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Abstract

Over several years, we have been carrying out measurements of the relationship
between oxidation-reduction potential (ORP) and pH of water samples from many hot
springs in Japan and Europe. Unequivocally all showed reductive characteristics. For the
present study, we conducted similar measurements of hot spring waters in Taiwan, and our
data clearly demonstrate that all possess reductive characteristics as well. In short, although
the definition for hot springs differs depending on the country, water characteristics were in
all cases reductive. Contrasting this finding, water from 10,000 meters below the seabed, as
well as the raw water as the source of mineral waters from spring and underground waters,
are in equilibrium (i.e, they are not reductive nor oxidative) From this, we believe that the
reductive characteristics of hot spring waters are different from other natural waters that
are in equilibrium. It is known that hot spring waters that show reductive characteristics
can suppress the formation of skin melanin and improve the elasticity of the skin. Therefore,
we believe that hot spring waters from Taiwan, as well as those from Japan and Europe
have the property akin to the “Fountain of Youth”, for their antiaging effects. Furthermore,
we believe that possessing reductive characteristics should be included in the definition of
hot spring waters.
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INFTHEELESIE, HABLI—0 v/ 30ilRKD ORP-pH BRZIEL, TN bR
TRIZHDHZEEZWHLNIILTE. S, BEOHEKIIOVTOFAMKICHZEL, winhd
BILRTHLIEDPHLNE 572, TNLOEDOEBEOERIZRLZ>TVTDH, WiIhdid
RIKIZEICRIZH D, S HIZIEEREDS 10,000 m #E T 0K, B I OEARRLI T KR EH
TLE D I AT IVIKDEKE EXEHRICH D I DD, RITRDERAKIGMOFHRIH S
KRR E B DU K EEZ OND. S5, TALBITROREKIZA T = v A%
FREOWMEm EEEET LI D, REOMRAKD HAR I —a v oK L Mk
2, “HRYVOR” RFE (T rFA VIR BT EREEbND. ENL SHEKR
WHeET 505, MBOEFKIT RBILR PMzoNnbszRE&ELEbNS.
F—U—F:HE HRBIOI—u v iofiRK ORP (BMLEITEM), #IiTR, MK 3

FF VK

1. U ®IC

INFTEESIE, HAOMBEAK KN, 20192, b KA S, 1998, 1999, 2000) B L V3 —
v SOREK KIS, 2008) 122w T ORP (Oxidation-Reduction Potential ; g1t iCTEA)
WCHOWEREZ L, MEE LISRTRICHAI EEZHMELTEL Fhit, 2h5oiaEKkiz16
ANz R DR V) T A MVOFER R (Y7 IV 2 F 2y, 1994) &
FREDRIRZHGT AT ERRELTEL. ZOKBMEIE, RO—RPLBENAY, REiEs TR
OMETEDLMNS, HVCLITEZGL, FHEICHZONLEVWINETH L. KIS HKRI NI
EOFWI LR D RIIED R VA, RRKEIRENICZO “HRYOR (TrF AT 7)
MREHTH. 2O TR O REFRLEFEE LT, EHLPINE THZ L AKROFHMIE
ELTHRELTEZ ORP #: (KIS, 1998 : Okouchi ef al, 2002) 3% TH 5. TiX, D
ORP ETHMArH B 5 2 1L, KPR, FIHRBIPERTROVTNIDIREBIZH 50 %
HRFHETREE 375, 22T, SHAIO LI IIHILE L, Bz IE8% L o&EIHHEE S LTH
OB1EH. —J7, @it i3It & OFOEH. TFHRIIZOELLIZHIE S W THHIREE £
. A DOPLLAERLERE EHITBILL, STV ZEPMONVE. ZOFHENEELFEREIC
WHREEDSDH ), ZONMREIMNT 2RSS, W2 a2 B AR IR L o4 7%
WADERERPL, EHIEBLICOERLTVAZENHLNMIENTETWS., Zhilt, HREE
D7 ARIIEEZEZNET LEITRADKTH H 2 EAVHRITENE, LR EZ &0 THRAD
BIRICE o THEBIKE R D, —TJ5, BALROKIE, ERANDOF A=V DEKRE D 2 DH, W7 A
WA EVHT ABREER 2 EOAM MR E D257

ZZTHN, BERERACEERIIFICE L, UM X e/ S WE RIS IZIELRN LD
FALTWDZ LS, BEOWEAK KN, 2019c) I HAB LT -1 v RDiRHEKE[H
OB BEPWHFTEX H00%, ORP ITHAE, Wi L7z

2. i E

X 20194E 7 H 31~8 H 6 HoMIMIC, Fig. 1 R TABELICHSHREKD ORP-pH B4R
O E o7 b, RPoOHIIHE L7z 21 oA Z/Rd . SRIL 72E K~ 7,
HHIZ ORP, pH B L N E X T 72, RS 7 e LTiE, mEFRB X OHER» TR L
DR EH Wz, B, BEOWRIE, HRXANS—HbH 2755, £ ALFERPTRLTH 5.
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Fig. 1 Location sampled at hot springs in Taiwan (O)
1, Wulai hot spring ; 2, Yangmingshan hot spring ; 3, Shamao mountain hot spring ;
4, Beitou hot spring ; b, Jinshan-wanli hot spring ; 6, Jiaosi hot spring ; 7,
Jioujhihze hot Spring ; 8, Su’ao cold spring ; 9, Rueisuei hot spring ; 10, Hongye hot
spring ;: 11, Antong hot spring ; 12, Jhinben hot spring ; 13, Jinlun hot spring ; 14
Sichong River hot spring ; 15, Baolai hot spring ; 16, Bulao hot spring ; 17, Guanzihling
hot spring ; 18, Dongpu hot spring ; 19, Guguan hot spring ; 20, Lushan hot spring ;
21, Taian hot spring

1 BELLBBORERM (OH)
1, BRiR 5 2, BEBIE 5 3, #IEIESR - 4, dbfeims o 5, 4l - BHEER 6, R
Wit 0 7, MZERE 8, BRAGR 59, ERURIR 5 10, ALERS 5 11, iR 12, AR
Wm0 13, Smriss > 14, PUSEREE 5 16, FRIMmE 5 16, ANBER 5 17, W FEER 5 18,
WO 159, BRI 5 20, JEILIRIR - 21, TR

3.1 REDBRKD ORP-pH M

BEDIBOWEMRE, TNETOHER (KNS, 1998) BI T —a v 3ok O
M5, 2008) DFEH &P T, Fig 212 ORP-pH e LTENEIURL7Z. KD ORP X pH O
BELT, ANV Z2AroRUESE () BI2)ATHEENS (Guenther, 1975).

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

ORP= —0.059 pH (2)
(2H* +2¢ = H,)

(DB I2)RE, ERZNKDPRALT S L BRI 28Rz KL, Fig 20ZhTho
ETOEBIIHIET 5. T, @EORGERE T T, KIEET OBAMH T M 72881 A AE
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1+ Taiwan Hot Springs ; European Hot Springs

0g
0.5 05 -
g o ° © 209 h . g ¥ o
= 02O ~ o — 2 =
(=} 0 @ © o Qgﬁ o - 0 o

8 o7 Oc)

[ 05

e 7 u 0 : 1
pH

pH

) [ Japanese HotSprings
 ore,,
=20 0 o
3 o . ) L]
L W
0.5 ®* 9 .?‘
[~ * @© CG S
= Qpoo T —
2 [ 28, % ¢ =
o 0 i % O.O 0o %o 30 8)85
N )
[ &0%0 o 5
[ o
05 A
0 7 14
pH

Fig. 2 ORP-pH relations of hot springs in Taiwan, Europe (Okouchi et al., 2008) and Japan
(Okouchi et al., 1998)

X2 && 3I—0Ov/N (KARS, 2008) HLUHEK (KARS, 1998) DBRERKD ORP-pH Bk

T4, —FH, TNLOIMIOFIIIAKMEGHL, K LTHEETE WA RT. $/2, 70 b
VIEEOWYE, b B pHT ICKIBT 5 BT, P ORP (ORP.) 1X%EH 5 ATEEBRIYIZRD
72(3):XTHKEN, Fig 2 OBEPOBEHE (KPS, 1998) 1ZxHud 5.

ORP.,=0.84 —0.047 pH (3)
TbbH, 3D ORP, &, KOBETWLRTPHEREZRL, TOBME D LOE RSV ORP
IR II KA R F, B & D T ORIV ORP HIIIKANR IR Z /Y. Zhulg, W1t
ROFIFIET BRI, SroEREmt V) S5, —HRILRIIETLKIEZDOHED
AL G50 #WHlsaKERS. ABIZBWTYH, MEHXIGHERSE 2 &2 X 2BALVEHIC RS
52 EMs, BILROKITIEALLIHIL, BN O%05 2 LW TE S, LaL, #ILR
BIRTHVWEREL RV EDRFMLTBIRETH L. HlzIE, BROICE 7 5 AWM
T HICHEVY, ORPIZME T (Agustini ef al, 2002) L Tw<. &b, (1)H 5 (3): o ORP i,
25C TORFEBMIIILD BHREFALRICEMN 2R T, RAKE 5072 £HKD ORP-pH IR % il
ETHIEIZLY, BRICKETE, TNOOKIEALERE, FRD L VITRITRICH S90S
PRy, KOWEPFHMTEL I LIRS,

Figure 2 225W 60 % X512, MIZELBEOETOWRSEKIE, HABIYI—a v S0
K (RTINS, 2008) & FERIZ T8 ORP., ORGR L D IKWEICRICH 5 T EBHE ML o7
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Fig. 3 Aging of hot spring waters in Taiwan based on ORP-pH relationship
K 3 ORP-pH BFRICEICAREDRRKDIAI T

pHEIZ, F—1a v OB IZHMBEL» S 7 VA U, HAOMSE, pHI U TH S 114 E
THRIL L A L, — BB ORI pH1 LU O3S 1 5 pHI fHE F TasillE sz, LaL,
ORP iZW i d &ILRVMERETE 2.

F72, Fig. 3ITRT L H1IC, BEOIMRAKD HAB X U'T —a v SoiRRAKFERC, FHiiE (@
FI), Wefgead (1~3 H) L7zismAk (OF) 13 ORP 2 LA &4, =4 Y2 (Aging : #1b) »%iE
T35 EDHERTE, RARMITTPH ORP, (2L 72, ZRi, BEORSEKD FiE S EmE
ERDHZERWLNTH S,

3.2 BROTHDEL

ZZ2T, WINDIRAKITRICRIZH D Z EDBHS L 572, ZNEDOE A TOMlLR O ERK
{& Table 1IC/RT EHICERAR L, FIZITHHRETIZHAAR, I—av/8 (F4Y) BLXUOKBET,
25, 20, 30C UL EZFNENICH LS. BHRINWER, FEROFHKEMLLETH Y, mENICHE
DRBRIRE BIp B AKE VW) T E2% b, 512, HAE M4 Y (HAREEEHIEH, 2019)
T, REOBEICMATENS ORE X VWIS, Table 1 ISRT ZNENOEMHK G251 D
THHERLD LICHEFNMNTRRE LD LD EHRENTVE, HAORBEHIIL 1948 4E1Z, A
ok (19114F) 230K LD LT, BFICEUESRR SIS, HATIE,
Mn*, H', H:SiO; 2%, FA Y OWR OB SH 2R SNz ERE B> TWVDE, —F, HBE
DR B OHEIZ 2003 4F & HEWHT L <, BEOEHRDS 30CU LIS, #£1OBEOHEIRT
BN 1 OB e LEINLILENDH L. GEOMMROEFKE (B, 2007) &, WEZFTE
SRR D MATORELEFHET, HRBIUP NS VOERER R L. ZROEHES S HAL
FAYDbDEFREZENDDH Y, BETIEEWISICLT, S, Ba” R F, Br, " & &, &5
W ERD L EVBEIPN TS, NS OBREPNI BB SR RS & LT, @EEICEDb > Tw»
L LBIRTIEH O, TR, HRDBROEFIMZ SN TV BB, ST LIS TERL
B CTH D, TOLROBRBEOMBRTIE, FNOEMELS AR DTS SR TV 0GR
EDRZA. LaL, AEOREESE LT, ARRL M YolRoE® (HAREREEWIEIT
2019) Iz HNTWARW SO R Cl 25, WS BOCULL) LkicHicmisnTwado
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Table 1* Definition of hot springs in Taiwan, Japan and Europe (Germany)
£ 1" BE, BAEABLUaI—0OY/NN (KMY) OEROESE
Japan' [ Taiwan? | Germany*
Temperature(°C) 25 30 20
Components Component content(mg/kg)
Disolved Comp.(Excluding gas comp.) 1000 500 1000
Carbon dioxide(CO2) 250 250 250
Li* 1 - 1
Sr2 10 - 10
Ba* 5 - 5
Fe?'+ Fe3* 10 10 10
Mn?* 10 - -
H* 1 - -
Br 5 - 5
I 1 - 1
F 2 - 2
HAsO,> 1.3 - 1.3
HAsO* 1 — 1
Total sulfur(S)[HS +S,0,%+H,S] 1 0.13 1
HBO, 5 - 5
H,SiO, 50 - -
NaHCO, 340 250° 340°
Rn 74Ba(55 35 M.ES
M.E.)
Ra 1x10°%,, | 1x10°*Ci
S0,z - 250 -
Cl - 250 -

1, (Nippon Onsen Research Institute, 2019) ; 2, (Zhou Zuocal, 2007) ; 3, changed from
1 to 0.1 mg/kg in 2008 ; 4, as HCOs ; 5, based on alkalinity ; 6, as radiumemanation.
*, All numbers in the Table are above the numbers

1, (HAGRBREWZET, 2019) : 2, (BFER, 2007), 3, 2008 4F 145 01 ([CAH
4, HCO;- & LT 5, ThAVEILEDIL 16, FYVTLIIFFAHELT.

* RPORMEITETRMEY L2 KT

TRBNTH L. EHITIE, AREOTREORMBIRES, HEAB I A v EHKIC 1mg/kg
PLETH - 7225, 2008 4EI12 105D 1 D 01 mg/kg IEH I NTWA., 2O L) IR DO EFHEAE
WKLo THRLE->TWTYH, BEOIRKIIHRBLY NS VORREKEFRRICETLRTH S Z LS
Hoht o7z,

3.3 mRAKEMDRAK (@K, MK, #TFkRkEE) DE
Z 2T, iSRRI RIOK (K, WK, #TFKZRE) AR % S D0 %, ORP-pH Bk
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(Sea water et al) 0

14

pH

Fig. 4 ORP-pH relationship of seawater, mineral water, hot spring water, etc. (Okouchi
et al., 2008).

@®. Commercial mineral water ; O, Raw mineral water ; [J, Hot spring source ; 4,
Hot spring raw water ; &, Commercial alkaline ionized water (electrolytic cathode
water) ; C, Seawater (surface layer), deep seawater (about 300 to 400 m below
sea level and seawater contained in the bottom mud core sample below the Mariana
Trench 10,000 m seafloor.
X 4 @K, IxFIVK, BRKEED ORP-pH BEfFR (KHFARNS, 2008)

@ T ATIVK; O, I AT NVAKOEK: O, RAEER; @, BREEKOTHEAK: A,
T VA A+ vk GERERK) - CO, Wk (KR, #wEE-EAK (#300~400m ifF
HT) BLO~Y T FiEHE 10,000 m K T ORI 74~ TV E Eh b K.

AOLUTFICHE Lz, BRI, $E5 00 BICHE (KNS, 2008) L-EHrblEREE T
DOHARDOWW I A7 VAKROFK (OH) BLOTHI A7 VK (@, €, AH) o ORP-pH Bk
% Fig. 4 \RTH, WENE P ORP, I2h B Z E00h 5. —JF, i () 1@ TRIC
HEN, FNOEWWIATNKE LT, HAKPOREMEE LAY (QF) TIXHRICH S.
X512, RBKEBLRSMLUZZEBHAK BHRT7TLVA) AL+ K bililish, BRSMEHZD ORP
3~ A FAEEZRTREOZITCRICHICH 5H, ZOHPM TIEFRBRICRRBEEICE D WIhbET
R LD IEH ORP., (AF)) 2H 5. F72, =Ty SOFAAN BEDTHWI AT VKD,
WINDPHERICH S T & D EDTHICHRE RIS, 2008) LTE7Z. LaL, SKEFERD
-1 v SOIREKIZEAMOL ST ZEIZHE, R H S EICR OB K E 2 $ FEEHRAL T
Wb, D7D, FUMKKTHFEHRICH TR I AT VKERBITROME BR) KOZEDOEKR
BIEFICREWERDNRE, T4bb, BRI (BUR) KEIATVKEEZSTHKE I
WeEZOND. B, HERTOREKOHKHTIE, T2 EVEPHIEWE OAH % L1 3D
SHHFWIHIRI S, @EREEVHIBEIBE I TRy, 2, BETORRITE FHT
ENT, MHTELZVWEDZETHS. WMBEKOKHIZEAL T, BE, HALEI—T v NEEKE
TIERELGREZDDRDHH D55,

BT, REIK (K, WINK, #FARRE) & LTERMNERZ D LHHRISOWT, #K (R
&), #iEEEAK (B 300~400m #HE T BARETB I OEILRAR) BXO<Y 7 i
10000 m #FEEF ORI T 79 >~ S v hicE TR bilEKko, FhZ2ho ORP-pH %%, BE#H (K
M S, 2008) @ Fig. 4 \ZHi72128 8, (COFN) & LTz 7z <) 7 FHEiIKiey v 7 v idiiE
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BRI O 2 5 CTHlE (20004E 7 A) L7zd 0T, il (COH) & LTELZDE, 1F1F
F—OEPL7228DF = HFEL D Ao TR LBV LICND. IRHOFBNOT— 51, »
FTNHPFITTFERICH D I EW0b. Tabb, £EHDSHMIEK10000m F TOMKIE, &Lk
AER X B HERS K LR BOK LR DTGB A I TOHKEZ BV T, FHRICHLHEEZOND.
512, Fig 4 R L2 PHRICH BRI F T IVKRDEKIE, FEARBYIH KR IK, HTK
WZHDOWTWABZ EDD, BITRDIBAKEZBRWIZRIKIPERICH L I EIHEERTESL. Zh
M, EHIEZOTEE R ITTROBEKIL, RBRKOHTHORRLEEORE BN S,

F72, TNORICROMEMBAKOIEL LT, B LEIZLE VI, YA ZARHBETICES
BRUEDHERE L 25 AT = VARIHRIFIR KIH S, 2009, 2010) =, ok OHEEZRIEEK
NOFB AT, HFOMIEDT L3 %8 (RIS, 2008 ; Kurita et al., 2014) 2SS0 &
o TWah, RIEOWIMEE, MEENVET LWL 2 ERMENTWDL I e, HhEom
b, ARTHIHENIRE OBALHH], TrFIA T FICHIRTEAI LIRS, BB, TA VYT
AT U22HRAKICIE, 20X R EbNE I EnS, HREKICE S TERILRVPEETHD S
EBWPSPTH L. T, BEOERTTROMREKIE, HABII -0y 30T RIERK LR
Bz, “HRYDR" (T FTATU7) HIRVERHEENSG. E512E, HAE, a—avBID
AEOTRAENS, 5B TRV LEL BbLN DY, TROERIC HILR Pz ohb
NREERELI.

B

A OBEE OIS AAT, A RERRBUEH 2 OEHEZ1Z L% Dl BRE DT 4 2B
iR E T Lz RARCEHPLET Y. S5, YU 7 FHHETORREITY > 7o
ORP-pH ##AIZ, S JI 7273 72 IS FE B FE 1 N PR 72 B FE A O AR IS RS I L Uy
E3E
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