MR FHE (J. Hot Spring Sei.), 65, 104-113 (2015)

= e
FRIGIZ & B RFELWHE R ITDOWT

RAITNIE—" BT 5e", SRERERSY, i — Y
CPH27 4 8 1 26 HAZ, PH27 49 ) 25 H 28

Sulfur Hot Spring Water Containing Hydrogen Generated
by UV Light Irradiation
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Abstract

While the physiological effectiveness of the sulfur hot spring water is becoming evident,
especially the toxic and corrosive hydrogen sulfide in sulfur hot spring water has given a
great deal of loss to the hot spring officials. We confirmed that hydrogen generated from
the sulfur hot spring water (Unzen spa, Nagasaki Prefecture), artificial sulfur hot spring
water (bathtub water with the addition of calcium polysulfide bath agent), and aqueous
sulfur solution (hydrogen sulfide, thiosulfate ions, hydrogen sulfide ions, and sulfite ions) by
UV (wavelength : 250 nm) irradiation. The dissolved hydrogen concentrations were well
above 50 ppb (=wug/L) of hydrogen concentration that improving effect of the skin elasticity
in a habitual bathing was showed.

Therefore, it was revealed the possibility of production of hydrogen-sulfur hot spring
water having combined effects, that is, the decomposition effect of hydrogen sulfide which is
problems in the sulfur hot spring water, and the effect of hydrogen such as the reduction
system of an essential feature of hot spring water, improvement of the skin elasticity, and
increase in deep body temperature.

Key words : hydrogen-sulfur hot spring, UV irradiation, hydrogen, calcium polysulfide, hydrogen
sulfide, electrode reaction
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TRM I e T ND KRN (FRILKE, FABIRA + >, WibKFEA + >, WA + >)
TRIEHNC Z N ZF NSRS (D8 250nm) §5 2 & T, TN SHIRBEAKRLKBHED S VTFh
DQKEDPEWRT D I EDFERTE . TR0 OBAAKEIRER, MBI AR TR o
FRREPFEREN TS 50pph (=ug/L) % +4 LIl A EENER SN ZRlt, iR
THIEE B DALk FEZE R L, KEORE (GRRKOREIFHMTH 5I0%, KE O
PREE)_ERR, BEEREIN LRI &) RS L2 RE R oBE oW e 2 RET A I L8
TX7/-.
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1. LU &I

HE R R R ORERAFBIERICRICH D 2 L%, EHLIIINETTICHLITL, $EMICA
BT A LT, EHOBALRLBLOIHIZRICHAETE2 2 L2 RE KA S, 1998, 1999,
2000, 2005 ; Okouchi et al, 2002) LC&7z. FRICIRMONET, Wt E I NAES B
bAKFE, FAHREEA 7 RALKEA F 2 E) WX VAESITRICRE 2D, B E M ngh
X T = VAEEIHIENE M S, 2009, 2010 : Okouchi ef al, 2002, 2009 : Kk 5, 2008a ; %
M5, 2012), &5IGEHAR GBI AR EZMR CRIMAS, 2015) LTETWw5. Zh
i, BESEAONTELHEROENNEO—HZWSNMITEL. SSITRIE, MILKZERL
NED TR FL MO EALIHFN AR TH 5 2 & 235 (Nishida et al, 2012) ERLTWw5. L
PLBHS, MERICEINLHILKFEL ZoRHEERLEL 28R, ICHM R E2BRSES
RuZzAHL, RERLAT VR EOTRRBBREICEBZZOTELLDEREGZTVLERLD 5.
ZICHN, RIS L O () REREL, W2 0 M LKER AR SE D LR
L7z, TOKRFEORHEE LTIE, IhETEESIIKOEMRIZ L Z2EBXALFN L FETRELL
KFE, WHAKERICRICL, #ENRART, BEOMIEZN LSS5 2L 2O THL IS
L7z (KNS, 2005). & OFZJE OREIVER FRIRE, TRV EE OB IHEAMEK T L Tw 2
ENS, BIEOT7 vF—T v FRRICEN S (Kurita et al, 2015). & 512, KEBREK~NDEZ
DRFIWCELVEZEOWONEIBLUHNIN LT L2 EHHSLNILTER (KIMAS, 2005). 77,
BIRICEDD XL TEE LT, KEBEHTH 2KEI~ 72T 7 L% ABFIITH S H
ETHLME L7z, FEBOPTR LOESREAK (7h ) YGRS SRR, PiAkE) 12, KL
X7 AT A (MgHe+2H,0 — 2H. +Mg(OH)2) L, FJE o5k LR =R (KiTH
5, 2005) TX BKFZIEEE (50ppb) % FHIS 2w X 5 IZHEEEHER: L 72 IR AR RERE IC AT S 5
Z LT, REOWIom LB X O AR GER) FARRE MR (Kurita ef al, 2014) L7z

ZFN, AR TIFALKZEOFEEREEN 2 EOREEIKT $¢, KEOEZ IFEfFokE
LR B R DO M DWW THEET L 7.

2. % B&

T RIS EH FN BB G OIALKE, FAMEA 4 >, WibKRFEA 4 B LOHRSRA + >~ %
BEL, ZNOKBRAEMNGISIER L7z, BfbKFEE, Bl Y 7 & 2 RRUK I L 72 KB
WA I Z THALAKRE R AR S 7. FAREA 4+ >, bkHEA + v B IO A 4 > oK
BHIEZNSDOF MU 7 AHEABEKICHEMR S, Wb ppm (=mg/L) +—F —DEEIZH
ML, FERRICBELZ. EASKBEREMINCY 7 AMoEs (EE55mm, &S 205 mm, = 250
mL) Z#EfG L, ZOREBMOHRGITHEN T ABKRIRT >~ 7 (K 250nm, 15W, &£ 245 mm,
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$ % 250mm : SGL-500T4U(Z)/L, DN 54 74 ¥ Z#RX&th) #3A L, SIS L7 iR
R E L7z, KW ORP-pH BfR B L OB FREERT (KM2100DH, (F) JL5 8 F-AF5ERT)
V2 & D AR & RN L 5E L7z,

FEBOWMERE LT, EEE (BEmEE (pH @ 24, HS : 34ppm, S0 : 02ppm) B
LOATHE R 2 7z, ANTRERIE, 55 I, 2010 5 K5, 2008b) AT E TIZH
DN L7z KRR & IZIZRM O 2 T AL b v v 7 AR ARH G100y 7)) &2H
WCpH 28T 22 L CHMUEB LTV A VEANTHRIERZEM L, 25 ISRV L7
% BEAGRE OFERTIE, FriE2ilmke o — Y Y AT LziaKkE vz, %EE, wi Ok
NS, 2015) & FARICHTEE 2 R KT TV % BABCROZESICIR D, 12 BrRBE L, ORP-pH
Bfrzdlg L, T ORPFHEICEFCTLEA L TWD 2 & 2R L CHEEICH L 72

B, BENC X Y K ER SN A mEERwE, 1+ 7a< 757 4 — (ICS-1100,
HAS A F 427 ABREH) I WBIZ Lz 512, BERA F YiREICO W TIE, HACK #:3%
FEIEERNC X B SulfaVer®4 RIEH D/ w7 4 & O RS THEBE T A5EE/3Y) 7 2 O#E % 450nm O
WRTHE L CTREEL 7.

3. MRBIUEBE

Figure 112, #4544+ >~ (R 50ppm, @B L TOH) B XUmILKEA + >~ (10ppm, B
B LTI KEBIEIRG L 7282 ORP-pH PIFROFEEEILO—BlZ /R . %8B, Fig 1DOLT
DFEHIE, Nernst DRXITED (DB L TR)FXINTIRT KO ENENERILE & O&ITHFT 2B 5400
(Stumm et al., 1970 ; Guenther, 1975) Z/R7.

ORP=1.23-0.059 pH (1)
(0. +4H" +4e — 2H,0)

ORP= -0.059 pH (2)
(2H" +2e — Hy)

F7:, MR omsiE, 855 (KNS, 1998 1 Okouchi et al, 2002) 2SFEBRIIZHH S 22 L7k

5,0, (50ppm):before UV irradiation

08,0+ :after UV irradiation
____________________ BHS(10ppm):before UV irradiation
O OHS after UV irradiation
O

14

Fig. 1 Changes in ORP-pH in the aqueous solution (S,05*", HS™)
by UV irradiation

1 UVEHICLZKER (5.0, HS) O ORP-pH BfROZRFE(L
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RS & RITRITHT B ORP # (3)X) %R
ORP =0.84—0.047 pH (3)
Thbb, ROF ORP M X ) B WHBUIBILR, KOEBUL&EICR, B IITEERE Z2he

BT 5. B, ORPIHIZVTN Y 25C TORFZEBRMILHEDERLRICERN [V] ITHEEL
TR L7z SRR O F F A 4+ KGR G0ppm : @, OFI) Tix, Z® ORP IEB)FUIRT
21TV ORP f5 (@FED) 12dH 525, LIS (OH) 12X ) ORPIZAWMIZIKT L, &ITRER
L2)f+Ed ORP & TIRF L7z, (3)UTR i ORP ik % T2 LA 52 b%x /R L 7. pH
L8AEDTNVANMDS 3HEDOWHMEICEAL L7, HifbkFEA + v KE#R (10ppm : W, CIFD) 12
DWTIE, pHI10 A TE)IFITAR T ORP X DK iEic%k (MED) 20, Sty (O (2
X0, ORPIMETLELDEILCRELRD, TORIIVH ORP ML E CTEALALF F A 4 >~ &
k& ORP-pH BAMR OB % filfi v 7.

Figure 2 (21%, WiAbAKFEZER S K EHR (10ppm : €, OH) B X OHRHEE A 4+ ~ KB
(40ppm : A, AF) 12, GRS L 72 ® ORP-pH B#R % TN ZFHRd. &IC% T pH2 B ORAL
KRB (@) 1%, ey (O 12Xk, ORPIZ X DIKTF LR IIGEL 2%, Al
ERLUVH ORPHEECTER L7 pHRREPIIK TS AMRETH 72, —F, MBS 4 > K
B (40ppm ; A, AHD) T, OGRS (AHD 12X ) FAGEES X O KREA + ¥ KBRD
Yt L AR ORP-pH MR OIS BIEE S 7z,

Figure 312, FAlHEH K0 % & &K BEAO SIS X ) BB S N7 R R o221t
ZART. MEEGOFEICHED 5T, WTNOKEED D DAREPAER SN, RRBEIEL%
TR L F72, BB LKBED2D, WINLHERA 4 AR R TE, RIS X )i
WAL S NBERE A 4 » &2 ER L, pHATEA T VA VETH - 72 F T4 4 >, HifbkH
A4 0B LOHHEE A 4~ OKBRZBEMCKE T 7 P88 HILKFEKBRTIE, o
VTHorzZ &hn, BN pH 22 7 M L. T2, FAHEEA F v OolREIc X 54
v rux MR T, RIS T A RERA 4+ VIEREA L, B SN HERRA 4 v ol k

®H.S(10ppm):before UV irradiatin
OH.S:after UV irradiatin

A S04*(40ppm):before UV irradiation

~~~~~~~~~~ ASOQs*:after UV irradiation

ORP [V]

14

Fig. 2 Changes in ORP-pH in the aqueous solution (H.S, SO7) by
UV irradiation

2 UVEBHICLBKBER (H.S, SOs) O ORP-pH BERODZFRFE1L
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Fig. 3 Changes in dissolved hydrogen concentration in the sulfur agueous
solutions by UV irradiation

3 UVEBHICLIHMERSD 2 B8O KBRPOBERRREDEFLL

ABWA L7z, —h, RSN HEEA 4 VB — I B L, 8 1 RRZIE 2z R L.
ZOWEEA + >~ OWREL, ALFERRIISHIET 5 F BB 4~ 02T 20T VBRI S,
F AR A + I3RS X ) B S WERIICHRIR A 4 > 2T A REAE SNz Bk
A4 >, WA 4+ v B L OIKREKRBERO G T, WIST 54 4 VIREOIT L iilk A +
> DOERA S 7.
ZFZC, LR LB KIS~ OIS X 2 S22 T, DT ORGAHEFT§ % & HfEl L
7=.

2x) 2H +2e=H, E’=0.00V

-) 2505 +3H,0 +4e=S,0 +60H" E’=-0571V (4)

4H' + S04 +60H =2H, + 2S04 +3H,0  AE°=0571V

2H"+2e=H, E'=000V
=) SO/ +H,0 +2e=S0:" +20H" E’=-093V (5)
80327 + HzO = Hz + 80427 AEO =093V

Thbb, FARRA A > ORG, KEZAERT 5 & FRHCHAER A A > & 8 TR ICHRR A 4
YR END. WARRA A 2 OKIEH D S bIKFE ERIRA & ¥ AR S WK O pH OAKT A3
RENLZEND, (WBLVGROEN IR BSOS LD ISV HETTHEEZ BN,
4Tk, LoBEBIOSAZ 2/I2L, TOEBISRZTIIEHT LI LT, ThoOEEERE
L E V] (B#fE5E, 1975) D7 (UE°) ST T AL %2 T b, AN HEARYICH#EITT 5.
—Ji, (53T FABRIZHH OB IS NOEEEMER D2 UE) BTIRAERDLIENS, 1
BEERA 4 > HAKFEB L OMRIRA 4 > BN LENERT 2. £2C, MAZRIMLTILDD L,
6)XAFE SN, 1 TNV OF FRBAKBEEANOIEIE T, 4 BV OKEE 2 BNVORMBOER S ND
ZLilhs.
H.S,0; + 5H.0 = 4H, + 2H.SO (6)
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F72, TAbKEB L OBALKEAS F 2 RKEED S OKREZEOEBII OB & # 2
bN5. Thbh, 2H+S % WS LML, bKEAL + Vid LS OfflE LS=H+HS") &%
ZAHT LT, RBHEICL Z2MEDL S DORKFEOLEEIHE SN, S HI7)NTEK L 2 I3 LS
NTHBA A+ v 5.

2H +2e=H, E'=000V
—-) S+2e=5" E'= -0447V (7)
2H'+S" =H,+S AE'=0447V

Z 2T Fig. 3 OBEAKRREOREELL S, FA6EA 4~ (50ppm=045mM ; @F1) B X
HAEEE A 4 >~ (A0ppm=050mM ; AF)) %, fftAk#E (10ppm=029mM ; @H) B X OH LK
FA44 2 (10ppm=030mM ; W) L OKFEAKEZILKT S L, FHFFEHITRRTL5~17
RO I E . TN 20b 5 THmMBA 4~ OYE, € OKFAREITFFITER .
LT FEEA A v OWE, ()05 ZOKFEEREIITCOF H kA & > D 4 fiiw (hokFH#
AR ROS TIIKREERRIZ L HERICHE) bl 2ZETLE, FHREBA Ty 20AEKsh
TRERFELENAR N EEZOND.

ZT T, BRERE RS KERIOERT2 2T, (O~TRUITTRT LI WTREFER S NS DS,
—F(8)B X NFUNITRT L ) ITER L72KREN T B HAER & e L, KENHE S NSRS
b ENENOBEMBISA L HHEWM S 5.

S04 +6H" +4e = 2S + 3H.0 E’'=0.465V
—2x) 2H +2e=H, E'=0.00V (8)
S04 + 2H" + 2H, = 2S + 3.0 AE"=0.465V

2H.S0;+ 2H" +4e = S,0,*” + + 3H.0 E’=0400V
-2x) 2H +2e=H, '=000V (9)
2H.SO; + 2H, = S,04 +2H" + 3H.0 AE=0400V
E5IC, B)BINNOXLS, 0X%2#H25
H.SO0; + 2H, =S + 3H,0 (10)
Thbh, QX TIXFFMMEEA + » EAKRFEA, 02 SHHEREA A+ > LIKEDKIBAZ N EhteEfr
L, GRS THBRLKREIEESNSE ZLDHENTE . 20729, Fig 3178 LGRS X
HIRFEDOEF =T A WS L PR A 4 TEEMIINEL B2 ENEZOND. BHKHE
WEOWET, KFIIFEIZEHPCEL I HRL ST &5, Fig 307 — 134467 L b k#H
AFKFEIRE 2 R L TO R WATREMED D B A%, 10 S B 431 T MR 1 72 7Kk 35 28 Bl i 1 B
LTwaellbhs, 2512, BHEICI ) RY) F4 VBE L E (S04, SO& % E) %L OB
A DERDDBEZZENBED, A+ 70< b TOBM T TE ZREDOMEN R E— 7 DIFFE
AHEFRT & 72A%, FEBEMBURIZ(4)~10ICHED L BAET L TR0 EZ N5, 414, &
RIS & ORI AR S NS RSt %, KEOWESOWH%Z GO THL 2T 54
EndbsrEEbins.

Figure 4 1213, FEBORIER (AR, SILKER) ~GIE L7280 ORP-pH MR R~Y. &
AR O ORP-pH B4R1%, Fig. 2 (R TEEEOHILKED 7 — X & FBEIOGHES T ORP IFMKT L,
XV&EITR (@ OM) L7y, Zo#% ORPIZEICERL, P ORP I E TELL. —F, =—
Dy B ETLEREAK (B, M) TUE, T4 ORPAEIZTH 720 DA, [TADMED
ORP KT X870 TZDF F ORP A LR L7272 Th -7z, Figure 512, EAlEIE KT
7B OBAAKRFIREORGEALZ RS, FriElimnK (@) TiE, KEOEEAIMHRATE
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1.2
@ Hot spring water:before UV irradiation
OHot spring water:after UV irradiation
r ﬁ? _______________________ W Aged hot spring water:before UV
06 r irradiation
I 0] O Aged hot spring water:after UV irradiation |

ORP [V]

Fig. 4 Changes in ORP-pH in the acidic sulfur hot spring water by
UV irradiation

X 4 UV EBHICK2EBMHEERD ORP-pH FFOZFLE(L

350 ([ J @ :Hot spring water
< ) M :Aged hot spring water

2 250 °

_ = N
w o a S
S 3 & S

[

Hydrogen Concentrati

[
= = = A a
0 30 60 90
time [min]

E

Fig. 5 Changes in dissolved hydrogen concentration in the acidic
sulfur hot spring water by UV irradiation

5 UVRHICKIBMERARPOBFEATREDERLL

S, T—=Y v AT LR (D) 25108, KREAEROMRIIH L 22 o72. &8, Fig. 5
DB HRIL IR CLERL U 727K 3R & 1 S & 72 KB RN ORI AT, B g o P EX) R A
BIgE (KIS, 2005) S N7-iAfERFEIREE 50 ppb 2R

Figure 6 {2, MM (pH3.0: @FN) BX U7 4 U (pH 885 : MEN) WZHHEL L 722 6L H v
7 AR N TR GREE IR E 30 ppm) ~OJEIEHT X 5 ORPpH Bt %, Fig 7 IZILBEFKHE
REORREILEZRY. STNETEEELTE M HbkFE) BIOTVA) EmEEE S & Rk
@ ORP-pH BAfROWMEF 278 L, EAEKFRE D MARICHE cE . 2k, RUTIRT Lk
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1.2
® :Acidic artificial hot spring
water(pH3.0)
W :Alkaline artificial hot spring
water(pHS8.85)
0.6 | A
1
— 1
= ®
I
> P =
S o -~
1
-0.6
0 7 14

pH

Fig. 6 Changes in ORP-pH in the acidic and alkaline artificial sulfur hot
spring water (total sulfur concentration : 30 ppm) by UV irradiation

6 UVEBHICLZBESLICTILAUMAIRER ($HERE 30 ppm)

@ ORP-pH BEfRDFEEFZE(L
500
450 | @ :Acidic artificial hot spring
. | ® water(pH3.0)
£ 400 P M) | M :Alkaline artificial hot spring
%‘ 350 ' water(pH8.85)
o
'E 300 ]
fas0| @
S 200 | =
g 150 |
<
':% 100 f [ |
o] e _ .
0 m : 2 s »
0 30 60 90
time [min]

Fig. 7 Changes in dissolved hydrogen concentration in the acidic and
alkaline artificial sulfur hot spring waters (total sulfur concentration :
30ppm) by UV irradiation

X7 UVEBHICE2BESIUCT7ILAVEALIHRER FBHEEEE 30 ppm)
DBEEKRRBEDREZTIL

W BRABRIOKEDRIEADP S S, BREM TIIBRILAKE, 77 )V IEWTIEIRILKREA 4~
NOEHEN S L TE 5.
CaSs;+2H,0 — H.S+Ca(OH). +4S (1)
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TN, BB LT VAV HREROED 5T, T 5 2 & TREIERIER I I &
Mo, RALKFEOFBERCH AL IRT S, KEOWMRZ IR oK F LR RE O W RENE 2 7R
FTIENTE T/, FRETOMEREFAFORMREATLEHLH VT 7 ARABHZ BN
ToIRHEAIZ, GRS 5 2 E TREVHER S NG Z L2 5, KFRER OBRAKPHIFTE 5.

4. ¥ & O

FEREOEMBES R A LHREIR, S 53T E TN 2 SR % & LRERICE LT,
BHVRI 24T o 72/R, KEOARZ MRS 2 LA TE . ThHDORRN L, TILKFEDH
PR EMEZALT S8, KROHM MR Z TR ORIRE LUANLZ &0 7okFLR iR #ED
WREEZH SN TE 2. L Lads, KEMUREROERLIIOWTIE, HIBEL T TIE%RL
WHDED EFOTOMMBEOHRER, iR EOBEHEREBEICRITTEAMOMEL &, Btk
O TORA RGP LEL % 5.
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