2021).
a8u AFAY -8

Wae SV = 7] wieel BdAe] ad &

A A 7 S dute HH o FEE A

& ofof 3Fth(Mishra et al., 2017; Dey et al., 2022).
mepA] B AFois RS FHROE 3§
2EA Y AdAE aHE ATk A5k Tt
FAAEL JE HAG Al & vlolgix #%

2 dustel EYAY P BAAY &5 §

o N o rr
w
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= XETFFY Salmonella typhimurium (KVCC-
BA0000292), AW M0 V. parahaemolyticus
(AHPND) (ATCC-17802) ZL2]AL V. anguillarum
(KFCC-11377P)& AM&3tR o™, Alg nlolg
T+ VHS (KJ2008, Kim et al., 2023), SVC (VR-
1390) Z&8]aL WSSV (WSSVGoCl18, Lee et al,
2022)E Ui oE B Ao ARSI
MY A5 2 Ao 4gmAd LB (Luria-
Bertani) broth (&, M1 B8] 2 #F+ NaCl 1.5% 3
7hel "F3sted 37°C Z2 25°C (&4 ¥ Wi A
)l A A A Aol F=7F 1x10° CFU/ML
o4 wj APl AH&3tom, nlolg{ o] -
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2 Aol AH8E AEE AF5AARJ] ik
vl A B4R [(F)drdoiyE, =] B4 1
Z AhE ol 500 g2 FAE I

AEAA A AZHOE HFHW)E =
< 1 Lell CaCl, 0.305 g MgCl.-6H,0 0.139 g
WhV)E Zo] A3 T, 5% 71 5(0M) 34
& AFo ARFZE 20%wWN)F TFHEHEE &
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zP02 2% HYS BrEHATh

(IN 4 EFNaOH) &2 pH 7.00] =2 = Az A| 8412 Table 29} 2] 7+ dld DW, HW
A)e Azttt vhol 2] 220 7= FBS (Fetal 123 OM B4 Y5 ARgSto] LBl TR A
bovine serum, SIGMA) 5%% /3 F4+5 AL&3}) Z3 3, FAN HAAE 7 AgHol 2.5mL
Rt EF HI B 5ol tid A5aHA P FF HS(4°C, 30 AT 1AL BESE ImLe
A4 ST Aol 1.5% NaCle H7lste] ALE- ST A (M ESE TEA 5%E X33 FLA)
SIAHFHTFtEFE8ed &25AEHAY 9 mLoll YL 7zt E¢ste] RS FAAAH
Al Al 2021-2%). A8 A5 2 AFA w5 §Ego] FAH
5 0.1 mLAS 7 EFenich YAt 5
ASR Xa2|ot™ oAUE FLZ 57 APl Ho] EFstaL, =4
25A EY¥B7LE fste] Al 7HA Agzxd FAEFEAYY 54 EYAFA ) et S
(DW, HW 1813 OM 3 4)o| A Table 13} 2-& typhimurium (ETTT)S AL 37°C, FAHH LA
Table 1. Experimental design for the determination of the efficacy of disinfectant containing triple salt
. Contents according to treatment condition®
Treatment condition —
DW HW oM Disinfectant Pathogen
DW condition + - - + +
HW condition - + - + +
OM condition - + + + +
Pathogen control - + - - +
DW control + - - - +
DW, distilled water, HW, hard water, OM, organic matter.
T+, presence; -, absence
Table 2. Concentration of triple salt disinfectant for disinfection of bacteria and virus
Treatment .. . *
Name condition Disinfectant concentration (ppt)
DW 0.71 0.63 0.56 0.5 0.4
S. typhimurium HW 0.71 0.63 0.56 0.5 0.4
oM 100 50 333 25 20
V. parahaemolvticus DW 0.17 0.13 0.1 0.08 0.07
P ( AHPND)y HW 0.17 0.13 0.1 0.08 0.07
oM 100 333 20 10 6.67
DW 0.25 0.17 0.13 0.1 0.08
V. anguillarum HW 0.17 0.13 0.1 0.08 0.07
oM 100 333 20 10 6.67
DW 0.1 0.05 0.03 0.02 0.01
VHSV HW 0.1 0.05 0.03 0.02 0.01
oM 1 0.5 0.25 0.17 0.13
DW 1 0.5 0.25 0.17 0.13
SVCV HW 1 0.5 0.25 0.17 0.13
oM 1 0.5 0.25 0.17 0.13

* ppt (Parts per thousand) =mass of solute (g)/mass of sample (L)
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Q1 V. parahaemolyticus ¥ V. anguillarum = =B PCR X & Faf F2dS sttt

AhEFARe Y 254 ZYAYE 34 Al 5x 2%

of o] Aske] 25°Cell A 48AI1ZF vl kS ATH SICt2| Aol Al WSSVl LSt HEH A= S0}
Hlo] & 22| 7 9= monolayer ¥ Epithelioma Pa- WSSV A2d A= AP A wjgd

pulosum Cyprini (EPC) cell culture plate®] -3}9k-g- AE FEAMETF NLE] YA Fol A5 A
345 200 uL® FEF3te] Z; npolel 2 wljeF A S5 gRlste] nlole) 2 At
L(VHS, 15°C &2 SVC, 20°C)ol A B &3t ot <l S}EM 2=A 3| A N 747kl DW, HW

0]3?4 7°15°]' vl 3t cytopathic effect”} YERE 1813 OME N H o7 A3l L&A o

o &
)
O m [
N
hinss
>
=y
_,>;

< A% &, &5A w5 HF vpolgl s FE g l'=‘:[Parts per thousands (ppt)] 2 A &3} Tt
% 43}7] £33t monolyaer’} &4 EPC cell cul- (Table 3).
ture plate®l] &5A =2 AN 400uL? HZ3H WSSVE LDsp (median lethal dose) &= (vl A
3 7} ntol 2~ v gf 2 2olA PFUE SA 3T A LDy : 989 5x10°3 AR} 1 =2l 3x10*

Aol Ave T £&54 §59 Y& HX]OH Aol Frlstdth. 15 242 Al 10
A 57N T 270 ol Aol HA e AEAl F b #A 8, F=HlE HE S Aol 7 0.1
& AT 8 v5E BA3sIF o, vlo]g] 29 73 mL¥ 25 FABIAT. 158 242 2 27°C7)
F-(WSSV A &]) ¥A thza3 vlaste] §AA A€ 80 L w72l Aokl Al 10mk2] ¥ 4|38t
7} 10* PFU ()<= 2ol 2 1)) AME =& 2383171 3, FHE HEARE Aﬂ%oﬂ ZF 0.1 mL¥ &8 F
IIE 55 AT FEFEE HAS L AL ALEATE ol % 14Y%E FA HAE S SASAL,

TEw 3 e AYQ AR FHFE S HAA = SA] o7k & EEldte] PCR JITHE &
2 WSSV 7 ARE ZU3H A TH(Table 4). =3

BICt2| MR AL = Al 713 Bt AEEC] 80% ©138 AFA =

2 Ag ArgH AE}EVHT(%& A F 25+59) £ 4% AT T8 F=E HAHATH

= 715 BY A A FAZAA A3

ol

2l
o 25°C7F FAE A% T2 1YL EAA z

T Adol A8 A% FE 815 H(KENT

sea salt, USA)S ©]| &3} 30% H=E FAAIA Mze| A==

o} =3k oAl g AF8= WSSV 1) S. yyphimarium, V. parahaemolyticus (AHPND),
o) RS #Asy] s olrbn s Relshe V. anguillarum X 3t

Table 3. Concentration of triple salt disinfectant for disinfection of WSSV

Name Treatment condition Disinfectant concentration (ppt)
DW 0 0.01 0.05 0.1 0.2 0.4
WSSV HW 0 0.01 0.05 0.1 0.2 0.4
oM 0 0.05 0.1 0.2 0.4 0.8 1.6

Table 4. Primer sequences of WSSV

Target Primer Sequence (5' to 3") Products (bp)  References
gene name
146F1 ACT ACT AAC TTC AGC CTA TCTA G
WSSV 146R1 TAA TGC GGG TGT AAT GTT CTT ACG A 1477 Lo et al.
146F2 GTA ACT GCC CCT TCC ATC TCC A 941 (1996)

146R2 TAC GGC AGC TGC TGC ACC TTG T
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Fig. 1. Bactericidal efficacy of disinfectants containing
triple salt against S. fyphimarium and aqua bacteria. DW,
distilled water, HW, hard water, OM, organic matter.
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zap OM %02 S o-
phimariume 247} _/,\_l:;xﬂ 0.56, 0.5 ZL2] 3L 100 ppt,
V. parahaemolyticus (AHPND)+= 454 0.17, 0.13
813 20 ppt, V. anguillarum-S- A25A) 0.25, 0.17
J8]3 333 ppt EEE AMEE W, &% FE F=

A& A ATHFig. 1).
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1) VHSV, SVCVIA 4t

Hlol# 2~ AZEFEA Y ZA3 DW, HW 183
OM =22 VHSVE 454 717} 0.1, 0.1, zah
0.5 ppt, SVCVE &%A| Z+z} 0.5, 05 :LFJ
ppt TEE AEE W, &% F& % 2“’10}

A THFig. 2).

2) WSSVOA 2

AEAE FEHE 343 T W37 WSSV
A ol JE F, 149 Bt T4 HAL
S #EA3 A3} DW 7= 0.01 ppt ©13F
IEE°] 100% HAFSFHE AL, 0.05 ppt
%:_L IEL 10% HARFE 21, 0.1 ppt ©]
2EA FE IFES HAE dojuA Utk
(Fig. 3). HW Zol A= 0, 0.01, 0.05 ppt 5 15&
0.2 100%, 60%, 20% FAFSFA I, 0.1 ppt ©]7¢
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Fig. 2. Virucidal efficacy of disinfectants containing
triple salt against VHSV and SVCV. DW, distilled water,
HW, hard water, OM, organic matter.
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Fig. 3. Cumulative mortality by intramuscular injection
of reaction solution WSSV containing triple salt dis-
infectants of various concentrations (0, 0.01, 0.02, 0.1,
0.2, 0.4ppt under distilled water condition) in P. vanna-
mei. Cont.(DW), distilled water condition.

o £5A FE IFEL AL LojuhA gk
(Fig. 4). =3 OM &A= 0.4 ppt olate] &%

A FE IHFEC] 80% ©]’F #AFEIES.H, 0.8 ppt
ol a%A TE IFES HAE dojuA] &
Skth(Fig. 5). WA DW, HW 18|31 OM =79
A 80%0°1°% AEE&°] 247} 0.05, 0.05, 0.8 ppte] &
S=7F wssvell thgk A5A f ghelst
At

S [e)
AEEYS
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Fig. 4. Cumulative mortality by intramuscular injection
of reaction solution WSSV containing triple salt dis-
infectants of various concentrations (0, 0.01, 0.05, 0.1,
0.2, 0.4 ppt under hard water condition) in P. vannamei.
Cont.(HW), hard water condition.
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Fig. 5. Cumulative mortality by intramuscular injection
of reaction solution WSSV containing triple salt disin-
fectants of various concentrations (0, 0.05, 0.1, 0.2, 0.4,
0.8, 1.6ppt under organic matter condition condition) in
P. vannamei. Cont.(OM), organic matter condition.
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of 54-70%7F A4 Aol ofsf Ty Frh(Han er
al., 2021). WetA ZdAd AR o] Aoz HH
HALS Zo]7] flsliAles WAl g A gA 9 oA
M A77F FRH L= Aot g AL v§
I B2 ARto] a7t el we} niz ARl 285t
7l @AIE 7L Ak 7R A o' ofA AlA
ool AH7 amA AHES A Al 2%
HAIS g3 Adolx §8F0E WEA g 5
stk 2197 ?wg & QA7) A A A
oA ste] )& A7
qAFE AN E Thkd &
Ao HH &FoE AL oo Fk(Powell e
al., 2004; Meinelt 2015; Hushangi et al., 2018).
A FAHNA Bol AHRHIL e A=AE
2 IHE 8 2IE[(CeHoNO)n-xI], ol AU E
F(NaOCl), #3+3}54(H,0,), TE2LH, Fakgt
g, SFEELHS = 5o] AFEHAL JTHKim er
al., 2008; Jaemwimol et al., 2019). L&} o] &3+

=

318t A=A EL YA HYA A5 a9AYd

gz HF& A A-HHoZ EHLS $ukE 4

S thDeMarini 2019). =3+ S sE== 24 254
= o}

S0k olgoint e/l daEn, 22w 3
 FHolrke] 2ZAR de] ASHYOL |
Hd R As) thA H ofoF &4 (Park er al
2013), Te}7tolE O¥ T vgAEFe} 2o
_7.1—]—()] e A=A = ek o] dolE I ARRo|
FAEHATHY et al,, 2017). BE}A AZA) o] FE
3 A]._g__Q. §:].ﬁ 00:1 EIJ Ok/\l}\g‘:'EO /K(Hjﬂ LH
FEFE A F 7] W2l HAY &% F&
TER ALgEofoF Fth(De Orte et al., 2013;
Martins et al., 2021).

2 ATNME AFEE FAELE s
& Hpol A EAY AFAE A Al HA
ARgsE7] ffsll FAA =l EAAE L =
Aol HAA M D plo)g] 2o g3 &=
A EIe} ol thE &5 F8 w55 &AUst
2 3HA T Aol tigh &% 835 dolry] 9
3 AWM TR V. parahaemolyticus (AHPND)S} V.
anguillarum Al T°] A% AT Vibriow2 /334
AEE 913l NaClo] B 8317] wjiol FF/oll Al

£ oJUlE 90%°]/d°] EZ3IEH T Z(Lee 1972),

oﬁ

J,‘Zmin

2 2 o 4y
fo b f o



2% S (Potassium monopersulfate) S FHEOE St AFA9 F8 4t

2 AN SR B AT 254 34 1.5%
NaCl& F7bsto] Aol A8kt

FEES BdAY FAEALES ASANA A
28-S Yel= 332 A5 AAZ Pseudemo-
nas aeruginosa, Aeromonas hydrophila, Vibrio spp.
s E}“ﬂ o AldES AA 2 AHEAIH, F

& QA FEMIC) S48 Ay B A7 AgAL
U angulllamm-/] 35 25.6 mg/L, V. parahaemo-
Iyticus (AHPND)®] 73-%- 51.2mg/LE 53 I+t
A7} R E K Wang et al., 2008).

B ARFolA aFAe Al ddE Tl e
T A% F8 FEE HAEW BY FE2A A7 S
typhimurium® 739~ 0.56(DW), 0.5(HW), 100(OM)
pptE HAGSATE AW AFA V. parahaemolyticus
(AHPND)2] 7% 0.17(DW), 0.13(HW), 20(OM)ppt
2 FAsIH o, V. anguillarum®] 73-%- 0.25(DW),
0.17(HW), 33.3(OM)pptE BA3IATH FF Al
1 S. typhimurium®] B3] o1 Al A vl A
g ge sxoA &% 37 Yeiston, of&
EF AT Af MFE7} 37°C Al Rty
of Ald2 25°C o= Aol PH 7] uf
ol 220 WE & A7 £5 Aol ol
A ZF A TH(Seo et al., 2013). WEtA AFEI S 7
O = sh= aEAle] A5 oW Aol tS a3t

U 5 ek

o

l

il

O30 2 nlo]g 2ol gt AFEHE Foti
71 flal, & Aol A=A ¢ H}Ol g2 At &
Fof| thet HF A=A &% 8 F5E HE @
R VHSVE] 7% 0.1(DW), 0.1(HW), 0.5(OM)ppt
2 AR5t e, SVvevel A5 0.5(DW), 0.5(HW),
1(OM)ppt= 783t th 213 B nfolz] 9] 7

G- AAH o]FF LR o] Fo|H QU= virus enve-

lope®] ZI-FAdell o8l thF=o] A=Al o Wzt
SHA W&-3kr] wZoll 99 B3kl U= VHS,
SVC T3 Bl GroswoAs a2l Ayt
5 Hol= A2 HATHNoh 2020, Juszkiewicz
et al 2020).

WSSvVe| 7 kA3 TrfﬂH /ﬂliﬂ

A 7MA s
O F in vivo'do A A&o] Y3
WSSV At & ol o

Ao g 445 &3 167

0.05(DW), 0.05(HW), 0.8 OM)ppt= A48T}, 3
H, BA o AFTEE 7N g & 4549
WSSV A gstel] theh HF 254 8 5=
0.0048ppt= UEF THGunasekara et al., 2020). ™
gA 2 AFAAE 7INC 2 sH g AEF
nth E3AQ &A% FE FEVF gEngE As
& At

A Eol| A oF
£k

%

p=h

R

9

o =4 8 B}
o] F oSttt AldE L
o] ol F AEA ZH &
Ao wZ ™, Hydrogen peroxide=
0.000955ppt, Sodium hypochloritex= 0.0126ppt, hlor-
ine dioxide 0.062ppt & "% F2 FZOAAZ Al
Z =548 YeEMN AT (Park et al., 2008). T3 dide-

cyldimethylammonium chlorideE FAE S 2 3}

A Tef A 28 ELA dal fE
3 A% a7} AW, Edwardsiella. tarda, V.
harveyi, Streptococcus iniage ZLE] 3L S. parauberis©ll
1 0.28~0.5(DW), 0.33~0.35(HW) 0.56~1.25(0M)
ot S E SR UERgT. 283 ol vlold
2~?1 VHSVE] A $ 0.28(DW), 0.3(HW), 0.5(0M)
ppt7t FrE TEE YERE 2 1K(Seo et al, 2013), @
i] zjqial- 7L/H EQ {;H}\]—Oi 6‘]_ E/\-] ié] 7].0"
A 0.02ppt °]3ke] WS FEEZE A=A FallAd
o] & AL 2 ZAE AT (Park et al., 2008). 1
U2 ARl AEUS e 7 a5 H3
% 15 Loppt BEANA S Aol =

2 W7kA] 100% A EEAc ek FEde 1

fn)
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[P =1

H ooy

F=Q 1.6 ppt7hAl Al9-o] A FA4E oA
ol mjo ?_Wtf} AEA| o}, ow] AFH-e vl
Z o] v £EAAZ dHA 9O H(YANG

et al, 2007), Monopersulfate SFES F=0l
0.0024ppt7HA] A 71e A# Aok Aol Al 54
= do7A &#a 2358 =9 f7lE Ballet I
AR AL AHH 0w F203) A $e) 47E )
AGPttE= AF A7 Ras o] JtH(Zhao et al.,

2022). o|#H3 AHPEL AEAL JHto g JF A
SA7E 0] FHom mjg kAo, Tty

154 £5AE0 @ AR A8 F 2
g A,

A AN B A

o >E

I~

ojf
o

ooz A
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FHo &% 53 Ryd wp2W, 4k & g4
o7 A== AT WA E tda, E. icta-

wris E3ZH 02 A£%3% 2 H(Mainous et al.,
2010), THF3F Vibrio spp.oll thall A = AFE A7)
I(Wang et al., 2008), A-5-2] A3 AL Vibrio
spp. 2 mlolglx AW WSSVOlME FE3E A
E37} B35 ] CH(Tantakit et al., 2013; Min et al.,
2015; Gunasekara et al., 2020).
Ao AFdel F4E ‘F4HE Hho] Al
cabe] A% Fi= QUM 254 2polE B
o FR o, AHME(V. parahaemolyticus (AHPND),
V. anguillarum) 2 oW H}o] 2] 2(VHSV, SVCV 1
2]l WSSV)E AAE & e FEd 25A=
AREE g QUeh =3 AAF o' fr]E A
Zl=o] &5Ale] a3E AFANVER S/
ArEn AsER 34t ARgdfoF &
FtE tHSeo et al., 2013) mebs] A5
< 83| AASE &% 95 =Y F
o 2 A3 23 H}E‘f"i FA Al 2 out
2 BAAE A5 & o, A FE {71
Aol A 0.56ppt, 1L BE F71E A &%
S1FA %Oﬂfqh 100ppt BE2 A58 Fo] 714

w7 o] T},

l'l

oy %o

ﬂﬂn 2 0 o WL Ay rfr
A_“.i N,

fex]
= =4
< 7o g f‘& A 2] WSSV &% zzﬂr—%—' Hz=

2 Bysgion, o8 AdAse B &5 A
& 71EE ggste vl 8% 7= AEE 284
T Ao
At AL
o] =& 2023\d Attty Fakded A

Aol olste] ATH U+

40

o

=d7H A
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