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Abstract

In our previous report [Okouchi et «l. : J. Hot Spring Sci., 62, 237 (2012)], we proposed
the following [Ae]-Ke formula that is applicable to soapy-feel judgmental evaluation proc-
essing of hot spring waters by using component data indicated in the respective hot spring
water analysis certificates.

[Ae] >0.30 (1 -Ke)/(0.55—1.55Ke)
where [Ae] represents a value of effective alkaline component concentration, and Ke
represents a value derived from the equation Ke =[Ca+ Mg]/(Ae]+[Ca+ Mg)), in which [Ca
+ Mg] stands for a total concentration of Ca and Mg ions. The unit of measure in concentra-
tion is [mmol/kg] in the data demonstrated herein.

For improvement in the accuracy of soapy-feel judgmental evaluation, the present
study has been focused on exceptional hot spring waters that were not in conformity with
the above soapy-feel judgmental evaluation formula in the previously reported data. In cal-
culation of effective alkaline component concentration [Ae] of hot spring waters indicating a
pH below 7, a metasilicic acid concentration value was assumed to be zero. Besides, regarding
OH" ions acting as one of the species of effective alkaline components, the condition [OH ]=
10" was additionally introduced. The results of examinations based on these conditional
arrangements showed that the accuracy of soapy-feel judgmental evaluation of 506 hot
springs can be improved from 94.1% to 97.6%.

Furthermore, with [Ae]-Ke relationship data, the methodology of soapy-feel judgmental
evaluation was examined so as to attain a m aximum level of accuracy, leading to the finding
that a region defined by the following conditions of [Ae] and Ke provides a soapy feel.
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Hot spring waters feeling soapy on the skin : [Ae] > 0.60 and Ke <0.30
Resultantly, it was found that the accuracy of soapy-feel judgmental evaluation can be
increased from 97.6% to 98.6% in a relatively easy-to-implement fashion.

Still further, with pH-Ke relationship data arranged for introduction of pH values, the
methodology of soapy-feel judgmental evaluation was examined to enable accuracy maximi-
zation, thereby revealing that a region defined by the following conditions of pH and Ke pro-
vides a soapy feel. Resultantly, it was found that the accuracy of soapy-feel judgmental
evaluation can be increased to 97.8%.

Hot spring waters feeling soapy on the skin: pH > 6.6 and Ke < 0.30

For practical application of soapy-feel judgmental evaluation processing, the latter two

procedures are recommendable in view of simplicity and ease of use.

Key words : Soapy feel on the skin, Unagi-yu [soapy-as-eel-skin hot spring| (Naruko Onsen),
Effective alkaline component, Ca and Mg, Hot spring analysis certificate
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B ORI S, HUREHE, 62, 237 (2012)) T, BEOX VA IVIEZ 5 2 iR AK%E, i

WO REOTEZLE S SHT LT O [Ae] -Ke HIHIEFMR ZRE L 722
[Ae] 2030 (1-Ke)/(055—-155Ke)

22T, [Ael EHERMT VA S IEE, Keld Ke=[Ca+Mgl/([Ae]l+[Ca+Mgl), [Ca+
Mgl & Ca & Mg #EZRT. BEHRMIZVIND [mmol/kg] TR

L], ZF O XV ZOVIRHI RS 2 B2 E S 5720, B TH BRI b e Wil K
ERWEL, BT VA IS Ae D, A F A BEIESICOWT, pHT7 LT DR KTIE,
FORTEErYOE L, S5, ARMTIVAVESO OH A4+ % [OH ]1=10"""k L
THEA L. ZORE, 506 DEIEAKIZOWT, XV OV BH BIKSEE1E 94.1% 2> 5 97.6% L2 11]
LI AREEPE SN

F72, [Ael-Ke RO T —% %, HIHHEED R KIS 5 X ) WHEHM L 72458, F
LD N XV X VEE G2 7.

FERIC XV 2 viEa 52 Bk - [Ae]l =060 8 XU Ke <0.30
ZDHPIREEEL 97.6% D> 5 98.6% A0 Td 5 A5 L35 L [FKZ, 2B MEEMAS X b filifE
L DR RS

E51Z, XV VEHBIEEGIC pH 238 A L72 pH-Ke R TS, AR HI RS BEA R KIS
5 X HIERM U 72k R, XV XVEE 5 2 AIRKIE TR0 4T F 72 I H
0, OV Z)VEHIFEEE 1L 978% & 7 kR %1572,

FEREIC XV X IV ER 5 2 BiEK  pH > 6.6 3 & OFKe <0.30

FERBH B PIEHGEE & LTk, RO EOHTENRLYEMET, A B BEbhs.

F—T—F OV ZOVERBIEHEN, 9 7% & (BR), AR T VA ) Esr, Cadb
LU Mg, iR HHTER

1. L &I

TR AT, —BIS T H ) PR KRB IC AN X VEE G2 5 EBbhvT&/. LaL
TUHVEDHEL TH ANV INVEE G Z 2 WRRKDH D 00, midk (KHS, 2012) T
TR DTS2 W S 2T A i 24T o 72, BAIICIE, ERKCEThTwALETHESH
LHTNVA)RG %, TR )RIEE LCHEML, ZNOW0E Ca F7213 Mg 5% TN EigE
FEL, B SEEAR (40T) KHTFEEEL, BUAETLTXV I NVEZIELE S F TORMIC
X0, INVINVEDOHERIT-T:. B, TVH)RELRBEETCOERRBTHLZ 0D,
FEARIIZEZE DEEIT I XNV A VEE BbN LA, T h ) RERERCHMALELR XD 2
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NRARRY NI NVEE S0/ 7 VADREREDL ANV I NVEICEETN T I TnwS. Z0
R, REROBERT NS ) W IEEE CaBX Mg 4+ ViBEEDNT Y ATHRTBEHDO X
ZOVIEHIREEM R SRR TE, RHOX NV I NVETHE LGB RN O S 2 X% & 506 Ol
owf FNODIBIBESHEDND 94.1% OHERT XV XNV EOHI BT RETH 5 2 & 2L

CHRT A GE, TR VRELE LTEBICAVAVEEE G, oM S HNTIZRE
F@N@HK&iMﬂDﬂhﬁklUNﬁ@snﬂLthH% H D NaBO. /B & U —FF
59\ NaHCO; RICHHFTE, TNHDOT A ) KGFHD XNV X VKIS E 2 5 F 588G 0 GFHRE
ELTELE F XVINVEELGZLMEIINa L KA+ BLUCak Mg A F VITEWH
BV LB TE . SO DOREDRD, HEICANINVEEGZ DA A= ALE LT, KFIC
HHETDHRET VA Y EIBICE Y Na(K) FAERASERL, XIVANVEE L2 577, RAKPRIC
EEND Ca® Mg DETEIZE Y CaMg) FABRD & 9 LB AEAE UZE O XV XV &% [
T 5. 251, AgENzNa(K) AR pHAMEF 354 & H IZX ) XV X VEDSEIE S 5
L THHATE 2R

ZZTAN, WETIRE KNS, 2012) @ XV XV EHIBEHMERIZ 0D 2 iR K DR %
MEt L, T2 HREEOR L2k 5 &M, 2OV X OVECH BRI pH & OERZ I Z 5%
HEfrore.

2. BB DXV X IV RIS

2.1 EBF*

EEHPAIRIAS (2012) HEE L TR0 THMEZ RS, BHIZXA VI VEEZ G 2 506
WDd 27 IVH ) REL 40C OEGRAY CEEAK) ISHEMRL, XVINVEOFEBRIM L. F72,
INHIZCae Mgz, XNVANVENPHESINL pHB LW Ca, Mg {4 F VigEEZ ZNE
NeRD7z. 2V VEOHEL, ERAECmFELRL, B8V a8, IVINVERIKLELFET
DERIZE 5T, ZRZEN LN (XU X IVERTEV), 16~30 8 (X )V XIVEDTHW) B X
O30 BLLE (XL XVER K L) o 3 BERECT, 20 AR B8 12 RIS o Mt 5 5 2 5~
7N X o TREMIZEHG L, BB OISR REZ R L CuE L7z,

2.2 FIERO XL XIVEHIFIFHER ([Ael-Ke HIFIEFHER) OHIFIFEER L
iR (KIS, 2012) T, $EELZEEO XV VAR (DX Thzoh5.
[Ae] = 0.30(1-Ke)/(0.55—1.55Ke) (1)
22T, [Ae]l EEHTIVH Y KGESE, Ke ik Ke=[Ca+Mgl/([Ae] + [Ca+Mg]) [Ca+ Mg]
X Cat MgigEZ/Rd. WRERMIIVWIND [mmol/kg] TRT. &8, [Ael F2)xNTRT X
‘u%h%h®TWﬁUﬁ%f@&%@zwzw@%@%ﬁ@éﬁtLfﬁéha
[Ae] = [Avion) +0.18[ Aniroz] +0.10 [ Axaricos] (2)
22T, [Awon), [Awso] BID [Awacos] FFEHNZNV 2 V&R 5 < 5- 2 5 NaOH, KOH, Na,CO;,
Na,S B & O Na,SiO; # &5 L7z NaOH 5%, H1H D NaBO. B & ' —F§H\» NaHCO; RO ZFNZE D
TV A ) R [mmol/kg] Z7R$. EOMR, 506 HipH 476 MR THBITE, ZOHBIREE
1% 94.1% % 157,
22T, (DROHBIEHMRIHED e VIR KO R E OB E G L 72/, DTo (A) BXOD
B) CRTEHBEAL TSI LD ghoTz.
(A) FEBEZOV 2V LS, FREHEE (D) T, XV 2§ 2RI & AR K
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A AR % &t (100ppm [=mg/kg]l PL) 3%,
(B) EBEX V2 NVT B, HBEHIR (1)) T, 2V 200 LI S 7z im K
TV A ) AR A% .

ZIT, XANXVEDHBIKE L FiF 5720 ERL (A) 122WTIE, XY T AT V) Bisr
ELTHEBIICANIIVEDORREE RSV EPHETE L. EE, X5 7 1 BRoORRwREEEH
(H AR L&, 1975) 05, pH8LLED T VA VT A ¥ o A BROREEDS 2 BICH#EITL, T h
Ve LTERT 225, ENULTFO pH TIEEHILAWZ EE 2 bNb. £2T, A7 Ak
AT B pH D% KD AR, pHS X W pHT T TAY Fr A M2 X052 LT, H
PRSI B A AE R E R L7

—7Ji, (B) OIS E LT, 74 ) HHURR CRBERRS P Rn Lrd, BRPOZBbR
Fh OB ZIHL, ENLRGOLLOEHT, AIVIIVENFEE Y H NI ENEZLNS.
FIT, TVAVEG RIS ELLENS, OH 4 4+ % pH 2D % [OH ]1(=10""" [mmol/
kgl) LT, ARTIVHYESITINZ 2.

(A) BEY (B) IZoWT Ridsit %z LR, HIBIT e iRt & 476 iR 2> 5 494 i I2H 2,
FIPAGEEIL 941% 205 976% 2 LA L7, ZhoSofifz, Fig 1IRT. EEICX VX VEE S
Z5MRKE@H, Lz awikpAKZEENTRL, KboEGudHmnzEm (1)) <, Zoil
FRCPR F NI B O 2V X VKR 52 5, LA OFEIRIE ROV DOVIEE 52 R VR
EIRT.

ZZT, (R ED Wz EEH XV X VIEOHIREEL 2 H1m L3¢ 5729, ()0 % F
AR 2 RKIZT 5 & D IS ez 458, (DR &R,

[Ae] > 0.06(1-Ke)/(0.43—143Ke) (3)

Figure 112, (3) oW MR 2R TRy, ZoHPIRER, (1)XD9I76% 0 LI TH S
H986% F T LA L B, [Ae] HHEMK L 2 2 BRA Ke filiid (1) 5Tl 0355, (3)3X T 0.30
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Fig. 1 Soapy-feel judgmental evaluation of 506 hot springs in Japan based on
Eqa. 1 (solid line) and Eq. 3 (dashed lines).

Fig.1 ()X (GE#f) $L006)KX (BE) IKEIC 506 DIBRKDEBICEZ DXL
XU R Bl ST
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PESNT. F72, CaBIUMg A+ VDR VEORBICX VI NVEESZ5HT VA YK
TIREE, %&b b Fig 1 TO Ke=0ToOfHIZ, ()BLB)RTENREN055 & 014 2R,

2.3 MEFER [Ael-Ke XJLXJLEHIBIFHER

Figure 1 1Z7R73 [Ael-Ke BIFRDHIFIEFR L ((3)3X) TORRY Ke fH 0.30 & F V>, HIFIKS BE A3 i
KE%DHEHIZ, FHBIGHEA AL 25 X912 Ke=0TD [Ae] M LR, Xv2n
a5 2 5IMKOF5MELE LT, @RI SsN.

ANV A NVEER G Z BHimEK  [Ae] > 060 B L U Ke <030 (4)
Figure 212, 4)RXB X OO 729 (3) XD XV XV EHI IR 2 2 h FHER B X OB TR
L7 ZNO OB X OFERCTH I N XV X VKRS 2 588 20, HIPRS R L&
12 986% DFEHEAES NI, LA L, KEO XV XOVEHABEMLE LTid, )R Xbh, @)
DFN%, XY EHEIC XV X VEORFIEH ST RE & 72 B LA B.

2.4 pH-Ke XJUXJUEHFISHER

INFEFTHH06 DR T — % &, [Ae]-Ke DBIFRTE L 725, pHKe FARTHI L -4 R %
Fig. 312”9, 22T, HPHSEIRAKE %% pH B L O Ke DRI, LR THOSNZBRA Ke=
0.30 2 fvy, pH IFHIEMBIZEIcES L, DTDB)RO XV X VEE G 2 2 IREKO G035
nz-.

XWX VKRG 2 ik pH> 66 3 X 08 Ke <0.30 (5)

Figure 312, (5) XN ZMEMTRL, TOMMICH TN TR EZEDO XN X VEE S 2 58I E %
5. ZOHIRIKEEIL 978% THh - /2.

15 @ :Hot spring water feeling
®  soapy on the skin
I :Hot spring water not
feeling soapy on the skin
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Fig. 2 Soapy-feel judgmental evaluation of 506 hot springs in Japan based on
Eqg. 3 (dashed line) and Eq. 4 (solid lines).

Fig. 2 ()X (BE#R) HLV U)X (E#R) (CEI< 506 DERRKDEFICEZ B X
X VR B A
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Fig. 3 Soapy-feel judgmental evaluation of 506 hot springs in Japan based on
Eq. 5 (dashed lines).

Fig. 3 (5)X (BE#R) (CES< 506 DIRRKDEFICE 2 % X IV XJVREH B FFE.

3. ¥ & &

MR I SR IZ XV XV E 5. 2 2 TR K ORI RIEHE & LT, (1), (3), (4)BXT(B)R
D4FFERRELZD, IO iELHWIREENIT~RBUEOE VK REZR L LarL, %
BRI 70 2OV 2OV BT L & LCid, HR2SE 0 2 ()3 (R R VIEE 5 2 B HRK ¢
[Ae] > 060 BX U Ke<030) F72136)X (VX NVEES 255K pH > 66 BL U Ke <
0.30) »EREEbis.

513k

KIMNIE—, &)1 %5, BHKER, ¥y 7 vy AU 7, WHES, @M % H#es (2012) ¢
FZRE D XV 2OV FAT TR K QSR IR, 62, 237-250.

HAALS 4 (1975) ALy (SET 2 M) LM I, p. 994, H.3%.
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