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Abstract

The ORP (oxidation-reduction potential) and pH measurements have been made on
hot spring waters and their bath waters disinfected with chlorine at various spas
including Dougo spa of Ehime Prefecture and Arima spa of Hyogo Prefecture. Our
comparative analysis of the qualities of non-chlorinated and chlorinated waters revealed
that disinfection with chlorine causes a qualitative change of waters from the reductive
state to the oxidative state. To maintain a predetermined level of disinfection in
treatment of hot spring waters, a considerably larger amount of chlorine must be added
than that required for disinfection in treatment of ordinary service waters taken from
rivers and lakes. The oxidative state of hot spring waters disinfected with a large
quantity of chlorine should result in promotion of the oxidation or aging of human skins
contrarily to what is expected to be beneficial in hot spring water bathing.
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spring water
F+—7—F:ORP, bEcdEN, ERER BHEER EREE

1. FLC&®IC

A, BEERNICh, ERMAD “B-obeA” TOELIERIERAEOEEREN A X 5EEE
Lis-Tw3, ToHAELT, EHELOBERTRE, FHXMETS &0, REXKREOTOoN
TWVWBD, [MEFERD “FRMFHL ORRBICE T, RELZEBELSH TR ONI &Ik B.
AR, LYA R TRBEIC K A - L LoREIEESHEETRH B, INF TRICKED



156 R

b ZHrn T “FERMFFHRL” OlERE TS, 2E—FIC (§H BRELFEMH T
LNEHELTVE, BRRBEBEFAELROVCHROE O FRMFHL” NI FE TOHAN
BABAY A NWVTH -1, BE, F70% 8 DREPERAEZRAL TR LD ETHEM, B
DOWRRGINTHERBEFSNTD, BLTAHBZIVDEASLID?

BRI RARRE OIRRKOEFAE T3, EHERARIRT, T OEFKESICELZE W E D53
RS AERENI, UL, BERNTREICALYIIENBEOVDTHAH 0 ?

FHES OGNS, 1998, 1999, 2000, 2002, 2003 ; Okouchi &, 2002) &, i E T ORP (&
(LETEAD) & pH OBRICH S ZERB AW LB ARG L TE R, BREO L AEHR
BEE LT, “BILRT, BETORBMKELL 51 F 3 v 7 @) Ic&fkL, z—-vv s
(aging ; #fb) WEAFA THhs L, BLURROHBHIEE L TREOMRILE L &L
HENRO AN S B T EAIRR L TE . 20129, BREKIBEBHZEOKEREEZF T —Y
VIIHEITT 3D, REOIHERSA, BT 2ERMMA N5 ET, BRKARD
FILTER AR, TOWOMIMERA2E T 5 FEICE(LT 2 afeEn T s N 5, FRICRRTIE,
HRKOA T E LA PRIL, & SIE L~V E TOEREE (0.2~04ppm M) %R
T BTN S, TTAERO T VETEOKEEN L IISa L LT, RRKITIIL D E L DIERR
TBBEEEbLNS. TOLIBIRRITABRT 5T &, EERESNILT—IVITASZD E[EEE
Y, =T, E0BILEN, HRshilEsmonTnwa Lo, REE®RLL, #x
g 2 REICE(T 5 T EMHERIa NS, Thly, BEETRIREZZMEICIZSEVS, 7k
E—BEDOLIICHEICT NI TV EMA TS ALICE > T, KEBHEESZ T &M
(Seki 5, 2003) &NTWL53,

Z ZT4(Al, ORP & pH ORRICHE D &, MEHRIRINT, BROMAILDEE L BUR 0B %R
R, BLUOKSSEOEDATFHENLE (D) 14 v 22 GOEBRRENREE LT, SR
SRORE AT T OREKDOEBRII A LI > W THRE T 5.

2. = E&

FEhR L, B GERERALE) BLXUOEEERR (808 25UKMEEROFERE L ERKE
SN FEIKD ORP, pH B X CERBIERIEEONEZITIR - /o, WEHAEB XU T — 7 WO
#iE, InFTcoE KNS, 1998, 1999) &[EkEiC L.

F 7o, EBROBRFRIC, KEEREEF Y v LKEKREZR N L, ORP & EEHERER ORFRE
Koz,

3. WREIUEE

3.1 ERFMLZERKOREDE(

B 1ic, EfkimmR OREE) OmRIFR &, WFERE L cr Uik L oisiliZko ORP & pH ORifR%
A9, Ko ETFToEEE, shen)sre@cRansdrryz oKk 0ko
ORP & pH ®Bf% (Guenther, 1975) Z/Rd.

ORP=1.23—0.059 pH (1)
(02 + 4HJr + 46722H20)
ORP=—0.059 pH (2)

(2H* +2e¢ =H>)



£ 54 & (2005) ORP Ffffiic 55 < HEFRMRE L 7o iRk D IREZAAL 157

-t @ : Original hot spring water
1 | Oxigay; (before disinfection)
F.v Ation S¥stem O:Bath water
- E(Iuilibﬂu (after disinfection)
T M Syste,
Z. 05 1 Regyey: O
& ] st
o [
o i

14

7
pH
Fig. 1 Relationship between ORP and pH of the hot spring water with that of its bath water disin-

fected for Dougo spa (Honkan) of Ehime Prefecture.

1 ERBEROFERIZRTO ORP & pH DA

(N BLUQRBENZTIKOBILOE L BT 2RISR L, @EoKTRET
OEFRERCHE NSRS 5. T, BHREEE S ICX > TRE (KNS, 1998) Sk
KA ORP (ORP.) DEEAT, B)IXTHEZ LN 5.

ORP.,=0.84—0.047 pH (3)
bbb, QXTSI L0 LD ORP Hid, KOFHiRERL, O ORP fFEakic, L&
D OIS IIKOILR%E, Fid D FOMRBIIKOEICREZ/RT. T4bH, pHT X DIKORFE
DM E 7 v h D ichETE 20 EFEBRS, (B)RUT/RT My ORP iz k v, KOFEITRLR
BLUBETRICHFETE S, ol &ickd, KNS (1998) (FERIFER EV 31 & 3F ORP H
FOEVELRTHLE, BLUOERKOT— Y v 7HE 4, BRI L 0 ERERSEBLS
N T ORP fHITES K T EA 5, ()RUIT/RT - ORP & DZEH 5 W idEIE %, RRKOT — Y
v HEfE (Al ¥5HE ; Aging Index) & U (LA AIREIC L 72,

AI=0RP,,—ORP (4)
58, ()5 @Ko ORP fEIX, Wb 25°CToEER LR TEMNEZ/RT.

1SS R DI, ERERARE TR, FROKIG Q)N T/RT RO FH ORP fHL K
WIETLR AR L, — T, ERAE S Ninklikid, BEEREEE LTARK 0.2 25 0.4ppm OF
OB SN T W 528, HIEROEREEFRRIER (3 0.06 ppm &IEEITREREIC bbb 67,
B & s 7k o ORP 3B TR L D E(LRIC Y 7 F LIckER 2R L 7.

1T, PR 15 I FRYRER T ol U 7 ERkiIER O R 2R T, £z, K 212id, Ak
T EOBRIENT E AT O iR &, Sk 16 SR R SR IFFET B & O FIRIE T R T A
TN LR E R TORNZELo kAR d (IR R, 2003). K2 20505
Mk 5T, AR TEE 15 FEONHHREROHILTIE, 8 FERRK TS, WM REELARS
NI\ ERDH 5.

F 7o, WRIRMATE TORKIIEK TS, HIERITIHTE X CFIRESE LT O bR
13, ERIRNAZTORNZLIEETEZ2EEO b LN (K2). EHRiIERD &S HE



158 R

Table 1 Chemical composition of Dougo spa (Honkan water) of Ehime Prefecture

® 1 BRER (FfH) OEBRME

corgggr?gnts mg/kg corﬁrﬁgggnts mg/kg N%g?rizsooncéi?son mg/kg

Na* 72.0 F- 12.5 H, SiOs 40.3

K' 0.7 Cl 33.8 HBO, 4.9
Mg** 1.3 S04~ 16.2

Ca** 3.9 HCO;~ 63.5 Total mg/kg

NH,' 0.1 CO, 18.6 267.8
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2003-data (Ehime Prefectural Institute of Public Health and Environmental Science (after disinfection))

Fig. 2 Comparison of chemical compositions of the hot spring water and its bath water disinfected
for Dougo spa (Honkan) of Ehime Prefecture.
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Table 2 Chemical composition of Arima spa (Kinnoyu water) of Hyogo Prefecture

® 2 ARER (€05 DERMMER

corgggr?gnts mg/kg corﬁggggnts mg/kg N?:Icl);irizsoonceii?son mg/kg
Li* 24.8 Cl™ 22000 H, SiOs 147
Na' 10000 Br 38.2 HBO, 218
K" 2080 SO 19.1
Mg** 15.3 HCOs™ 127.0
Ca*' 1920
Mn*" 24.2
Fe** 102
Cu?* 0.18 Total mg/kg
Zn** 0.17 36800
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14

7
pH
Fig. 3 Relationship between ORP and pH of the hot spring water and its bath water disinfected for

Arima spa (Kinnoyu) in Hyogo Prefecture.
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Fig. 4 Relationship between ORP and pH of the hot spring waters and their bath waters disinfected
for various spas.
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Fig. 5 ORP and pH changes of the hot spring waters by adding chlorine (sodium hypochlorite).
@, A : Original hot spring water of A and B spas, respectively.
O, A : Adding of chlorine (NaOCI) to the A and B spas.
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Fig. 6 Relationship between Al (Aging Index) and residual chlorine concentration in the hot

spring waters.
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