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Abstract

Chemical analyses, UV-Vis absorption spectrum and Electrospray Ionization Mass
Spectrometry (ESI-MS) measurements of hot spring waters of Kunimi in Iwate Pref. and
Kumanoyu in Nagano Pref., which are the representative green colored hot springs in
Japan, were conducted to elucidate their coloration mechanism. Reproduction experiments
verified a hypothesis “The green coloration is due to the composition with yellow color of
the polysulfide ion produced by the reaction with sulfur and hydrogen sulfide in neutral
pH and the blue color brought from the Rayleigh scattering of light by sulfur or calcium
carbonate colloidal particle”. There were all sample waters in the stable region of HS™
when we plotted pH and ORP values on a diagram of Eh-pH concerning for the sulfur
chemical species. The maximum absorption at 230 nm which is due to hydrogen sulfide
ion and the absorption band of 300-500 nm which participates in yellow color were found
in UV-Vis absorption spectra of the green colored hot spring waters. A lot of peaks of
HS,™ were observed in the ESI-MS measurement of the green colored hot spring water of
Kumanoyu. This x was mainly 7, in addition, there were 6,8 and 10. It was confirmed that
these hot spring waters contain polysulfide ions S,2”. The various size fine particles of
calcium carbonate and sulfur were found in the hot spring waters of the Kumanoyu and
Kunimi by scanning electron microscope observations. From these results, it is concluded
that the above hypothesis can be supported as for the green coloration mechanism.

Key words : green colored spring water, polysulfide ion, Rayleigh scattering, ESI-MS,
UV-Vis absorption spectrum, Kumanoyu hot spring, Kunimi hot spring
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UV-VisRINAZ =7 b ABLIUV T L2 o r7L—A4 AVBEESHT (ESI-MS) RIER & %17
W, BOREOEEORIEARA. FhohoBEx ek BREAEPHEHETITBLT
M &G bkEA 4 ¥ EORIBTE L 2L b1 & v IKBHEOER L, REA VYD LD
304 FRTOLVA ) —BELLE2FEEDOEGHICE E] LV HOEERRERILT 5729,
HrOERNERAT-7. MEL/ pH & ORP A FHHE(LFEICEEd 5 EhpHX Lic 7w o
M B L, FoEEDKS HST OEEMBICHEE L TWhiz, B LZERREKD UV-Vis T R ~
7 N AERIET S E, 230nm HEICRIEKEA 4 VICERT 5 £ £ 2 50 ABARINAS, 300
~500nm ICEBIE5 T 5 L EA SN ZRNESERSI N, BREEET ROBRRKD
ESIMS HISEAITH &, HSy O — 7B L RnWiFant, toxik7xFicLTsh, #
Dfth6, 8, 10 EMNHEI &bt Pblolthsd, BBEEST 20 5DOREKPIC
BET LA 4 v S HAEMELTWA SfEEI N, FEOEERR, ERERKDICIREI LY
D LABLUTEI oA FOMKN FREELTWA &4 LB E T IAMESHEN & oL
. ThoDI Ehd, BEEMIE, BELA A Vi 2 EBERBMNTICEZ2 LAY — &
Gl L B3EBOEGKICL S VD FEEDORGHSEM T O EEZ SN S,

F—7— F FRER, 214, L4 ) —BEL ESIMS, UV-Vis IRz <=7 b b, FED

iR, ERER

L. FC®IC

BRICIEE, & B BRLSEEERBEELALOAFAEL TV S, H hoZz0ERRTFH
JUREEBICEALIFEONTE ., HROBREME I o FOBEBBICL 260 THEH
FE<HmonNTWEY, FHLErRET 2ERE MREARYERFTHICS 227 < FHUE 3 TH
REDFREORFEY ) Aa304 FTHD, EOHEIIL 1) —ELTH % (Ohsawa et al., 2002)
T EMHE SN, BRAKOREICET 2BELS—EET I Lici ok, F0RIFOEIIEROE
EECOVWTOHE D Sh, KAFOEBERRIER (F) 1, BoktdicZEd 254
VFA MICk B LA ) —EEEE (B Knsh, ZoME&ICL - TEBELENECS D
DEWESNTWS (KRS, 2003).

—%, REEFKOCEARAICEL TRELALSHHzA TV EVE LS TL W, ENTREE
ETRENGERE LT, BRER GFB), oGER (RBR), AtiR (BEFHE), 7
KILR (FHEBE) nE&BBFoND. ChoOBREIMBELEUTHRTH S &I HBEORKFH~E
FoM, FI2 BB TRIFERRETH SN, R 2EIFERD SBREANOBADOBET, Tkt
BITBMOE(L (FICZESEIL) 1ok - CREBL L ICE(LT 5.

FEEZECEREREHE I 04 FRFOSEEEBICBS LTV L8, FRRREII UHH
ZOBEOBRMABIOFHRAZZEL TV A, BRTREVWHRERERGLOBEIE D
(Ohsawa et al., 2009) PERABILOEZ S & OB K IO A S0 F 7 — Vit Fe?' @
BRI L el B I oA FRTOKEEDO LA ) —HELIC L 2HFROMEBEOREGIZE > T
MIAENTWE (BAEHS, 2003). IS 3EBEOMESERAKTS 20, BREE4T LERK
Bt Th b, BE2 04 FHAES L TOWE0H, Feb' REDRFELRIMMENESELTWSZ
LKL BOhERHTHY, BEOBHILEBR 2BEsRRERICEAS LTt 5aiitt b 5 3.

AHETE, BECBVWTERRELET 2ERERB L UBROGREE TR E L, BRKkoMt
O, BFHIE, UV-Vis BINA <7 bVHEE, SEWEOEERE TR, 17 e
T U — A AVEEST (ESIMS) HIEZITV, 2N oh B SNEERRARIET 5729
DENFERICE-T, BREROEAOEELHEOhICT LI LE2EME L.
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2. HHOEREATE

2.1 HEHRBUtES &

EFEELOMcH 2ERERIIEFELKHBICE 225K, ByYyEOBUAL OICABET 2
(Fig. ). 7 BOBDICREHBOERYH D, FOREALRIBELSUCRETH 5. BRERI
BIERA 4 O T Cl- SB Oz HCO;™ S8 E VT &b 0By B0 K UH A DS LBRED
RRBRBIE VSO0, (IO IR EEM L CHRAZBREZEL SN THS (N - FH, 197D,
EFETEHMEESFICMET 2EO0BER (Fig. 2) BEFHKLOERARALECEE &
WKIUBOEEEZ I LEL LN 5ROKERTH 5.

EREROCEREICI 2D OBRASEETE 6 DOBEY, EBOBERICI 2O OBRASAES
T A>OBENH Y, WThOEBRFE—OERP S 4 BIFcfibahcw s, BROBHIIES
CEEOREZ L - THy, HRBROBHERIES200L, BBOBERIESW 2L TH S, E
RRBELELODLTOIRKREEELTEY, BHEOBIBREZLARINTREEXZELTEY, K
HicREBEORHY»EEL, BRRAZOBICRABEEYSEZE L CW5, $-AMOEICRS
BOHBOWBYIPRWIZIINE L 655, AR TCRERBRICOWVTIZ 2006 9 A 26, 27
Hi k2007410 A 22, 23 Hic, HEOEERICOWVWTIZ20054E 10 10 BiczhZhiER, &
KB LUBED SEBEFKL 2. ESI-MS AIEADOFEEHE 2008 45 1 A 10 HICREDOBIRRERIC
TEELL 7-.

2.2 BEUE

BORAFIMBACL-TRUELZbOTHY, BEMFICRRTILRRETHS. £2Ta=
B3/ v8 CS-100 BREEEFERVWTEEAREEZITY, BERINICFHEL 2. KA Tl Ohsawa
et al. (2002) DHETEREAELEIT- 1. AIEHEREZ, EREIHEZEES (CIE) #1931 FICED T,
BEPETET XYZ (Yxy) £B% (CIE1931 RER) 2HVTRLL. XYZERERIEZ, Ko=R
i (R=3%, G=#, B=5) ONMEEEOFBIcESVWITRELLLOTEERZHVTY (HE),
x (B4, v CEE) D3 2DKMETRT T EMNTE S,

T, EEAS (x, y)=(03101, 03162) LAIELY: x, v) 2ERTEY, ZOHEOERE
EABEORED SHEENOBHOKE (nm) EFMEL L. RERLITICRNXEHETIT- 1.
BHcld, ENEXAELCAY0BBARKL T AREL BT ERIESIT- 2. ENTE,
B CTRIEEIT - 1o, BRNERAE ANIC A 5 ABIARO BEfbh 5 A TAREAT (SOLAX XC-100A)
ZHAWT, HEE1=370~780nm, FuLEEE 3,000 cd D BESLEERBE L, ASEOAEICKL T
90° DA a2 S EFEE THIRE L 7o, SR & KB, MRy EAIEZEOERHRED > ERF UH
fRELBLIICLi. ZOK BRECIZEELLUSTLDCEBAREERCL CAIEL 2.

2.3 BEHTORELERTIERSAUTE

ERERBLUEOBOER, BRELUBHEICTKE (CUSTOM &8 CT-500), pH (R
MK T %% pH 51 HM-20P), ER/t:ZCEN (ORP, REERK T8 pH £t HM-14P), BRIZHEE
(EC, BN TEMESEEB T CM-14P) ORIEEIT- 1.

BEEBTERS O, 7un ) BRBREERE Nat, KY, Ca¥* B8XU Mg*" BIEFRIEHE
B ClmBLU SO @A 47 0= s5 7 (DIONEX 8 QIC IONCHROM ANALYZER),
H.Si0; 3BSLEEE: (£ ) 77 v HFE, B EWERRSLEEET U-3210 51), Cu?t 8L U Fet i
F-ES 7 5 X FENSHMTEE ICP-AES) (SEIKO # SPS3000 & ICP R0 eAirEE) % H
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Fig. 1 A location map of Kunimi hot spring in lwate Prefecture and a photograph of
the open-air bath of Kunimi hot spring.
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Fig. 2 A location map of Kumanoyu hot spring in Nagano Prefecture and a photograph
of the open-air bath of Kumanoyu hot spring.
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BLTOLRO» %ML EREETH S, HEEEIIEFE LT, pH, BILETEMN, BER
EOEIICE - TS FSFICE(LT 5. W3 OEOMIEEE &L 0 5 25, FREBEEIT LY 1 +
v —2, BUKRED 0, A 4 D +6 ThH 5. MBERBELESE L TFAWEA 4 v (5,0:7),
HEg A A~ (SOs*), WBRA A v (SO2) 2T 5. /-2 DBEALEFRE T 2 DL LOWHER T
DFESLTERILA 4~ (88) 24U 3. # C THEE¥EBOEELXERL, ThorBaEms
EFOLEITBZR LTV AN,

2.4.1 UV-Vis RIXRZX~RYT pIVAIRE

ERIRRB L OO GRREOFROKERIE, Fe L THEZ ISR, BECHRL &,
ARV (Tem) AR, HIZBWERTRISEEREST U-3210 31 C 200~500 nm ORIN R ~ 7 | v %
HE L7,

F7, EHKICHLKEEZBL CHELLBRE, TEEEEKICARS BHLKES R U ER
EHtA A Vit k 2EOEEST Z) KOV TEBOBIR A <~ 7 F VERIEL, FROKD R~ b
e L 7.

2.4,2 ESI-MS 31

ZHbA A v @3 LFEoh T ORI EBEE T AR ER D, MILKEA £ v OBILRIE

(Steudel, 2003) PIRATHEINS L D IHEEGILKEAL &~ ORIL (Kleinjan et al., 2003)
HS +{(x—1)/8}Ss==S,2 +H"

oA E NS, BUHEHTTRALET, s 7 vl VHEHTF T S, S, S&, FER

LT LA UMTIR S, SF O THERET 5.

T/, BEPPERICAR S NHE IERICAER S NREL O dKEETH Y, FREEFELK
FA A4 v EORIBHEE AR Z W (Kleinjan ef al., 2005) T, EEORF/KPTIIE T 284EY
DOE5ICE Y, TEICEBHILA & v kR ER TV A T EoHERIS N 5.

Gun et al. (2004) 13 HS;03~ % HSy™ 3 & DFE A O LFFEE ESIMS Ik » TlRIET 5 T &
WKLo, 2 CTEHbA A Vit X 2200 RGRARIET 2700, SEOBRROIFRROKEERL
THE LRI 28 LK%, -V FR 7L —1 % VVEEMTES (Cold-ESI i JMS-T100S)
IC& > TESIMS HIE L7z, BHi kA A~ S OWEBEEFH x OmE D 2 L TEFLA £
Y DIFEAKEEL 72, ESIMSHIEE S 1L, F+ 35 Y —holEIhAERIOSERAHN
L, BERORESFEA A v TE LTHROHL, Ea/BRE (m/2) 2 Lichi-ThBEL, &
[ENCHRINT 2 EEDSTETH 5.

2.5 BEIOA FMKTF

BRAOEFEPADE, RERAPTCEERZ 04 FEBRFICEZRBEO LA Y —Hills LU
U —HElic k- TEEMSHHS NS, BELEOBE RO 4 RICRMAIL, KTORED 2 FiC
HHT 20 TATEOEENEVWIEY, 704 FEKROBEIREVEEEELS N EE0EL 12
3, 2Oy, TOFEAMEROOBEL (LA ) —BED OXidFRE L5,

WREEEEEORE SONFICL» TEUBHEDEE I ~HELLE IR, T oa FRFOIREL
EAFT B EOBBICFhAEL, FHBSECS. 2oL EEIOHHBASSEO A& RZEE T
Z2OTHAMBER S, Fi, V1Y —BELEER W ERREHR/ NS VESRTVL S,

Ohsawa et al. (2002) &7 + V& =AM - tohESHL S LA ) —EELIBAb 2 vV A3
1 FOREZE 010~045um OHFHICH 5 EHEE L 1o, RRRCRE I oA FRTIC2VT bEME
TT0.10~045um DRIRETH BBEIE LA ) -8l 1.2pm L EORBRTH 28461 1 —HELE
HUEXEgTWa 2 eEpExhtws (BHES, 2003). —F, Z0®%TONIDEEEDEES ARV
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fro ) hand FORESHERTHE, 003~004um &b - E/PXWI EHHE KRS, 2003)
ShTHY, BETHEHE CHEDLEZEEH O TEEE L3S IERS DRSS nEv
tEZONSD,

2.5.1 CaCO, DEAFIE

ERERBLUVEOBARIIEINE EEIONABE I o1 N FRFHR I oA FERBEY
Wy bhaoA FTh5, L LEHORKEZ oA FEKFHHEL TV AEREDFNFNOH
EAMEMET 2 3B TH L S RARICEVWEELON S, FICRBI VYT LDT 1
¥ —NETORENHE, HBORETELLELTELEbNE0T, REIC>VTOERIIE
BLERTERVWEEZOND., T TRRBIKITRBEI VY T LHBIEEL S 0% FOMFIEDS
POEELI, BREIUBFEOKDKEA VYT AOFMEELTO L S ICEHHEL /2.

Ca*" +COs*~ 2 CaCOs DEHER (BMRER) % K9 5 &, HiEA I 5 RFIF5EL Saturation
Index (SD & SI=log ([Ca’*] [COLT1/Ky) THA O, HRGICET 3IEREEH~DBEED
HZEWHE, T )VEE pHLOoFdELORKDI COS BE LN LI CalT BELFNFND
EEICEHRL, FORRALTSIZEH L. T2 TRA VOGR4 v OFEEKE 7~
4 - k2w rVONEERGRIICA 4 VEREEAA L TR .

2.5.2 EEXNEFHEFNE (SEM) 88, S LUES

REKE =27 LRTRIA VTS5 v 7 408 — (HLE01um) TAHABEL, S EOHRFORR
BLUHRER S oD ICEENETIME (HAREFHE JSM-5800LV) THEL, BEERE LE
ST K CTHSHTETT - 1.

3. WRBIUEE

3.1 ‘AT

HRERB L UROGEROZEKR, NGO BEHEDHRE Table iR L 72, ERBROE
R, NEOEGMOES 2T 8cm UINTH Y, RROGRROTEKR, NEOEHMOES L 59cm L
TThoto INHOBRBETRMICHBE~REL SN EOHEER (B 500~555nm, #fk :
555~570nm) DIEMITIFAET 305, BRTREROES R, BHEBEREMIZY 7+ L (Fig. 3).
R RBEPIRIRIC & » TELT 2 KEPLOSEaHmsBfR L Tw 2 LitEan 5. BEREFOIE
2 RO KDL ATHDRORE K L REROH BIZE—ICFET 208, 2RPEHS 0K
ETI, RO ERS 2 (EkE
SEOMXFEEAVNE V) & &z kb D Table 1 The data of hue wavelength (WL) of Kunimi and
PSS 2 A[EEE N E L 5N B, Kumanoyu hot spring waters.

Sampling location Sampling date WL/nm

3.2 K& pH BR{LEXEN BIIEE

A Kunimi-open air 26-Oct-05 561

EH L UEBEERSD Kunimi-indoorl 26-Oct-05 557
ERERBLIUVEBOGEROER, & Kunimi-indoor2 26-Oct-05 553
K, N&DKE, pH, B{tEZcERN (ORP) Kunimi-open air 22-Oct-07 569
BLUVESIEEEAFEOHRE L Table 2 Kunimi-open air 23-Oct-07 563
IR LUK. BRD SIBFEAEA XN 588K Kunimi-indoor3 23-Oct-07 562
283 % pH B BT EAr %ﬁ{iﬁfEQ Kunimi-indoor4 23-Oct-07 563
ZENIIAXCHEWEWS T L Dbin -1, Kumanoyu-open air 10-Oct-05 562

# 2 ORP OZAb /b ¢ K& ofi4 Kumanoyuwindoor — 10-Oct-05 572
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RERERO 2 E/E

BRETLHEL TV L, BEBEOETIREER (RRE: —351mV, B : —156mV) L5
KELR (BER: —235mV, B 2mV) SR KEBENTHY, 2007 EENOEREROEKE S
D EC LHFEORAMEOOREBEEREDOLHICEONIEKOBACKHELEZEZ SN A, BHESE
B, T UE REEAA Y, REKEAAY) EF P OALA YOBRBRSN &
5, BREREERE-7 M) 7 - REKFERTH D, BOGRREISHE-I VY T 4 - F b

son
03 B
340

.7 L3283 ,(A)

cige” _AB)

Wdivie L {C)
0.5 »” -7

L T

. A
03 sac

' £49
04 S

/ F1n
03 iz0
- o~7%0
0.2
481

Al
3 - 41
0 CJ 02 03 )4 05 06& 07 X

Fig. 3 Examples of calorimetric data shown on the
xy-chromaticity diagram established by Com-
mision Internationale d'Eclairage (CIE) in 1931.
The boxed color photographs were taken in
2007. Photograph (A) was taken in indoor bath
tab 3, photograph (B) in open-air bath tab at the
time of the fine sky and photograph (C) in
open-air bath tab at the time of the cloudy sky.

) A-TRERIE - REBKRIERRTH B &N
hipb.

MERDO Fe S8 CusEICEL TIE
ppb # — ¥ — TH» TEFE DKL (Table 3),
IS EEICEFRL T B alFetkid s &3
Wrx iz,

33 WMELFEORE

B C DA EHEETERRE % pH ST 0F
& ZIRTEESRE L icR L 72 0013 Eh-pH [X],
$H37 -~y 1755 L (Pourbaix Dia-
gram) EREEN . BiE, BIET ToME{E
A S ERD Eh-pH X (Krauskopf, 1967)
bicilliEL 72 pH & ORP Off% 7o v b L 72,
HERDTNTORMBFIKREA 4 v OLE
FEIRICTZAEL TV B T L hibhh - 12 (Fig. 4).
Libi- THREEREE L TRF(bKkERA 4~
(HS™) OEEME &S50 (Table 4. ##Kt
CRFRIRSNTORODBFEKREAS 4~ HEL
%O TCHRERA # v IcED 3BTl {bkE
o & v EREEA & Y OMic i, BEoEL S
SFXFHEREYE S,04 2 S HEST
XTLAHALDEEZONA,

Table 2 The water chemistry of Kunimi and Kumanoyu hot spring waters.

Water

Content/mg L !

: : Sampling ORP EC Alk
Sampling location Temp. pH | | - —
date "¢ fmVo/Smoto/meal T ong kot Mgt Gl SO¢ HLSIO;
Kunimi-source 27-Oct-05  51.6 6.91 —351 0.471 41.3 909 31.6 128 84.7 205 237 135
Kunimi-open air 26-Oct-05  45.6 7.22 —352 0.434 36.2 861 28.2 110 T71.1 193 223 92.3
Kunimi-indoorl 26-Oct-06 42,4 7.19 —359 0.463 39.8 909 31.4 104 79.9 203 235 99.2
Kunimi-indoor2 26-Oct-05 39.5 7.18 —359 0.463 38.7 935 35.5 105 78.7 201 231 99.5
Kunimi-source 23-Oct-07  42.4 7.23 =342 0.453 38.2 856 28.1 120 73.8 259 267 83.3
Kunimi-open air 22-Oct-07  47.2 7.79 —369 (.403 35.0 823 27.3 87.4 75.5 252 293 80.0
Kunimi-indoor3 22-Oct-07  47.4 7.69 —337 0.426 37.7 839 26.4 126 76.9 254 261 82.8
Kunimi-indoor4 22-0ct-07  37.7 7.50 —363 0.424 36.4 927 26.9 120 76.2 256 296 81.5
Kumanoyu-source 10-Oct-05 47.8 7.28 —378 0.140 6.50 103 5.06 173 20.1 72.9 276 118
Kumanoyu-open air 10-Oct-05 40.7 7.47 —366 0.129 5.78 93.6 5.31 178 18.6 84.2 331 105
Kumanoyu-indoor 10-Oct-05 44.1 7.42 —381 0.128 5.87 96.5 5.24 176 18.9 64.6 357 107
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3.3.1 UV-VislERXZXRT +Ib

ROBERDOBFEROKERIE | HKE L T UVRIXA <2 FVERIET 5 & Fig. 5 icRon
2k 575 230 nm FhECBARINE RT 2 <27 P VB SHE., HES (1963) WEATOMEBR &
2 OHEAYIKIBROTIR R 27 F VERE L, HREREZEIPIORE L BIcEC 2R0E
L EBIX R~y + VOEALEBHF L, H.S BROBEZFGDO TV ETRINSEML, b, 557 v
H YT 230 nm M ICEB RTINS 5 & & FEEF)IC/RL /2. Ellis and Golding (1959) & &
hid, ThidHS  KiERT 5 &0, ERERFERD UVEINZ <27 +v (Fig. 6) b, FEDER
REBEHS k3 EEZ 505 230 nm L ic B AR
WRass ot dh, i RERMCOEBETIC LD

1.4
BERNSR S, aRHHE cHETVWEXH KRR
. N 1.2
5. ChEHEBS (1963) HBWILF b ) v AKER ™
ORIRZ <=7 b VDR E LT 250nm fHEL b £ o
0.8 =} 0,
o 72}
> =
Table 3 The data of total Fe and Cu contents of Kunimi - 06
and Kumanoyu hot spring waters. = "
= 04 S0
. . - Fe Cu
Sampling location  Sampling date /ppm  /ppm 02 \s
Kunimi-source 27-Oct-05 0.46 0.03 0.0 I
Kunimi-open air 26-Oct-05 0.33 0.03 02 z Kunimi source
Kunimi-indoorl 26-Oct-05 0.37 0.04 °
2
Kunimi-indoor2 26-Oct-05 0.44  0.03 04 .
umanoyu source HS-
Kunimi-source 22-Oct-07 0.17 <0.02 0.6 >
Kunimi-open air 22-Oct-07 0.10 <0.02 0 2 4 6 8 12 4
Kunimi-indoor3 23-Oct-07 0.16 <0.02. pH
Kunimi-indoor4 230ct07 008 <0.02 Fig. 4 The figure which plotted the data
Kumanoyu-source 10-Oct-05 0.003 0.001 measured at the source of Kunimi (2007)
Kumanoyu-open air  10-0ct-05  0.004 0.002 g’gpﬁimgi’;‘;yr:goctrzst';’éggzogfguz’;;hﬁ
Kumanoyu-indoor 10-Oct-05 0.003 0.002 y P

(1967).

Table 4 The data of H,S, HS™ content and Saturation Index (SI) for CaCO; of Kunimi and
Kumanoyu hot spring waters.

Sampling location Sampling date H,S/mgL™! HS /mgL™ SI (CaCOy)
Kunimi-source 27-Oct-05 52.7 71.8 0.719
Kunimi-open air 26-Oct-05 25.1 62.7 0.851
Kunimi-indoorl 26-Oct-05 25.1 55.1 0.783
Kunimi-indoor2 26-Oct-05 29.4 59.9 0.727
Kunimi-source 23-Oct-07 36.5 88.0 0.905
Kunimi-open air 22-Oct-07 9.47 78.3 1.28
Kunimi-indoor3 22-Oct-07 9.31 70.8 1.37
Kunimi-indoor4 22-Oct-07 17.5 71.9 1.14

Kumanoyu-source 10-Oct-05 6.25 18.5 0.430

Kumanoyu-open air 10-Oct-05 9.39 38.1 0.507

Kumanoyu-indoor 10-Oct-05 8.83 34.0 0.487
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Fig. 5 Absorption spectrum of the water
colored in green after having left the
water of source of Kumanoyu hot
spring for a few days.
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7 b VOERRELE BT 5 E HS itk AR E — 27 i3
BEEA~Y 7 P LERIICREELE: (Fig 6). chid
HS™ 28 8,0:% (075 5812 (GRHNITI3 SO K73 5) L&
Zohd (HES, 1963). 300~500 nm O WRINE ORI
REOLESHBIEVVNE -, ThPBREBEERE
ED &R YH 0 EAMEICT 00, BEKIHRE
IRFEAE Uik () EMELREKICAR S SRt
IKEEBU K (R © UV-Vis IR <=2 b v O
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Fig. 6 Change of absorption spectrum of the water” colored in green after having left the water
of source of Kunimi hot spring for a few days. 2) and 3) are the spectra of the water after
having left it more for 5 and 15 days, respectively.
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Fig. 7 Change of absorption spectrum of the water” made by conduction H,S into the distilled water.
2) and 3) are the spectra of the water after having left it more for 11 and 16 days, respectively.
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Fig. 8 Change of absorption spectrum of the water” made by conduction H,S into the water
after dissolving elemental sulfur in distilled water. 2) and 3) are the spectra of the water
after having left it more for 5 and 15 days, respectively.
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Fig. 9 ESI-MS spectra of water colored in green after having left the water of
source of Kumanoyu hot spring for a few days.
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Fig. 10 Examples of SEM photographs of the substance on Nuclepore menbrane filter
(0.1 zm pore size) after filtering of the Kunimi hot spring water. (A) : Indoor bath
tab1 (2005) (X550), (B) : Source (2005) (X 10,000), (C) : Indoor bath tab2 (2005)
(X 17, 000) and (D) : Open-air bath tab (2005) (30,000).
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12 Example of SEM mapping image with point
analyses by EDX of the substance on Nuclepore
menbrane filter (0.1zm pore size) after having
filtered the Kunimi hot spring water.
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