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Abstract

Hot spring sources are in a reducing system. To achieve reducing bathwater conditions,
we have proposed that dissolving hydrogen in water (hot water) is essential. We have
previously reported the use of water electrolysis as a hydrogen source. In this study, we
investigated two alternative methods for hydrogen dissolution : (1) generating fine hydrogen
bubbles (nanobubbles) from a hydrogen gas cylinder and dissolving them in water, and (2)
using hydrogen-generating agents (Mg, Mg+ acid, MgH,, NaBH,, and Al+ alkali) that react
with water. For the former method, experiments were conducted in actual public bathhouse
and hotel bathtub. For the latter, a 200 dm® bathtub filled with tap water heated to 40C was
used. Our results demonstrated that all tested methods, except for the use of Mg alone,
easily achieved a bathwater hydrogen concentration exceeding 50 ppb (zg/dm®). Notably, the
use of NaBll, as a hydrogen-generating agent enabled the realization of a high-concentration
hydrogen bath exceeding 1000 ppb. Furthermore, NaBH,-based bath additives effectively
removed free chlorine from the disinfectant agents used in bathtubs. On the other hand,
when using molecular hydrogen from gas cylinders as a hydrogen source, hydrogen and
free chlorine coexisted in the bathtub, allowing the proposal of a new bathwater system that
combines both sterilization and the beneficial effects of hydrogen. Additionally, we reconfirmed
the presence of hydrogen in Hakuba Happo Onsen (Nagano Prefecture), the only known
natural hot spring that contains hydrogen.

Key words : hydrogen bathtub water, hydrogen generating agent, NaBH, MgH, Hakuba
Happo Onsen, ORP(Oxidation Reduction Potential)-pH relationship
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HHIENHEBELRELTEL, T2, KFERELTKROBLRDM2AMAT 2 EICOWT,
CRETITHMELTWS., RIFETIE, KELZRIEMSEL-00 220/ %FEE KR L
72 (1) KEF AR RPSFEASELMMEE (F/8N70) BAKRICERSELHE ()
AKEFUS LU TRFEZFAE S 2 KEHEAR (Mg, Mg+EE, MgH, NaBH, Al+ 7V A7) %)
EHEHTLETHLH. HiEDNETIE, EEORREBGRRT VOB CEREIT- 2. 5
HOHFETIE, KEKE AOCTITIME L7 200dm® OB 2 L7-. ok, KEREH
LT Mg HMZFALBEE2BE, WThoTETHIBRAKEIRED 50ppb (=ug/dm?)
BRHITBRZ D EDMERINS. BT, NaBH, ZKEIAER & LA L2284, 1000 ppb
PRBADHEBEOKEBHAKLAESICEBTE. 2512, NaBH, 25O ABHIZ, B0
BRHEFANCE TN BEHEZ 2 RMCHRE L. —T5, KFERE LTREF ARV RH
ROGTIRKRZEZMA L7236, BN TKRELEERIEL, BREREEKEZOER R
MBEEEFOT LW AKDIRENTRETH AL Z L2 RE L. T2, H—KEEELRK
MRELTHONTVEEHROBE/FRRICBWTC, KEOHFLEZHMELL -

F—— F o kFBREK, KFEFHEAEH], NaBH, MgH, HIEANIRS, ORP(MLETEN)-
pH B

1. U ®IC

KPR GlER, TR, HTFKREE) OFRT, HEERFERIIETRICDIEHERKTHY, £
DRICEPMBEKDORETH DT L, TNETICELELIIRE (KMA, 2019a, 2019b ; KA
5, 1998, 1999, 2000, 2002, 2003, 2005a, 2005b, 2008, 2009, 2010, 2011, 2015, 2018, 2020, 2024 ;
Okouchi et al, 2002 ; K% 5, 20082, 2008b : FEH 5, 2013 : Kurita ef al,, 2014 ; A5, 2014) L
T& 7z FER LIZdbEE» ST EIRE T To 200 282 2R ERZHE (RIAS, 1998)
LC&7 BRI, I—ay2solig (KIMAS, 2008), BEOimE (RITAS, 2020) %
RAEL, TNOKEORROERIIELZCHMOET, WTFhoRRFROBLRCHLZ L E2H
LMIL7. 22T, mRIIT2% S THRRIBAKEESICATHITEIGRIZTSZHEL LT, K
FaK (HAK) CHERSED 2 E2E% (KA S, 2003, 2005b) TH2H &, ZLT, ZOKE
T ERSE KL, ORRFR L FEORITRE RS ICEBR (KM S, 2005b) @Rk A
BT, EOBNMEOm . (RITA S, 2005b ; Kurita ef al., 2014), @Z 01 57 X R OB 1
(KA S, 2005b), @A T = AERKEIH KSMA S, 2010), @RERR & FHROHRORESRIR -5
MR (Kurita ef al, 2014) %, TNENETLH I L2 MmE L CTE FR1C, B oI
PEVET (Cua et al, 1990) LTWL ZeH s, ZORTHMEIGEEOT v F24 Vv 73k O
SEYRHE) DD, X5, AR LI AV, YNAARHBETICX 2 EELREDIEA
WETH B AT =2 ERIFIE (Shirota et al, 1994) 13, ILOEAREIPHEINE. T,
IRERIR & FIRROTREIR AR RIE, REROZ VI —a v BRICFA Y TIE WEO%T & BT
i, R REE, SIE, (OEE EORERGFIISH SN TE TV I b, KK
KD REEGR L FAROELI MRS NG,

Z T, KEBRAEL LTI, RATIEpHA 11 LIFFICEVCEEAFEE (R, 2012 HA
5, 2014) BBAME-HSNTVDEORTH L. —F, NLOKFRBREKOKFRLE LT, Fig 1
WCRTEIWEKBR Y RDPSLDOKRET A% F /3T WL (F721d< A4 2 vfk) L TRERICKICHE
2 2 WIS EIRD:, (EROBEAGWHDE, Ke OFITRELIET LKEERNC X 21L%
FOBE:, S HIIIME RANOENBEBIIC L 268 FE L EREZ 5Nb. FHELIE, ThETK
BRSE CKITA S, 2003, 2005b), AFEFAHIO MgH, 2R ICEBZEMR S5 HE GFEHS,
2013 ; Kurita et al, 2014), 3 5 IZHERANOSEIHRIBE TS, 2015 HE S, 2018) 122w
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O Natural : Hakuba Happo Onsen (Serpentinization of olivine rock)

O Artificial:

UFB(Ultra Fine Bubbles) dissolution method (Ultra Fine Bubbling
of hydrogen from hydrogen cylinder)

Electrolysis method

Chemical reaction methods:

® Reaction with water H2 generating  |[Amount of H2 per  [Theoretical bathtub
1. Mg +* 2H20 - Hz * Mg(OH)2 agent gofaij}::}ag;ing H2 cunc;ent:]tlon
2. MgH, + 2H,0 — 2H, + Mg(OH), e T EE——T
3. NaBH, + 2H,0 — 4H, + NaBO, MgH2 0.15 760
4. 2Al + 3Ca(OH), + 6H,0 — 3H, +Ca[AI(OH),], NaBH4 0.21 1060
5. Flanagan Hydrogen Al 0.11 560
6. etc. *) 200 dm3 bath water

@ Photolysis (UV irradiation of sulfur spring)
HS —H,+S
H28203_’ H2 + HZSO4

Fig. 1 Hydrogen source for hydrogen bath water.

1 KFEBEKRDOKER

THELTE . 40, BRSHEICOVTIE, BICHRELTETWE DT, MMlAEEHEL &
O" NaBH, 72 EOKFRFEAFH S HIETHBUKFEABANC X B RKFEEMAKIZOWT, 2R SEFKE
BEB X OTORP (BLE LB ; Oxidation-Reduction Potential) -pH BIfRZMlE L, LB %
To7.

F72, KEZEOHE—RROHBEAFTRRIZOWT, FoKEFREE LT, A LERRS (B
Y, 2012 5 Suda, 2014) 2SN, EW S NIKESEMBAICERL, LELZALVF—LHHE
WOEE R L2 SNLFFM|MESINTVWD., ZOKEEZECRRE LT, INE THE/NKIR
ROBLPHMONTI Ao 2Bl e LTI, MREOREESIEFKENEIN TRV
W, TNFETHNRGIHNT, KRCEHLHAAP Lol e E 2 5NE. ST ABATRR
DRFEDFAEIZ DV THD THMER (AL, 2014) 217o7z.

2. 7K® ORP-pH B8f%

KD ORP I pH D% E LT, ANVYAPORIZEITE () B L)X THEENS (Guenther,
1975).
ORP=1.23-0.059 pH (1)
(0, +4H" +4e — = 2H,0)
ORP = -0.059 pH
(2H +2e— =H,)
NBITR)HXIZ, ZNZNKPEALS WL LR ICYHT 2E /A2 ERL, Fig 20FnZEho
FTOERIIHIET S, TN, BHEORKIERE T T, K LT OEROBEFHMCTH £ 17258
WL, —F, ENOOMMIOTIIIKPSHL, Ke LTHFETE 2WllizRYT. $/2, 7

(2)
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1 F| Oxydation
L v system
Eaﬁ‘rﬁbrium system  Tap water
Tavidic /¥ Alkaline
(0.5 [ |Reduction system S
>
a [ | Saturated concentratign
O 0 " | of hydrogen
ORP:;decreases as hydrogen concentration
increases due to the infusion of hydrogen
@ into tap water
-0.5 .
0 7 14

pH

Fig. 2 ORP-pH relationship of water and change in ORP-pH relationship with
dissolution of hydrogen gas.

2 7K® ORP-pH BRE LPKRA ZADBMEICH 5> ORP-pH BIRDOZE L

o REOHRE, $bE pH TICHIET 5 BT IREDFE ORP(ORP.) &, F#H O VERIIC
K7z (3):TEREN, Fig 2 0EHOHEHE KA S, 1998) IZxHET 5.
ORP.,=0.84—0.047 pH (3)

Tbb, 3):D ORP, E, KOBEFHLFHREZRL, TOWHL D LOEFIRESEK W ORP
TEIII KA R %, B L D T OETIRED TV ORP HIRIZKANRICRE /R T, Thig, Bt
ROFHIIRT 2 KIE, e loeBeBmil G50) €5, —HBITRIIBT L2 KIEZOHED
AL (50 Wil 2KkE AR5, ABICBWTYH, MEEIEERSE R 202 X 2BL/EHICBE RS
HZEND, BIGROKIIEEZIH L, BRI ORL2 2 LPFETE 2. &b, (D25 3)
XD ORPHIZ, 25C TORFEMIZHE D BERILETCEMERT. REKEFDLELFEAKD
ORP-pH BIfRZMET L2 L2k D, B)RCHEDE, N0 ORDPHALR, FHRD S \VITEICHR
KRBT 2Kp WO R, KOREIFHETELZ LIZh 5.

Figure 212, AREKIZKZEHT A ZWREAAZE® ORPpH B2 /R, WERE QRTEEZRES
U7 2) 12X D P ORPeq DB L D BWERILRIZH 5 AKEAKIE, KFE OKFER I X) IRE AR
2L D ORPIZAFIIEICRICY 7 ML, KEORBAERE %77 (2) SIS 2 ERHAT E TRT
FTHIEDGND. TR KERBTRICTBDIIKEDHERIENTHHI EDBPSITH 5.

3. % B%

3.1 WHKaEEE (KRRN)

TR QA IR, KFEOK (TK) 12T 28R om Ex BHiE LT, KFExiMsia (5
JNTIV (NB)) ABLL T, KICEMIELHETHL. T/ NTVokEE LT, BT nm~1um
DOFET, TN LEOFEOS A 70TV ERLY, BHEKIIEEET, 777 vEEE L, Kbr
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Hydrogen ‘
bathtub

/

¥ éarbonated
htub™—

Hydrogen
bathtub

(d) (e)

Photo 1 Experiments at a public bath in Tomakomai ((a)—(c) : Hokkaido) and a hotel in Atami
((d) and (e) : Shizuoka Prefecture).
(a) Exterior of a public bathhouse, (b) Bathtub in the public bathhouse, (¢) UFB device and
Hydrogen cylinder, (d) Bathroom in the hotel, () UFB device, and Hydrogen cylinder and Carbon
dioxide gas cylinder.

EHE 1 &M ((a)~(c) dtiml) OHSEHE (d) BLY (o) : BEAR) ORTILTORROETF
(a) 8&REOMNE, (b) 8RB0, (o) UFBEEBELAZERVX, (d) 7T IVoORHE, (e) UFB%EL K
FRVRBLIUOZBILKESN AR R

FRLUTATVOBEL DV E SNTWS., 07280, KEOBMBERED LH L, Kihpsok
FHADBEAHIIR S, KFEED LR EHEESPEHTEL XA TWS.

FERIL, Photo la IZRTALIEE B/ NR OGS B L. BEEEOBIIMZ, MNEViRN
5 NLRBERBRESHERIN TS, TONTREBREHEIE, F /370 (NB) 5AHEL LT,
UFB (Ultra Fine Bubbles ; (#%) 7 + — % &% 4 Y ##) 2w, XV F 29— L U o#ss
SEMLREATAZBIEL, ZMLREDOFT I N TV EERSE, BREATRBRTFERL TV
%. 4, Photo le /RT L )12, ZLRFBR VRO IKFZR T XEH, KREFHEKT
Bedy, MEEL 72, 8 (Photo 1b) Ok & Zid 14m®, EE/KER 0.1 m*/min, K 40C T, #HBAEK
FEiEPEE B X 0 ORP-pH BIFR %2 REIFIICHIE L7z, X 5121&, Photo 1d /R BUED Y EE & 7V DiF
B (BRoKE S 3m’, fEBRKE 012m’/min) Tb, Litd/Mkogkd & MAto UFB (Photo le)
ZH, KREBRKOERZIT o7, OO FRF VI, WBHOBBBRKZFTTEL, AL
REE R OKFBRICH AR L 2> Twh. 2B, HIKRB X UBBOMKEBMEE b, BREK
IR S ELMERAT, TODEFERW CREEER S MY 7 24) MfrbhiTns.

BAFKF IR B AR ERD GEE T8 % KM2100DH), ORP 3 X UF pH 13 B #L{ L2678
T8l pH/ORP Meter TPX-999Si % Z N Z 72,
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3.2 KFJHRAH (LERW)

KFFAEA B L ORERERE ECTHBUKEAGH 2 IR, REGH (755 200 dm’, KEK
% AOCI\THR) (S ENENEM L, RRIIKRIRE, ORPpH BIfRZHIE L7z, &d, KE S
LCkEZTET 2 REFERE LT, Fig 11273 MgH, ® NaBH, &5Zi3 Mg &7 = v
BLOALET VA VA (CaO) DGR ETH V2. F72, Fig 1 ORICEFNSLKREREH 1 g
% 200 dm® ARSI S BICTRE T 2 KRENET, KA L 72 2008 L - B AEK
FIBEH R LI

B, EBEHREINAHINTETVILIN, TOKRFEREADZALRLBENHL 2 LR -T
WMWY WIZEDLTTFHUKRE (I INAL FL—F, AN L=+ BIO~Af70r 3
Ay —1p EOLTIGE) RKBERET > THV I T AL EIConTh, KERLEOHENEIT- 7

T/, R LOWR (7vh ) HEMER @ SRR, TARE) < IhF ToRERE
#l& LT MgH, # VT & 7275, #i7KEREA O NaBH, OGN % HERT 5 EBRLIT- 7.
BARAYIZIL, B REIEEORIEI RSN TS 50ppb (=ug/dm® (KIS, 2005b : Kurita
et al., 2014) DFIChSRwE 912, ANBWEEZRE KRN (6~21 KF) WIC, 3K B 212 NaBH,
WREZIBHEAL, BEKRIEEDB X ORP-pH MfROZELE BIZE L.

3.3 BBRBNFER (RAKK)
HEAJ R, 201449 H (FRAS, 2014) LIk, 2020 £ 10 HICHE, AZigEB IO
ORP-pH B Z HIE L 7-.

1
. o
| __....-.«..uu.....___. e -........"" ...\.\..................\ ._......~.~.
1tration

increases due to the infusion of hydrogen

0 t. into bathtub water
[ )

14

Fig. 3 Change over time of ORP-pH relationship associated with hydrogen dissolution using UFB
(Ultra fine bubbles) device into bathtubs in Tomakomai and Atami (circulating bathtubs).

3 EHIBLUEBOBEAND UFBEEZ AW TOKZEBREICHED ORP-pH BROZFEZE{E (BRI
a1E)
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4. WRBLUEE

4.1 WMEATEREE (KFRKN)

Figure 312, W/ DS B X OCEIED R 7V TOHREKO ORP-pH R ORERELE £ 2
WRd. UFB ZEOKRBIHT O BRI, EREEIZLD ORP 3BALRICH 7275 Fig. 4128
FRFEOWHT, HHITEITRIZY 7 ML

72 Fig. 41203, BQgEOBHIKOEREIE R & KRIREORFE{Lo—BlZ, FK& LTHETRL
7o, BEEEEFREIKRFREO LR SO 20D ST, RMMICKEREEH)» 2L, THUXBHEOE
MEERBRESBBE L ANVUTIET LAV E ) ICEHIN TV L7720 ThH 55, KL EEER
FEHEMICRISET, BEVWABHETEFL TV EEXONS. HROEKETHRKIZ, KFE
REFERLTH, BEERIIIEFZEOBMIEON. BELE EERUAMETIE, EWICRE
BEBELIN T DD, FEORR HKE L EHEERE ORIFIITRREEZ R 5ND. Thil, Z
o DBWRARNOAEE, EFREA (KEERRST MY v 2) CE2HE, RICEOXALZ L
TR A LS, KREAEELREL, RBROEAZEOINITOMREMFHFTE 272
ERIKDIRED R L b 5.

4.2 KFREH (KkEDEZERT)

Figure 512, A (200dm?, KEAK% 40°C ITHHER) 12, KERAEFIO Mg, & NaBH, oM
B ENENEZ CTHRIML7ZBOBREKEREORBEILOMEL RT.

1600

=

S

o

o
T

Table Changes over time in
free chlorine and hydrogen
concentrations in bathtub

s

N

[=]

o
T

=

o

=

c

2

e

s

‘£1000 @ : Tomakomai of Atami

7

g Time Cl2 conc.* | H2 conc.

8 800 [min] [ppm] [ppb]

% 0 0.73 0
30) 0.65 155

o0 L

o 600 ! 60 0.56] 315

S :Atami 90 0.58 380)

< 400 - 120| 0.57 470)

2 150 0.62 600

>

= 200 | 180| 0.65 590

o

R2)

D 0 1 L L L

0 30 60 90 120 150 180

Time [ min.]

Fig. 4 Change over time of hydrogen concentration associated with hydrogen dissolution
using UFB device into bathtubs in Tomakomai and Atami (circulating bathtubs).
Table shows the change over time of free chlorine and hydrogen concentrations in
the bathtub of Atami.
4 BB LUHBOBEAND UFB EEZ AV TOKFREICHI KFEEDEEL(L (BRI AE
FKIIBGGE OB O W T B X KRR E O ZEILE R T.
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NaBH: iZ 2g DHEREA~OHRMMTH, HAHKFEIREEL 1000ppb 28 2, — 75 Mgl Tld 3g DR
T3 400 ppb FEOBHEKRZIRE T, fEIAS ICEIREKZEBIEKETIRIZT A L0390 5.
%72, Fig. 6121, Fig. 5 O/KFEEEIZHT % ORP-pH OZ{L%/R$. NaBH, & MgH, & it L T

26

1600

= NaBH, (2 g

=

= 1200

2

=

5

=

L

=

5 800 H NaBH, (1 g

=

@

g NaBH, (0.5 g)

= 4 (0.

= MgH, (3

Z 400 N gH; (3 ¢)

§ —— HO gH, Cg) g

£ MgH, (1 g)

172

Q 0 1 1 1 1 1
0 20 40 60 80 100 120

Time [min]

Fig. 5 Change over time of hydrogen concentration in bath water (200dm?®, tap water
heated to 40°C) with different amounts of MgH. and NaBH. added as hydrogen
generating agents.

5 KFRREZID MgH, LU NaBH, DFEMNEZZE Z TAEK (200 dm?, KEK%E 40°C
IZHR) ICZhZFhiFML B0, BEKRREDREEZ{L

M :Tap water
®:NaBH, (2 g
A :NaBH, (1g)
O:MgH, B g)
A:MgH, (2 g)
MgH, (1 g

14

Fig. 6 ORP-pH relationship of MgH. and NaBH, to dissolved hydrogen concentration
(10 min after addition) in Fig. b.

6 5 DBFEAKFEE (RN 10 %) (I 5 MgH. ¥ &£V NaBH, ® ORP-pH %



575 % (2025) KRR DA

MAKRFEA L SITKEDFIRT, WALRBEITHERTE ) FA4+ 2 (H) UhNG, 2013) %54E
%75 Fig 1 OFRITRT L 912 NaBHdFAEKERD 2L KE L, SHICFig 5 IciAons
Iz, MO L L) OBHEKEONRIZKE 2ENDH Y, KFEHEHE LT NaBH, OFR)
PZHSHTHS.

CNETIRIERPTH L OWE (Tvh ) EHIRE SRR, HiARE) C EBRWIOKHER
ERI O MgH, % vy, R L OKZIBMKEZIEH (EH S, 2013 Kurita et al, 2014) LT
X720 BAKIYICIZ, AW ATREZ B SERRRD (6~21 BF) WIC 3 HRTH X 12 MgH, Bk 2 IR ICH A L,
N TIBHAREZREDOEIHERINTWS 50ppb (=pg/dm®) BLET, & 150 ppb O #EPH
NTHRKRRESZH L TVWD I L EHRLTETVS, TRLKREBHIKIC, BEL01 AR
T UT A4 TICABW 2072 4E 8, B (Kurita ef al., 2014) LTV 2 25RREABB L UKE
ABHE LB LT, BEOMDMENE LT 2R 5Nz 2518, ZELRFERE 1000 ppm
(=mg/dm*) O AT R & FARCERBESE T 2B EIEO N IR O MEA 2422
RLTW5. B, BHEFRIR T, il L2KERAER O Mg, 1282 C, NaBH: 2 LT 2.
ZFOEEHBIE, MgH, \2 & 2 KFBFHA L FEEMD EOKRFREZERT 012, L RFENIC
HRZe 2 LiZdh o7z, Figure 712, MgH, L H—5M4T, NaBH, i L 7zB 0 E B iRR OKFEDG
o ORP-pH BIRB L OKFRIED—Bl %2R . 4B, B ORP B L AAKEIRIEX, TN,
BIUCHEVIRRAZOANBERSL, NEEBOREMWNES 2 &L ), 263 525, KFREZ,
HEERFRIN 50ppb B BT, KFEEED 200ppb B2, MgH, X ) B Wis ik KiIREZ EHRT 5

1 F
0.5 F
— ~Tiﬁi'e‘"~--klygrogen
- i [h] - ppbT -
= Bathtub water from hot spring source CONC.1ppoY™==~--v.
& Hot spring source _.‘*9 6:00 16
e) pring 18:00 135
‘ 21:00 205
o 15:00 245
12:00 261
9:00 281

14

Fig. 7 ORP-pH relationship and hydrogen concentration when NaBH., a hydrogen generating
agent, was added every three hours during business hours (6:00 to 21:00) to the non-
circulated hot spring source water at Ashino Onsen (Tochigi Prefecture).

7 FHARR BAR) OERDLIRUGEIC, KFRERD NaBH, 2 EEEHA (6~21 &)
D 3EFEH X (SHML 722D, ORP-pH BfRH LUPKFRE
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o SN Y (W

Figure 8 {2, MgH, # &EMIC L2 TKZEABH O 41 (@, A W @) %, ThZNEEK
(200 dm’, KK % 40CITHNIR) W L 7B OB K ZIREORIFELZRT. wiho MgH,
FHTABHRMT, KFEBEEZ 50ppb Y EE 22725, Wy 150ppb LT THo72. —H, 3
O NaBH, Rl ABHIZ VR D 1000pph % 2 2 i KRB AR ER L UK,
ORP Iz Fig. 6 II/RT X )12, MHETRELZENR LN, NaBH, RHRABANIIRET & LT

160
140 |
120 } . * A
100 f *
g0 | m

L' 3
60 I m A
40 |m®

20

Hydrogen concentration [ppb]

0 1 1 1 1 1
0 20 40 60 80 100 120
Time [min]

Fig. 8 Change over time of hydrogen concentration when MgH. (4 kinds :
® A H &) of commercial hydrogen bath salts were added to bathtub
water (200dm?®, tap water heated to 40°C). respectively.

8 TWHRAFABEINDMgH. U7EH @, A H, @) %, BHEK (200dm’,
KEK%Z 40°CICIR) (CEhEFhRMU EZBEOKFREDRERFZL

150
=
o
&
5 100 |
)
g
€ b
[}
[¥]
c
8
S 50 |
Q
°0
o
S
©
>
I
0 L L L L L
0 20 40 60 80 100 120

Time [min.]

Fig. 9 Change over time of hydrogen concentration when commercial
hydrogen bath salt (Al+Ca0) were added to bathtub water (200 dm?,
tap water heated to 40°C).

9 TWHERABE (Al+CaO) %, BHEK (200 dm’, KiEK%E 40°CICHR) (S
AU =BOKFRE DFERFZEL
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KBARICEFN T L EHEED L2 L, Mg, T, BEBERON 2 HE D Eho 72,

Figure 912, 7NV I =7 AL TNA VA (CaO) ZAAA DR RARH OBHIAKFZIRE DK
RZALE RS, IREKFEIREEZ 100 ppb FREDIREE L 7 5205, KEDOKE RFAILOFEDOEN Y
KRERERIEL 2O Lho7z TNREELLKZEREPKRE L, RAFICZDSE { OREVER
PITHELL, KEOBRDEPERN-DEEZO5NL. 72, Kb k&L, ABHICHR Al
SAKFEABHIE AL, KEL, Fhe LToRELOMEFMbIh 2 — 2% ZTHREX
N2hbLwEBbis. AlRKFZEABHE RAETLIRKEOFWAIKREN 25, DITIC®R
N2 &9 BIAKTEOMEERZ L OFIE, KFELBEKOEMEE L BOBEKRREELZRO L
Bo—2bkbEZ LN,

F7:, KFEE LTHT ppb FEE L2 AEICHEM L 2w Mg (EH S, 2013) Tb, BEMz 22
LCOKREREZRES LT LA TE L. BRIIC Photo 212777 & 912, 200dm® D (K&
K% 40CIZMER) 12, 2kg @ Mg OfiF (EES5mm) PA--HEAERICZ U 15 #NA,
WAL, HIMEED 72O MERFO TS, KRy 7IC& ) EAGREABAESE, KL ®
HIER S E72. ELZRKEORZEOEHIHERTE 5.

Figure 10 27" & 912, BALRICH 2 BMAKIE, MEITERICE D ORP %2R ISR A 5
BILRICY 7 M &E72 KEIEEZ, 550 TR 600ppb (3EL, 60 4T Fig. 5 1ImR L72KEFRE
#| NaBH, & F#£I1Z, 1000ppb %8 2 2 WiREKZBHKE o7z, ZOFETIX, Mg MHEFET
LZFTHROBLMATEZHE D05, 7T VBBIRMTpH S4~5 FBELBEL 2D, BESE
RPKE R EDOIFEDVEEE 2 5 WEERH D, Z0720, Mg &7 T VEBEORREIZED, pH A
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Photo 2 Hydrogen generation when a cylinder of hydrogen generating agent (Mg+citric acid) is
submerged in bath water (200dm?®, tap water heated to 40°C) and the bath water is forced to
circulate from the bottom to the top of the cylinder.
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Fig. 10 Changes over time in ORP-pH relationship and hydrogen
concentration of bath water when hydrogen generating agent
(Mg+citric acid) is added to bath water.

10 AEKICKTFRER Mg +7 I B ZMAEEBEOBEKD ORP-pH
Btk b LUAFREDESE(L

BHRdDICy Y Ao L ah, BEREARNRRG 7R EIEHLNMIENTVWRVWT T FH VK
Ehdb. TOKREREAL UINLFL=RIRATNAL KL=}, 4700525k
DEMTHRIRINT VD, NS EKEEMI LR, NaBH EFEEDOT VA ) EERL,
ESIFABEOMN R ITT EREAERNZRL, KEKIIETN TV L EEERDEET L5
B (REET—%) PESNz. UL, Tho 08B b5 7% & o BRE 2 dh B idi 5 202
ENTORWEIRZ D 5. T2, KEZRET L L XINEWHBKREWET > TH IV Y Lk EDHE
T, KEFEMSETHREREIMETE T, EHERHLRIMRTE Lo/

$ 7, MoOKEFEFFEE LT, %513 Fig LIIRTHRE R OB/ X 2 & E S5
SOKFEAEBRIIOWTIZEIHE FE S, 2018) LTwa. Hifbk#EZE % GUHEROIRRME
BRESIE, Y3 URBEN R EOLREEREMIC L 2 KB B DNLEER L4 O
FZTETWS, 22T, HfbKEEZKRFZICEZ L2 LT, bKkFEo&ICH R EOWKEZRRD
9, XL HEERMNT 2 HARE MR ERORE LT o TE TV 5.

4.3 ABNFRR (RAKR)

Photo 31Z/"9 & 512, HEAFRREOFRIE, #2km EOBEBRMAME " BOLR-0% %
FH LT, #4km SBORE - ST VENEH L TW5.

ZN OG- TO ORPpH BB L OKFREL, Fig 11187, wiEOWE FHFES, 2014)
T, 1 5FROKERE 430 ppb, 3 5HREIE 170ppb T, FN S DRARVIKE - A7 VEE T
FREENTWS. LaL, 5lBETO “BUOR:0E OKZEEZ 150 ppb Th o 2255 - &
TNMETIZIZIZEO TH -7, SRIOPETIE, FRE LT, BERT20ppb, “BU% 0%

30



575 % (2025) KB DA A

Hot spring source

Photo 3 Hot spring water supply system from the source in Hakuba Happo Onsen (Nagano
Prefecture) to the inn and hotel district.
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“--Tap water
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Hot spring source
-0.5
0 7 14
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Fig. 11 Changes in ORP-pH relationship and hydrogen concentration in the hot
spring system of Hakuba Happo Onsen (Nagano Prefecture).
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