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Characteristics of Acidic Sulfur Hot Spring Water
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Abstract

Acidic sulfur hot spring water from Unzen Spa (Nagasaki prefecture, Japan) was
compared against alkaline sulfur hot spring water from Nozawa Spa (Nagano prefecture,
Japan), and with artificially produced alkaline sulfur water using calcium sulfide. Numerical
data from the present study clearly show that acidic sulfur hot spring water exhibits fast
aging rate, and a Freshness Index, FI (%) of the bathtub water, that tend to decrease largely
when compared with alkaline sulfur hot spring water. Moreover, the inhibitory effect on
melanin production, and the presence of a reducing agent (hydrogen sulfide) that diffused
through a skin membrane were both confirmed. Increase in blood flow and rise in deep
body (tympanic) temperature, were also confirmed. The results suggest that the active
component from acidic sulfur hot spring water is hydrogen sulfide, and those from alkaline
sulfur spring water are thiosulfate ion (S:0;*7) and hydrosulfide ion (HS), both of which
exert their effect by diffusion through the skin.

Key words : Acidic Sulfur Hot Spring, Unzen Spa (Nagasaki Prefecure), Nozawa Spa (Nagano
Prefecture), Aging rate, Melanin, Freshness Index (FI), Cutaneous blood flow,
Deep body (tympanic) temperature
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1. LU &®IC

INFTHEHXOIE, IR KORENZIHEL LTEITRTHLZEEWHLMNICL, —HA
WC—HBEZ T HRIGROBEE S MEIECBRIE L T 2 Eh s, &ITROTIREAKN DM
172 NI RS O BRbIHil s X OBALIIHNC IR R T2 2 L 2% (KNS, 1998, 1999,
2000, 2003, 2005 : Okouchi et al, 2002) LT &7z, HROZEET, TN T THE, Hed WS 512
BoTWDHDICTHLRFER EME R D 5. WiH XM Mot B mahE CFabs, 1999 ; Kif
W5, 2002) #AL, KA TIE “DIEOE & I, MHREEREEOERIHVLNTNS.,
BETIE, W &0 B IR IR R AR B X ORI K& I LS (PR,
1994) ENTE TS, SHITHEERIZOWT, FEF ST —BMIEIT PR, 7uhY
PR E IR OTIURR TOR T v 7 4 TIZ X B kB 22 AR FERT, KON L5562 &%
R (KPS, 2008) L7z, 2oz &id, ML ) EE oK T (Kurita et al, 2014 ;
Cua et al, 1990) LTWL I Ehs, BILRAT VA VMMERICT v F24 2V FRESHIETX
LILEERT D, EHII, VI, YNHIARABRTICE 2R LEWEORNYEL 25 F0
YEFUTF=BIZLD AT OAERISIE, BILRISTH LI E0 0, BICRT V) Wi
RICED, AT = VIR CE, BHSELONTEMERIC L 2ENR R EMFT 5
MBI RIS, 2009, 2010) #R L7z, LaL, A VY ZP#TL, @hydkbniz7 Vi
YHRERTIE, SHOORMEILDNDL I ELWLMIC L. TV A ) MEE RO 2 S OR)H
DFERE LT, EENISRET ZETTRRTOFAENEEEEZEZONS. TOREN ;L LT, it
WO, B MR % B S & 26tk F24 e KM S, 2009) TE 5. 7V A Y gk
RTYH, WbkFEZ—HEECHS (FRIERTE, HS=01~14ppm (=mg/L)) 3dYH, —k
M HS % S04 AEEMBEX S TH D, ZNOILRITTRESTIEH 505 4+ VL LIEHHNIC
BRELZV. LAL, HEREBETHLI LS, RFIMICHS 1 HSIZZLL, HENIC
RETHLOLHEN (KPS, 2008) HTX DA, EARMICIZT VA ) HHERTHEETNLHIL
KRFICEDBEEZONL. D72, 7K ) WHERORE, AEEIEMICRET 5L %
AT HBICRDTAKEZICESIL B DEELLNS.

ZZT4N, HS BFAROMIERIEIRTIET VA VSR L ABEOMELEEHT 50 0ORE %2175
7z, FRIES, ALKRFEIOAZO TR0 BRI R E AT LI LD, vT7AICLD
FEECHE (Nishida ef al, 2012) SHTHBY, MBUEREROGREZ MG, HRTL22L36E
FEBDNSD, MUERmERE BLKER) & LTk, SEEMER (BWE) 23280 TR %
f1o7.

2. % B&

2.1 BERBLVBHEKD ORP-pH BAFRDEIE
ZMESR D 14 OFR TV - EESZFRZIVMEICET S 14 FE G - B 2 & &M s
(BRALKZERD)) BLOZENRS I L2k ORP-pH B %l L7-. Figure 112, R (7
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Fig. 1 Locations of wellheads (14) and bathtub water (14) in Unzen spa area
1 EMRROER (14) EIREE - RATFILOBHEK (14) OHLEREFR

W7 7Xy hOKILT) BLOIBTA2HBHK (TV7 77Xy bo/hLT) ofEBEGRERT. £
ONffE - A7 VTR, #1km NOBRFINOMBA R Z BT EH L5, F72, Bk
TR (BRALKER)) ORFEO BRI ZRMREHTIE, FREFHINO B T2 5 BHICEBEE VTV T
IA VYT L TR WHIERERAK 1) 2xge LTERET72. B, T4V
T HEAT LT IRREKY VS IE, B RIERARY TV GE) %, BIRCROBELICIRD, 12 B
BiE L, ORP-pH BRAZMEL, MIGHBKbONTWDE I L AL TEBRICH L.

F7o, WRAKOTA Ty rEER, BRERER (pH24, 1H) @ 100dm’ &2 ¥ — —I128&RY, —
EDMIEHRE (600rpm) THO— % — % [nlfix X4, FEEEYIC ORP-pH R EZHE L2, —F, T
)W E LT, Shfbr v A NiEH (CaS;+2H.0 — Ca(OH) .+ H.S+4S) # AW, £
NERIMUZZBHAKIL, EHSPRBO TV H ) WHHR L IZIZREOE OKMH, 2010 5 KK
5, 2008b) #ETAHIEEWLNICLTE . TOLELT IV Y 7 &4 KGH] % HELEHPH P TR
L7217k GBI IER 15ppm (=mg/kg)) (&, AW L2 a4 FI2X ) A# L, Ca (OH).
WX 7 a UM (pH8Y7) &4, AKL7Z HSIEHS (CTREELZZIREBICH L. TOANLT VA
MR A, MR R L FEOSEG T, A YV U IREORE 1T 7.

2.2 XAZZERMFEIRROBIE

MEROET HEAMROMAEEL LT, 7= ARINHERE N ETERE IMA S,
2009, 2010) 12477z, WEEOEZAAERY 7V GED) 2 YNy 77 —=12X0), x9=V
HEROREpH 7ICHEL, RETHL LFuy Y RUBEOFUYF—ERNz, AT= VAKX
DR TH B N =737 0 A DERZWOLEE (475nm) OFERZEAL 5 H)5E L7z,

2.3 IMREZBMRRDBE

R G ED), S E CMEEMMARDS S0 L 2o T B NLRIRR (AR TR
1000 ppm ; A TR IEE (=2 L — 3 Y 4R)) B X0V 58 OKEK) 2 22 hEikA (37C)
AL, BBREOREETR LIRET, RERBRIORMILTEZ 2KT KNy 77 —TllEL 7%
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(KA 5, 2002). 2KIC Ky 79 —H@EITIE, L —F—IMmEmG s (PIMI, Lisca #h#)
FHW, ZOEBORBIZIEE 670nm O L —F =% R Em IS U, B 2L8E AN B A
FPOFRMEROB 12X ) ZAbT 2 4L —F— LD RELE A F v » S8 2 WICHIZ I &
WETEZEIHD. BEEE, EFERELS S (22~25F) Tiro7-.

2.4 ABICEZREHEE EEER) BT

el s 30 e wite, WRVERREER (LFD, 41C) OWAIC 150 ABL, ZO% 40 5REHI L7
REC, FREAE GBRE) 2RFEEMICE (Kurita ef al, 2014) L7z, S 512, KiEikz i
L7=AK (858 :200dm’, 41C) BX AT R (ML ZIEE 1000 mg/dm’, 41C)
HENEIENL, N0 OHRAKIS, BEmIERE RO AGRETAB L, HREBMAR (SR
) ZHE L7 B, SEEEIX OMRON MC510 (r & v U 4H#) % w7z,

2.5 EBMHAROETRRAOEZERER

YR Q) ORITRMAPEENITRET 5089 P OMERIERT, mik (EHDS,
2012 5 KA 5, 2009 ; K5, 2008a) & FEEIC, TR Y =5 L v #HEE (FEE 003 mm)
W, GFE—T VTV RIBTHEL S EKEREZEM L, ZO/MINIBERER, B XOKEK
EENZENGWZL, SNOKBEEOEFEMELEREREICBHZE L. 28, TiEoR) =51 v #
BERZ, ChITOREDOLIICKDPEBL 2V &, BHEBILIEDB L OWALKEIBEE
DEE®ET5H I & 2 FHENIFERMICBIZE L, KE N 7 — RO L LA Z MR L 7.

3. WRBIUEE

3.1 ERBIVBEKD ORP-pH %

Figure 2 12, ZAIAE D 14 DR B L ik ORP-pH BifR%Z 773 . Ko EToERIL,
ZFNZFNB L2 T/R L Nernst OFUTHED L, KOEILB L ORICHHRT 2508 % Zih
ETIIRT.

L @ Wellhead(14)

1 [ Oxidative Unzen Spa {ABathrub(M)
OWellhead(7)
~~~~~~~~~ Nozawa Spa{ ABathtub(13)

R e
) i e T
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| - Edquitibrium
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Fig. 2 ORP-pH relationships of hot spring waters fresh out of wellheads
and those at bathtub waters in Unzen spa and Nozawa Spa.
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ORP=1.23-0.059 pH (1)
(0:+4H" +4e” — 2H.0)
ORP= -0.059 pH (2)

(2H"+2e” — Hy)

T/, Hhomid, %55 (KNS, 1998 : Okouchi et al, 2002) ASFEERIIZH S A2 L2k
WAL & RICRICHT B34 ORP A ((3)70) 2R

ORPeq=0.84-0.047 pH (3)
Thbb, QROFEE ORPMHEL Y BE 2 LR, IKWIGEZEICR, BRI R ZEK
5. %3, ORP I 25C COKFEMIEEOFERILEITENM [V] 2R, ZMRED 14 D5
R (@) 134T, MPomi () LKL ZoTnb I s, BFROIFETH 2 EICHED
MRTE S, —J;, BHK (AF) LEBEITRICHHD, ThoHD% L iiERED ORP (ORP,) &Mt
L TORPIEFE <, (3)RXUT/RT 4 ORP (2D ZFIR OB HEA T VS Z L5 h5b. Ih
LOMERIL, RECOETICHLHEREZOF FHMIENTVE7r—Z (I, 1) Ti&, ORP IR
EBRARTIIFREZL R L, ATV IPHEITL TRV EDPHRTES. LiL, £L Dl
i - AT IVTIE, Y 1km DINOPERD SIS HRFBCRIBE T EH L Cnb720, 205 &%
B CORMBEICE ) =4 DV ZAEITL, ORPASEALTWAE I LB TEL %
B Figure 2 121, BE D707 V7 ) WHHE R OERERICBT 2R (OF) LRk (AF)
@ ORP-pH &R~ 3. BRER T, 2R & RIS, HABHOBERAH Tkm LN 13
OIENHES (KIS, 2010 5 KD, 2008a) SNTwb. MUEOEMRRB LT VAV
FHRIRE O R (@B X UOH) ?iitli%#£ 3 Al (Alo=0RPeq-ORPo) 1ZIZIZ[M L TH %75,
ZNODOFAEK (ABXUAR) T, 7)) WREROFRIER DA, AlfE (Al=ORPeg-
ORP) #°K & { (ORP IHMK L), =4 IV ZOEATHAMHEI SN T WD S L35 h 5. s OMEIE,
YRR 3 51 OFR TR T D ALK FE (HeS P =162ppm (= [mg/kgl), #EEHPH =18
~35ppm) 7%, IR % FRAE - R T VOB T A BB TRAPICES I LS W20 T,
— TV ) PR R O BRI (HS PR =047 ppm (GREEHIP =01~14ppm), HS ¥
epE=134ppm (EEEH#IPH=83~249ppm) Tix, HS &4 F ULL, LW O EH£Z 5
N5, 22T, WHEDENEA)NTERL7EEREFI (%) (Freshness Index) % Tl (K
S, 1998b) L7-.

FI (%) = (ORPeq-ORP)/(ORPeq-ORP,) x 100 = AI/AI, % 100 (4)
T%bbH, FI (%) EFH ORP &M ORP (ORPy) DZEIZK 3 % -5 ORP & REHIKE# L 72
ORP OO EEZ/RL, WIRIZHE L CTHREKIZMT % OEEEZ > TH A28t L2 0T
HbH. BB, INTTICEESHIRE (KITHS, 1998) LTE/LTA V¥ 7iE Al (%) (Aging
Index) & 1% FI (%) =100— Al (%) DR E % 5. Figure 312, Z OEEEIRIE FT (%) Of5# %2R
B PERRH R O BRI & 7V A ) PR R O B RIRIR O A K O SEEEFRRE FL (%) 13, #hZh
T34 L 81% LD, BALKZEDLFROBEMIERDOFA, TA VY IHET LSV &0
ENTHDH. 5B, ZIRETOFL (%) OFEHERFENIRKECHBTIE LT, £KE - ST V8
T AR L VIR T TORMBG DS, MHEED &0 THRRSRAUCHR S Wiz F T Tomdik
BOLDLLL DY, 202024 IV FOMTRBICRELEZPH LI EVHEKRELDNS.

3.2 BAMBERETIHUMEREROIAD D IEE
Figure 4 |2, EMRROERE (H) 2¥—7—I1ZRY, —FHEEED A ¥ —F — THEESE
B O MFRRIC L 5 T4 VY ZOBITEASWENE LR 2R, il pH OB EE T
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Fig. 3 Average Flesh Index (FI (%)) of Unzen spa and Nozawa spa
3 ERREFRERDFEHEEREFI (%)

o < : Acid sulfur hot spring water
I ~ [0: Alkaline sulfur hot spring water

0 1
0 100 200 300 400
Time [min]

Fig. 4 Variation in Aging Index (AlI=0RPeq—0ORP) with time of acidic and
artificial alkaline sulfur hot spring waters.
4 BHBEER (OH) EAI7ZIVAHUMERERR (N KEF3T12 2T AL
(=ORPeq—ORP) D#FEZ1{t

&% Al (=ORPeq—ORP) %, HliiCIZWRIREM% " L7z, Figure 4 5, BEMERIERTIE, Al

O OK 40 51, BEIETL, 2B EOHBRTKTL, =4 Yy i Lz —h,

ZHAL ANV T ARABHRNCE D W2 T V) WEEEGR (pH 87) TiE, MM EROWD O

40 G URBEORAR L IZIZFA CHEETTA YU B #EfT L. 22T, A4 TV Z#ENG)RITIRT

ATIZH L C—ROMER (HEEH k) TRINLE LTHITLZ.
dAL/dt= —kAI

22T, W t=0 (FR) T, Al=Alo & LT, G)RZML L(6)X2155.

(5)
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Fig. 5 Aging rates of acidic and aritificial alkaline sulfur hot spring waters
based on Eq. (6).

5 EMBER (OH) EAI7IVAUMRER () K& (6) XICEI<
IATTRE

In (AI/Alo) = —kt (6)
Figure 512, (6323520 %, Figure 4 ® 57— % # I L 7245 R 273, ZoORE, BRI R T,
ERHROWEE PSP ORI 4055 FNLIET, ZhENodEE ki, 78x107% & 21 x107* [min™']
D2ODRG BEEERPE SN, —T, TUH UMEREROEE EHIE, BIERERD 40 7
DB #EE B L 1ZIZF UEZ R L7z, BRI IR L 7V VR HIRE T, Zof 455 o
EROENE, BONHLKEDE L, ORP % 2R T &, ZOBKEET 5@ RSO
BRALIZ XD, HBWw o) Lz ORPIRTICHES S A YV FBEITL TS bDEE26N5
ZNi, TAKERRERE L, 7V ) R RS L T4 D v T OB RS T O MEE DS
WA Z EPERMICHFETE S,

3.3 X TZUAERMHINE

Figure 6 12, Zlomiin (@) B LT 12 BRIBRE LA V¥ 7 S8 imk (@)
B, FNEN) YNy 77 —TpH 7T LR AKD ORP-pH BIRZ /7. BB LT A
DU 7SR ERIE IR 58, FRITEVETRERL, —HITA T Y7 LR KIEE
TEHBEDLNT VLM RIGENIEICY 7 P LTWA Z ENHRATE S, TNSH Y 7 V% pH
TAZHBE L 72354, 312 ORP HIZ(3) 05 ORP MM X IZIZIZH->TY 7 F LTW5H 2 LA
ATE5.

Figure 7 12, Fig. 6 \Z/R" 3 pH 7 \ZHE L ZIRRERE (OH) BXO A Y r 7 Lzis (O
FUTNVICHRLT, Furvy, FudF—¥irmz, ERLEF— 702056 (475nm)
DORGZEALZRT. pH 7 ITHE L AFEK (AH) BLOZ S Vv 73g724 7 (OH) T,
W ORI NP L LA L 2 T = VARBISSEAT Lz, —75, RRERT 7 (O
TIEWOLE I EAET, F= X7 a2 dERSNT, 25 = VRS HH SR e R L7z,
ZFNi, THFEFTOTIVAYERER (KITAS, 2009, 2010) & B, #ICH OB R
HIZBVWTH AT = VMBI R T2 2 L HERTE 72,
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1.2 @ Hot spring water
: <OHot spring water(adjusted in pH7)
i @ Aged hot spring water
[ OAged hot spring water(adjusted in pH7)
06
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o L
o0
-0.6 L
0 7 14
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Fig. 6 ORP-pH relationships of acidic sulfur hot spring water and its aged
sample, and their pH-adjusted samples (pH 7).

6 BUMERSLVOCZOIAIIHTILO pH RKAEE pH 7 ICHEL
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Fig. 7 Variation in absorbance (475nm) with time of acidic sulfur hot spring water
and those aged samples adjusted at pH 7 in melanin formation reaction.

T ATZCEBRREICE T pH T ICHABULABERERSLIVIAO > TH 2T
ICX T AWMHE (475 nm) DFEZEE

3.4 MAEBHIVRBHEERE (FER) MR

Figure 812, & 5 (A, BRIEGEER (@) B X A LA (BE) O LWL oK (37C)
(2, 10 R EZ R LB REERO B E MRS OZ L2 /RT. S 5% TR ARR 1.2 fAiiE o
ERpHERRS N, —7, BRUEREE (@) B X AT RIS (W) o ARRIEEZhZEN 245, 1.8
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e ERADPMER SN2 RALKFE IR IIRE L B LR F DL EIRA I & 2 8 5 2 & A%
BNTWA (FIE, 1994 5 Tis, 1999) A%, ZALELR OFEMERTE R T D MR Inxh R A MRE T
&7,
Figure 9 12, BRPERE#E IR (1 E) ~O AHIC X 2 REBAIR (SEIR) o5 R 2R3 . BRI R T3,

10

Fig. 8 Changes in cutaneous blood flows of foot by acid sulfur bathing, CO.
bathing (CO. concentration of 1000 ppm) and tap water bathing at 37C.

8 MMAR, RKER (CEBERFEE 1000ppm) LV 5FICEZAL

Fig. 9 Changes in deep body temperature (tympanic temperature) of bathing (41°C)
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A : Tap water

Deep body temperature / /1°C

-0.4

Time[min]

Mean£SD
n=>5

in acidic sulfur hot spring water, artificial CO. spring water, and tap water.
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NTREER & FARIZ, 6% & DIERBREDSHK 04C LA L TWB 2 Ennh s, ik, Wi
WA T, BWMEO EAZ2 TR, EfMKRE LA SRR FTLAHRERL L
PLGAS, SRS L L2 ZMR Tk, TR bRE CEYRE =2209 ppm (GEEHIPH =2.9
~831lppm) bEHFINTWAHI LS, Fig 8 BL U DfERIE, “HILEZOMNED G TN
REDEZOND., HARTIX, ZBALRFRE 1000 ppm %8k 2 5 “FRILRFER VDR V2S, %
LRFEZZN% D ICETRBITIRNES AT A2 800, W UEEMRERENEREH T 55
R L AG DR ORE - IREICBE LT, ROMETHRETLzw

3.5 BMHEROETRESOEZEDR
Figure 10 12, KEREBE L L COBBKBEHNO I 7 FE —TARA RIS TEBICHRL L 72KERD
RN L Z RS, BTS2, KERTIHEOICEMIIA S N DS, BREERRER TR B RE fE
WES L7ZREFBELTWL IS TEL. ZORIBE LT, HEORBIKEIZE L6tk
FZNORUTRT LI I FEERKSLHI #4K L, RarmfaicZbL -t 8bh b

L+H,S — 2HI+S (7)
TN, BRI T, @ICROMILKENRZEREST S I LAMHRATE. ZoZeid, <7
AL BWTETH 575, TALKFEDSLAEIIERNTH 5 2 &2 (Nishida et al, 2012) ShT
WBIENLD, MEROABICLZEEL O OMILKEDOREIZX, —2OOERREBI L L
ZONDH, BeEVELEF 2 THHBROMIEICHIfEL 72w,

4. ¥ & &

ARFFETIE, EIRICBIT D EITED TH SMILKEVR TR TH LML, FAHHRBRA 4 2%
BALKFEA & 2 R EBEROT VA )R E TIIME O LAMAR 2D 2 & h 0, BERERTLT
VI ) MRS & MARD AR AT 575, EBROMRMIERER (MR, RER) THEILZ: 2

Iodine-starch
aqueous solution

Acid hot spring water

Tap water Aged hot spring water !
0 min

Hot spring water
Aged hot spring water  Polyethylene bag

90 min 120 min

Fig. 10 Scheme of experimental arrangement for film permeation of hot spring water
components (left side), and chromatic change in iodine-starch reaction with time
of waters from acidic sulfur hot spring and its aged sample (right side).

10 BERFOERERBROERR (£) EBMURBRREZTOIAI IV TIICEITS
BRAOCIAIFR T T KEROEBOBEHEL (B)
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OFES, TR L BB X BIEEEANTIT 1km AT, FRAHREH LRI L B2z T v
U ERRER (BRIRE, REE) LKL T, BRI LR E O Z L5, FRIC
BB CHOITA TV 7 OMTHEDN ML 5 2 & ZBMEMITHS I L7z, D7z, FEBRICA
B 2 KOBEIREFL (%) &, 22 CERIRR T 81%, ZMRMA T 34% &, H%#E
OBEMMEROBEINTAIRE WS EXFERTE L. T2, AT = VARIRERTIE, iz
HERHERTD F—/82 0 20WEE DA LR, 2 5= B2 I3 28 R0 5E T X 72,
SHICABFERTIX, 5% LKL TAT R E R E B & R AR (SR
OERMENRBETE 2. RO OBRUREROME, BICROBALKES LG IRET LI &
WHEOCEEZONL, TR, EMGATREET 2 7 VA VR ER LD, bR ESFEAROR
PERRBIR DT DL VENT- R REET LI EIRBTE. LALERED, MIbKFIZZFo0HEEA
BN B RKRERMEZEZATVS 200, BEMEROMBEZHRT 5720121, Baethes
RONTG Y AR THICERTRELEbNS.
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