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Medical Aspects of Radioactive Spa-resort

Hiroshi MORINAGA

Okayama University

Abstract

I Misasa Spa is one of the most highly radioactive hot springs in Japan, the waters of which
contain mainly 222Rn. The springs were discovered during 12th century. Thermal waters
originate either at the surface spontaneously or are pumped from fissures developed in granitic
rocks. There are 70 wells and surface springs of which 60 are used for bathing. The total
rate of hot water delivery was about 2,080 1/min. The temperature ranged from 36.5 to
86.17TC, averaging 54°C . The hot water is of the dilute neutral NaCl-HCOs5 type.

II Three million litres of thermal water with a mean radon concentration of 437 Bq/1 (11.8nCi/1)
are delivered daily by the 70 springs and cause a significant rise in the atmospheric
radioactivity. A total of about 130 x 107 Bq (35mCi) per day of gaseous radon diffuses
from the water and soil into the air of this district. Table 1 shows mean values of the
concentration of radon in outdoor and indoor air at various places. Table 2 shows radon
contents in the air of a room with facilities using spring waters at Misasa Branch Hospital
of Okayama University .

Il The frequencies of chromosome aberrations in peripheral blood lymphocytes are generally
accepted as a suitable measure of the quantitative effects of ionizing radiation. Chromosome
analysis were carried out by Prof. A.Tonomura on 14 persons who had been living in the
central area of the spa for more than 10 years and 5 therapists for hydrotherapy of Misasa
Branch Hospital of Okayama University who had been there for more than 5 years. Twenty
persons resident in the peripheral area of the spa were investigated to serve as a control group.
The number of chromosomes and aberrations were scored in about 1,000 cells for each person.
The frequency of dicentrics, which is generally considered to be related to in vivo radiation
exposure, ranged from 0 to 5 per 1,000 cells and mean values of 0.21%, 0.10% and 0.12% were
found for different groups (see Table 4) .

IV Hormesis is stimulation of physiologic functions by sub-harmful doses of any agent. Radiation
hormesis in animals was reviewed by Prof.T.D. Luckey in 1980. The above-stated data present
the stimulatory effect of radioactive environments on the blood cells of residents. The concept
of radiation hormesis is useful to explain the efficacy of the radioactive environments of
Misasa with their low-dose-a-activity .
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=EE R HOE0ERAKFD 2R SHET, HEOICESE1.4~686.9x1071°Ci/1 (5.2~2544.3Bq/1)

T, 182x10-1°Ci/1 (50M.E., 673Ba/1) Ll EDOERFUIISER T, =fHILR (F) ORILIKS
SEAHE & =R L) O AR IERBATICEE LT\ 5. 60JFURAKF D 222Rn &8 &L
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* 1M.E.=3.64x10"1°Ci/1=13.7Bq/l
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Srh0.340.2pCi/1 (11.1+7.2mBa/ DI SRTHEBLCEETH 5 1o BTV E9. T
o ABINal (TL) y Y vF L—v o v —_— 3t — & —TCS-121#ic X h JlE L e =Z81R R
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0.9+0.2pCi/1 (834.5+6.0mBa/DTH H, &7 HEL, HEIRELIT.9+1.2pR/h., KIBHKER
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Table 1 Mean air activities in the area of Misasa Spa.

222Rn Dose rate
mBq. litre™! ¢R.h™1

Open air 25.9+14.8 11.8+2.3
(Misasa Spa) (7.4—62.9)%* (7.0—17.0)*
Room air 34.5+6.0 14.0+1.8
(hotels and private houses) (18.5—129.5)** (1125, 0—=17.0)**
Open air 11.1-+7.4 8.6+1.2
(area without hot springs) (8.7—22.2)%x* (6.5—12.0)++
* 11 samples *% 19 samples k9 gamples

*+ 40 samples ++ 11 samples +++ 42 samples
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Table 2 Radioactivity of the air in a room with facilities using radioactive hot spring
waters (Misasa Branch Hospital of Okayama Univ. ).

Radon (mBq.1 1) y radiation (xR .h™1)
Bathroom 807178 13.0+1.0
Exercise pool 274+30
Hubbard-tank bathroom* 5306+ 2568
Drinking hall 1491+178 11.8+0.7
Thermal grotto 2653 +988 1812+1.7

* A tank in which a patient may be immersed the purpose of permitting him to
take under-water cxercise.

Rn o Rncontents(pCi/l)
pCi/l ’

50] = Room temp (TC)
40

€

1 50

304
204

25

20.] 104

r T T T T T T T T T T T

8 16 24 8 16 24 8 16 24 8 (hrs)
1979.10.12. 10:13: 10.14. 1015+
Fig. 1 Changes in ?2?Rn contents in the air of the drinking hall at Misasa Spa,
Okayama University.
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Fig. 2 Changes in ratio of 222Rn in the expiratory air to ??2Rn in the air of the drinking
hall at Misasa Branch Hospital, Okayama Univ.



124 F oK B RIREE

VI =ZERRHOKE
1966 (BEF141)4E 1 A H» 51985 (ABFI60)fE12 A & CTO20EM O =8RR RO KEIZKOM L TH -
7= (X3).

days
15 . Clear dayg

H jm ;ﬁ ﬂ' Hﬂf . “"F .
I Onona O

20 : Cloudy days

15
10

10 ~ - Snowy days

(ST o

hours Hours of sunshine/days (1970-1985)

‘HHHHHHHHHHH

v VvV VI VI Vi X X X XI
Fig. 3 Cllmate of Misasa Spa (at 9°a.m. 1966-1985)
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Fig. 4 Seasonal wind directions at 9°a.m. (Misasa Spa, 1966-1985)
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Fig. 5 The weather of spa resorts in Japan and air ion-density.
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Fig. 6 Correlation between Rn-concentration and air ion-density.
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Table 3 TEIADEMBFREELFTHET DHaque DX
~ CtR
168 (MCP)a
D : KEZOHBEEE [mrem ]
C:ZEKFD 2 Rn DEHFE
(222Rn 10~ Ci/cm?)
(MCP)a : ZER AT 5 A EME O R KT FRE
(222Rn 10~ Ci/cm?)
t o 1EMOFRERE [h
R &BFCRT 5 EHIEAAARRRE
(15rem/y)

PR HIRZEES OB I D, ZHEAMCREABEL TOAEBBRAOKRBIM Y ~/ /35K
DR R B LI

1. T8 : 20650 HAK OB LT, SHBMAKI0FEL EEEL TV 539 £D D H D144 1%
EHBEH LR, 208 ER AR EELTED, 5 AREPERELTHS.

). BER:ABENSEETAFRECOWTHRBM ) v/ BRI, 000E L EDORE kLB L, HBHEl
BRI 39,552 TH - 1o, REaSpHBHREFEOBBECREC LARAEIRDLALDL 5T
geta (AR B O\ CIE SRR L DFER SN D LT IR TV 5 “BR AR Adicentric
chromosome D AEEAS, 1B 5 B H AR OIS PN B LT\ 5 % T30.21+0.08%, (&R AL
MR R TI30.12+0.06%, (RFAEELEZ TIZ0.10+£0.11%Th -1 (F4). AENEDL
PRTHBI L, HBEHEORCIEEHR(XEEEARE)OFELERELRILORELTE
NTWADT, HHERAMIEEC X 2EAOHBEBEOMTIRE THLZ LD, BiE
M ks R e E LTV A D, BB JUBAEBK O —HERC KT 2 RFEHE LD & —#
CEh ol Tn5.

Table 4 Frequencies of dicentrics and rings in different population groups.
No. of

Population group No. of subjects cella obsetved Dicentrics Rings
Residents in central area 14 14,506 30 2
’ (0.21+0.08%)  (0.014+0.032%)
Residents in peripheral area 20 20,120 0. 12340 .06%) (0,01530.016%)
*Therapists for hydrotherapy 5 4,926 . 1050' 11%)  (0.041 +20. 139%)
39 39,552

* They work 5-6 hours daily in the room with facilities using radioactive hot spring waters
(Okayama University) .

4 —x b ) 7 ®Badgastein T, J.Pohl-Ruling &7 % (& + 7 ) »10~30mrad/A (r MET
ald 1 —10%) DEFH D B RIS EY > CWAERBOBFEREAOHE R, RECHMAL
CEBHC N LT (325, K8, X9)A, Thermalstollenkur (JTEPIREAEHE @ JUENZER
b 222Rp @ 22~62% 10710 Ci/1=81~230 Ba/1, {@fE : 37~41.5T, B 1313100%) 19 T 1 H 2
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LT 518,

Table 5 Einteilung der 180 Testf'élle_i_n Gruppen nach Bestrahlungsart, Bestrahlungsdauer und
Dosisbereichen. (J.Pohl-Ruling, 1979).

Bereich der Blutdosis

Personen Bestrahlungsart Bestrahlungsdauer in mirad/Monat
Bevolkerung nicht . )
A in Kurbetrieben (a-l—_rtaus Umgebung kontinuierlich o (7)'06 lg'o
beschaftigt a -intern- 7 -extern) ¥ i -
a + 7 aus Umgebung s o i B
BI Bademeister und « -intern in kontinujerlich «- Uala- - 118
Arbeitszeit 4-6 Std./Tag r o 7 -12
| Stollenkurhaus o awl ey kontinuierlich a: 0.6 - 70
Personal Arbeitebit 8-12 Std./Tag 7 7 -18
a + y aus Umgebung
n und « -intern beim kontinuierlich .
g (g Aufenthalt im 8-12 Std. /Tag i
€ Kurhaus und 2 Std./Tag o8
« -intern im Stollen
a + 7 aus Umgebung
“ und « -intern beim kontinuierlich .
CIHI f; rze e, Aufenthalt im 8-12 Std./Tag e
g Kurhaus und 4 Std./Tag [

a -intern im Stollen
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Gruppen. (J.Pohl-Ruling 1979)

Dosisabhangigkeit der Chromosomenaberrationen innerhalb der einzelnen
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Chromosomenaberrationen pro 100 Zellen

0 T T I T
0 50 100 150 200
Alpha+Gamma-Dasisrate in mrad/Monat

Fig. 9 Dosisabhangigkeit der Chromosomenaberrationen aus dem gesamten
Datenmaterial. (J.Pohl-Ruling 1979)
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FTEAKEE S A THHEIP 2 Ab LT, TRTORERIIERTH S, HEEWE ST
BEBLWTRELKEEWVWO LDV 20 Lwwbh T, 19804, T.D.Luckey?! (%, 1977
¥ TIHE ENLI2008 B LEBEOTMEBRRL, ELV L OBSHRITEFTL LEFT
BD L DRERAE, [EEREGIC X AR 3 v 2| REiA %% L. Dorland’s Medical Dictionary
1© X % & hormesis % [ The stimulatory effect of subinhibitory concentrations of any toxic substance
on any organism | FE#E L, TREKCHEETHIPWEOHEBI L LALEAKCEFITFERAL S
ZHELELTWA.

HEHCBHELEL LN SBERMEC L 5HEBRED L~V BT LW, FHo
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H5DEVH19(K10).
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W TE D BB T2,

MEREREOERABFCOWTRIIENRT IO LR TE D220, ZHRROD X > IeiiieE
RAMBIEOEBRDRELZHETIORIL>EHDEELS.

KB B IEE O TR MILAFHERPIER Chbh T —E0BWER, BKY - BFH
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