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Abstract

It has been generally recognized that bathing in alkaline hot spring water gives a soapy
feel to the human skin. However, since no soapy feel is provided in bathing in some kinds
of strongly alkaline hot spring waters, we carried out a study to elucidate conditions required
for producing a soapy feel on the skin. In our experiments, each reagent corresponding to
an alkaline component contained in a common kind of hot spring water was dissolved in pu-
rified water (40C). Healthy volunteer subjects in his twenties were asked to immerse their
hands in the thus prepared alkaline component solution to determine the relationships
among the concentration of each alkaline reagent, pH, Ca concentration, and Mg concentration
in the development of a soapy feel on the skin. The results showed that the following for-
mula is applicable to a soapy-feel judgmental evaluation of hot spring waters by using the
data indicated in the hot spring analysis certificate concerned.

[Ae]>0.3 (1 —Ke)/(0.55 - 1.55Ke)
where, [Ae] represents the effective alkaline component concentration and Ke represents in
the definition of Ke=[Ca+Mg]/([Ae]+[Ca+Mg]). The unit of measure in concentration is
[mmol/kg] in the data presented herein. The alkaline reagents used to produce a soapy feel
on the skin in the experiments are classified into three series of solutions : NaOH series in
total combination of NaOH, KOH, Na.COs, Na.S and Na,SiO;, each capable of providing al-
most the same high-level range of soapy feel intensity ; NaBO. series providing an inter-
mediate-level range of soapy feel intensity ; and NaHCO; series providing a low-level range
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of soapy feel intensity. The effective alkaline component concentration [Ae] represents the
total concentration value of these series of alkaline reagents in terms of contribution ratio.
In examinations of analysis certificate data of 506 hot springs with Unagi-yu (Naruko Onsen)
in Japan, it was found that the degree of soapy feel intensity on the skin can be determined
from the above formula with a probability of 94.1%.

Further, the present report also suggests a soapy-feel producing mechanism in which
sebum cutaneum (skin surface lipid) is subjected to an alkaline reaction to form Na (K) soap,
causing a soapy feel on the skin, whereas the presence of Ca (Mg) contained in hot spring water
leads to the formation of metallic soap such as Ca (Mg) soap, causing the inhibition of a
soapy feel on the skin. Furthermore, it was found that the dissociation of the formed Na (K)
soap by H" with falling of pH accounts for the suppression of a soapy feel on the skin.

Key words : Soapy feel on the skin, Unagi-yu [soapy-as-eel-skin hot spring] (Naruko Onsen),
Alkaline component, Ca, Mg, Hot spring analysis certificate
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[Ae]>0.3 (1 -Ke)/(055—1.55Ke)

22T, [Ae]l BHET VA YD HET, Keld Ke=[Ca+Mgl/([Ae]l+[Ca+Mgl), [Ca
+Mg] X Ca & Mg iR 3. BERMIZVWTNY [mmol/keg] TRT. F72, XXV
e G257 VA ) RBEIE X V X VEER L G 2, F O S I3IFIEFEE O NaOH, KOH,
Na;COs, Na,S 3 & O Na,SiOs 2 &5t L 72 NaOH &, Wi ® NaBO, 8 X F—F§9\» NaHCO; 12
THTE, ZNOOFSHEOEFHEELE LTELZLDIERIT VA ) KT IEE [Ae]l T
H5. FRICXY, I REE BFHERR) 268506 DIRRIZOWT, Zh5 DIRRGHED
5 94.1% DOHER TR D XV X )VIEOH BT BE T d 5 45 %2 1572,

F72, REBICANVINVEERG5 25 AN ALE LT, BEBICHEIETAEEE 7V A Y BUBIC
) Na(K) fAipdsEm L, XV VER G 25—, HRAKFICETNS Ca e Mg DIFELEIL
XY CalMg) AMRD X 5 & RAMDECRBEO XV X VERET S, &5121F, Eksh
72 Na (K) filld pH2MEF 52 & HICE D XV X VIENRHIHI SN 2 & CHIIT X 28 %%

157-.

F—T—=F EEOXNAIVE, 9 hEY BTiRR), 7VA)ES, CaBXO Mg, i
e

1. FUC&IC

INFETEASGIL, FHELETROWBRKOZFIZEZ 2R E LT, EEMEICE S 2WER
L ENTWL Z &2 SBALIIHIR ZALIIH, & S IRE DAL HE S Il 2. o A e i)
MRS PFTE AL EZRE KIMAS, 1998, 1999, 2000, 2002, 2003, 2005a, 2005b, 2008,
2009, 2010 ; KN, 2003 ; Okouchi et al., 2002, 2009 : Ohnami et al., 2003 ; K% 5, 2008a,
2008b) LT&7z. S5, WMERTIEERN, EIHEISVIEZ SN TELD, HENEH TR
BoMI koM E, ¥ 3, VNAARABET R S X RILEORNYE D X 5 = ¥ 0K
R, ThbbEARROWREMEICOWTHIE (RS, 2008b, KIS, 2009, 2010, Okouchi
et al, 2009) LC&7-.
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L2L, TNHOREICHT ZEBENZHEOMIS, ZhF CRAEKOABICL ZHHEICHT S
e LT, ARZAN, XNV, $IFTHF5HEDSEICREINLIEEMED, —HIIHW
LBNTETCVLDOLHETHL. INOHLORBON, RRKICIZHEHO XV ZVEIZT VA )
FICE BT E IS, BENICOIFHE IS EhD, SO XNV NVEE S 2
LR D B pH 2 & T XV 2 VIEE 5 2 2R AKOEMCOW T OB 7— 5 Z HET L
7o, BBIT, ROV RSSEFIC XV RVEE 5 2 R KO RIS 2N ERE L7
T/, ANVIVEERLGZ 2IRHBENS S 2 &Y (B TRR) IOV TOELRELT- 7.

2. ERBEDOXILIIVEE ATEKEDDREZE

JEREIZ XV ROVIEE 52 B IR ORI, FEARMIC Fig 1IRTER (hbedk, STk
ZMW) BT HERDbNS. $habb, REORESEMTO7 VA Y Na, KH) 12X D Na(K)
ARBLOZ) L) UHERL, FRODOESAZ NI NVERE 2 5. —T5, Na(K) R amd
DCaReMgAF Ik, £FAER (Cax2ld Mg k) ZAEKL, ANVIVENSHESNS,
7o, REA T VIRENEOR, AR SN Na(K) A e L Na (K) B H A+ v & 8#HL, X
W XVENIHI SN G, 20720, XNV XNVEE G 2 2K E LTiE, Na(K) 1+ »% Ca(Mg)
A+ E0%L, KREAF VIBEMOY PHASEV) T EDBS5UEHETE S,

FIT, EBELTEEEBOXNVINVEZE 257 VH)RSOMEE pH 2 &0 72 1-E L OB
R, BLOXNWVINWEZHETLEEZONS CaBL Mg A 4 v OEBIZOWTHRE L. &
512, Fig. 1 OBEPEBOMRKICDEATE 0%, HARORENLREEO XV 2 IVEES 2
% ") Xy (BT THERR, MR L7

3. X B

RBIZX VX VEE S 2 BIRREONEICE IV T VA ) R#EE LT, F12 NaOH, KOH,
N32C03, NaHC03, NazS, N325103£l U NaB02 753‘3‘:&%'(% Z) %:T, :ﬂ%@%ﬁ%%%h%h*ﬁ
BUKICHEREE, REBIOHRELZREL, pH 2WEsk, FEBICH L7 SHoFEBRT, Rak

RCOOH
Fatty acid

Na (K) -alkali acid (H")

Na (K) -alkali
RCOONa(K) -
Soap ED: @

Ca?"Mg** Na (K) -alkali
\ 4

[ (RCOO),Ca(Mg) J

Metallic soap (soap scum)

Fig. 1 The relationship between components of bathwater and soapy feel to the skin.
1 BHEKES ERBOXILXIVEE DR,
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TR Na A F VDK A A Y EDIERMIIE W Ens, 70 A1) R#EE LT, NaOH
& KOH THRED XNV X IVEIZED W T & 2R %, 7V h )RS Natfiz vz,

EHIT, ANANVEEGZ 5T VY RIEREE IR L 72K, B (HCD %2142z, pH
FERTEE, HH0iECa® MgHi (CaCl B X OFMgCL) #RIML, XV X IVENHES NS pH
BLWCa Mg M+ ViREZZENZENLRD -

INHT VA RIELZREFEL, 40COERAMICHERSE, KMEICFEZEL, EHOX VX
VIR FEFMHE L. XV XOVIEOH]E 1, xwxwm%mtéﬁﬁktf FEEL 1M
VI (R XV EEDssav © OFN), 16~30 8 (XL X VEAES - O BIX O30 BLLE (X
ZVE R & U CED o 3 BRI, 20 BT B RIS O M E T 2L 5~7 A TR
L, PR LMk R 2R LCEMi L 72,

4. BRBSLUVEE

4.1 BEBICXLIVBEEZZT7ILHYREREL pH OBEE

Figure 212, —fl& L TR D XV 2 WVIEIZ KT F Na.COs KB IEE & pH OBFRZ /R T.
Figure 2 T, WXV X VEE/RT OFOHPAIX, Na.CO:RENBE L2 05mM f:h8 L O pH
WP ETHEZ g 05b. —F, Flg 2 hOERIFO XNV X NVEE G2 5 T VA1) ikEORFGRE
(OLOHDOBTHEED AN A NVIEE G2 % 5/NRE) 138 03mM fits, 2O pH & 9.8~10
OMCHDZEDHERTE L. &B, HEO I IVEOHEICOWT, EBEELT, 70%% 8
PR I N Y (A

Figure 31213, ZOMo7 Va1 ) l$EL2 GO TENLRE L pH OBREZ/RT. H»5, T A
1) 33 NaOH, KOH, Na,COs;, Na,S, Na,SiOs 3 & OF NaBO, T, XV X V% 5 2 5 I EIX
ImMUTBIOMRApH ZIEGHRLEDME LD ENGDH. —J, MLT VA RIED NaHCO;
T, TOMRAMEEIZ3~73mM O, BRApH 18 EHIEE, MED6HOT VA Y RIEL XL
ANWEE G2 HRFERES LU pH ST R E KRR B4R 2R L7z, 22 &id, NaHCO; Tid,

o
Z 10 O O
= o
O : Strong soapy feel
9 < : Weak soapy feel
[ :No soapy feel
8 L L L
0 0.2 0.4 0.6 0.8 1

Na,CO; concentration / mM

Fig. 2 The relationship between concentration and pH of Na.COs agueous
solution giving soapy feel to the skin

2 KBICXILIIVEIZE Z B Na.CO; KiZRDBEH LU pH DR
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Figure 412, —fl& LTV XV 2 V& (OH) %5 2 2R TO Na,COs RIEMIZ, 3HERKE
WaH T L, pHZMT S0 XV 2 VEERFT 2 B pH Ok iR TRs. o L
W OFEIEA XN X Vg% 5 2 5% R L, Na.COs it LRI, XV V& E 453 25 i)
RpHIZMETF¥ 5. #1z21E, Na.CO; ImM Tid pH 12 105, 11mM Ti& pH & 10.8 DR XV X )b

20

O :Na,CO,
© O:Nu.S
@ :Na,Si0,
o | ®:NaOH
®:NaBO,
e @:NaHCO,
o QO Strong soapy feel
O Weak soapy feel

e
10 + . a5 ge ® 0 :No soapy leel

9 o 1} 12

Alkaline component concentration | mM

Alkaline component concentration / mM

@ lagnified view ™'
5
=] o]
- e
0 < ;mgﬁhﬁg@ .
7 8 9 10 11 12 13
pH

Fig. 3 The relationship between concentration and pH of various alkaline reagent
agueous solutions giving soapy feel to the skin.

X3 BBICXINIINBEEEZZERETIVLHUREKSRDEE DS LU pH OREE.

13
11
9
o
o,
7
5 O: Strong soapy feel
<> : Weak soapy feel
[O:No soapy feel
3 L L L L
0 4 8 12

Na,CO; concentration / mM

Fig. 4 The relationship between concentration and pH of Na.COs aqueous
solution giving soapy feel to the skin in hydrochloric acid titration.

4 Na,CO, KBRICERZMA -BEOREICIINVIIVEEEZ 5RE & pH OFSfR.

241



KNI, 1 2, SEHEEE, 2 -y oy o8 7, MK, 90 &, 50 SR

& (OH) #52%. LaL, oIl E2 M T pH 2 FIFTREB O XV X VEHNOE IO
DR pHIZ, ZNFN T L 67 E%b. TV REDMEDSE VS, B pHIZICTF L
pHATHHD 72 THY, 7TVAVMTHRL THANVINVERZHREELTWDLI EX05. o7V
AV RIEZOWTHFEBOREREZRL, 7Uh ) REREDIECE, F72pHNEVE, BICKS
I XV EHEIHIATK & DR EZR LT

Figure 51213, BMIZX IV X VIEE 5 2 % Na,CO; AKIFWIZ Ca A4 + v &I Z, XV X VKA
EIZ3ND Cafdve NaCODMFREDORIMRE /RS, REEF MU 7 ZRENEL RBHICONT,
ANANVERHET S Caf+ v ORFBED R 25, B, XVIVENHESNZOLO]
DOHORFUREZEATZLDTH 5.

Figure 6 121, Fig. 5 & FERIC Na.COs # &H D727 VA Vil iIconw Tl o T -5 % &
bETRYT. ZOKE, TUHYREDENI L BRFEDO XV ZVIEIZKITT TN A ) RIEORR
W [Ac] & CaA A Vil ([Cal) L @BRIE, LT 0)~B) IR 3HEED 7V ) 3k
AN RFREX S S .

(NaOH, KOH, Na,COs Na.S, Na,SiO;) : [Cal =057[Ac] —0.30

(NaBO,) : [Ca] =0.11[Ac] —0.06 2

(NaHCO;) : [Cal=006[Ac]-044 3

B, [Ac] BLU [Cal OREHMIE (mM] THD. IhSORREENT, ThZhoEi
DOEMMBIEAE I O 2V XV IEE G- 2 2 5838, AL 2V 2V L Wiiks Ry

Figure 712, Fig.6 D CaA 4 v O DIZ Mg A F v EHW XNV ZVERHESND T IV A
VAEEOWAIRE [Ac] L OMRERT. TNOOMRARIRERIL4)~6)NTRT. Tho5OBRR
WEAOBEMT, Fig 6 L FEEIZ, TN ENAMBIRAEN O XV Vx5 2 558, AMiE 2
VXV L W R TR T

1

(NaOH, KOH, Na,COs Na.S, Na.SiOs) : [Mg] =052[Ac] -0.30 (4)
(NaBO.) : [Mg]=0.09[Ac] —0.05 (5)
(NaHCOs) : [Mg] =0.05[Ac] —0.37 (6)

3
QO : Strong soapy feel
< : Weak soapy feel
E [O:No soapy feel
2 F
=
g
g
2 O
g1t o 3
% o 3
& 0 0
o] O
O O
0 = o - : o
0 1 2 3

Na,CO, concentration / mM

Fig. 5 The relationship between alkaline reagent limit concentration [(Ac) and calcium
jon concentration [Ca] in Na.COs aqueous solution giving soapy feel on the skin.

5 KBICXILIIVEESZ B Na,CO, KBRDIRFBRE [Ac] & [Ca] DEEfR.
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O :NaOH series
© :NaBO, series
@ :NaHCO; series

Ca?* concentarion / mM

0 10 20 30 4C
Alkaline reagent concentration [A] / mM

Fig. 6 The relationship between alkaline reagent limit concentration [Ac] and
calcium concentration (Ca] in NaOH, NaBO., and NaHCOs series agueous
solutions giving soapy feel on the skin.

The regions on the right-hand side of each straight line : region where
soapy feel is provided on the skin, the regions on the left-hand side of each
straight line : region where soapy feel is not provided on the skin.

6 BEICXIXIVEEE Z D NaOH %, NaBO.%$H LU NaHCO:; R7ILH UHED
PRFEE [Acl & [Cal DR
FHEMOL MO - BRI XV 2 VIR 2 55, S EHROAM O I %
WV Vg G 2 70 I

O :NaOH series
@ :NaBO, series
@ :NaHCO; series

Mg concentration / mM

0 10 20 30 40
Alkaline reagent concentration [A] / mM

Fig. 7 The relationship between alkaline reagent limit concentration (Ac) and
magnesium ion concentration (Mg) in NaOH, NaBO., and NaHCOs series
agueous solutions giving soapy feel on the skin.
The regions on the right-hand side of each straight line : region where
soapy feel is provided on the skin, the regions on the left-hand side of each
straight line : region where soapy feel is not provided on the skin.

7 BBICRIVRIVEE S5 Z 5 NaOH &, NaBO, R LU NaHCO, R7J)LAH U A%
DEFRE [Ac] & [Mg] DR
FEFROL MO © B2 I XV 2OVIEE 52 2 588, KO M OB © B2F I
OV X V&R G 2 TR L
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IhH DGR (Fig 6 £ 7B XT(1)~B) & 4)~6)K) 25, KEIZAVANVEEGZ5TIVAY
AIEIZOVT, XNV ANVEEML G2, »OZOmEEDIZIZM U NaOH, KOH, Na.COs;, Na.S B &
O Na,Si0s (NaOH R 7V 72 Vi), Hi o NaBO, 8 X '~ §5\> NaHCO; (1208 T & % & [k
i2, CaBLU Mg A4 F ¥ DORJED XV AVEERRIGECHORERA ROz, $72, Nab
LKA OB THEP RN A0 5. €T, Cak Mg A+ v ORiREFHLL, WA
FraGgbErz [CatMgl &7V ) REEDRBRE [Ac] OBMRE LT, H22IZ(7)~9) A%
hehimons.

(NaOH, KOH, Na,COs Na.S, Na,SiOs) : [Ca+Mg] =055[Ac] —0.30 (7)
(NaBO.) : [Ca+Mgl=0.097[Ac] —0.055 (8)
(NaHCOs) : [Ca+Mg] =0.055[Ac] —0.40 (9)

22T, (M~9XiL, aBLTbEZRZUREELT, WOXDOXHIT—MILL TERFTZ L3

T 5.
[Ca+Mgl=alAcl-b (10)

WAT, CaBIU Mg EENAW, T4bDb [Ca+tMgl=0TiE, [Acl=b/al %, TVH
VG AIZ N R NVIEER G2 B/ NREE [Ane] DETE S, ZORMNEE [Aw] 1, ZThZho
TNH ) RIESIIH LT, 055, 057 BLO73mM &% 5. Fhig, XX IVE#ES 2% NaHCO;
DENREEL, o7 VA ) REITH LT I3RHELBVIRESLEL RS, —J7, CaBXU Mg
£+ OFEFR1ImM ([Ca+Mgl=13 5 243~40ppm (=mg/kg)) ® LT, X)X IVEE
RS 2 IS E R 7 v h ) REERE [A 13, ([Ad=0+b)/a) THGZHH, (1)~OXKDOT VA
VRFEIIH LTENEN 24, 103 BLU255mM 253 5. 1, CaB XU Mg A+ »1Zxf
L TRV XVEERREFT 5 720121%, NaHCO; iZ NaOH 52 7 )V 4 V) 33K} L CTHY 10 5 i s
MBRFEE LD, TNOSOMEE, Table LIZF O TRLA. NaHCO: iZMbd 7 v 7 ) i3k & K X
CRBY, IVANVEEGZHDIEHREEZET L), CaBLXUT Mg A+ VIZXDEHICAIV
ZNVESHES NGV L2505,

4.3 BEOIXNVIIVBRICRIEFTZILHIHEE Ca LV Mg DES
TIA ) RHEORAEE [Ac] & [Ca+Mg] O#EHVE, KL LT (11) XTERT 5.

K=[Ca+Mgl/([Ac] + [Ca+Mg]) 1)
TIH ) REORFIEE [Ac] Z100BXWA2S, XTHEZ 515,
[Ac]=b(1-K)/(a— (1+a)K) 12)

Table 1 Parameter values causing soapy feel on the skin.
K1 BEBCIXNLVIXNVEEEZZ&B/NT X —20OfE.

Alkaline component A Minimum concentration Alkaline component concentration Limit K¢ value in
(Values “a” and “b”) of alkaline component required for retaining soapy feel providing soapy

providing soapy feel per mM of [Ca+Mg] feel (Equation (13))
[Auiu] (=b/a) [Ai] (=(1 +Db)/a) (=a/(1+a))
NaOH series (NaOH, KOH,
NasS, Na,COs, Na,SiOs) 0.55 24 0.355
(a=0.55, b=0.30)
NaBO:; series

(a=0.097, b=0.055) 057 103 0.088
NaHCO; series 73 9255 0,052

(a=0.055, b=0.40)
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(]
=

@ @ (D:NaOH series
(@:NaBO, series
(@:NaHCO, series

i

w

Alkaline component concentration [Ac] / mM
=

=

0.2 0.4 0.6 0.8 1.0
K

Fig. 8 The relationship between values Ac and K (Eq. 11) in different alkaline
components giving soapy feel to the skin.
The regions on the left-hand side of each line : region where soapy feel is
provided on the skin, the regions on the right-hand side of each line : region
where soapy feel is not provided on the skin.

8 MBICXIIIVEEEZBTIVAUVKRSDEWVICZES Ac & K1E ((11) X) DA,
BRI O © BERFIC XV A VEE 52 508, oA O @ BRI 2 v
XV E G2 R T

e
=]

Figure 8 12, 125123k2 %, [Ac] & KOMFRERT. ThEFho7 Vv H ) RlkFEIIH LT3 D
OO ND. B, TNOHMFROENZNIEMA 2V VK Z R $HIE, AR S Wil
Wb,

T2, TAUH)REORAIRE [Ac] PERKICEWVIEE ([Ac]—w) T, KE%ER Ke
E35E, Kelz@XTHZONA.

Kc= (a[Ac]—-b)/(alAc] —b+[Ac]) =a/(a+1) 13
Zhilir, NaHCO; 252 )V X )V % 5. 2 5 58181%, Table 1 1R 7V 4 ) SRIEF/NEIE [Awe] D73
mM PL I, Ke fifigs 0052 (52%) MINOIEFITHRVEE 25, —F, NaOH R 7V H ik T,
[Ana] 13 055mM BLE, Ke flfias355% DIAA XV X V&% G 2 5 E %Y, FUT7IVHY R
Td NaHCO; IZEIFIC XV X VIEE 52 % ISR L2395 H 5. NaBO, R Tld, Th
S5OTNVH)REOFMOMEE RS, RS5O K EULED CaB LU Mg 4 * » & &LinfiKT
i, T REEEBEAMZTH, BEOANVANVEIEOLN LW EEEIKRT 5.

4.4 EBICXNVINEEEZZ2FHMT7IVA)HRERE
RIEIZ XN I NWEE 52 57 )V 1) HABIZOWT, NaOH % (: [ANaOH]). NaBO. 5% (: [ANaB()Z])

BLPNaHCO; R (= [Avaicos)) D 3D ESNDHERDE O NTA, EBEOWEMKTIX, Th
L7 NVA)REOREGRERDL., TN, BEO 2007 VH ) RIEE NaOH 2D 7V 7 1) ik
WCH— T2 0EP DL, ZD720, NaOHRIIHTEE TV H Y RIEREN, [Avonl/[Axse] B
O [Avon) /[Avacos], ZRDDUBEDRH Y, TNOLOREFRIIEFNFNMUWBITWBRXTEHZS
ns.

[Axonl/[Ansos] =0.176(0.3+ [Ca+Mgl) /(0055 + [Ca+Mg]l) (14)

[ Axcon] /[ Axancos] =0.1(0.3+ [Ca+Mg]) /(04 + [Ca+Mg]) (15
Figure 912, (493 X)X HD vz 2R3, [Ca+ Mgl OKEE (8 05mM L)
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1.0
208
]
puth
=06
=
2 04
<
< 02 NaBO, series
- NaHCO; series
0.0 ' : E
0 2 4 6 8 10

[CatMg] / mM

Fig. 9 Desgree of contribution of NaBO. and NaHCQOs series alkaline
components in giving soapy feel to the skin with respect to NaOH series
alkaline components under variations in (Ca+Mg] concentration.

X 9 [Ca+tMg] DEEZILICRIFT NaOH R7ILAH UKD ICxT 5 NaBO, LU
NaHCO; 27 I HUBADORBICXIVIVEEEZ 2HF5E.

ZRE, TNOOREIITIZIZEOMICPTOEL, At 018, —H#EHFIZ0l THEMTELZ L
Boahb. ENL, SEROGRHT VA ) RIERELY [Ae] 52L&, (90X TREINS.
[Ae] = [Anion] +0.18 X [Anpoz] +0.10 X [ Axaicos] (16)
F72, WXOKMED, BRT7 VA BSRARE [Ae] Z w7, Ke(=[Ca+Mgl/([Ae] +[Ca
+Mg]) fiCTE#ZRLIET &, [Ae] & Ke OBRIZ, (R THZ5N5.
[Ae]>0.3(1-Ke)/(0.55-155Ke) (17)
Figure 1012, (79X ® [Ae] & Ke ODEREZRT.

4.5 BEBRICXIWIXINEEEZD “5KESE (BFRR)” TO (17 XOIKREE

WROFEREE, "9 &Y &0 9 0RE (IHREY) 26756l THRIET 5. K
WXV A NVEE G2 HRE LTHEAR ) REY &, @) ABT, BRE ) 2E0RED
AN XKL FAEOIEREICSE S, B TRROW SRRIEOREK (GHE—T M) 7 2—6RERE
W, pH89) X, EMAR “H XY LLTHLNRTWS., ZOHURKIC, pHE TFIFA7201C
HCl @i L7236, B pHIEF D 7 2R TH Y, F2CaAf 4y ZHITHmML%E,
150ppm (375mM) %8z % Ca A F ViEAMINSES5F TNV ZAIVEDRI-NZ. 202 &h
5, I EGIXNVXVEHEICKRE LI R T RETH LI L0505, )% EHLD, Fig4d
BEUFig 5 TOEBREELFMIZ, RFOX VX VEIEZpHR Caf F > OB % %), Fig 1
DEFED IV ZIWVED X F1 = XN % T § R 2R L7

F72, @S RREEOWMEIWRT, TNH)RIEL Re$ I L25TE 5451, NaHCO; : 7mM
(096 %), Na,COs: 15mM (27 f%), NaS:25mM (45 4%) B X OF NaSiO; : 25mM (45 %) & %
D, RIFIZA NV XVEEE 2 D0 BOEMT VA ) BahaEn, 2o [Cat+Mglid 019mM
LB BB, Ay ANOFAEIZE T VA ) B R Table 1 1ZR L7270 A V) ik BRI
THININT HBREETEH S 722 RT. ShoDT7 VA )RS %E, ORISR TERDT VA
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VREEE [Ae] WKHETZE, 72mM &R, WERFKMEO ) 2 EHE 7 vh)ilEEnEh
IR TRV I NVT HRPRED 13D T VA ) RG2S RICHELI LIChb. T2, Ked 0026
ENEL, TNLEDOF—% % Fig 10108 T &, WERIRED D 2 EH (aF) X7V h Y Ko
EAE L, CaB IO Mg OEEHIEFIML, XNV X VEE TR THEBICHELEL TWD Z EH

Soapy feel region No soapy feel

ron the skin region on the skin
(e] —

]
K=1m}

04 0.6 0.8 1.0

Fig. 10 The relationship between [Ae] and Ke, and judgmental evaluation of hot spring waters

feeling soapy on the skin such as “Unagi-yu” [soapy-as-eel-skin hot spring] (Naruko Onsen)
based on Eq. 17.
a : Yusaya Ryokan (mirabilite-containing sulfur spring), b : Shintoro-no-yu (mirabilite-containing
saline sulfur spring), ¢ : Takuhide (mirabilite - sodium-bicarbonate-containing sulfur spring), d :
Senshoukan (simple sulfur spring), e : Hotel Ohsgiya (saline spring), f : Ryokan Ohnuma (sodium
bicarbonate spring), g : Hoshi-no-yu Ryokan (simple spring), h : Asuka Ryokan (simple spring),
i Naruko Radon Onsen (sodium-bicarbonate - mirabilite-containing sulfur spring), j : Toujya-
no-yu (sodium-bicarbonate - mirabilite-containing sulfur spring), k : Ryokan Sannojyo-yu
(sodium bicarbonate spring), | : Kikuchi Ryokan (simple spring), m : Shiki-no-yado Hanabuchi-
sou (sodium-bicarbonate - mirabilite-containing sulfur spring), n : Elderly Recuperation Home
Nakayama Sanso (sodium-bicarbonate-containing saline sulfur spring), o : Uba-no-yu Ryokan
(simple spring), p : Higashitaga-no-yu (earth-metal - sodium-bicarbonate - mirabilite-containing
hydrogen sulfide spring), g : Naruko Kanko Hotel (earth-metal - mirabilite-containing hydrogen
sulfide spring), r : Gin-no-sho (acidic mirabilite spring), s : Taki-no-yu (acidic alum - copperas -
mirabilite-containing hydrogen sulfide spring), t : Ureshino Onsen (saline sodium bicarbonate
spring), u : Takakushi Onsen (sodium bicarbonate spring), v : Hakuba Happou Onsen (alkaline
simple spring), w : Tokigawa Onsen (alkaline simple spring), x : Otani Onsen—Yamada Ryokan
(sodium bicarbonate spring), v : Otani Onsen—Nessensou (sodium bicarbonate spring), A :
Ashino Onsen—No. 1 well (alkaline simple spring), B : Ashino Onsen—No. 2 well (alkaline
simple spring).

10 (17) KICE DK [Ae] & Ke DER, BLVEBICXIIINEEEZ S “S45EH (BFRR) K&

(25 T %R R K OH B 5.
a: W SRNREE (HFEM-HIER), b: LA A0 (HFE - Sl-mHR), c B (GTMEE-HHER),
d o AlESE (BAmELR), e A7 VEE (BIER), f:RERE (EER), g ROWikiE (FMIER),
h: H3Hhehs (HARR), i B T7F F Ui (FEEFEM-MIGR), j JEol (EEWEM-MITR),
k :iRfE = 2w (W), | 2tk (HOARIR), m: UZFEOMABNE (FEEEMH-MIER), n: &
MRS — ARl (FEE - £E-MER), o oWk (HHR), p: KZHEO% (G
EEH-TMAALKRER), o BTEDER TV (HFHE-TMmALKER), r GoFE (BETHR), s
DY (BRTEEIHEE - TR KRR), ¢ HFRR (FAEE-FEER), u: SRR EER), viH
BT (7oA ) PRI ), w o &I (7 Vo ) PR HARR ), x @ MR L kEE (FE
R,y MR ESE (EHER), A ARRAE SR (7)) EEMER), B SHRRE S
S (7IV A ) PERRR ).
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KMPNIE—, &)1 22, BHEEE, 2>y oy y )7, WS, oM &, HHE5EE W REE

T TE 5.

=7, WERIRED I L EOW LKL T, FEHZ2VIEENI RIZA VI VEEZRTE SN
“LALAOW (bH, &E—F Y A—hERER, pH 94) TIiE, WRESHTEIS T VA ) IK
45 LT, NaHCO;: 1L1mM (0.154%), Na:.COs: 1.8mM (33 1%), NaS:05mM (091%) B XU
Na,SiOs : 63mM (1154%) & 7425, # vy aNOMHEIZEFRLER U TH S, AR TV H VD IRE [Ael
1377mM, Ke i 0018 £ 720, LALADEHIZWERIRATD D % W LLEIC, FHO XV 2 VK
FACHEST B AER T VA D IEEDE L, XV XVEEHEST S Ca b L U Mg DEE %77 Ke bk
W, ZOZEIIZEY, LAMNEDOE OFRID ANV IVEEMT IO LHEITE L. T2, BE
ORI TENE LT, WX R XV X IVEDTE W NaHCO; SEKD 7V 511 15 D% 50%
FhbL—F, LALADOHETIZLE D XV X VEEED D NaSiOs B3RO TV ) 55D 65% %
Hb, MUANVAINVEEZE 259 EHTHRAMNIIKERECDLD LI ED005H. INLHD
%n%i Figure 10 5B S0 k912, LAEADOY (bE) OFA, @SR (aFl) X0,

IR EYT & LTIV X IVEDRR RN 07 KUTRT XV VRO M S, a L) bOkas
HHERIRW S L2k D) SR TE S,

WRRICIZ OO RE (IHREH) KDL EFMONT VLI D, WERHRAE (a )
BIOLALEADE (bF)) OMIZX VA NVEE S 2 DMK (c~nHl) BIOX VX VEE Y
AWIREAK (o~sHI) 12V T, WRUITHEDEXMITL, Fig 10 ICHHLETRLA. BT
DANZINVEES 225 (OH) BXO5 25w (LJE) 5K 25 Fig 10 ® XV XV & R
WEBICEA ISP, BTRRETO RO XV 2 VIEFEM R OGS R T E 72,

F 7z, Fig 10 1B FREDA TV VT R THARIEFRR tH) BXUOHUEEERIC
H AR (W) R, pHAY11 28-3R 7 V7 ) o BB A L EE (v ED) B X OEEIRS (w
FI, 3MER) dwihd Fig 10 D XV X VEOHFIRIZH S Z L0955 h 5. LrL, BiEHEOEER
R &R LT, BEOMmiRRIE, pH 2SIEFICHE < TH XV XV KO R TR E <
pH 8 BOHIHE DM pHIFIED “9H 2 &W" LI LT, pHIZWBI L TV X VKN &
RS 22w,

Fig. 10 ® x FITR$/MARE (BHE) 13, NaHCO; % 1961 mg/kg Z &G I2 2 v 2 VK%
HzpHEERELTHMSNTWS., LHL, ZOiEAKEpH7 Z THS68D7 VA HETId %A
W, ZOMMBOERT VA ) TEE [Ae] 13935mM &) R EHLYEL, $72Ked 014 &
KEL LW ERS, XV XVEKHEEIIAVNS , 20729 pH 25 ELIT T XV X V& a1
FELTWw2EEZONL. BHO XNV INVERIZHGT LTV ) Kae LTEESNS NaHCO; &
32mM, Na,CO;1x 54mM &, HiEDR 6L\, LaL, A7 VA RGo8E&E LTiE, i
FE 3%, BEEUBERL. Thabb, HEOXILINVEIIEG 2 5%%E LT, NaHCO; £ 1)
Na,COs AR E L HFLHLTWA I LEAnhsb

512, Fig 1013733 A & BEHNE, SRR (BARER) OR CEBN2SELT2 pHIAD
TUH)HEHRO 1 5L 2 5HREZNEIURT. MUTVAY)BMIRTH B, diFidlicx v
INVEE Gz, —HBED2FFRREIIANVINVEES Z V. DX 2zHNb2 8T, PFHRIIX
W ZIVIEDHIRIARE & 72 .

4.6 BEBICXIVIIIVEEEZ Z2ERKOHZ

Figure 1112, %Y PTHELZEBEDOI VI VT L, HDWIEX IR IV L ZRWIREK 506 D
WROMBOT—FIZEDE, FRT VA )BT ERE [Ae] & Ke DR TE L DR ERT.

B, ’PoOMMIX VI VTS, LIEHZX VXV LaEWEREKEZRT. ZO#E RIZXY
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@ : Hot spring water feeling
] soapy on the skin
M : Hot spring water not
feeling soapy on the skin

pra— ] =
Soapy feel region . No soapy feel
10 | onthe skin region on the skin
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Fig. 11 Soapy-feel judgmental evaluation of 506 hot springs in Japan based on Eqg. 17.
11 (17) KICED<CLE 506 »FIDBRRKDEBICE 2 % XU XIVEDH|FIFE.

94.1% DIEFEKDFI AT e TH R RPES N2, — ORI EDLEWIER L H LD, Fhiio

WwT

1)

R OFAE THGET L 72w,
5. ¥ & &
KJED XNV Z)VEIE Na (K) ZOT VA VEGH% L, Ca Mg) BP0, XV X VEr

WL, S5ICIFER SN Na (K) fAERIZ H OIS L DS L X VESEIR S s 2 &
5, AMEF VA XTI/ RIMEON. T2, IVINVERGZB5E)HFIZ, Ca s Mg A
FrBLUNak KA F VIGECD RN EDFERTE 7.

2) —EMICEF O XV IIVEAL 3 =), TAAVHEEEZSNRTELDY, pHT7 OHHLUTTD
ANZINVERGZ D542 HT5REKED 5.

3) HMICANANVEE G Z HRBRERGITRICES ST VA ) RIEITONT, ANV A VEEH LG
A, MOZFOMEHITIZN U NaOH, KOH, Na.,CO;, Na.S B & UF Na,Si0; (NaOH &7 )V 1
#HF), RO NaBO, 3 X 0" —FF\» NaHCO, I T X 5 L [ABFIC, CaB XU Mg A+~
DFEE D XV ZOV IEBLERD HA T 38 AT G R A S 7z,

4) FEEOXNVANVIEEHRT HNEREL, HEOXNVXNVIETHAR ) &% (BFRR)
% T 506 DR AKD 2V ZOVIEDFIFIASIRIR AT A S 94.1% OMES T HET D 2 f HAs
Hoh.

5 BUE, AZ T ABPEEDO XN I NVIKIIKELFGTLHERBLRENTVSED, Na,COs % ED
> 7 N H ) G DN L DR T E 7.
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