The Japanese Soci ety of Fisheries Science

Nippon Suisan Gakkaishi

66(6), 1020-1025 (2000)

FAREKEREED BBREME
BLUTA VALK T HREZER

EHRAS BIKE B O KIE BEAWH— FK 5
(200045 A 15 A4, 200047 A 19 A58E)

Disinfectant Effects of Electrolyzed Salt Water on
Fish Pathogenic Bacteria and Viruses
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The bactericidal and virucidal effects of hypochlorite produced by electrolysis of salt water were
examined for pathogenic bacteria and viruses of fish. A three percent solution of sodium chloride
that contained pathogenic bacteria or virus was electrolyzed and the organisms were exposed to
hypochlorite. More than 99.99% of the cells of Vibrio anguillarum and Aeromonas salmonicida, the
causative agents of fish vibriosis and furunculosis respectively, were killed when the bacteria were
exposed to 0.1 mg/! hypochlorite for one minute. Yellowtail ascites virus (YAV) and hirame rhab-
dovirus (HIRRYV), the causative agents of viral ascites disease and rhabdovirus disease of marine
fish, were inactivated >99.99% after treatment with 0.58 mg/I hypochorite for one minute. The bac-
tericidal and virucidal effects of hypochlorite produced by electrolysis (3.5 m3/h, 0.1 A) are greater
than those of the chemical reagent. The purity of the sodium chloride used influences the production
of hypochlorite. Sodium chloride obtained as a super grade chemical reagent is more effective than
sodium chloride that is used for food. However, a sufficient disinfectant effect was observed in elec-
trolyzed seawater, which could be applied in aquaculture.
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REIL, KEECKT, EFHRETOLHAKRL Y
2, BECREL EOEYBMBETHDEE <dDIC,
BARPICKEERB Y RESE, CThoOMBEHIERE
> TWARETHY,® ANBEORFHRKOBREIC LI
BTEHLEIREBEHRA L, CORFEESH
VW, ETREKYBERSH L CREERR Y AR S,
BEFREMES LUTA VAT BICREDE BT
AL, BRKPIEETNTWAELT FY 7 ALSD
B OYELRRL 0K, MEOREAIREY B VT
BREDRICE 2 AHEFHREF L, 301, ANEOM
BICAWOhABKEBIGMLIBEDEFER O
R L7

HELFZE

BAKBRER AHERCIHEARBRERER (54
oy, RAEHE, ERERRER 2ER LA, RE%E
i, 8K (REZEUK) YEBEBSIMIILICE
D, BKPORE» CREERELERTSHOT, &
W O(ERED LD REERBRERBEYRE T 5,

REBFERBOAEZ Ry FRABEHKE 46700-00
B (v 3508 AV, DPD &iC X D iERBE
DRFEZFT -7,

XEERM RO AR K sodium hypochlorite
solution (FREMIZE) # A7,

BRIk EER T AV BRE A AGE KIS H R
ORIE (9% LLE, HEEL L 2—), RIEHEHK NaCl
(99.5% LA E, FXeMIE) s LUKROHEE (UK
SFEBERBORE, KRELE) 3% L25LOCH
B USERICHER L7,

il FRP®D 1000/ L U500/ BB AKELE LU
TS5 AF 9 7R 0 I BEKIEE A,

M@  Vibrio anguillarum (NCMB 6), Aeromonas
salmonicida (ATCC 14174), Escherichia coli (Es—1 #k)
PR L7, V. anguillarum O¥ERITIE 1%NaCl hn¥
BT 4 3 (pHT7.5) %, A salmonicida 35 . U'E.
cOli \IZ BB T4 I VvEAY, HO75 A3 T25C, 48
RefBE R, 1,800xg, 20 FRIFEOAMEL, EHEZKRE
#®, HATREEENAEKCRELRBRICH LA, &
SHAMEOLEEEKIL, V. anguillarum Tt 1%NaCl
mEFEEXKEM (pH7.5) %, A salmonicida 35 L U
E coli CIHEBEREMEHWTIHE L, 2ER
BICHI AAERBOBHEBRITFERE T 10 CFU/m! T
Dol

HRVM LG L VHERMIE REVA VAL LTS
VYOI A WAKBEAREREY A VA (YAV) BLUE
SA57 Fr 4 LA (HIRRV) 8401-H #k& g3 L 7=,
YAV 05281213 CHSE-214 #ifa %, HIRRV Dz

X EPC fifa% A\ /o, ChoMBaDREEIZIE, MEM,,
Tris (Gibco) Z AV, 7 4 )V A D & R i< i3 Hanks’
BSS (Gibco) # Vv 7z, Bt ™Y 4 L &I, 75 cm? O
RFERA 7 5 AT 10 BREERE, IURT 74004
—HA (0.45um) THMBL, —80CKBHELLLDO%
AWle, DA NVARRMIIHEC L A<A4 70/ L—
Ll2dwell JU— FEBWAHEREAL, 24 wel
U= MR T ImIBEE L, COBSOKRER
R13 1005TCIDso/ml T - 7=,

KEAKES SV BRERKORRDRYITRER JtwEx
FAFRKEMFHEBENORERBERATSICH L
T, KiEAKB LUKEK B RICE LB Rk
AV, ThEhOHRKETREY—h—ic sy, Al
M2 T3% BET LI, V. anguillarum % 106 CFU/
miZ5X58BL, MEBEH%, 1,15 3045H%iIc1
ml ML I ERDO 1% X7 VKR BREEROER
ZEESESHEBM TN, EEREHE L, SRICIE
FA—REICHRE LASHRERICRARICL %S X7 vk
BT, RBKEKELIUBRERAEGEKOEERE
DOEIIER N2 HEBNTIT - 720

BERSRAFKIC L AR - NECHRAERR B
ERABKEKCRIBEZHEML T3 % BREERL,
MBI 105 CFU/ml, ™7 4 JU & it 1045TCIDso/ml I 71
HESICHEB L, COMBRE KR 72BN
KEMEBICEL, HE% 2.0,25,3.0,3.5m3/h, BH
#0.1,1.0,15,2.0,25A * LTEEHRL, BEO®
MFEK (DEEHRKLEHFRT) 2L UEREZRIEL
Voo BEAKZEHIRLARKEAZ00S L L, MEEHY
1.0,25 50452 LT, MEICII1I%Y XTI FvkE:, @
A WAkt MEM, Tris % 9 f&Binz, KEERBROE
AZEEs i, KNTIORDEEED 5\ id Bl
BRE LI, MRICITEAEOREIRICIERELK Y I
A RRRICERED 5 WLl % BIE Lic, VA4 VAR
Puffiid 96 well =4 7 0/ U— FHHAWEEBEDRA 7
OXAZ—EICEDREL, 2B EOFEHE» HHE
REER (%) %, T4 VABRELR (%) #RDI,

TROXEERKRC L IREDRYTERR BHERa
BARKICEE®3X CDXDICB®L, CoREKIC
MROKMERME AN L, HEBLHER, BbIC
$RAEW L 105CFU/mlicie 5 kS icmz, Hnkss
04r2 L, 10,2550 7BICZO—MWEMOHEL 1%
N7 vKEIFRENMZRBERBOBDELEIL S
7oo RPEROFETEREZRAEL, BAEHRER 3.5
mi/h, 0.5A) I ko TAEBRINACKREERBICL5H
HRR B L,

RED/ L — FICEL D HABREROBBHRYIER
B A5, REERNaCl s LUEEY, BERaR

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

1022 %, B, HE,

KEKICHERL, 3% BEE L, #&EE% 106CFU/
mZ3 EDICHE L, HRABKEREBORANKE
3.5m3/h, BB 0.5 A CRESMET -7, BFK
PEHIL, 9BBEDO LY XY FuKkEmi CREER
BOERZELI Y, 2EEERIE L,
AERBEKOBKBRER(CSIBREBDROYNE H
FRIEREDLEREES TRNMEORFT LAV LN T
WADRBEKY, EKEMREIC 2.0~2.1m3/h O
ETCHEL, 1L5~20ADBRMTCERSMET -7 X
THRE 1 CRELKIFEINOEKE LU 1 FRRIGHD
BREKEEIL, 9FED 1% X7 FvKE A CRE
WERBROERLZEILSYE, 20 0.1 ml #iEKEhERE
IZ8®EL, 25°CC5 HHBEHEOHBA an=——H» 6
ABEBERE L, RB2Tid, BMAS0ml % 47
mmEDIVRT 7 4 ) Z—HA (0.45um) THRB
®, 74V E—HEAKEBTIRICED i), 25°CT5h
BEER L7« WE— koo —EK&58 L TERK
TEH LA,

& R

Ki#kEs L U BRERLEBAFRTO V. angillarum O
EHMY V. anguillarum % KK & BitE T A KR
BLABEOEEROE % Table 1 1ZR Lz, KK
DOREERBEN 0.07mg/l OBE, 1 5HEBLAHE
Cidan-—@GRbohnkot, —F, BIERLE
AKEKOEFREITZ0.02mg/l LBIEIh, EERIT 108
CFU/mILIE 21,1530 7 bIiT LA X ELZH -
7o

Ak BREROAFFREMES LTI/ ILRICHTD
PE - TELCEDHR BARERZELTHV, 3% £EK
I & L 7 V.anguillarum 35 & U° A. salmonicida %
2.5~3.5m3/h, B 0.5~2.5A CT1,2.555EMEL
e 2OREE Y Table 212k Lic, V. anguillarum
i3, RAWE3S5m3/h, BRNBH05A DOFMHTER
Sh7AcRERFRE 0.07 mg/! O 1 53O T 99.99%
DEBEIN, ChEiDIBVWERETIRIIRT
99.99% LI EOBERTH - /=,

A. salmonicida i\~ >\ CIZ Kk EEREEREE 0.06 mg/!
DERE TRERIT 99.96% &7 - 74, 0.11mg/l T
(TAFERFR] 1 43C 99.98%, 2.5 4 Tid 99.99% LI oz
HR L o7, E ol I8OW TR RMREE 0.14
mg/l DB 4, 145 EOMNE T99.98%, 2.5 4 Tt
99.99% L EOBEEXRNLB LI (RICEHRLTWE
W,

KIS BRI A WAD YAV 1 XU HIRRV (234
HRBFERE Y Table 31ZR L, YAV O S KREIER
B 0.18 mg/l, 1 MDA T 98.42% DAREHILE

W, EHK

Table 1. The viable counts of Vibrio anguilarum
in tap water and dechlorinated tap water

Hypochlorite Treatment Viable
Water concentration time counts
(mg/1) (min)  (CFU/ml)
0 4.5x 108
1 no colony*
Tap water 0.07 15 10 colony*
30 no colony*
0 4.5x 1068
Dechlorinated 0.02 1 3.7x10°
tap water : 15 3.5x 106
30 4.3x106

* No colony was observed on the agar plate.

THo 7=, 0.32mg/l, 1 4T 99.50%, 0.45 mg/I, 1
53 [ °C 99.92%, 0.58 mg/!, 1 55 Fdl © 4L B2 T 99.99% LA
FORELRER L,

HIRRV OB & REERBREE 0.09 mg/], 2.5 5B T
98.40%, 0.34 mg/I, 2.5 4 [ T 99.94%, 0.49 mg/l, 2.5
SRITI: 99.99% L EOREEEZ/R L/ (Table 3),

ChoHRAME S TV A VAOEBERD 5\ TG
iz 99.9% L ERA IR I KBT Z2REERBEE L
AERERIZ £ b5 L Table4 D LS5 D, METIE
0.14mg/l1 55/, 74 WATIZ045mg/l1 FEITH
272

HIROREIERRE L BKBRERC L > TEREI N
RFEIERB(C L B V. anguillarum 35 £V E. coli D
BHHEDOEE Table5 iR Lic kDT V. anguillarum
Tit, BAREMEE»RAVWCEES, KEEXBEREE
0.07 mg/l 1 HREOMIE T 99.99% LI EOREXRNES
hic, L» LEROKEERROB S, KEERMRE
0.07 mg/l 1 DM Tl 98.27% OFRERTH - /.
ARETRA L, EABTELELH S 108CFU/ml LA
ETH 7P, BREREEFHEEKITS5.0x10! CFU/
ml!, MROKEEFEBENE Tit 1.5x105CFU/m! L[
UHEFE L AERETHOIREDRIC10¢CFU/ml 2K
DR ETENB NI,

* /2 E. coi TIXBBAKOKREERBREE 0.14 mg/!
255 HMOMNIETI9.99% L EOBREHEISB LN A
2, HROKBERBOBE, HFKE 0.17mg/l5 4
T3 99.85% OREHFELE - (RICIIRLTWi
W),

HEBEOMEN E. coli DERBEHRICRETHE R
EHENaCl % B /o8B 4 Tk 0.08mg/l2.5 5 M T
99.99% LA EOBER R LA, RIEOHAEIT0.14
mg/l T 99.99% L EOBRERTH - 7c, KROMIET
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Table 2. The effects of hypochlorite produced by electrolysis of salt water on the viability of Vibrio anguilarum

and Aeromonas salmonicida

Bacterium Hypochlorz‘:ggc/olr)lcentration ' F%(r)rvlg/r;)te Ele(z;‘rgcity Treat(rrrllgrrlxg time Reduc%}:)n rate
0.07 35 0.5 1 >99.99
2.5 >99.99
5 >99.99
0.1 3 0.5 1 >99.99
V. anguillarum 2.5 >99.99
5 >99.99
0.11 2.5 0.5 1 >99.99
2.5 >99.99
5 >99.99
0.06 3.5 0.5 1 99.96
25 99.96
5 99.96
0.11 3.0 0.5 1 99.99
A. salmonicida 2.5 99.99
5 >99.99
0.13 2.5 0.5 1 >99.99
2.5 >99.99
5 >99.99

* Initial viable bacterial numbers were 4.5 x 106 CFU/m/ and 3.8 x 106 CFU/ml, respectively.

Table 3. The effects of hypochlorite produced by electrolysis of salt water on the infectivity of HIRR and YAV

Virus Hypochlorite concentration Flow rate Electricity  Treatment time  Reduction rate
(mg/1) (m3/h) (A) (min) %
0.09 3.5 0.5 1 90.00
2.5 98.40
5 99.68
0.34 3.5 1.5 1 99.97
HIRRV 2.5 99.94
5 99.98
0.49 3.5 2 1 99.98
2.5 >99.99
5 >99.99
0.18 3.5 1 1 98.42
2.5 98.42
5 98.42
0.32 3.5 1.5 1 99.50
2.5 99.50
5 99.97
YAV 0.45 3.5 2 1 99.92
2.5 99.92
5 99.92
0.58 3.5 2.5 1 >99.99
2.5 >99.99
5 >99.99

* Initial viral infectivities were 1045 TCID;o/m! (both).
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Table 4. The hypochlorite concentration produ- 13 99.99% LA FOBEREZ B HDIZ 0.11 mg/l1 TS5 57D
ced by electrolysis of salt water and treatment IR AEE 7= (Table 6),

time required to reduce 99.9% of the viability
of bacteria and the infectivity of viruses

REAEKOBKERERCS SHREDRONE H
T ——— - FRERERSERBES TRNMEOATICAVWONT

Pathogens con(c;ngt}'?)tion (trirl:i‘:) Initial number 1@5 WEHLHREREBEKYBELSSMRL, KHEEXRBER 0.84
mg/l T 1 5HRIG S ¥ B EORERIL 97.67% TH

V. anguillarum 0.07 1 45x105%  >99.99
A. salmonicida 0.06 1 3.8x106%  99.96 s, REHKFHBEES 10mg/lL35L, 17HED
Escherichia coli 0.14 1 4.0x 106 *1 99.98 MR AR 99.99% U\_tﬁd/‘ L7- (Table 7) \
YAV 0.45 1 1045 %2 99.92
HRV 0.34 1 1045 *2 99.97 # g
*1 Initial viable bacterial number (CFU/mi).
* Inital viral nfectivicy (TCIDsa/m)- WA, RERIRN LIOKEA S BRS R LB E,
Table 5. The effects of hypochlorite produced by Al 5B 5N SBEKICEEDREND S C LERD
electrolysis of salt water or the chemical rea- Lh, EBEAL LTECES « ARELESFCHVOHN

gent on the viability of Vibrio anguilarum T B0 KESEFT LRI SN TV 25,9 B H

Hypochlorite  bortronie TRt Tabte Nl T AWKEMEE CRABROKOLFIEL . SEY

time counts
(mg/!) (min) (CFU/mi) %) RUAEBCEBEREAL S, ERIGBALHIY O

Chomie o O wy | HAKEEEL, CORMAYEERGSMT L, BE
reagent ' 2.5 6.0x10° 99.93 TIIERS, BB TIIKEELET Uy ARERSH, |

Pl PP ARG LTREERRAERT B LD b OTHE,
Produced by 007 1 50x100  >99.99 46, BREBOREYDRELARDICHAD, REH
electrolysis 2.5 15x102  >99.99 I RBEREME V. anguillarum ¥ A. salmonicida %,

5 no colony* >99.99

A NWVAE LTRSS LUV VARICIS W TR S
REEPENTVOT A NVAKBEKERRY A VA
Table 6. The effects of hypochlorite produced by YAV Y, BORSIRABVWLIASTEIAL IR

electrolysis of salt water on the viability of Es- HIRRV #8438 L, 1019 AR @ik 58 CORE & i+

cherichia coli in several sodium shlorides . . -
%72 DIC E. coli R FRICHEA L TRE I L URIELD)
Hypochlorite Treatment Reduction Bt Ui,

* See Table 1

Sodium

chloride concentration time rate )

(mg/1) (min) (%) FFERRBICAVWSKE LTAKEKREZHRAL T V. an-
Chemical 1 99.98 guillarum OEFHEBFH L L T A, KEKTIIERE
reagent 0.08 2.5 99.99 BRCI2PREDRIZOLN, RBERICKEREE
(min 99.5%) 5 99.99 MU B0, ARBTIRERA L LTHERREEL

Commercial 1 99.98 T BERAARKE KA FEA TS Lic L (Table 1),
salt 0.14 2.5 99.99 3% AEACHEABEDTREL, EEHTERS ¥
(min 995%) 5 99.99 TEBESSW L RORE « RELHEE, REOR
1 99.56 B EITRE « NELRIEH D, EREVE LS
Crude salt 0.11 2.5 99.96 IONTHEHE « NELERS EF L7 (Tables 2, 3), #
5 99.99 HICoWTid, SE0EREHFEORKINE &L R/PNERT
* Initial viable bacterial number was 4.0 x 106 CFU/ml. 0.07~0.14 mg/l DIEREAR O, 1 FMART ST

Table 7. The effects of hypochlorite produced by electrolysis of seawater on the viability of bacteria in hatchery
supply water

Viable bacterial

Hypochlorite concentration Flow rate Electricity Reduction rate

Experiment (mg/) (m3/h) (A) e (%)
1 plate*! 0.84 2.1 1.5 2.2x102 97.67
2 filter*? 1.0 2.0 2.0 4.0x10-2 >99.99

*1: Direct plate count.
*2; 50 m/ of seawater was filtered with Millipore filter HA (0.45 um) and filter was placed on seawater agar.
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LI &N 99.99% U EDOBREER L /x> 7 (Table 2), =
AWVATSH 0.58mg/l 1 G OMIE T 99.9% LA EDOFR
ERPBON, BEROSBICLIRELEIBHTHH L

WA K ERER OREHE 1025
ecm THY, Ar—7 v Ik VSO EYTH 5K
BOKOBRELTRELEZ LN B,

| &

*%% bh% (Table 3),

KIZ, TROKEERER & B ERER CERIND
KREERBOBERDE L V. anguillarum % 5t 817 Rl —
ERE L NHERETHE TS &, BABREBIC LV E
EINHKEERBOFBPHBEOKREERERS L D HRE
BHRPZPDON (Table 5), BLSBIC L D KREHEER
DA DOREWEPEL SN THBEEESTE S his,
—HRWIRED 7V — FOREDHRICRIT T8 Y,
KROMIE L A5, REERD NaCl # FVTHE L
1 lh, REHEROFHEN T (Table ), =D
TP OBAKFICEITNIBER T OEEISEE SN
KEEFBOBEDEZETIRHB L13BEIH, &
BOBNFEE -7,

KEROHEARABEB KBRS LIBE, RBIT
13084 mg/l C1HMOMEE, FREIC1 oo —
PHBRL, BERILI7.67 Lz, BE7 4 Va1 —
ZRAWT10mg/I CLlSRMATELABE, 99.99% LL
LA BEHREIB O/ (Table 7), BiiERME
ThIIRFEROME L L, AERKE LTOERED
ARELE2ONhD, EE, BRERAEBREKTYH
TEFE L THRBIRALI T, SHIEHORATRR
PRLEEEZOND,

S, MERADZ VIFEFTRKOBRECICET 58
B, BEI L OBKES e, AFHK CIIRMNMEOEM
Wi OEBYE LU T VES T R EOMBYERT S
VEBBHDHLEZOND, SEIDEBRE LIV TORE
BRIV S, BRBKDLVIEFHKOBRETIE, &
HRHRERMEL 2D LBTFRINS, LhL, kdok
S KHEREEEK Y BSOS W L BORERIL, HX
BE1.0mg/l CHoMRETELMETHY, AEBOR
B THREDHERIRVLDLEZ LN, Lrd, B
KEVEEShAKEEFIREYFM T LA TE,
BHIANETIRE, NELBHELBLIENTES
LEz26Nn%, SEAVEEBOBEOK X XIE3%6

ERRETOCHLY, MARBAEREBORLS
FUBE*HRWARERRNER IV Yo7 ) v rs%E
O LAEBERKS LUBFREM, BEARIERERLERE
FEHOH < ICRHMB L LTS, TAAPoRiITHmER
FHRBABWE (B) BB (REES 09556041) i
Xodlo TTRELTES#SHL FFs,

&E M

D ®<U/7x—5521, FEKFOEEERERSE
WARBRELBWMEERE, <~V /7 1r—5A421, B,
1991, 220 p.
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