WREEE (J. Hot Spring Sei.), 61, 106-115 (2011)

= z
GuFE (VI U 12X BEEKDEICT M

KIMTNIE—", EHFEZY, HHEEY, -y o2y 7Y, g
CPFRE 234 8 H 3 HS2AF, ik 234E 8 H 25 H 2 #)

Iodine (Isodine®)-based Evaluation of Reductive
Ability of Hot Spring Waters

Shoichi OxoucHr”, Yoshiaki Kurrra”, Kensaku YosHpAY,
Pariya Thanatuksorn” and Shigeo Ikepa”

Abstract

Natural hot spring waters fresh out of wellheads have a reductive characteristic that is
effective in suppression of skin oxidation/aging and in suppression of melanin formation in
relation to skin lightening. Since hot spring source waters are oxidized with the lapse of
time after their welling up to result in a gradual decrease in reductiveness, it is of key
importance to evaluate the reductive ability of hot spring waters for examination of their
beneficial effects/efficacy. Although ORP (oxidation-reduction potential)-pH measurement
has been employed as a method for evaluating the reductive ability of hot spring waters, it
has been desired to provide a more facile technique applicable to hot spring water analysis.
With this background, we have devised a convenient iodine-based evaluation method wherein
the reductive ability of each sample of hot spring water is evaluated by redox titration with
iodine contained in a commercially available mouthwash (brand name ; Isodine®, ingredient ;
povidone iodine, concentration of effective iodine ; 7mg/mL) that is well known as a common
gargle agent. In our experiments using the iodine-based evaluation method, we prepared a
series of artificial hot spring water samples having different concentrations of sulfur and
ferrous components, which correspond to primary constituents contributing to reductiveness
of natural hot spring waters. The artificial hot sprint water samples thus prepared were
then titrated with Isodine® so as to determine respective Isodine® titrant volumes at an end
point defined in ORP-pH relationship measurement and at a visual-check end point used in
starch indicator measurement. A definite correlation was found between these Isodine®
titrant volumes, signifying that Isodine® titration is applicable to evaluation of the reductive
ability of artificial hot spring waters. Thus, we conducted similar experiments on samples
collected from natural hot spring source waters having different qualities (types). Through
these experiments on natural hot spring waters, it was confirmed that there is good
agreement between analytical result data of ORP-pH relationship measurement and that of
Isodine® titration measurement, i.e., the iodine-based evaluation method is also applicable to
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evaluation of the reductive ability of natural hot spring waters. Further, our proposal
presented herein includes a scheme of conversion from Isodine® titrant volumes to chemical
oxygen demand estimated from iodine consumption (COD)) or to familiar vitamin C
equivalence with respect to the reductive ability of hot spring waters.

Key words : Reductive ability of hot spring water, Iodine, Isodine®, ORP (oxidation-reduction
potential), Redox titration, Vitamin C
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IR CEEE 2 5. FOMEEE LT, T TORP (BMLEITEM) -pH MEIC XL Y
fli ST X725, X @EERIEIRD SN TWE, 2T, R AKDRICHIEZ, &
ZHH L LMENTVEIHE) AV % A VYU Wiy RErFrya—F, Fx3a
Y FIEEE Tme/mL) IZ& TN TS I Y FEEZ AWML ICHEIC & 5 M2 ME Lz,
FEERTIE, ZUDICHRKOBITRTEER D THLMERB L U8 (B—8) RO ANTiREK
Z, BEEEZTEMLA Y YUY ZREKICHT L, ORP-pH BAROMIEIC X ) HE L7z
HEFY Ty RBRELE LTHETROLRETITOA v Y U2 HRE L. WHICRITS
MBSO, 4V YUk B A TIRRKDOBETHFTFMOTEELE 2157, 22T, EBEO
WA DR B IR U % PRI, RO FERRZ 477\, ORP-pH PR L ED S/ SNz A Y
VUV ENMIIE—-HL, EEBOWMRKIZOWTY, A VY UK BEITCTTFHMIIZRETH 5
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1. U ®IC

ZhFTHFESITORP (Oxidation-Reduction Potential) #:122k0 %, RRFRITETRTH S
Zk, BXUBRTEBGEOMEEICE) RS KDL —Y v 7 (Aging) BHEE2ER{ILTELZ L
FHOLMILTEL R, il B RORBKICHENICABT A2 LIk, FUEIGR
THHENC L DL SN T TR A OB EOBALZINHI L, B8 IRE 0L 3 < ks 3 1
FFCE& AT EERE TN S, 1998, 1999, 2000, 2002, 2003, 2005a, 2005b, 2008, 2009, 2010 :
KA, 2003 : Okouchi et al., 2002, 2009 : Ohnami et al., 2003 ; K% 5, 2008a, 2008b) L T & 7-.
5121, BEITROIMBEAKIZIA T = DEREEZIHT 2 2 LD ONOEARRICH AR THL Z &
2 TS, 2009,1010) LCT&72. SAo6DZ s, BEKOKEME LTEICRIZIER
WEELREREAHT .

2T, AW CIRIRRAKORITCIFMGEZ, TNFEFTOORP A—F R EOEBEZANT, Zh
TODPESICHEICEMTE 2 HEEZMRF Lz, 20l LT, HEMICATURER D 2503
(BR% A VYU g RERFYya—F, 73 7RKRE Tmg/mL) o3 7 EOMBIL
A LB ITTHEIER L, ShE TRIbEITHESE LT, Wik E EoKiZEEh
AR F IS 20780, By A VA Y 74 (KMnO,) =270 A1) 724 (KLCr0,)
% EORALHI Z T, AR A REIICERILS RS, 2O EBILSE0IChE R TN
SRALA O & #1234 L 72 COD (Chemical Oxygen Demand : {LZ#RYEER Tk &) 2305
NTWa. KL, BEPCE-VRO L) ZEHWEL2S LR D H 505, AW % 5F
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ST, LR, AL LTavRr IR L LA VI VR VT, RKOBICHFE
MOAMEEBRET L. A VY VP RBERBEEZELTCwA I s, T0FFTHHERET
DEOEALDHIBNITTREE 72 5. HFIC, R L LTTARABHREH VWAL ZET, IvHE—TA
SARIBIZ X DIHER T TOHERDOBOZALIZ L VEHE 2 5.

CCT, BBEAKOIUEEEICLIUREATTOIVERE, WRKOCODMEELTELEDLT
EDWHEETH A, L2L, CODMETIX, ZOMEAIKEVE, KEFGERY THRINTVE I LI
%%, —HRRAKTIE, TOMEAREVE, BUOHIPRKEWILZ2E®RT L. g, RRAKOR
JTEH% CODMEE LTRT I LI, MEEAETLWEEND L. T07n, T2 TEITERLD
RO AL EEFEECRE COD O, HRAKDEILHDA A=V G5h 5L, FLHET
I<HBLNTVWAEYIVC (FAINE V) BICIHET2RAEITR -7

2. % B

IYEBHELT, HROA VY U2 MEHL, BULOICZOE%T 7 RKIRELY F A HREF N
Y AKBWCTHEL, MRLZ. S04V IV ViEHe e, hEcics (RS, 20085 K
W, 2010) LCEMBEROMEE IEWICHEML, AL ZRERZHET 24tV v A
EBTET B ABA (Bt A—ONny 7)) BREKCTHRL 2 A THHR, B X OmERSE—
PR O 2 R BUK T L 72 A TSR OMLRICHE 21T 2 o 7. BARIICIE, TR 5HKE
#W100mL 2 ¥ =2 — 128D, TARAZIREL LT VYV TilE L. WeEkKmzAMT
gee L7z, 2, HECTHOhAHEROGMEZ, ThoiiEfis ORP-pH HMlZEIC X Y BERL,
DT o1)30127R7 9 Al (Aging Index) i (KNS, 1998) 7%, Al=01231F % F&E T TOWE
mO R SR L 7.

Table 1 COD, (chemical oxygen demand estimated from iodine cnsumption) and vitamin C equivalence
based on lodine (Isodine®) in reductive ability of respective natural hot spring waters.

K1 RRBROEXTA%E, VR (AVIL7) (CEIVALENERFEKE COD HLUTEZI CA

BEL/-E.
Total S Fe** Titrant COD/* Vitamin C
. Type of . . . !
Hot spring . concentration  concentration volume equivalence equivalence
spring water w1
n n [m/] [ppm] [ppm]
A S-containing simple™’ 11.9 0 122 5.37 59.2
Acidic-S-containing-
B AI—SO, - Cl 158 18.7 0.29 1.28 14.1
C Acidic-Al—S0;, + Cl 17 16.3 0.26 1.14 126
D S-containing simple™® 89 0.03 043 1.89 209
Ca * Na—SO; -
E HCO, - Cl 0 7.34 0.28 1.23 136
S-containing-
F Na—S0, - HCO, 84.8 05 489 215 237.2
G Nomaning 229 01 23 10,12 1116
Acidic + S-containing-
H Na - Al - Ca—SO0, 2.7 244 0.25 1.1 12.1

*1'To hot spring water of 100 m/.
*2 Chemical oxygen demand estimated from iodine consumption.
*3 Hot spring containing less than 1 g/kg of dissolved minerals.
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AL fifi = “F-# ORP fii — ###® ORP f# (1)
F7:, EBORBAKOWEE, Table 117K T lREH TR ZRIE, HHICTARSAZFRE
ELTA VYUY BHCIHEL, IvETARASZFE L COMERETOMERZ KD
B, WEEo ORP-pH BIfROBHFIZERE, FRRIGH TOREHIIRI T, 8 R 5 DO DUR
(Rl A~E) Y IV Tk -7z,

3. BRHPLUEE

AV ImLhoFRI T FEREELZ w [mg] &35L, QXUIIRTIIKAI VI Y 1ImL i
0063wmg (=16w/254) DEEH (0) ®ITHY4T 5.

L+H,0 — HOI+HI — 2 HI + (0) (2)
WES Y TVEVmML EL, A VYV OHERTETOMERY vimL £ 55 &, 2O T
DA FENSRDZBETERE COD; [ppm (=mg/L)] U TFHB)NTHZ oA,

COD:=0.063w X v X (1000/V) (3)

AV TN EREBAIOT A GER S P ) Y AKRERTHE LR, MmoBHFELRTL, A
VI 1ImLHIZ7T0mg DAEMI TEDEENTWDL I LR TE 2, ZNlE, 41V Y ¥ 1mL
12 044 mg OMEFE (0) BISHETAZE05, BRIIMRTEERS.

COD; [ppm] =0.44x v x (1000/V) (4)

ST, EFIVC(TARAANEVER) avHEoORRGRTERERLZ NS, WRD
CODi & ¥% 3 Cxm [ppm] &OBRIF6ATEZONS.

CeHsO6 + I, = CsHOs + 2HI (5)

vy 3y Ci=(176/16) x COD;=11.0%x COD;=4.84v (1000/V) (6)

Figure 112, ALH#ERE 5—O/y 7i&E 80 ppm : Fig. 1 @K1 1Z2oW\WT, 4 VY U Til
SEY ABAE%, ORP-pH BIMRICEED X BN L 72—H%2RT. %B, Fig 10 L TOERIIMDB L

1 | oxidative 610HAP concentration :
- region 80 ppm
4 Equilibrium
| ORPlevel—.
0.5 || Reductive

ORP[V]

region %54 .
KV =N
)

0 7 14
pH

Fig. 1 Variations in ORP-pH relationship of artificial sulfur spring water by
jodine (Isodine®) titration.
1 AIREBERONIVE (VY7 EEICLS ORP-pH BEFREOZE1E.
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(8)FUIRFIRDZNENIRIL S X OEILH T SRR T.

ORP =1.23 - 0.059pH (7)
(0. +4H" +4e — 2H,0)
ORP = —-0.059pH (8)

(2H"+2e — H,)
T2, KoM, FES (KIMNS, 1998 ; Okouchi et al., 2002) ASFEERIIZHE & 2 L7zK
ZIRALR & EICRITT 2P ORP # ((9) X)) ZRd. ThH0:R D ORPIE, wWihbKkE
TARIEAE |2 HE0 < 25C TORH#ER LR TTEN (V] 2777

ORP=0.84-0.047pH (9)

T%bb, (9O ORP i & D K E WHBIIMRILR, /DS WiElBid#EICR, H L FER%E
ENENERT S, L, Fig LIRT ALRERIE, TV IUET, (9)NOFfH ORP LY
ORP 2LVt % (@H) #/RLTWwA. 2B, ANLWMEROIELLAN—0Ny 7 (ZHfbh
VT ARABHD IR, AR, hE¥A Y, b)) AR KICIBGRLCESN, KE
Wiz EOEFGE LTEERINTV S, TORBEORMAEZ, KIZHENT 2L, —fle LTz
AT LD ZERAL AN T MIMAKGRES N, WEIHHL, M aaf FKRERE % 57200%
AU A, 2004 SEO BT OB IBENEIL, CoiEaul FOREEZAHLEZLDOTHD,
F 72 Fig. 1 \I/RT L 912 ORP ANEICHR E 7 5 DAL KFZEOALIC X 5.

CaS; +2H,0 — Ca(OH).+ H.S+4S (10
AN—ONy FIEBE 1kg PSR A160~195g & F 1, BHAKIC13~17g @Mz SR L Tw
L. HEFEE A 2000 OBHKISHIML2E &, R/ARERORMTD, TOMmMEREIE 10ppm % 2
L. SHUTIRRIEIC B A iR L 1ppm, S SICHER OB ERED 2ppm & K& < L
0, MRBEOBEREEZRELS 7YY -9 TR, AHSHE, Fig 1ITRT X9 I2mfbkFE
W& YRR O TH 2R ILROBHEK (@) 1255, 20720, TEREICIEFICHEM L
KT FERTZ I LI12% 5. 7B, Fig LIORT ALRmERIE, N—O0Ny 7OHEL, 2001
DR AR L CORESTREHPAND 16g/200L (=80ppm) T, MIFZDATHRERIZA VI ¥
ZiM FL, ORPpH BRZME LM ETHE. A VY VO TEIMEITICONT, pHIZT7 VA
UHERSREECY 7 ML, —JORPIZ AL, P ORP#ia Mz TEICR L D ELRICY T
ML7-.

Figure2 121X, A—O/y 7OiEE%, 20~320 ppm (2% L 72 AL R TR 72 ALfE & 4
VIV TR EDOEFREIRT. Al=0 TOPH ORP M & b o 2B ERMIIBIT LAV TV ¥
D TR T 5.

Figure 3 1, Fig. 2 ® ORP-pH FR» SRD/A VYV OHEK M TOH FREE, TARAZ
BRI L L CHEHTRDAFRNTTOA VY VTR E ORMBRE/RT. WHI, RIFRMEME (R
=0999) SN, ANTHERDOA VY I X BTED AN TE /.

Figure 412, {MREGH CTIHE SN TV D EER TR L LT, MERUIME—FIE 25
N ENL, FFOBREEZEZ 2 ANLER (FeSO, KE - Fe & LT 10~100ppm) 2k
A, AIfEE A VYV Uil TEEDOMZRZ/RT. Figure 5121, Fig 4 2SR ELIZA VI VDT
wE, TARAWREEL LTHHTROZHER N TOW TR E OMRERT. ANLERIZBWT
b, M RIFRMHEAYE (R =0995) 255 oh7:.

Figure 6 12, Table 1127”3 A~H @ 8 D D i Ii5t © ORP-pH Btk 2 /R 3. IRRIER I, pH
LS T VA VLIRS AL, ORPIZWI NG EILRICH D I LA H 5. Table 1 IZFN
SRR ORI IRIER L O Fe? iRE L, TARAZIRREL LTOHRICL AMEME Th
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Fig. 2 Relationship between iodine (Isodine®) titrant volume and Al (Aging Index)
value in artificial sulfur spring water.
610HAP concentration (ppm) (@—20, A—40, $&—80, [J—160, O—320)
2 AIBERONIVERE (1VTL°) BEEE AL (Aging Index) fEDRER.

AN—OnNy TiEE [ppm] (@—20, A—40, O—80, [1—160, O—320)

Isodine® titrantvolume in visual-

Fig.

V]
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check measurement [ml]
o
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>

Re=0999
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Isodine® titrantvolume in ORP-pH meter measurement[mi]

3 Relationship in iodine(lsodine®) titrant volume between visual-check

measurement and ORP-pH meter measurement in artificial sulfur spring waters.
3 ALFHEFOHES LU ORP-pHERASKDHAEIAIFE (1 V%) HEEDEE.

ZIURT. Figure 7121%, MR R DR o4 VY U IX 5 EMBIZBIT 5 ORP-pH %
O—Blx~T. Figure 1 IR L2 A LEROLELF UMKRICA VY YO TRz 512 L7

25V ORP 13 5L, Ffif ORP #iB 2 THALRIZY 7 b L7z, Figure 812,

ORP-pH B2 d &b

T CHMETEZ5RER (A~ERH) 20T, Al=0ToOMEME, BHIZX 2HEmO MR

ZRL 72 iSRRI DWW TH ALt K TORER & kIS,

T E A KT O T 72 i BT 2 T

7 (R*=0998) »FoHh, 4V Y Y IZXBiRKRDEITHFFMA IR TH S Z & 2R L7

111



KMNIE—, RMEE, SHEE,

RFY oYy )T, WHKES

4

I
Oxidative Equilibrium Reductive
~ region ORP level region

E s

2
d

3 T

5] 0

> 2 | ; o

-t /\ ™y

= 2 Q)

E R O

E § O

% : %

ety & R

o LN o

E i TR i
—i o s

0 BAps s Gy b2
-0.2 -0.1 0.0 0.1 0.2 0.3 04 0.5
Al V]

Fig. 4 Relationship between iodine (Isodine®) titrant volume and Al value

in artificial ferrous spring waters.
Fe’* concentration [ppm] (&a—=10, &—50, O—100)

4 AIHRICHETZ2IA9F (VI BEEE Al EOREE.

Fe* i#FE [ppm] (&—10, $O—50, O—100)

Isodine® tirant volume in visual-
check measurement [ml]

R?=0.995

0

1

2

3

Isodine® titrant volume in ORP-pH meter measurement [ml]

Fig. 5 Relationship in iodine (Isodine®) titrant volume between visual-check
measurement and ORP-pH meter measurement in artificial ferrous spring waters.

5 AI#ROBRE LT ORP-pH R, S5KRkHAIAVERE (1Y I ") BEEDHLRE.

W REE

Table 1 121%, ERAKDZEITIEMZ 4 VY PO ED HRD2(4)RB X U6)RIZR$ COD B
FOC s Iy CRICENFNEE L Rnd. 40, M Lg% TlE, COD & L T# ppm
2Ot ppm, /oY ¥ I CELTRET ppm 258 E ppm O F — 5 — DI T 5 2

LW o7z,

B, 2000 OREHEW 2 EL72HE, TN5 Ol KOETHIIHIET 5 E

FIVCEIE, BeghoBtg#Ens. LML, TOBE—HRWIIKEKICEIEEME LT
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ORP[V]

0 7 14

Fig. 6 ORP-pH relationship in samples of natural hot spring waters.
The sign from A to H is the same as the sign in Table.

6 XKZRERD ORP-pH R, A~H O TEEELFL.

0 7 14

Fig. 7 Variations in ORP-pH relationship of natural hot spring water
(D) by iodine(lsodine®) titration.
7 RRBR D) OIAVF (1 V%) FEEILELS ORP-pH BEFEOZEIL.

TOMELNTWAEREVEH LI LD, TALEEZEETLIICLELEY IV CELEET
HZ LT, MRICHRT L2EICPEONLI IR A.

4. T & O

WAk ORI FIE, FHIAFTRTE CAMBNT D) A0 (s AV Yo"
S AR Ky a— K, AT YRR Tmg/mL) tho T % & ORACEITHEE TR -
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R*=10.998

Isodine® titrant volume in visual-check
measurement [ml]

o

1
Isodineé® titrant volume in ORP-pH meter measurement [ml]

Fig. 8 Relationship in Isodine® titrant volume between visual-check
measurement and ORP-pH meter measurement in natural hot spring waters.

8 RRBROEMHLV ORP-pHERLSXRSDAIVE (VI ") BEEDER.
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