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100 Years of Radon Research of Misasa Hot Springs

Kimiko Horrucur”*, Haruka Mmowa" and Yukio YosHizawa"

Abstract

Misasa hot spring resort is the largest radon hot spring region in Japan. The highest
water temperature of Misasa is 76°C that is relatively high in spite of radon hot springs. In
addition to Misasa, several other hot springs in Japan, such as Masutomi, Tkeda and
Murasugi, show high radon concentrations. Among them, Misasa hot spring is the only one
of which temperature is higher than 34C. This high temperature is rare in the world.
Moreover, Misasa is sole town in Japan that has facilities for medical treatment, recuperation
and research using the radon hot springs. The origin of Kabu-yu that is the oldest hot
spring in Misasa has been said that a white wolf told the existence of the hot spring at an
old camphor tree in 1164. Even now Kabu-yu is familiar to residents as a public bathhouse.
In 2014, Misasa Onsen celebrated the 850th anniversary and a number of events were held
to commemorate this. We are sure that the 67th annual meeting of the Japanese Society of
Hot Spring Sciences at Misasa contributed to activation of Misasa. The year 2014 is also the
centennial of the discovery of the radon in Misasa hot springs. In this review, we described
the vicissitude of radon concentration of Misasa hot springs over 100 years, and summarized
the characteristics of Misasa hot springs.

Key words : Misasa hot spring, Radon hot spring, High temperature hot spring, The 100th
anniversary, Radium
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Fig. 1 Map of Misasa hot spring resort. Hot spring inns are located with closed circle
on the map. Mitoku river separate Misasa town into two areas, Misasa area and
Yamada area. Time-honored inns are mainly stand on Misasa area.
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Fig. 2 Distribution chart of radon concentrations and temperatures of the 81 hot
springs in Misasa area and Yamada area. Those of Misasa area are indicated
with closed circle, and those of Yamada area are indicated with open square.
The data are cited from Journal of Misasa Spa published in 1983.
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Fig. 3 Temperature distribution of Japanese radon springs. The hot springs in Misasa
(closed square) show higher temperature than other radon springs (open sguare).
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Fig. 4 PH distribution of Japanese radon springs. Those of Misasa are indicated with
closed square, and those of other hot springs are indicated with open square.

WMEns, —J, HWTFEBTHELLZCORTARGTH D720, WTOENLHZE->TLAL,
YRR R IR HEPH (R L TR < ISR AR TR K ICEM L THCO, &%), Na R Cl %
FHGETHMMBARET 2 DORAETRA L CEMREEZIESL Z L1222 (AR, 1983). Bif + v
L LTk Na™ % 70~80mval% (50 % b OBERNICE {, kT Ca™, K& HhoTwa.

412



64 % (2015) SEHNRSRIZ BT AT P UBZED 100 4

=Rk BRO=ZHRRE I FROREZ T L5 L, Bl 325~893TC, I F ik :
18~3389Bq/L, F¥ T F Vil : 474Bq/L ® & Rn-Na-Cl 5, % 721% Rn-Na-CLHCO; j# & %2 5. =
B KO R E 302X 10°L/H T, BEIERT 25 FrOREANDHEIZHRAT 14X
10°Bq/H &g s (AR, 1987 ; M. Mifune, 1992).

4. BIBRKPOIRCOREES T T LBRROBEF

MILRAKHF DT F ik, 19034EHS. 7L YV ICX D EEN—ZAHOF 7 X - 27 728w
T FreruryohfoE 2ot A s LRI BUNKEEIZE VTS 1904 4
WA=V RFOIL Ty ANZLDNER - FAS A VERRICHT 2 8E0r e shbi L, £MT
IIRAKF DT F Vg - HFFEdihE - 7.

DAETDH 1909 4F 12 A2 HH4E 1 H I C—BWE SR O A 55— & KK TR O B i
FEBIC X 5T, R - R - BlEoRSEKT O S FUdgs b, g, —EICE
D7 Y NeRo TORBPY) ZTAETH 72 FHbNTWA. 1913~1915 4E N F A iy £ R ERT O
AEANE, REBSICL-T, SEAHR 600 UL EORSEEATOS FreEfErny 23y MRE
WX DlESI N, ZoRBEITEOSNT, 19154 Y MV A A TSNz FEFSESIC
BV, ELOAFTHREE LTHESINL, ZOBORETEWRESERNCL S Frahi
DR TH D Z EWIL L Bk .

BIURZ IR0 & L7z 28 HFIL FIC BT B2 ARFFRSLRAKT D [FYV <+ F4 V] GHER
EORAKIL 1916 £ 9 H 9 HAFHHR 1234 5 CTHES N, ZPHRRIE 24 PRIV THS N TwE. &
DOWEZICBUT L ZWIRREORAIZI19144E2H2HE3H 1L 12 HD 2 bz Tiibh, [5
VLT FFrER] 1421 v v (1192Bq/L), BEAKDIE 71T OJIR OLFAED TG S vz
B, ZIUIFRUBFUALE 2MOT KU E2E2FT55DTH- /2.

1898 4FEF 2 ) —RFIWL - TI VT ANEAEIN, BRRICHET LI ENbIroTL b,
RPN REE T2 LN EoTHOWD HRADOBIHEET S5V A2 ELRDZ. TOMET
T AP SR SN REET ARG DOFEHEDPN—LVKR¥EOE F= k> THEASh, £E
TH#HE XNz (E Dorn, 1901). I KV IZS VoAbl Ens7:0 [V < FFF ]
E [V ] H20AVAREHRTIENTWA, ZOBRGHET ZARGAT V7 2 OBZE A
FTHIHMILETH D I PRI N, 1923 FOEREERHET, [7 Fr] L) EASHIG 2 5hi.
FTTIZOABETIET FUy2GARRRE [TV FFF ViR ] L DIPFRT L, HBED
BV IV ARRIDPEELTLE> Tz BETH, bPENOELS 2055 T FViRBIE [T
VY Almm] ERENTEY, SRR L FATIERV

5. ZEHREDRAE

SETICHRE SN MR OERS FUiii% Fig 510 o7 CEililiimeERES, 1983).
SRV EELSER, BREBTH L UCTULOBFERIZMRTLHINELL R, F—A MU TD
NKFAZALY, AFZVTDIvaT ), FUIXxDALHYT, bHPEO=ZMHEBEICESNT
Wwh.

SRR IO IR OHE (HE, 1958) TIE, T 1 A — MVEICBIT 2 EEhERIZ =X T
M OW, IWHX TIEAEOM D IZRR)AMPES, IWHX IO ) 12T W HEFRTBL
Na. INOHHBOEVE ZAICHET 2T AR, BROFEROHKE STV

413



WAAT, HiZ 22, SHEER EE YR

70 ® Misasa, Japan
= Masutomi, Japan

60 & lkeda, Japan

O Gastein, Austria

50 A lkaria, Greece

<& Lacco Ameno, lItaly

S
o

o Merano, lItaly >
x Pytigorsk, Russia

w
o

Rn (kBg/L)

20

Temp. (°C)

Fig. 5 Distribution chart of radon concentrations and temperatures of radon
springs in the world.
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Fig. 6 Distribution chart of radium and radon concentrations of the hot springs
in Misasa area and Yamada area. Those of Misasa area (closed circle)
and Yamada area (open square) show the non-equilibrium state : the radon
concentrations are much higher than the equilibrium state.
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Fig. 7 Monthly variation of radon concentrations of Misasa radon hot springs in 1952.
Hisui-no-yu (open circle) and Sagi-no-yu (open triangle) show the highest value in
the summer, and the values fall down at the beginning of the autumn. Yamada area
public bath (open argyle) shows the least value in July, and then the values are

Kabu-yu (closed circle), Bun-abura-ya (closed square)

and Yutani-no-yu (open square) show constant value throughout the year.

increased toward October.
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Fig. 8 Conceptual diagram of radon-rich water hypothesis.
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10. &H Y I

HAO®CGET, RO %2 BARWICESR LT 0 ELERETH 5. HEE LR (RF54E:
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HIRRICET 2 0L SNTwDS (CHlREmERE S, 1983).

TS L 2 L SRR OBITEE 245 (1164) HBEROBRICIHETE 5L 8N, Lzh-
THRIZICH & DTN TB Y, 2014 I BIE LK 850 4E12 % 5 (1R, 1983).

“HIOMAOFAFIIAHTH S L SN, 1050 FOLHFIC [ =] LEFTRENTVS, A
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Table 1 Radon concentrations of Misasa hot springs from March 2013 to September 2014.

Sampling Site Location Sampling Date Rn Temp. pH
Bq/L °C

Kabu-yu drinking water Misasa area 2013/3/30 160.5 + 0.3 375 85
Kabu-yu drinking water Misasa area 2014/9/6 2239 + 03 43.0 8.0
Kabu-yu women's bath Misasa area 2013/3/29 1741 + 0.3 449 7.7
Kabu-yu women's bath Misasa area 2014/9/6 151.6 + 0.3 350 6.0
Misasa Shrine purifying water Misasa area 2014/9/6 2225 +£ 03 420 7.0
Hanaya Annex women's bath Misasa area 2013/3/30 33.1 £+ 0.1 413 75
Okayama Univ. Hospital Annex Nekki-yokusitsu ~ Misasa area 2013/3/29 1470 + 1 48.7 7.7
Okayama Univ. Hospital Annex Nekki-yokusitsu ~ Misasa area 2014/9/5 1066 + 1 49.0 8.0
Akasakiya (unused) Misasa area 2014/9/5 4205 + 0.5 39.0 7.0
Yakushi-no-yu drinking water Misasa area 2014/9/6 1914 + 03 540 6.0
Kiya Rakusen-no-yu Misasa area 2014/9/5 1120 + 0.3 51.0 9.0
Kiya drinking water Misasa area 2014/9/5 117.6 + 03 69.0 9.0
Kiya Anagura-no-yu Misasa area 2014/9/5 395 + 02 56.0 9.0
Kawara-no-yu open-air bath Misasa area 2014/9/5 2514 + 04 42.0 7.0
Okayama Univ. Hospital drinking water Yamada area 2013/3/29 3855 + 04 413 7.1
Yamada-ku Public Bath women's bath Yamada area 2014/9/6 2152 + 03 55.0 7.0
Tabakoya (unused) Yamada area 2014/9/5 9547 + 0.7 40.0 7.0
Ishi-yu (unused) Yamada area 2014/9/6 1920 + 1 43.0 6.5
Izanro Iwasaki women's bath Yamada area 2013/3/29 81 + 0.1 492 6.1
Blancart Misasa drinking water Yamada area 2014/9/6 68.1 = 0.2 51.0 7.0
Blancart Misasa open-air bath Yamada area 2014/9/6 1792 + 03 440 7.0

NTwiXH)Ths.
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%
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EMOT N BENET— 7 3ilesE, e
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R LR =R =R 4 — - SRR D D, ERET R 2R Lo ARSI R
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(Yamaoka et al, 2004a, 2004b). KHFDF K %W3E5 5% L LT, 29 L72T FViRROARME
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Fig. 10 Bathroom of ishi-yu. Samples were ob-
tained from ishi-yu that has been out of busi-
ness by kind permission of Mr. Shindou at
September 2014.
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