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between Kusatsu Onsen and “Shiage” hot springs
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Abstract

The ORP-pH relationship of the six sources of Kusatsu Onsen (Yubatake, Shirahata,
Nishi-no-Kawara, Jizo, Nikawa, and Bandaiko) and “Shiage hot spring” (hot spring that restores
damaged skin during a therapeutic bath in Kusatsu Onsen ; Sawatari Onsen, Shima Onsen,
Kawarayu Onsen) were measured. Additionally, the ORP-pH relationship of the communal
bathhouse hot spring waters supplied from these sources was also measured. Both Kusatsu
Onsen and “Shiage hot springs” were found to be in a reductive state, characteristic of hot
spring sources. “Shiage hot springs”, in particular, were identified as ranging from weakly
acidi ¢ to weakly alkaline, moderating the strong acidity of Kusatsu Onsen. Moreover, the
ORP at the hot spring waterfall approximately 60 meters from the Yubatake source was
found to be higher, indicating the progression of aging. Similarly, aging progression was
observed in all of the communal baths, except for those located close to the source.

Key words : Kusatsu Onsen, “Shiage hot spring”, ORP(Oxidation-Reduction Potential)-pH
relationship, Communal baths
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BHRAAE, TOT RIS S AT GEENRRDIRES) <, WICRORSMOKXE (7
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PRUETH 7259, g, FTERRROKRBOME REMHFFL TETWE I LI, WEETER
BELTEL DALY LIFSNTELEREZEZONS. LaL, HHIRROBIIIER IR
PEDSHRN 7200, MEFOEIEIE 3EMAIEARE Sh, 1 HEEE O AR TOHEBT, IA5%E5s AL
ShofzBbhd. Fhig, HEOLTRAINEREST S 20, A VG MEEFE] 2 T4
BLEL (008, [P LE] 2L eiEhs (U THEFE] LIER) sEimEEoR
PENR R VUG, B RS 20 E OB DA ST W7z,

HEH SN T TREKIE, KRR GEK, TIK, #TFKREE) ofT, M—&EThk CRKITN
2019a, 2019b ; KIS, 1998, 1999, 2000 ; Okouchi etc., 2002 ; K% 5, 2008 ; Kurita etc., 2014)
ZH DI AKTH D Z L%, ORP-pH DBBE S SN LTE .

Al REERS & EEHRE L o FIFE O BIFRICOWT S, ORP-pH D BIRA HIRET L 7-.

2. A &

FEH LI, INFTHEHEOHMB X OCHBED 2 FRICOWTHE (FARS, 20100 LTE7ZD,
LG 2 PRI, THOME, M, FNB I OHREEEZMA 7 6 FRICOWT, ORP-pH MR
FREIE L2, ¥512, FROFERICHETAERMBGICOVWTHHEEL .
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T, &5ICZ0%0 YO ORPpH MR ZHIE Lz, HMUAO 5 HREORFAEIZONWTDH
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Fo7— %1%, WE25C, BLMERFBBEMICHEL, AV A PORIIEOXEML /2. pHD
F=FIZDWThH, KO F U ROBERERICERS X, HEBTICHREL, BEIH— L.
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T 6 R G, BB e, E, TEomE, ) BLXOENLERISHBEINT
WG, S SR EERR o4 R GRUE, W5, WEY) @ ORP-pH BIfR%, Figure 12
ZNEIURT.

7B, Figure ® L TFOFEMHIE, KD ORP & pH OB E LT, AV y A bR (1) B X
W (2)T, FhEhEEsd (Guenther, 1975).
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Figure ORP-pH Relationship of Kusatsu Onsen and “Shiage” hot springs

1. Tap water, (Kusatsu Onsen, 2~14) : 2. Yubatake source, 3. Shirahata source, 4. Jizo-no-Yu
source, 5. Nishi-no-kawarayu source, 6. Nikawa source, 7. Bandaiko source, 8. Below the hot
spring waterfall at Yubatake, 9. Mutsu-no-yu communal bathhouse (Yubatake), 10. Shirahata-
no-yu communal bathhouse (Shirahata), 11. Jizo-no-yu communal bathhouse (Jizo-no-yu), 12.
Nagi-no-yu communal bathhouse (Nishi-no-kawarayu), 13. Nikawa communal bathhouse
(Nikawa), 14. Kobushi-no-yu communal bathhouse (Bandai-ko), (“Shiage” hot spring, 20-50),
Shima Onsen (20-24) : 20. Kamino-yu communal bathhouse, 21. Gomuso-no-yu communal
bathhouse, 22. Kawaharayu communal bathhouse, 23. Shio-no-yu drinking fountain, 24. Yuzurina
drinking fountain, 30. Sawatari Onsen (Kami-no-yu communal bathhouse), 40, 41. Kawaharayu
Onsen (hot-spring hotels), 50. Hoshino Onsen sources.

EEERBLUHETFISEO ORP-pH BfF

1. KEK, (EEBRRE, 2~14) : 2. SRR, 3. FHEFR, 4. HEOHFER, 5. THOMEGER, 6.
FNPSR, 7. AR, 8 WG T GHA), 9. WEoddkryy (GH), 10. FEOEILESG (FH),
11. EoE kg (WEow), 120 Mo E g (HomE), 13, ZINEEG GEID, 4. THALD
WAt i8R, (ELEFH, 20~50), WHER (20~24) : 20. Eoddtnd, 21, HERELE G,
22. EHILFEY, 23, WOBHGRT, 24. @3 DIXERAT, 30 RPERSE (LoItEg), 40,41, )1
B (RSERAE), 50. L EFI IR AL,

ORP=1.23-0.059 pH (1)
(0, +4H" +4e = 2H,0)

ORP= -0.059 pH (2)
(2H"+2e <= Hy)

1 BIRRXIZ, FRENKDPBRILHE X OBITOHT AERMEEL, FRiL #EOKRK
WETFTIE, KIZET OB THINEBICHEET S, $72, Figure DB AT ORERIE, 4
H 5 WEERIRK D 723 ORP(ORP.,) #T, 3): XN TRENS.
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ORP.,=0.84 —0.047 pH (3)
Thbb, 3N THRITHEM ORP, OB L D, 1 ORP #HIRIIKAEEILR, BH L D T ORP
FUBIIAKRDRICR & ENEIURT HIZ £ 7.

Figure /R KEAK FF1) i, Tiﬁ)ﬂ HEINDHIEEFNCL Y, Figure OFf ORP., D
LD FOMLREIRICH D 2 EWa5s. —F, R X OCREGE, Wb Ko
ORPeq DR & D KV 32 I0R I 3?)6 EHMERTE A, ZROIERT, WM (2), HiE (3)
B O HE (4) O%i%, [T ORP-pH BfRICH 0, Vgt & ORP 29K Wil ic = 4 L,
ZOFRITLNOTHSFEN (5), WOWES 6), HREE (7) OMEZHA L7z Thid, Table 0)‘211’?1
WROMELS, Wl (2), HiE (3) RUHEK (1), 52N B) OFREOREIZR U
Beds - 7V I = A—HEEEE - HALWIER. VHoOMER (6) XRIE D AR, JREE (7)
FEHITTN I = 2HHET, ALY ERBRESMIR Lo L o TWnb. 72, (2)~6) |
RILRDMALKRFERE—FD Fe £ <, LiL (6) BLWY (7) Tl i%ﬂf’o@(ﬁfibiﬁﬁ‘”t“(
W5, FD7®, ORP A LAL, BuHIIiHEo T eExbb —F, TNLIER» LK
i%éh“(b\éiﬂﬁ*f%i#lﬁliﬁi%f“ Elﬁﬁ‘?)?% (3) oEMGO\EDOY (10) &, FTho DD
<, 13IZF T ORP-pH BAMRICH D, IR EFM URBEDHICABTED Z o0 sb. —H, %
JEIR (2) 1349 60m %@i%(saT (8), ELIZBICH L IEBOBENE (9) &£ ORP S LA L,
IA VY ITRRELLETL T ZEPHBTE. WEOHER (4) 250 I NT» 5 HK

Table Hot spring analysis table for Kusatsu Onsen and “Shiage” hot springs
* EFREREALETSORRAIINE

Kusatu Onsen Shima Sawatari |Kawahara |Hoshino
Onsen Onsen  |-yuOnsen | Onsen

Yubatake | Shirahata J_i;tl)]no Nikawa E;ﬂ';?:;u Bandaiko (?%“uw""’ Kaminoyu ST;:;’U Tonboyu
Temp.°C 51.3 50.8 48.4 45 51 96.5 56.5) 55.1] 75.3 41.7]
pH 2.1 2.1 2.1 2.1 2 1.6] 8.9 8.5 7.41 7.4
Residue* 1.47 1.47| 1.45 1.3 1.84 2.63] 1.23 1.18] 2.13 0.741
Na* 56 54.4 52.9 47.7] 75.8 101 120 161 339.6| 176.1]
Mg2+ 36.3] 37.4 36.4] 30.5) 48.4 57 0.06} 0.06) 0.8 23.7]
Ca’t 73.5) 76.5| 70.5) 62.8} 95.3 102] 224 181 333.3 27.6]
Fe?* 17.5 17.6 18.5 18.4} 15.3 6.31 0.01 0 0.4 0.07|
AR+ 43.8] 43.9 44.8 38.9 61.8 47.1 0 0 0 0
Cl- 311 310 292 263 434 742 37.1 204 652.2 92.7,
50,2 640 651 647| 576 734 836 672, 489 579 58.4
HCO;3" 0 0 0 0 0 0 0 6.7, 56.5 405.8
HS" 0 0 0 0 0 0 0 11 1.9 0
5,057 0 0 0 0 0 0 0 0 2.3 0
H,Si03 216 216 214 190 248 501 70.1 64.3 88.3 141.8]
HBO; 8.2 8.1 7.5 6.4 11.1 18.7 1.23 10.6 44.6] 1.7
H,S 7.1 7.7] 6.9 10, 0.6] 0j 0j 0 1.7 0
CO, 36.7| 88 36.6) 110 44 14.7] 0j 0 11 31.8

*: Evaporation residue
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OBIEE (11) b, BMERBICRE LTS VY 7 OMITHFMRTE 2. —F, HFER (5)
EENIERYE (13) &, AMEER 3) LZ2odkFEE 10) LHRIC, FHREOHMEIFREL <,
IA VY TRETLTW RV EDRWSATH L. HoWES (6) &ZoHEGONOE (12),
RS (7) LZ2odFEHOIRLOE (14) MTH, T4V 7P #ITLTwS

—7J7, WERR O LS GRE, W5, WE  Fe 20~40 FH) O ORP-pH BfRb, Zh
ZNE—® Figure \ZR8F. WA (F5 20~24)) OFRIE, FEAEPHABRET, WA
TR VICHIFE L, N2 5 OBIMT 2HRIE, BHH T v 7Lk, 2072450, ¥
T v 7RG KR OB EE R 0 SR L 72, RE (F5 30) B L ONESGRE (F5
40, 41) PR BRI, fiFEOLEY (LoBkRGEY) LBEEO 2 7 FiORRE O SR
L 7.

HEFHoER%, Figure \2RT. WINRLEH ) V' — b (F550) bEDTEICRTHD I &
AHERTX 5. Figure 5B 5207 X 912, ORP IIHHRRE & T 5t EIF SR, wihd &tk
\2H 5723, pHIIKE ZE 0 AMERE T%Z; EERIR OSSR O pH i, FEHMET 1.67~2.01 (25T
NOUEMIET, pHLO0~1.67) Ot —7, AL EiFEo pH X% T 642~877 (25C~D
HEMIET, pH618~849)) DFGERMEN ST A UMICH Y, BB TAD L2 a0 s
ROWETA—DEFAT L REATH D EVRRD THERTE ., L EFHOREE LTIE, =
AR OBEEMER LR, WHRE T, HMRRE~P VoA - F MY ’71\ TR - At
WO T, ANVT YA - F Y A—BREEE, IRSER T, BTSSR &St s
Mb o7z EATHE I EDVGN5. FERE OB A 4 >~ & LTE@’ET&O)EJ: LAHNKFEAL
THDHD, LEFHTE, BAF LT BRIV Y TN, FR)TAALF AL LT
w5,
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