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Investigation of ORP (Oxidation-Reduction Potential)
Measurement on Sulfur Springs and Its Application
on Hot Spring Waters in Nozawa Onsen
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Abstract

Although geochemical analysis of hot spring waters is the best way to characterize
the chemical condition of hot springs, it is not suitable for a multipoint investigation of
aged deterioration and route of hot springs from the viewpoint of cost, mobility, and
simplicity. Therefore, an exploration with ORP/pH meter, which is a handy and mobile
device for hot spring research, was carried out in order to measure the effectiveness of
ORP measurement.

We studied both acidic sulfur springs containing H,S and alkaline sulfur springs
containing HS™ in this paper. The ORP/pH meter measurements revealed aging and
changes in water quality of sulfur springs. A practical research was applied for alkaline
sulfur springs in Nozawa Onsen, and found that there are few differences between the hot
spring waters at the fountainheads and those at the bathtubs. The result confirms that
hot spring waters have been offered in good condition to most accommodations in
Nozawa Onsen. Moreover, the application of ORP measurement has pointed out the prob-
lems of some accommodations. After the improvement of their bath facilities, the quality
of the hot spring waters in Nozawa Onsen was also improved. The result confirms that
ORP measurement is an effective indicator when we observe the condition of hot springs
easily and quickly.

Key words : ORP (Oxidation-Reduction Potential), Aging, Sulfur spring, Nozawa Onsen,
Management of hot springs
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{L2ERR A T IR R O A H A i DKL HETH 205, U 7TV 5 4 A TOREEPE
(LB, ZAFEEICIET X 2T/ r10, EETEWS EHTbNAETHS, £C
T, AW TRIEEHRENRE L, BHEE5ERORNEZNEICTHETX 3 AT EO—
L LT, ORP/pH # — % Z W IcLE LB A0 F RV ZMEE L 7. HoS S F (Ko
iR, HS BERD 7 A ) HEROE (24 Vv 7)) Enl =3 a L, EothoEks
REZALICEET 2MEROZ(LOMEAEE L. ChickEoE, 7vh ) EREROEFR
EIRICEB W CRIDITEOREI B ILEEOREPEONTFHE L. L2 A, REROIZEASDR
IRAARER I B O TELOE TG S N, FIREREDB VRSt TwWEs T &%
ST L7,

F7o, AOTEOIEH & L CRR&RE EOREEAZEE L, TORENREHEETs2ET
BROSEE FIcbHFE Lz, ThoDEIFICLD, BETEMELIEREHETFEC
HDEAE T EIRENT,

F—v—FBRLETCEMN B (=4 Y ) B, iR FRER RREEFE

. FLC®IC

Bt 0 B a< 2o 7ems, o TRESTEOBRH LoEEFERICE [Hiff SRR &
b HBd 2 EEbh TV | EEhhC0ic GRETFEAGRERESH, 1982). RRICIE#EH
RKNHO, TNDEITT S EMFHSNAIEERBUEST 5. CoEMFE LTI, BILLEREH
FESTESRIC RIS PSRN S B T EMMES T WS (B, 1942 ; AN, 1959 ; SERK, 1959 ; ik
5, 1978).

Lo L, BRTFEOILKLERFHAE D = — X0 beiRc, RFNEaEE, &RRE,
BEEHENR L DEEEINE LI 572, THICE SR WRROEDER, EERAE, HEHRNE
DIEMR BT, BROFEES PRI ORI RBRR E 75 - 72,

TSRS 18 58T, IRRAIMERE D TR T WEHT ] ICRREAITE O R EEREM T TV, L
L, BRSTHITHN B RIFEEFBASFBHNA TS Z ER—BRINITHD, £/, FERAITOR
RAARR S TERRTHE T EMD, TRTOELSICBVWTERNENEYTH 2 & 3RS S
W, ko T, MAGITCEE I TORRAMESE RS TV ELLE, JFREOEREOFHREAENR
75 LRMFENBEROAR ST, RAMHEOHEENRBINTOMO THEHETHSLLEAON
5.

ZIT, RELOBHEE TCORRKOE|E FL—2FT B HEE LT, ORPHSICpH # — %
Z O BALETCBAANTEIC L 28 ORP X, oIz A4 v v /{5 CKHN S, 1998) %1%
H U7 lE T O ICH D $LA 72

B RK O TBEALRE TIRIER O ICH Ean T WE LIRS IERE T Z 245, 1L
HFREOBEPTERITE S, ZOFHMICEIAPLELZ V.

728, REREERS BN IR RKOBILETCEN 7 — 4 2T 5 & THAEEEL, §
T E DIRRAMNE & ORLPLBRUCER A A v 2 — 5 EOHH, BUE 0P IR R R R
MEOHERAERADLE S LT, RENZBLETEMNOBEERSIHIEICL S,

& ITEICHDIEE, 2 F DIRES OISR EZAIC bERE T 2 IiE R OIREE R 5 1T 13
BTHY, ZOELOMHEE IR LFEOZREMN%E R~ Eh-pH X (Garrels and Christ, 1965) &
SRR TS S .

AT T LETCEM A TE L 2B ROELDEER L, ThEEEE LFRERICBT S
AIEFA, 750 CICRHEEZ I E LB W THE T 5.
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2. MERICHITZRILETEMOEHDILE LR

2.1 YUTU T EHERE

TR T BB IE 2 22 HIE L TRl 2584 BT A2 CIREN AL &4, pH &— (A THTT 5 T
EDRNETH B, BLETEMI pH OB THH D, FUMETS pH RERBNBHE>EWNLE D
BNOTHB.

AFETIE, o7 — 5 OFFMiEEE L TREINS (1998) 238% L 7234 ORP (1), =4 v v~
7t (Al: Aging index) (2) 2 W/, TDOEREZLFITRT.

ORP=0.84—0.047 pH (1)
AI(%) = (ORP.,—ORP)/(ORP,—ORPy) X 100 (2)

(1) Rz & VAN BEH ORP #7113, Nernst DRI HE S < KDBEALARTS & TR ITH DS
FHROM, T7RbEARKFTKE LTHETE 2MIENICT NS, HRE S ZMEMS T OV
& bR 2855 3R, FE25&GECR, PERRATR OGS 3 PHER LS n 5.

B ORRIEL A EBBEHEIES, ()R L B EHEHN LTSV TVE, HEICERED
fPECTEELICREEE 12 5. K- C, BHIFEOEICED O VHRICE S F TOELRE ST
N MEND L. T ORIEN AlfEfETh by, i@ ckvkpons,

AKWFED 7 — < EHERETH 20, H,S WERDOEEMESR E HS™ BEED 7 L4 ) T & Tl
DALFFENTRIL 5 &M 5, MREOMEAIE VAT OAHE L TH BN D 505, MK, #iL
HROMTIC K > TREZ(SEE 2. Bl 2WIERE 7 V8 ) RORROIE &b L 7 F
F=sh5, MEROERBEOLNDE EHEES NI BB LT OBARRAEL TEMNTE, ZNIIEO)
K& LTESNT

ORP=0.38—0.041 pH (3)

AFEDFEREMD 212D DTN & LT, LIBoRFT @) kS BAETE TRT.
bHAA, WIS EDOTIEEL, BELZZDRIRICBLVTEVLIEREVTH 3.

BUSTOMIETE ORP/pH # — % CGRELRLEBIZERT, TPX-90Si) Z{HH L7z. ORP # —% OF
MR 3R LEREMR D 72, MIEE T 26°C ICiEHE s N/ FHERFEMAED BN ZH Wi, £z,
pH (345 2EMmAEH Lz, BRKISFGTEP» I v 7Y v 72TV, Ol y
NEAEE UGB K D RT), ZESE OB W S & CHIE L 7.

BIEMERr I3 S % & BRI, B0, 80 3 AfrAEARE L, SESICEC CREMBr 2B L
fo. BRECBOWTIE, Bp o ROsAkEIch 210y TOY v 7)) v S ERARE L,

2.2 BMRREROZEE)

FRMEREER T, RIECH ISR BIIRETH - L D ABMBSEENRH - 120 5 &, HS O
BOEES NS T ENFENTWS, BFEE - BMIERO HS ZHE L/ %S (1953) &, %
D& L TEBENNC HoS 23 U, & ICEHIPRER DS IS 3B W Clid 5 & & Z4aTH L /2.

AR R SN EBRA LT OBES 12 0 THEIE L2, BIEA RT3 o ORMEER 2%, B
L - TH NS5, I TS (1953) OFEICHE DS E, ORP x =¥ ZHWTEHMA, T LT
FEBE SN TV AIEFRBEE N E ToKKE FL—2 L (Fig. ).

Z OFER, B LR @S (AR SR NREBO SR F o (W) Tld pHICHIL -
Zlbrswboo, BiLETEMII—KIC EF L, AT 77.2% 1E L7z, B 2ER 60m, ik
BHEIMBEETHEIENS, BHEDLDIN1I~20TRELE(LALZ K S, LIS
(1953) 133 — FB LI F A Y — 5 2RO EEIC X 5 HoS OHIETH % 1o b IEX 0T
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ORPLV]
r A : Point where spring flows
1t (Upper Yubatake)
@ : Lower Yutaki (Lower Yubatake)
@ : Pouring gate to public bath
Oxydative region
05 r
s SO
A T —— Equilibrium ORP level
0~ Reductive region T ==al___
r Borderline obtained from the formula (3)
-0.5 —_— e
0 pH 7 14

Fig. 1 Tendency of aging of hot spring waters at Yubatake in Kusatsu Onsen viewed from
ORP-pH relationship.
A : Point where spring flows (Upper Yubatake). 4 : Lower Yutaki (Lower Yubatake).
@ : Pouring gate to public bath.

X 1 ORP-pHBERTHILEZERSBRROIA OV JIERA
A FELS (GHERD. € GE b GE M. @ LE®SEN

& GTREEDS B 513, T OZEALofHEE) T IIERLETCEM O S T b IR OB & 72 - 72,

I 5IT, HED SR LIS IEITNORERRRE X SN L0, FESELNTYS 6 HaToHL[E
ST (@HD TROLEN G IRIZPEERICELTED, Al 90~100% TH - 7. BHIRER DS
Ik 2 & H,S 13 13me/kg (2004 FE50F) & 15TV 5, KO RIS O I R 7205,
RS (1953) 2SR T/R L7cm & Fig. 1| TRIFERP LA T, HoS BB EAETHEL TV S &
ZiZ o5,

RICHHR IR S EREORE T, X 0REREKS bR obiE - JIERRICE ) 5 BARBEH S8
BEoEOWARYT (Fig. 2). JIBERIFERE XD 2km 3 EFEICH 215K - ELAHEE L
S 2~30m ICIRET 2EVBIRRTH 5 RS, 2000). D7D RKENARENTH 208, 15
Fric kDB RGO IThN TV S, RBEDIFEAEREREODLERN 2 ENBVICHE L TOL
205, FHEL 1 RFOBILEICEMITBEHSEFIC LD A, BOZ 207 v—7ICiEIcb M5
L A

ESRBEID A 70— 7 DRESITEICEETEOEXITN R SN, HS 1d 5~Tmg/kg, Mt
BRI TED TH > 72, —F, B/ V=7 TREREORCIIA ST, HS & 2mg/kg LITF
THALETEMNBEDTH D, PRI - 7. Bk 3kA EFOBICRRK B N
2&ET, WS OBt s NifEREZZ O 5.

CORENREMT 2l R T OFHEIC L b, B R ORITIREED O SEEHRRE~ D[R] &4
B L. CoREE, BREIEMIRD SWEROERNELT 2 D13, BETEM &SRR TE DS
il & OXBHERIRID S¥Wr LT, BHE 4 Fig. 1 BLU Fig. 2 TRIBEEDOH -0 MBI 5 b
D EHEE L 72,
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Fig. 2 Relationship between ORP and pH at fountainheads in Kawayu Onsen
according to various forms of spring flow.
Borderline of expected change in quality of hot spring water.

2 BHEEDENCKZIINSRRIERD ORP-pH BEff
TSN 2 REAZ(LOBRR

2.3 7ZILHUHREROESH

FURITINA TIsksEfhI© bR 21T > TV A Fl2 LT, HS™ BEKRE DS 70 h ) ki
R 3IPIOFILETCEMO N A RT (Fig. 3). 7oy FENTVLBDRRIFEEGOICE T 3HIE
F—5ThH5.

F— 5 DEEMAE RS ID, H v T IDRE G Na-Cl-SO, Bl Bl s iR R TRk L 7. 7 — 4
BIRD 3 7 V=T onsb, A (@, OFD ERROTEICB O TRE, W50 E bIChiER
ThsbD, B (A, AHD OFUREHHEIRZEOATE T D0 ¢l SRR ICZ (b L Tw 3 b o,
C (@, OH) DR EMERIEDBFE L CONNDEALE T AL bDTH S (Fig. 3). 158,
T uh ) HREROFEROBLETCEMIL, BELHLO, A, SHIOMNITITHT 5.

A RRBE~BLOMTO AT 21% (LD, BEIcBLTHEL, KEETHRERS L
MEC St RIED S OELGREEKIZ I ODIRBERR T TH O, K ¥ 775 E ORI 7830w 138
FAEn TV, SO F THPITREMEIN TV S ), AlOZ{LRDIEhstcbD EEZ
5N 5.

B 3RIE~GOD AL 9339% TH D, IBFETFRIO < X TOmRAHTE ClEEMERICA{LL TV
7z (Fig. 3). A LE UK LIic K vy 7R LRI OV, BESELOFIRICH 5 7
B E TEPB D OEREEZZALICL Y —SKUTR T 5. TDIOERRKIGE L WEIPIREEE 12
D, THUITED AIZBbZI#E L b D EEZ ONS. BRONEDX SE SRz HS™ OO E IR
JRT82Tmg/kg THAHDITH L, BHEFRIO < A TIiE03mg/kg TH - 7c.

ClZALENZEBHETOMBERS LIFEOVPHETIHEL SN, RFE~SOM O ALIZ58%
TdH -tz (Fig. 3). I TORA AT TV VA, A, B OB(LETEN & RROE
OEE,» O RT, BMERIIZ(LLTVWEEEI OGNS,
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3 @, A, & Hot spring water at fountainhead
1t O, A, $: Hot spring water at pouring gate
Oxydative region
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Fig. 3 Tendency of aging of alkaline simple hot spring waters viewed from ORP-pH relationship.
®, A, ¢ : Hot spring water at fountainhead. O, A\, < : Hot spring water at pouring gate.

3 ORP-pHRERTHI7IAUMEERDIA v JIER
@ A O E O A <O:BO

PIEDC & SR & MR R OB L, BB A Fig. 3 TRTEEDOH 720 EIGE L 7-.
C OB E Fig. 1 & Fig. 2 TR L CBHER 2R ARG L 7ckER, Aibo QX x2E2 LT
7.

3. B - FIRIBERICE T BERILETEBRI S HTiEDEH

31 FREROBE

SR DR TTEEAL DO MEN AR L 72 5E 5 13, 2006 0 559 2 AT h 72 0 BRI SR O R
mﬁ%&mﬁﬂ%m 41 AFICB W CHES TR L 2 ERFAEZREGITITO B 2B, 20
IEFE THEHRIER TO AR ARGk 2 C & T, SRS E L, BloZ ik it
X5 EEHOMIT L (KIS, 2008).

COHiHRE LT, HRERPRORHEARR Sinflfdcianbns J &ndigishTcns 2 &
DR, FEESNTOEHEND D, h>D, TEXE LN OLHAERD EDORHZICEBVTH3IEE
CHHEMNIARFCE 2 CEMEE LV, BE11 5, HREROREOBREEE—RE, St h<
WABNLTH 5.

EERIRORYE G £ 951301, FFRIERE THE] (BhF) Ths. NNOKRFEDR
R OME» SIREMSIHEE ATV S, BREOSHIMEL, K&, % T 4%
MHEE Vs, TRNENAWWNS BT =D X5 BETORFENS—EICET D, KELIEZZT DR
Frcdh 5.

o, BE, EOE, BEOFE KB, WIFEGE Vo RERD D, Fi, —EHORREE TR
HORFEERAE LTV, HHIAEORKER -1 v 7HE 1 HFOE» I XTHKELTHY, £

BEIN oRRE2EE T 2 AR EREO 15 BRIE REEFTE I3E £ 721 TfF5) 884.39 L
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Fig. 4 Relationship between temperature of hot spring water and its electric conductivity at
main fountainheads in Nozawa Onsen.

4 HFREROEERROBELEEIIGEEDRMF

TH 5 EMEMIC X DR (2009.11 HE) shTwva.

BRI pHBBEONRSHFIEOH T VA VIHORER TH 5. RE IHMRERE & SE-+
MUY A Ay A-TRERIERBICRBIS N B A, [bkER — ) v 75 1 HE O BARR R AHLR &
B EEARNCIE Na-Cl-SO, U Th 1, REZLDEV KRGO EIC LS.

FPIURSR 375 IR T 41~66°C CiZEIATFIRAE, 2006) LIERICEETH B T EFENTY
505, REDOFUEBEURIE 422°CHIRTH D, Il TONIKIEIAZETAB LTV, TGN c o =
WOHFEBTICL 2 E, [POTRBRIZEERTH - 72758 1847 FFOENFHIEIT L 0 ABITIREBK
TL, UgRzoHSHIIE-TVE] £V 5, FRERIGEREREEOEIULKLITH 2 EM
W - TR E STV 308, ZORESRE, Baestodisgn itk oRGE
BB EEZAOLND LMD, BREEREKFROEE & OBRER~N (Fig. 4).

ZOREHR, bo & bERTEERNNRIETH 2ERDOIRRD O, JHEE S FE KR O [k
F—U Y78 1A ICED > TRIFERLICSEFERMIEA ., BXUSERITEAYE & BTN
, RELOEFEEHDERT, HINKEDEEEAVWEFERDON) 21—y a VITEBEHZ5E
KD—>Th 5 EMRES NI

3.2 HEBGICEITIRREAEKDOREFR

FRRIR R O ILENAE 13 A Fr OBk ExtiSd % 8 FROBLE cEME /R (Fig. 5). FEEO
HERHRE WS HT, T TREOTRELBHKDT -5 20 L, BEREERTIRIESD
ENE SN, pH DEVZRRGIE, TR (AHD ORELEITE 31313 H 5 —E OHiPHIcHEhd
5. —RIEFANTOREE (@) FME—KEEHHIc X oS ohcmphs—y v g 1 HFT
BB, 1993 FEDN/HTICE B EH S 13 25mg/kg THO, Z DO LRTEN DM &R ORISR, 5,
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ORPLV]
A : Hot spring water at fountainhead
1 @ : Hot spring water at Mukobayashi
Oxydative region boring well #1 fountainhead
O Hot spring water in bathtub
0.5 I Reductive region
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Fig. 5 ORP-pH relationship of hot spring water at fountainheads which flows to public baths.
O : Hot spring water in bathtub.

K 5 HRERIGDHELEXIST BIERD ORP-pH BifR
O : &K

(3)x0% Fig. 5 ICHEIE L CH BTSN TH 2 LYW E 5. FERE—HOILERE T/REKD
RO ICREFERE LTHY SN, BENTIRIESROKEL L >T0 3.

KD (OFD iI22W TR &AL DI[ERE T B ROWHRLIT T, 2o, BIE—EDHP
M (Fig. 5 M) 1Icd b, Al OHETIX 20% BRI & EF - T, BHICD>VWTIR T — F 5—5
KR 2 7oy FEBOWED, AlRBBER 0% RHRTIEEAEDFER (AHD) EEED
Hote, TOTENS, FIREBEEURENHIEEINTVS Z EAREHS k.

HEBG I Z N TN ORIFEE 0 EEH Lkm DINICHEAET 24, BARBHICXZ &ichni, H
ERE OB SPRAREZNA L CHKR F THMCEEGINTVWA I, AlDHETHIZ SN
TV bDEEZ SN D, B30 FEARLIPRICHER S NAIEDS, FEEOHIIRFL O bESSE
Wzh T4 VR YFIEDIHL EFS5NTOEL, FhiT> 0 TOREBRRRLEICEMND S I3EH
SR ARAY RS

D7 — 5 TEQIRER LTV B0, KEIKS b6 LicBEEZZ N5, BXLE
FIFPFR O 152mS/m it L CATE T 101 mS/m Tdh b, FHERH O L3 ai 3Rk 7 —villiA
DOREIKN LT Wi, hodLFEBE L G S N A EENE L, BEICEFEICEHEOSHRO
GIINEECENTVWS, 2078, KEOIVKEFEFEILLTVWE WS =y F K v 7T H
Fie s RIc KB s e, 9 LdEREcidER ok bS5 s 155 72, REOHERE o
Z b OBEN S, BEHEDOIKITH S IR WISEITEEZRD AN S C M@ s 125 5.

3.3 IRfE - RBICH T ZRR LBH#EKOBR

RRAERH L TOBHREE - RIEOD 28 fifik & X5 12 JFR OB LEITTEMN DN AERT (Fig. 6).
EEAEDONRAE - RIFRFEED S O515TH 205, HERBEEZEASRKEES 68 dH0, T055 14
BIEHENTHE L TV 5,
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A : Hot spring water at fountainhead

1t O Hot spring water in bathtub
Oxydative region
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Borderline obtained from the formula (3)

-0.5

0 pH 7 14

Fig. 6 ORP-pH relationship of hot spring waters between fountainheads and bathtubs of
accommodations such as hotels and tourist home.

6 fREE - REEDOBHE LXIIST 5iRRD ORP-pH BEfR

FREEDSETE T 5 RiIEIE 8 Kb 5208, F /LM BMERTIIR S OOHTEA 10mg/kg HikTH 5
DITH LT, HEERIEOHEIDOET 59.9mg/kg (1996 5311, S »PHREEDE DT 54.1mg/
kg (2005 537 18 &, MSHEDTH B T EBEHMTH 5. 1205, BILEICEM OB A TIml
OEEREOFREBIFERLDH -7z, TOIEDSAT, BILETEMBEEEADA%E S - T
BN DORRAZER Lz, BLELZHUZOD TR B STWT E0HRTE 5.

FRICOVTRIFIFE—EF -9 BB 5N, BEIcE L TRILRRE & 3RS 3FERIRS
N, REDHIZEIE AL D 30% LINTH D, HEHhIid 10% LU R TER & ZIEENORiZRNH - 7-—
h, Q) AOWHREHEA T 50% % LAl 5zt bEK D 2712 &, b ofRENBRIS Nz, T OEH
ELTHE, REOHEREGRICILL TREDRRIEEZ S 2HAD D 5 T &, EYHEEPHDOR
RICK ORI ESICERE LB N RSB VIEENH 5 &, MERMIEMCEDPT VT
L, BAICE - TRIBROEEMANSKEICE S E, BEBEFONE. HROBNTERET]
XIAD, BOh ok ETHEIFEVS vy FVEIERIE S R 3RS D 5.

HEOMR, MERE L CORROTEZRGICBY, BBV TOMERE LTEHHELTO
LEELNZDIE, QXL N csB8EaFig. 6 OHNICH ikt EZLONS. Wb
ALIZ30% U NTH 5. Ml OERTIHREPHEMERICE(LLTWEEEZO5NE, LirL, £

BRERTHADGEHEVI —DDOYZE L TOBUETA 720, M DS THOLWER] 05
BRICESBEB OBV, BREIEA OIERICSZ SN E&HPiyes, RENREIZICES X, £
NICHE - ol ERAZITA T I VWEEZEZ NS, 2L, HAIAET 20 2h Ok Tl
BHNCIER SN TV BIREAITEONFIC L T 25871% L oo, JRKROFIE & FEEA§E T
ROWBET 21T - 7c.
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3.4 BWERRICEDVECHIF Y HELE

JFINARI &S N, EOHENLFREE NI E LTS, HEEP T X b ORE LIS O TRILEE
S, ERLHAORERE LT, Do 3fERd (Fig. 7). 4B, LEORNEEAE
125D TREODT— 4 A2 EF 5.

fid% A Tld, BHEELICEE S, sEEERIc L TREL, »o, BIBHEE DLW oD
BEMEEINCRE L TV, 20 20IRHEKOINEERSSNE S50 nETO AT IZ 60% %8
Z, pH BIEERICE D CO 2 MO IAALZ DM FERE LD SKIBITUEF L T/, COBETIRING
DOPEM A HIZEROMM NI 1m0, Al 0TI x5 (Fig. 7). £, EE%2T-C
WBLIE, ABEBEP-ELTHEANT ~F v o Fr—0Bdbdld, LIFFIBEOREDE
RHFEOMENA L 5. LR TRREVLFERE, SEARICHED, T TICRELBIETH 2446
BRI > TV END, IBEAREOY A X5 v A2 [Tot., S OIKEBELAEREC 1, @
FIRERBEZRL, 5T T0EREGELS Lz, ThETELELTOVEBEBICREASMIILIAD
BRI o, TORER, Al 0T 20% LILHNRIG 2 C & E i, 2L, AR LICH
A1z, N DZERENSDE Y77 » 7k B Al QT E TRYIERFNICARFETH D, Fig. 6
OHERNITIND % F TITREES - 72,

hB#% B (&, DO TEBRRIELDZHA TVWich, BrRICEADLRVEROCDIEEFHAEZHLELE L
Eh, HEFNCEEBME TS TERKTREL -7 (Fig. 7). £ THERABZWMOETI LT
BEAMEREL, ERONEMEELLS Lic, LrLENTD, IBRELTO Al 2 35% #lBA T
fEP O BRI ZIHEFELEOE EMH L TV Lo THD, TN ERETIT Al OH#ETIR
20% 3L TE A ERAE N, T THERKO Y a — Ay ATV, REP SESS
NTCEIENTOF FHGNETT LI ICHB L. TOMEE, BEICZEONBIREOED 1

ORPLV]
4 : Hot spring water at fountainhead
1t A : Hot spring water at pouring gate
Oxydative region before repair
O Hot spring water at pouring gate
after repair
05 Reductive region
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Fig. 7 Change in ORP-pH relationship at pouring gate before and after improvement of bath facilities. A :
Hot spring water at pouring gate before repair. O : Hot spring water at pouring gate after repair.
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Fig. 8 Changes in aging of hot spring waters in the transportation routes viewed from
ORP-pH relationship.
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Fig. 9 ORP-pH relationships of hot spring waters between fountainheads and bathtubs
of accommodations such as hotels and tourist home after improvement of bath
facilities. <> : Hot spring water in bathtub at accommodations after improvement.
[]: Accommodations which didn’t make an improvement this time.
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