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Utilization of Electrolytic Hypochlorite Water in
the Disinfection of Hot Spring Bath Water
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Abstract

In order to prevent various infectious diseases including legionellosis, the chlorination of
hot spring bath water is essential. However, because of problems such as odor and changes
in spring quality due to chlorine agents, it is difficult to maintain the original hot spring
water. We asked 65 subjects (36 female, 29 male) to take a bath in bath water disinfected
with electrolytic hypochlorite water and measured skin pH and stratum corneum water
content, before and after the bathing, to compare the effects thereof on the skin. Compared
with the case of sodium hypochlorite, the influence on the skin was considered to be
comparable and it was found that electrolytic hypochlorite water actually had a tendency to
increase the moisturizing effect. Furthermore, it was revealed, in the summary of the
subjective evaluation after bathing, that the chlorine odor, which was despised in the case of
sodium hypochlorite, was reduced with electrolytic hypochlorite water. It was indicated
that skin problems such as redness and itching did not occur at all after bathing therewith
and that it was safe to use electrolytic hypochlorite water for disinfecting bathtub water.
Furthermore, based on the results of water quality analysis of the bathtub water,
electrolytic hypochlorite water showed a tendency to be a reduction system, with a lower
ORP than sodium hypochlorite.

Key words : Electrolytic hypochlorite water, Hot spring water, Disinfection, Legionella pneumophila,
Stratum corneum water content
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HAEREAKIZBNT, VYA A TIEZII LD, M OREGYEZ B § 5 72011335 R H#H T
5 ENRBEATRTHL., Ly Lehys, EHEACL DL RARLREAZCOMELR LD Y,
AROWIRAKE MRS 2 2 EPHBELRRRTH L. 2T, KEIFHRRF bV 7o (RHELEHR
) \THb B IH#A L U CRBREIERRK CERKEK) (I2EH L.

Welrr 65 40 (K36 44, Y329 44) (SRR & YRR FE . Tl 3 L 723 KIS AR
LT oW, ZOREIRTEE pH & ARG EZME L TREICHT 2B EHRiL L. 20
R, BT 2 BIRARE L EZ SN, © LAEMRKIEKOTPRESREHASES
R ASFRD LNz T72, ABRHBROEBINEFEO £ LTI, WHIERER CIHE S 5 1E#R
B, BHRHEK TR SINDG ZEDBHLN IR0z, SO NFICEEL, FBRCER R E
DAF Y T 7N E o 72K FERT, BRRRHKZBRKOHEFICHNT S L RLZETDH
HZ EAURERENTz. S LI, BHKROKEGH OREN 5, EIERIAKO T A RHIERIRI
HATORP 2¥M&<, EILMMTH LI LARENT.

F—U— FEMKIEERMOK, WK, e LU A TEE, fAEKDE

1. 3C®IC

HAEIRIR OWFIR %24 27,000 7 L, R TOEMFAHE L1 2,600 5 A HET 5 HERAEK
DR KETH 5 (BRHiE, 2014). MROMEEITH < 2omoh, WEOWEWIER, S8
X BALATER, S SICRAN R AERTIEER G 5N TwS (i, 2010). 22 Th, KF
WHERT 2 0l%, TEVERICHED  BR MATIEENER, TR OALFIVERIC & 2 IRilfEH,
R, KMIMAEIRER, AEYRIER 2 805 %.

=, WMRAKREHFRLZL YT A TRBEEWAT S I ETL I ThE L IFIEIN 5 W SR G
AL EPMONT WS (A FEANHARREHAEREFT L5 —, 2017). 1991 4FEE 2
DR Z AR &35 L V4 2 TIHEDOFAENHE S, EARCHAIHE S (B, 2016).
2002 ST E I H T OER ABIERICB W T 7 HONE %2 72 L22EHEER A L (BN
Yo, BROFRHE, 2004). ATAETIE, 2017 4F 3 ISR BRZIETICH B iR ATtk C Y £ 58
LOEFEGDIEA L, 50 ROBEN 1 AT LTS (KW BN HARBEHFAEEHEE
vy —, 2017).

JEAEGEEE, 29 Lz ABIER COBRAKDOHEHIIH2->C, WERRERZMHL, KIIED
B LZ 2R LTS (HASGE, 2003). LAL, FAIHE»SIE [WEEPXRIZL S,
[T—=VD &) Rimi7Z] RO BEMZ 2. 29 Lizksd, 2004 SFICREIB AT L
[ OREEE FIHIC T 2 BE8E] OPMEHETH S [TRORE L RIS 2 HEIIOWT]
WBWTH, ERIZMNERS LWiR] #EZZLTwb I E2BRLTWS (BREA, 2004). F7-,
KN & O TIE, HWFRFEHE S N2RIE, ROREE BITR2 OBILR~NKE 2L E ¥
BEbHY, HENOEEDBREIN TS (KNS, 2005).

CD LD BRRA S, FHOIXKHEIERERT M) oA (LUT, KHEERER) (b o MdH & LT
BIRKOFHICFEH L7z, EFREAKLIEEALF M) AR E H /2w s BRI L7246 DT,
Rl % 4 U CRMALELS 2 SR T B K LR 7 )V h U R L, SRR CEMAALEL U 2R
K, B X OEMREIRRERAK (DT, BFREK) 28055 CAEER, 2016). ThbH09H b,
BIFRRHIKIZ X B Legionella pneumophila \2x3 3 2{HBARIT T TICHERIN TV S (LD,
2018).

U EoBs» S, SHNTEMREKE REREER TN TN S N2ER KPR EICE 2 5%
BAMAT DL LI, AROEBIYIHE D FRICIT 5 72O THRET 5.
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2. MEBLUTE

2.1 HAEME

SERE304E3H 18 H (H), 19H (H) oW B, IHFEHEWRT oG M RICDH 5 K iR iz
B THBREFEBR LT 7.

F9 I8 HiZ, sk A KBHoB (Wem®) (BE1) 2kl CEfk RKEE
ML7z. oW, WIIEREES M) Y AR EFEAT 2REEEEIEIL L, JEEREEO R ZKE S &
7o FEEIS, AREOEMKEK (8000mg/L) %K KY T THEAL, BHKOEEEILREDS
Img/L 2% 5 X IR LA. ABIZ13KE30 02 o ia L, #EE A T oMK, BHENT
BIZ100MAB L. BBEEAGTHRTRBEORELZIE L, T 72 AEHRICIE BN Z
To72. TOH, ABIZ16KITHT L7

19 HIE, MEgkNo B KW OBH (H8m’) (BHE2) 24k L Tk, WREKEZEEL
7o, ZOIRE, BEEESIFREELEE SB)RE S FATH & FEARC, ABRRRIEEK
ORI FRIED Img/L 2% 5 &) ICHMUZRHEIEREREF b v 4 (1,200mg/L) % FEKER Y

BH 2 BXAS (REIERER)
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TTHEALZ., ARIZIOR2OHEBL, FiH & MRICEEEIBRETOAGL, 11RISRT L7
LB, RFEIIBWTIE, AT HRHITRZ, GO RESLEDEBIILTVWbDLER
7z.

2.2 BREREKDERKEFHE

BAS RO TEMANAEHE 100 mm X A 60mm X E 2mm OF ¥ U xHEL L, ZoORMICkE
FIvr, FAXYEVF, HESORPVERFEMTI—T 4 V7 L0 L:. EREEDOE
KOS DO T 6% ORI AKEZMER L, BEZ 5V FTHIFTEASW LT 7 GFFFIRED,
HERR 2017-232936, AR ARER 2 1 B ORI ARAR I )71%)

C OBMFRMAIZIL, BSOS CTHEE T 2 WIEEEEDOZ K 37V H O 72080 OMME 7%
WHIE WA 4 VICER SN THAET 5. 070, BEEMKIZIETER I8 7 525
BHEEMRARKE D BOARIERBEEDO SO (5000~10,000mg/L) »MEH SN L0 VR %R
T BAGEHA T, BHRIEKZREEREF M) Y 20HBGE L FSEESH 5 LBDTED,
BRI LRI TE 5.

2.3 1WERE

BERA TR T A TH o7, 209 Bt 36 4T, FE#O UL 50 1L E 60 L2549 44,
0R18ATHo7. F7z, FIF 297 T, 4044, 50054, 60 e 70K 1I0ATH-
72, WINOWEE D EBIRERIRD SN LG o7z 4B, WHE S HEE IR OFHIE
HSHETWZW,

2.4 BIFEEHEFE
2.4.1 KERAE
WAL, BRLTREDA % { &8 OFHN 7K 5w % 3 2 B P de i 2 $RH L 72
(H_E, 2003).
1) Jz/§ pH : #48 pH aF ASP-01 (HA7 v ¥ =) 2wz,
2)  fafgksE (uS) @ AT - K5EFASA-M3/R (HART7 v ¥ 2) 2w i eIz
LTl L7z,
B, WERBISm 22T Th - 7-.
2.4.2 FEHFME
WeEREE, WH & D ABBRE I EBNEED 720125 —7 v — M L. B & ngsE
FIFE L D@ TH Y, 4EETREZRD 7.
2.4.3 BEKDOKE
TAEE L L, UTolB)THAD.
1) FRERYEFILEE - SRR E RS 080540-520 (JEHIRMY) % A7z DPD i3I X % et
2) Wik TV S OVIREEEF CT-422WR (H A % 2)
3) pH:FY %) pH A—%— HM-25R (Ui DKK)
4) ORP : pH/COND % —% — D-54 (HORIBA), ORP #%#i LAQUA MODEL 9300
5 LIUFTATREW  E AWML T R TIEM LIRS L /-5 780
6) EERIZEE (mS/m) : B (JIS K 0101-12)
7)) AREEE AN AR L < A Y MO AR
8) HNIVILME 07 L=V T I LAV
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x® 1 FHOFHEICETE7 75— MAE

g M B Z&

Bl 1 ABLTHAE-OBNIEESFIREBTLEI M ? 1 i#->f=
2 bR IEEo T
3 EELMEVRIEEHIELN
4 BEhiEn

B 2 NBLTWAEE, BEKOIZEWERCELA ? 1 LA T
2 EB5EEVZREL
3 DLETRRCE:
4 5<RALCT:

B 3 ABLTWAEE, BEKOFIEEE CREIZECEL N 2 1 BRUGDL -1
2 EELEENRRL
3 DLETRCE:
4 SR T

9) SRITZAVILEE: X))V TN —ik

10) FE{H %= pH48 : pH faREufaih

11) LA+ >~ 0 AMY Bk

12) BElEA 4+ > RN 2 L ik

13) V% 'Y 77 rEWOBBE (JIS K 0101-44.1.1)
14) 7YE=I LA F YV ZIVF I VEEBUKREERE
15) @~ U F VA T AR KRBT

2.5 fRIEMNEE

AT, HAREICBIT D AR LT HERERMNER T N7 A - BRTFRITIIZEIC B3
B PR A7 B AR FA ORRZEMTHE 2269 5) 1M L 72, BEBRE IS ZENAE B L R RO A5k
EAVEEMERRE, S 28RV E, A DAFRFE LW LI TEHE
THAL, HHREEIC X 2HERE.

2.6 fRETHIERIT

FRATICIE, BERHAT > A7 & (1) Mg - e (HEHGE) (2013) & vz, AWET & AR
$#dH D VITEBKE R KEEZEO T — &7 TFEICEDBAOND 0 E ) P ERET 572012,
TR O OWE % 1T 72.

3.1 BEAE
3.1.1 K& pH
Fig. 1 (213§ pH OWE s R %2 P39l & el 2R Lz, AMNIEMRIOIKZ M L7e%6
T, BLHNCABRIHZOMEE R Lz AR, GUZKHEERBROLAETH L. TXTOHIIBY
THEMEOFE, wEERITO pH ERETH 2 65 % THI->THEY, HEiEFEL /NS -7
BLoOIEETIE, DI IEENSA SN, £z, ABEIHOKTIE, Bichb
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Electrolytic hypochlorite water Sodium hypochlorite

*: p<0.05 **:p<0.01

Fig. 1 Skin pH (Female 36, Male 29)
1 K& pH QL& (&4 36, B4 29)

3, ABBRTAEES (p<001, BFXRTEKROBHETIX p<0.05) EHAPALN. SHICABHED
%2 B RIKOGE L IRTERBOLETIRIET 2 &, BHOBGE, RHEERBRO 2 FHiET
02 LA LTHEY, 5%BKETHEENASN (p<005).

3.1.2 AEKSE

Fig. 21, fakgksm (uS) OFHHLEERFAEZRLZDDOTHL. ABHOMEEADL L,
THOFHMED 10uS W2 THY, FRCEMKA KO BYETIEFHME182uS TH Y, 2RI
WERIRECIE W LAz 7. $72, ABRIBROERTIE, WIhd ABRBOMEOHE L, 1%
KETHEEDALN, ABRIEPEZFICENRTO 2, JFICERKTE K TOABZOMEIZ, BEo
Bitr, “EMED 384 uS L Eh o 7.

3.2 EERYFHE

WHED, ABRICHERSCHEAREDAF Y I 7Mbb %d 7. LT Fig. 3 45 Fig. 5
12, AR OBEA M Z L AEMKIK & KR SRR TR mEHEL L0 (K
36 74, B 294).

AB#, 2S00 M (1) T, 2N [EEort w372 &0, 1%iT
100% 572, L2 LA s, REEBOBEOK, [TEHEL0EWZITELREV] 2710%H - 72
(Fig. 3). 72, ABHOBHAKDICBWIZOWTH ) 7225 (M2), EKIHATE [PL72
FIEU 72 S 19%, B 28% & - 7275, BBLRARIFTH-72. & 25, KEHEETIE,
[DLZETE U] A, &t 42%, B 62% &<, KT ML) ORER8%dH - 7=
(Fig. 4). 72, BHKOREIZO>WTIE (H3), BEBRKHAKTIE [HLEZFETZ] 25 Kk
14%, B 7% TH Y, KEIEFHBR TN 14%, B 21%TH-72 (Fig. 5).
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*
[
70.0 **
3 |
2
e 60.0 *: p<0.05
.g **: p<0.01
3
50.0
‘;“ 1 * %
g 400 334 1
>
2
= 29.2
g 300 245 262
€
>
2
© 20.0
&
12.6
10.0
0.0
Female Before Female After ~ Male Before Male After ~ Female Before Female After ~ Male Before Male After
bathing bathing bathing bathing bathing bathing bathing bathing
Electrolytic hypochlorite water Sodium hypochlorite
Fig. 2 Stratum corneum water content (Female 36, Male 29)
2 AEKAFEOLE (%36, B4 29)
Electrolytic hypochlorite water Sodium hypolarite = Moisturized
Female Female u Slightly moisturized
0o 00 = If anything, not moisturized
, = Not moisturized

Male Male
00 0
Fig. 3 Did your skin feel moisturized after bathing? (%) (Female 36, Male29)
3 MIEEVWELAEDL? (%) (& 36, Bk 29)
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Electrolytic hypochlorite water Sodium hypochlorite = No

Female Female ® Hard to say

0 = Slight smell

= Strong smell

Male Male

I

Fig. 4 Did the bathtub water smell while you were bathing? (%) (Female 36, Male29)
4 BEADICBEVWEBRUELEDL? (%) (XM 36, BiE29)

3.3 BIEKDKE

AT H O N BIIGERF & R TR OB KO KRE L, Table2ICF 0B THo72.

1 HHOAROKRE R, BEEFRE 09mg/L, #ik407C, pH 88, ORP560mV, L ¥ % %
FIBEABM (K10CFU/100ml) Th o7z, F72, BEAIEER 66mS/m, &M 2mg/L, 7V
v LWRE 22mg/L, ¥ 7 A T AE<1mg/L, BRI = pH4.8 54mg/L, ALt A + > 120mg/L,
WA + > 58mg/L, ¥V H 48mg/L, 7V E=T A4+ »<01lmg/L, B~ H VA ) 7 LER
w<10mg/L Tho7z. Tz, TOHD 65 BABHOKEIL, FRAEFIRE 0.7mg/L, ¥t 36.6C
LB L DALT L, ORP590mV, 3 LW A + > 160mg/L ¥ L7:. Z0F»0mHEIZIZE A
EEAL R o7z,

2 HHOABHOKEIZ, ORP #kr&, ZLALOHEHIZFMHD ABHIOMHEE RELEDSLZ
L%, BROKE (7 A ) EHEMRR) %8 L Twb 2 & ER L7z ORPIEETH ® 560 mV
IR, 625mV LR WlEE /R L. 2B ABHROKEE, FREERRERHIRICHE 2
KT EA ST, ORP RHEALWA + > OB %o 7z

4. *E =

FH O, KRB O HmA & U TEMRIKIET L, ZOAMEZOWTRE L7,
PER DI RKIRE & AN a0 W2 A 2 K ICECRE LN L AKIZB T, EF
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Electrolytic hypochlorite water Sodium hypochlorite = No
Female Female  Hard to say
0 0 = Slight feel
= Strong feel

A

Male M

ale

D

Fig. 5 Did your skin and eyes feel any irritation from the bathtub water while you were

bathing? (%) (Female 36, Male29)

5 BEKOREERCELEL? (%) (X136, B 29)

Table 2 Water quality of bath water.

x 2 BEKOKE

Test items Electrolytic hypochlorite water Sodium hypochlorite

Before bathing After bathing Before bathing After bathing
Residual chlorine 09 0.7 0.8 1.0
Tw (°C) 40.7 36.6 405 39.2
pH (25°C) 8.8 8.8 8.8 8.7
ORP (mV) 560 590 625 625
Legionella spp. (CFU/100mL) <10 <10 <10 <10
Electric conductivity (mS/m) 66 74 63 64
Total Hardness (CaCO,) 22 22 21 21
Calcium hardness (CaCOj) 22 22 21 21
Magnesium hardness (CaCO,) <1 <1 <1 <1
Acid consumption pH4.8 (CaCO,) 54 52 54 54
Chloride ion 120 160 120 120
Sulfate ion 58 58 58 58
Silica 48 49 48 48
Ammonium ion <0.1 <0.1 <0.1 <0.1
Potassium permanganate consumption <1.0 53 <1.0 5.6

unit : mg/L
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WM ARNZIR IR X Y b Legionella pneumophila % BZRMIIRBE T 5 2 & 2 FERAICHER L 72
(ZHE S, 2018). = CHINE, Z OEMREKZ FEBEORRGHEKIETML CTABHORKFIZS:
ROWBEARETH L E BT, ABEOEBINEM 21T 72.

RIEICH 2 B2 RETH 2012, BE pH EAFBKSRED 2HE Z2ME L7, KM pH 12D
WU, ERRIKE RIFEEB CREE 22 EALNT, BV ICABRTHESL pHED
AHDRRD SNz S OFAFERLOBINE, D, KNS 252 LR LML Twiz O
M5, 1999). —fkiZ, M4 £l O pH il 45~65 OYEMETH L EvwbnTEH GEAS,
2012), S OWEMOFHMEX, WIhd ZOHPANTD Y, BHFEREKIFEE pH 252 5 5%E
KM EEE E MRECH o7z, T2, ARKSEICONWT, ZOMOKTIZREOWEEEHBEL,
10 1S K lZ ez, 10~184S T, 18uS U ETHHEEAZEINTWE (GEARS, 2012). 45
OPEAERTIE, EFREARE KERFEMRE DE MDY, ANERICAELZ RARASGNR, 184S
P EDETH Y, ABICE MR Sz §HiC, ERERERKOBEOLA, FHET
384uS L EHh o7z, TOXHIT, BIFRIEAINEFICRITTREITRIEEER L FNRETH D,
—IROPERERTIIZIEE XV EBMICT 2SR SN, FRAT, Wi DR EALR Y
DAFY T TNVIEFE o7 BEL D57,

WIZ, 65 MR E L-FHMNGIOKEZ 207, BRKRTBKABHZOBETIE, oM
W] IZELTIE, BRELEVIRETH 7. 72, ABHOBHIAKDIZEWIZOWTIE, [
L2 U7z 25tk 19%, B 28% & - 724%, WRHiIRREE CIlIct: 42%, BE62% &L, &
SICMETIE [MCIEU72] 238% b orz. DI ENS, BKHAKDOFMIZLY, HHEICLD
WHEREOMBIZBERING EEZ Nz T2, BHEKOHBIZOWT S RMRREIET, [4L72
I U7z ] 23 14%, B T%H - 7205, WHERME Tl etk 14%, BHE21%Th -7z Hil
5 (2007) 1, MEBEEHEKEHWCTHEEKORAERE L2 25, SHORKREFEME [T
PICEL 5] BET, RFAFHERIHFEON TS,

BIFKAARDOFINC X o TIEIBEHAKDOKEDZAL ST 20 B0 2 MR T 5720, WH, NGO
BCHRAKEAIT, KEAGH ERIT- 72, ZORKE, ORPIZIABORIHE MbT, EMKHK & K
BB CHFE L APRD LN, WHIEZBO ST mV @ o7z, ToZ ik, KNS (2005)
MLz, ERWEIEIC L o THEREAPELRICZ L L2 L i b v, ZhizxL, &
fREKIMK T ORP @ LAIRER DT, B OBLAHIH S B A A L 7z (K, 2011).
F7:, BREREAKOEETOAANBEHOREE & L IHEWA F o ERAPA SN2, BFRKE
KROEFNNTHALF M) T A2 /WML CERGSET 2720, INBHEICHLEATNL O LHES
BN, HEICEEE ETIEEORETIEI R o 7.

FIEHHAR
ABERIWE L, CHRTERBERER (AL ) E—HiEA BRI Y =3 2
7 M b G  S .

SRIOFEIZBNT, EHWIZITHIVZEILLEEZRE RKZ2E L0, —#4EEEN H
RN =Y AT LHRBERBEEH P L ET TS, $72, BcoZBEEZHY T LRGN H
Bt B OHHERICIREC L9, S5, SROMEICIREAEBY FLRKR Ny 7Y 7 —-X
BRASHE, BRI TBMA 7272 & £ L72HRE OB 00 5 BALI L B

B, APEONEFR, HAMRFARE 71 BIRE (OR9) B X TH AR HEPi#: 58 45 b4
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