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Abstract

Chemical analyses, UV-Vis absorption spectrum and Electrospray lonization 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 Si*". 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-Vis N ZR7 b VBELFT L7 B AT L—A 4+ AUEESH (ESIMS) TR & %17
W, ORI R A, FhoroBErZank FaEaRPStENcsnT
fits S bkEA & v EDOKIBTHE L 2201 &+ VKR OED &, KEH VY Y AP E
a4 FRFOLAY) —BELICE2FBREDOEKRICEL D | EWVHTEERREZWRILT 5 729,
T2 DENERZIT - 72, JE L7 pH & ORP {HAEIRB L FEICEd 5 Eh-pHX Lic 7 = v
a3 L, FoFREIKS HS OZOERICEAE L Tz, H L 2ERAKD UV-Vis B Z ~
7 MVERIET % &, 230 nm HTICHALKRA & VITERY % EF 2 5N 2 AN, 300
~500 nm IZEICEIG 9 % EEZ SN BAWINESTERS N, xBTS REDGRIFKD
ESIMSHISEEZITS &, HS, DE—7 Ll Runwikahiz, coxR72FIicLTBy, =
D6, 8 107 ENHAEI ENbhot, IEDT EnD, A 2EdT 5 Ih 5 DEREKTIC
BEWMLA 4~ SEDEAEL TVWA EHEESI NI, FEDERSR, ERER/KEICIIRES Vv
D ABIUOWHE I OA FOMR THEEL TWS &4 ERTE T IAMBEHE & I L
2. INHDT END, HOEEMR, 214 Vick 2B EBREMRFICEZ LA ) —
Gl kR 2HFBOGHICK S LV FRROFGINEIF oI EEZEL SN 5.

F—v— N FEER, 2kt A4 v, LAY —EEL, ESI-MS, UV-Vis IR <7 kb, BED

HRR, ERIER

1. FC&®IC

BRICIRA, 5, B BRERESERAEZELELLOMEFHEL TV, T hoZ0RaKTH
FUREHEICRELOATFEONTE 2. ABORREIHET 01 FOREIEIC L2 boTh bH
FE<HSNTOEDY, HorETHEE, FIZAIEKSEBIFNTICS 201507 < NHE 3 TH
nEOFREARKFIEY Y Aan4 FThD, 2EEMIEL A ) —HELTH S (Ohsawa et al,, 2002)
CEpE SN, BEKOZOICBT 2BL—EET C Licis o . T ORBIN O O H
ZENCOVWT O D Sh, KEGDORFEENIINERE (Fio) 1, RfokdicziEd 2 7 4
VFA MTkB LA ) B (B Bfnsh, TofnE&ICL-> TEBEHNEI S b
DEHEEESN TS (RIRS, 2003).

—7, FEERKOBOFERICHL TREEASHHASI N TRV E WS TRV, BN TREOE
ETAAERMNBIRE LT, ERER CAFR), oGy (RER), AflkER (BFR), 7
REGR (FHEE) P ons. INOORREIMELGOIHRTH S &V LB
F5ohs, W2 BB CREIREOTH 2%, %2 FIZFRED SInE~OEAD\IET, FiCikiL
ROCEALOZ(L (FICELRIL) 1Tk > TEEMEEZ 1L 5.

WMEASCRBEWE T oA FRTHSEOMEICBES LT3 2 EnEL, FHEREZ R LD
2 OBMOERVPAOLOFHABEZRELTVE. ERTREVHSIEREMELDOEY £ 0
(Ohsawa et al., 2009) PEERMARILOBEER &KMo T x 50 K27 — v Fe?™ d
RN IC L 2RO LB T o A4 FRTOKRBEDO LA ) —HELIC L 2 HEROMEDRAICL > T
s Twd (BHS, 2003). s 3mEEEOMESERAKTH 20, RROEET HERK
BHHETHD, o o4 FRESLTOLEDN, Fe' B EDERENNIEREENTWSC
LICXBDDEAHTH Y, EEOBELE RIS 2BENROECICES L Tw AT b & 5.

AWFETIE, EICB W THERHREE 2T 2 ERERS X ORROGREE[R E L, EEKOL
o, ORME, UV-Vis I <7 M VAIE, BEYEOERTIE TIMETRLE, z1 7 box
7L —A & AVEEDH (ESIMS) AIEAITV, TN O HEE R S NAEENRERIET 5720
DENFERICEK - C, RERROEEMBEZIHOMICT I E2HE L.
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2. BHOEIMESHHE

2.1 EEHERM S & &k

ATFRFAUNCH 2 BB RGETFREKHEIC F 25 Kb, rEOBILAD OICMET S
(Fig. D). By mofEic 1%&@@%7&%@ ZTOREALIHHEEUCRETH S, ERERIZ
IBIEREA A v orfi© CI- GEOMIC HCO;™ SBFHIZ VT L LBy EHo KL 2D LiEfE D
IRAREEPE IS\ & D3, m%@ﬂﬂﬁkaﬁﬁﬂ LTHERZIRR EEZEZ oTwd Ok - [, 1971).
ERIFE NESHEESHICE T 2O mR (Fig. 2) @5t KO R E AR ILHE-EE -5
KN OEEEAZ T - EEZ NI EHEOMERTH 5.

EREROFEREEICE 2 > OBEREBEET 6 DOIRiED, BEOBHRRICIE 2 >DERMEE %5
L A->OBLD D, WENGEIE—DOEREN 5 24 B I s Tv 3. FROBEH S
CHEORAZ L - Ty, ERRROBEHEIIEH 2001, FEOGRRE IIENH 2L TH 5. i
REFELL LI NICHROEZZEL TED, BEOGIERERDAGIRTROEZZEL TBD, K
AT R EEOFHYIAEE L, BRED ORI EAGEEYAES L TWb, FHBMOKICIZE
EOHBEOEBYNRWIEENE I Ebd S, AU TRERRERICOVTIE 200649 H 26, 27
H35 & 082007 45 10 A 22, 23 HIZ, HEDERFICOWTIE 20054 10 A 10 Hic 2 W ZNER, &
KB LOBHED» SR ZEK U7, ESI-MS JIEMH OFEHE 2008 4 1 H 10 HICHED Biim RIFERIC
TEILL 72,

2.2 BEAE

BEORAFRIMANCL>TEIBL6DTHD, OEREICKITLILIRNETHS. T Ta=
A1 3 /g CS-100 BEEETEZ AW TEEREZITY, KEINCEHE L 72, AWF%ETld Ohsawa
et al. (2002) DL TORMEZTT - 7o, WERKRE, EERIAZES (CIE) 281931 FFIED 72,
mAHIETET XYZ (Yxy) £O% (CIE1931 £R) 2HVTHEK LA, XYZ ROREF, o=
o (R=7%, G=#% B=%) OIMEROOFEICHESOTHEL LD TOEREZH VT Y (HE),
x (), v (B O3 >OETHT I EMNTEX B,

Fio, RS (x, y)=(003101, 03162) SHlELL (x, y) ZEMETHEDS, £ OHEMOLEER
gL oS SO ORKE (nm) ZHE(LL 2. BIERRINICb R 2 HETIT- 7e.

BT, EHHEE L OE D OR@mAERKS LT3 EPHZ B EEIEET- 72, ENTIE
WIS CRIE AT - 7o, albNAR 2 AN e i 5 28R o BiE D 5 ARG (SOLAX XC-100A)
ZHWT, #EA1=370~780 nm, HuloEEER 3,000 cd @t A RBE L, ASDLOHENITH LT

90° DJ5[e)h o R THIRE L 72, ﬁ%% EORFEATTE], x5 & e s O BREE I E DO > L6 U
fResdkoiclic. 2ol 5 BB S Ic BB ET I L TRIEL 2.

2.3 WMTOREELEEREERSAE
l%iﬁ%&ﬁ K UREDGDIRR, B2 KB LUV Ic TR (CUSTOM #EAEET CT-500), pH CE
i T34 pH 3 HM-20P), Bl R (ORP, sudiEs: 3% pH 3 HM-14P), S5 (34
(EC e TEMEXEELGT CM-14P) ORIEZTT - /2.

AP R ) O 1, 7ovh ) BRI ER:, Na', K'Y, Ca?' 8L U Mg?" 3ETIEE
i, Clm 8LV SO 3147 o< 2571 (DIONEX # QIC IONCHROM ANALYZER),
HySiOs (FWOCEE (£ ) 77 v &L, HILBEEELOREAET U-321031), Cu® BLU Fe*' &
FELES T 7 X< FETE (ICP-AES) (SEIKO %1 SPS3000 74 ICP F¢ e mirikiE) % H

121



EfnEk, PERDHE, fRESEH, RIFEET

Mt Ebashi
Mt Zarumori

Mt Yumori

ML Tqﬂnlm

M. Suum:

Mt Nara

N

;

r(\/\ﬂ I\\
Iwate Pref. ‘}
a

o N;

Fig. 1
the open-air bath of Kunimi hot spring.

A location map of Kunimi hot spring in lwate Prefecture and a photograph of
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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.

Wic, WEPKOTALKRIBE 3 2 v REZRIC L D RE L 72,
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FRLTV2D0 %25 EIFEETH 5. MebFREEIEFICZHT, pH, BILETEN, EEX
EOBC L - TEEIFICE(LT 5. BREIF 9O E & 5 205, ERBEIEIFHILY A A
Y O—2, BURTRED 0, WA A v D +6 TH 5. g IR EMEE L TFATBA A4 v (S:052),
MR A 4+~ (SOs* ), WERA 4~ (SO2) ZEkT 5. % /- ORELEFET 2 DLl EOWHE
HEES L TEMibt 4 v (S¢) 24U 3. £ C THEFEOGFEELMHREL, ThoriFhEms
EDOXHITEBRL TV S Ed~T.

2.4.1 UV-Vis RIXZRT MIVAIE

E IR R B L CRED Bl R DR DK ZERINR, #te L THIEEICR B IR0, BEREICHR L 21,
ALV (Tem) AN, HIZEWERTBSHOEEET U-3210 §1C 200~500nm ORI R <27 b L%
HIE L7z,

T/, HREKICHILKEZB L TH U AR E, Wik RRKICERS S bKEZ® U ik
EHbA A Ik 2 EOE2ET 2) IOV TRBEOIIN A =7 M VARIEL, FROKD R RS k
& L7z,

2.4.2 ESI-MS flE

2L 4 v 3RS L FEOh T O I A R A M AERED, FbKEA 4+ v oBILRIE

(Steudel, 2003) kA TEEN B L 5 I1hish & fbk#EA 4~ OXE (Kleinjan et al., 2003)
HS +{(x—1)/8}Ss==S,* +H"

MoERE NS, BESHE T TREALET, LS T va VISR TR S, S, S, IEW

W T LA VTR S? T, S O THAET .

T/, AEPPEERNCAER S N QERIICAER S N REE L KBTS D, R ERbK
FA A v EORIGHEN R E W (Kleinjan et al,, 2005) DT, EEEOMRRKHPTIEE £ N2 BAEY
DRESIC LY, BEICEHRLA & v E R TVWA T EAHEIlE N B,

Gun et al. (2004) 13 HS,05~ % HSy™ 75 & OFfi 4 O (L4 ESIMS 12k - CRIET 3 2 &
W L7, 2 TTEWA A VIc X 2 2RO EIRAET 5709, BEDQERIRDJFR DIKE B L
THE Ligic 20 Lok, a—V 827 L — 1 & VUEES S (Cold-EST Zi&E JMS-T100S)
12 & - TESI-MS HIE L7z, Z0ifbA 4~ S OMEE T x OO E#~5% & T2l 1 4
Y OFEMAERGEEL 72, ESI-MS HITEE &, ++ E 51— oEES N EAR I SERZ
L, BHEHRORED T2 A4 4 v T ELTIO KL, BE/FBME (m/2) 2 Lcn->ThHEEL, &
Sckrt g 2 EENETH 5.

2.5 BEBIOA FhLF

BERKOEFELEEI, ERKTICEENE T304 FERTICX 2 KEED LAY —8ELB L O
I—HELIC L > CEOMHIIAE NS, HEDEOEE $HED 4 FIKILFIL, KTOFREO 2 Fic
Hd 2 DT ASEDOHRESEHVIZE, To 4 FIFKROBENRKEVIEEEELS N 05 12
5. Zotcd, TOFERDEOSIOHEL (LA ) —#ED ok ETR L.

WREERBEORE SO TICL > THEUZEGEDEIE I —HELEIFIEN, 304 FRTEREL
EAST 2 tomEEic oL, Tl 3. 20 & SHELOLANIZASHED A &[5 & 7S
LZOTHBENS, T, LAY —HELE BB D BERKER /NS VEESNTOV S,

Ohsawa et al. (2002) &7 1 V& =i Z{f - 1R 5 LA ) —HELIcBE D 2 v U h oo
4 FORE% 010~0.45um OFFHICH 5 EHEE L 7o RIFFICHIE 2 04 FRITIC2 VT bk
TT0.10~045um ORETH 25E LA U —#EL 12um LI EORIRETH 2854813 3 —Hblz
BTV AT EMREEINTOS (BHS, 2003). —F4, £0%IThNIEEGEDEERZ2H 0
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) aoq FOREMHERTIE, 003~004um & & - E/NSWVT EMHEE CRKIRS, 2003)
ShThh, G TEE, SCHEDEER T 2O TEENE LS 0 SRR HmIEE S v
EFEZOLND.

2.5.1 CaCO; DEIFNE

ERERBLUVEBOBRRICEEINI EEZONIHEH I oA FMK 3R oA FEREED
Wy haod RTha, L LEROEKZ 204 Rk FBEEL w3502 hEhoks
FENANET 22 &3O THLCRRFEICIVWEEZ SND, FHCRBA VYT LD 7 ¢
y —SETORESIE, ABOFIETELLE(T 2 EEbNE0T, KEICOVLTOFRIIE
ZERTEBVWEEZOND. T I TREKITRIE A VY Y ADBTEAEL D 50 % T ORIFIE O 5
NOERLE. RRBICIBHEOKDREES V> £ ORFIE LT X S ICHE L.

Ca*" 4+ COs2~ 22 CaCOs DI ER GARERE) % Koo d 5 &, SIS 2 BaFIF55L Saturation
Index (SD & SI=log ([Ca®"] [CO* 1/Ky) THZ 5N, HRGICBEY 3 iA i~ DO ELERE O
HZIC 3, 7oA )VEE pH A SEt L SR 72 CO2 BE LT L7z Cat IBEEZ 2 hEho
mEIcZH L, FoRITRA LTSI ZEH L. TTTRA A VOISR 4 v OIEERKE 73
1 - tay rVOREGRRICA 4 vIREERA L TR 72,

2.5.2 EETEFIEME (SEM) B2, S9WE & UCESHT

HEkZE =27 VR 78X YT ST 405 — (FLEE01um) TABL, A LMK FDOIIK
B LUK ER 5 fo D IEENE FImMEE (HAB 5 JSM-5800LV) THIE L, BEEE &R
DB K G 21T - 72,

3. HMRBIUEE

3.1 BEAE

E RSB L OO SRR OEER, WD EFMlIE DR % Table 1 I1T/R Lic. ERER DO
K, WEDOEGMOES FAT68cm LITTH Y, AEDOLRRDOER, NGOG DOES 1 59cm L
TTH-7oo NS DIERIFETMANCHER~FROE S 2 OHEE (f : 500~555nm, B :
555~570 nm) DIEIMTEET B8, BERTIRERDOEE I, BHAEKREMICY 7 b Lz (Fig. 3).
I RIERIFEIHIC & » TEAL T 2 KEDEO N TRIR L Tw 3 EHffEsn 5. IERIFFOIE
P2 RO KGRI O R &L RIER O B EE—ICHEAET 555, ERPHY O
ET, NHEOEDRNERIL S (EE
SEDOHREE DV NS ) T LIS KD IR D Table 1 The data of hue wavelength (WL) of Kunimi and
EANZE LS 2 AREMESE A 5N B, Kumanoyu hot spring waters.

Sampling location Sampling date WL/nm

3.2 kg, pH, BRILETELN BEXGEE

Kunimi-open air 26-Oct-05 561

EH LUERTERS Kunimi-indoorl 26-Oct-05 557
FERERBXUVEOEBEROER, & Kunimi-indoor2 26-Oct-05 553
R, WgDKiE, pH, &{tEscEN (ORP) Kunimi-open air 22-Oct-07 569
BLUOBIUZEENE O E % Table 2 Kunimi-open air 23-Oct-07 563
I Lz, JRSRD SIaFE~E A X 58K Kunimi-indoor3 23-Oct-07 562
2813 % pH, BLEBTERN, BRSEED Kunimi-indoor4 23-Oct-07 563
ZEHIIARXLBWVWEVLS T Enbh -7z, Kumanoyu-open air 10-Oct-05 562
H: 12 ORP OZA{LIF/D 1 KX BE DA Kumanoyu-indoor 10-Oct-05 572

124



%60 & (2010)

RO R O SO FEHS

IHETHHFEF L VWA T LR, BEROE T 2 AEER (FR: —351mV, B3 . —156 mV) 5
KPR GBS . —235mV, /8 2mV) L3 AKELWENTH Y, 2007 FFEERIN O E R R O 5 KJE 5
D EC EHFEDORD PRV D FREFHED 12D I Eb N FKDOBEADKEREEZL 5N D, HEEE
B TR, TAVE GRBRA A v, REBKEA A V) EF b)Y a4 v DREESEVWI &
o, EREREIERT-F b)Y A-REKRIERTH O, BBOGRREERE- VYT L - F b

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-TREEIE - IRBKRIERR TH 5 &N
bbb,

MRRDO FeGBBLU CugBICBHL TR
ppb A — ¥ — Tl THEEEHME L (Table 3),
INOAEMITEFR L TV B afREREIZ 75 Wb &)
& 7z,

3.3 mEFERORE

iR T O L MRS pH & B0
%h 5 ZIROCHEERE FicR Lz & @13 Eh-pH X,
Fld 77—V ¥ 1727 5 L (Pourbaix Dia-
gram) ERREN 5. HE, WE N TOlHby
& &7 O Eh-pH X (Krauskopf, 1967)
FICHE L 72 pH & ORP Ofiiz 7o » b L1z,
MR R D X TCOREHIFLKEA & v DRIE
FEIBICFAE L TWA T &b -1 (Fig. 4).
L 78 - THE LR & LTI bkEA £+ v
(HS™) OEEH,IHRE LS (Table 4). Xt
ITREFHEN TR OWBTLKEL & v 5L
5Tl A A v IcZE b 2 TR bk
A A v ERIgA A v oficid, BLHDRK 2
SF I FHELEYE S: 055 S E RENT
XTCLAbDEEZOLNS.

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

. Water Content/mg L™}
Sampling location Sagﬁl;ng Tegnp. pH /Orls\l; /SEHSﬂ /m‘/z;}iﬂ -
/°C Na® K" Ca*" Mg* ClI° SO& H,SiOs

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-056 45.6 7.22 —352 0.434 36.2 861 28.2 110 71.1 193 223 92.3
Kunimi-indoorl 26-Oct-05 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 0.403 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-Oct-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-056 40.7 7.47 —366 0.129 5.78 99.6 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-Vis RIXZRY b

i SR

RED B R OPBEROKEZIREE 1 HIE L T UV IRINZ <27 s VERIET 5 & Fig. 5 IcRon
% & 5175 230 nm (HTICHRIIN 2R 2 <27 Moz, HEEF (1963) A OWHER &
T % OWREALAPIKIER ORI R <7 bov & R L, B R %2 EQICHE L ke 2 2 n%
LEBIN R <=7 bV OZEALZBH L, H.S AR OB Z550 T < SIRIASEL, ik, 557 v
A U PETIE 230 nm FHEICERIRINDS & % & & 2KERFJIC/R L7z, Ellis and Golding (1959) 1T &
E, TN HS ICERT S VS, ERERERD UV IRIA <7 by (Fig. 6) &, BEOER
RIERE HS 12k 3 EEZ 5N 5 230 nm 1T IS,

WHBoNEH, TnL ) RERANCBEZ5I< XS

RIS R S, affREAlE THETWA X HICRA
3. ThFHBZEEF (1963) BEW b b Y v 2KEK
DRI Z ~ 7 b IV E LT 250 nm iF & 0 Eif

Table 3 The data of total Fe and Cu contents of Kunimi

and Kumanoyu hot spring waters.

. . . Fe Cu
Sampling location  Sampling date /ppm  /ppm
Kunimi-source 27-Oct-05 0.46 0.03
Kunimi-open air 26-Oct-05 0.33 0.03
Kunimi-indoorl 26-Oct-05 0.37 0.04
Kunimi-indoor2 26-Oct-05 0.44 0.03
Kunimi-source 22-Oct-07 0.17 <0.02
Kunimi-open air 22-Oct-07 0.10 <0.02
Kunimi-indoor3 23-Oct-07 0.16 <0.02
Kunimi-indoor4 23-Oct-07 0.03 <0.02
Kumanoyu-source 10-Oct-05 0.003 0.001
Kumanoyu-open air 10-Oct-05 0.004 0.002
Kumanoyu-indoor 10-Oct-05 0.003 0.002

04 S0

Kunimi source

Fig. 4 The figure which plotted the data
measured at the source of Kunimi (2007)
and Kumanoyu hot spring (2005) on the
ORP-pH diagram created by Krauskoph
(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 (CaCOs)
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.

4.00

RO R O SO FEHS

ENCO 0 » TERAE L 0 AN R S 5 v
WELBANTHD., THERELTEINGS DIERKD AN
7 NIV LB Y 5 & HSTIc L AN E — 7 13
T EMINY 7 b USRRIICIZE%L L1 (Fig. 6). 213
HS™ 7% $;05* 1072 2 1858 (RfEATICIE SO 1218 5) &F
ZoNn5 (HEETE 1963). 300~500 nm DYLIE: DU
WREEOHEC LB ITEVWNES K Bk, TN EREDE
ED &SRR D B aHEICT 50w, BREKICHIL
KA U o () SR 2 7R EKIOER S Ehivk
IKFEAB U ik () @ UV-Vis TR <=7 L D#%
Bz b % b~/ (Fig. 7 8L U Fig. 8). Hi& 3 230nm £
I HSTITiEKd 2 E b 2N E — 7 23/ 5 7z 25,
ZO Y — 7 FEREARE T 2 & cRE I RIEEMI 7
FL, hELote, —HBREDEBICE L/OKAERTIE

300

1)
Al

Abs
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Nl
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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.

230~250 nm UTIC HS ICHERI 3 E b AN E — 7 & 31z 300~500 nm (2D LFFED &
DO EBDLN BN A S, FEELE LEEINBRTET 5 & & BIKREINs -7, 2D 300
~500nm T8 I BRI 132 - (UV-Vis) fHiIC BV TR L 2 MEE oSk 4 v
S MIBAET BEFULA A VKB D R <7 SV ThH B EHEES NS, BEDED L CERERIER
%1 BIRE U Ic s Laiko 2 <2 b v (Fig. 5 LU Fig. 6) & 300~350 nm (ZWRIEDS
Hontclehs, TORNmEEhLA 4 v S Itk boltirans.
3.3.2 ESI-MS flFE

FEDBRROPFEROFEIKICH>VT, I VHETEIA VT 57 40y — (FLE0.025um) TAIE
L7cidiz ESTIE L7 & T A, 2hibA 4 v S 3 H L HS o chiitiah, =0
WMEE T x 37 2T, 2ofths, 8, 10 WREAELTWS I EMbhr -7 (Fig. 9). EREROHK
EK IS D 7o dTKLIBED Y~ 7 ) v 7S AIEET S - 7o /o, ESI-MS MIE ORZRFE L D 5 A
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ZRALA & VOFEEL TV B T EMERBE NI, £ MEED LT OISR 7 oL
BEMA 24 5 (Steudel and Eckert, 2003) EEbNTWAER T Eh o b, ZHbA 4 v S A
BEANTTHSE I EEMERICBVWTOEKETHLLEEA LN S,

3.4 BHEME
3.4.1 CaCO;B3FIE
Table 4 IZHERD SI DFEEEAZR L. 2TOHREIKD SIS SI>0 TH B 5, CaCOs
KBLTEL L ORRKICBE L CHBAITH 2 2 EMMERE NI, TOTERBFERITBOVTHIH
RO OBICEASINLBIRICBV TS, FBEEICBEW TS CaCOs Okl U 2 i EI M BE
ez EERLTVAE, 0O ERBEREEDBEDOHEOEEYPRE ICHEE - HEYED
%XXﬁ M Ko TEHRBRONEL (Bvd A4 b)) PRGEROEL (75 3+ 4 1) DR
xnl BEITH - 12,
3.4.2 % BETFBEMBEHE, ol UmEa
lﬁm%%i@%@@m%m®QMm@6ﬁfém%,6%L®%E@%§ﬂ% PRI BT,
ﬁ%ﬁﬁi@ﬁﬁﬁ@%%@%%Fg&N~Bﬂﬁbt.ﬁﬁﬁm@%%%ﬁLOMT®5AWT
%ﬁﬁ;@ﬁwyvA(mgu)mgn)@%me—ﬁﬁ@méht W 5 & IEL Lo
BYIE I 3 (Fig. 12, Fig. 13) AWgERs Nz, REEH V> o A DMETHEOFERE b FIEE
ﬁ‘FglO WKRONDEHBELADHA ZDHIVHA FRT 5T+ A MEEDKIEH VY D LD
TR T L TV A AR IO TEVWEE A 5. INHD T L HMERKE BB &
Om%ﬁw/@A@@M%@m%ﬁ¢um%&trw%t@ﬁéma

1akv Lum x18,808

Kumi miuti ('C} 18kV Ium x=17.888 kunimisoto [1)_) 18kU 9.5um x3E,088

Fig. 10 Examples of SEM photographs of the substance on Nuclepore menbrane filter
(0.1um pore size) after filtering of the Kunimi hot spring water. (A) : Indoor bath
tab1 (2005) (Xx550), (B): Source (2005) (< 10,000), (C) : Indoor bath tab2 (2005)
(X 17, 000) and (D) : Open-air bath tab (2005) (30,000).
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11 Examples of SEM photographs with point analyses by EDX of the substance on
Nuclepore menbrane filter (0.1um pore size) after having filtered the Kumanoyu hot
spring water. (A) : Source (2005) (X 25,000) and (B) : Open-air bath (2005) (< 1,000).
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12 Example of SEM mapping image with point

analyses by EDX of the substance on Nuclepore
menbrane filter (0.1um pore size) after having
filtered the Kunimi hot spring water.

filtered the Kumanoyu hot spring water.
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Fig. 13 Example of SEM mapping image with point
analyses by EDX of the substance on Nuclepore
menbrane filter (0.1um pore size) after having
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MPOWERIEEIT-> 2. & 51T, —IRKLIT245 80
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Fig. 14 Calorimetric data shown on the xy-chro-
maticity diagram established by Commision In-
ternationale d’Eclairage (CIE) in 1931. Photo-
graphs are (A) : distilled water, (B) : the water
containing polysulfide ion and (C) : the water
added CaCOj; (average particle size==80nm)
into (B).
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2) JFREBRED pH, ORP, TEHRDSEIBIARE IR SE M- 720 FFIT ORP OZA{LAVD IO
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FAEARICEILEZHR L B E 4. BEMBEBRICB VT TIBEATEE £ L SRR Y
FhE(RELERFT - Ml E AR E OB il e L B 9. ESTHED TEE, <
BEZTEZ & LA LA RS B LA B E R IS — Bd il L L s 4
AWFFEO—ERIE, FOHSRFHEMIENEE (HFERE  HORAKOZBR T B L U2 O
BT 2 IR FHIIHSE) oEMiE0 Titbhk Lo, L CBIRELICHEEZRL £ 7.

5| SOk

Ellis, A. J. and Golding, R. M. (1959) : Spectrophotometric determination of the acid dissocia-
tion constants of hydrogen sulphide. J. Chem. Soc. Part 1, 127-130.

Gun, J., Modestov, A. D., Kamyshny, Jr. A., Ryzkov, D., Gitis, V., Goifman, A., Lev, O., Hultsch,
V., Grischek, T.and Worch, E. (2004) : Electrospray ionization mass spectrometric analysis
of aqueous polysulfide solutions. Microchem. Acta, 146, 229-237.

fEEEkE, HE 5 (197D BEE » B0 o b 2. FKEE » EREL ORISR S L OBEK, ki,
16, 90-97.

HEE<FZRIE (1963) : MESRICBAT 20T GR—) BEROMIN R =7 >\ T, FPHER

132



%60 & (2010) (RO O SRR

83, 513-518.

Kleinjan, W.E., de Keizer, A. and Janssen, A.J.H. (2003) : Biologically produced sulfur particles
and polysulfide ions. Top. Curr. Chem. 230, 167-188.

Kleinjan, W.E., de Keizer, A. and Janssen, A.J.H. (2005) : Equilibrium of the reaction between
dissolved sodium sulfide and biologically produced sulfur. Biointerfaces, 43, 228—-237.
Krauskopf, K.B. (1967) : Introduction to Geochemistry, p. 270, International ed., McGraw-Hill

Book, New York : Kogakusha, Tokyo.

Ohsawa, S., Kawamura, T. Takamatsu, N. and Yusa, Y. (2002) : Rayleigh scattering by aque-
ous colloidal silica as a cause for the blue color of hydrothermal water. J. Volcanol.
Geotherm. Res., 113, 49-60.

KIRIEZ, BHB ., SHMER (2003) : O SE@ICEEd 3 @FFERT - HERMLERIPFE, Ko
I RFAEDTE S, 54, 15-24.

Ohsawa, S., Saito, T., Yoshikawa, S., Mawatari, H., Yamada, M., Amita, K., Takamatsu, N., Sudo,
Y. and Kagiyama, T. (2009) : Color change of lake water at the active crater lake of Aso
volcano, Yudamari, Japan : is it response to change in water quality induced by volcanic
activity? Limnology, DOI 10.1007/s10201-009-0304-6.

BHE T, KRIEZ, SfMEk (2003) @ iGBhrsEIEAE K o £ ERFI2BEd 5 B2 - tiBk{k
FHIWIE. PEKTFHES, 64, 1-10.

Steudel, R. (2003) : Inorganic polysulfides S,?~ and radical anions S, . Top. Curr. Chem., 231,
127-152.

Steudel, R. and Eckert, B. (2003) : Solid sulfur allotropes. Top. Curr. Chem. 230, 1-79.

133



