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Radon Contents of Hot Spring Waters in Hokkaido

Naoki Aovanact”, Eiji UcHivo” and Daisen IcHiaAsHT”

Abstract

This report shows the relationships between the radon content and its regional
distribution, its host rock, spring quality and other components that obtained based on data
of 273 hot springs that were analyzed in 1999-2010 in Hokkaido. As the results, the overall
mean value of radon concentration in Hokkaido spring was 3.90 Bq/kg and the median value
of that was 1.60 Bq/kg. Only one cold spring in Oshamanbe-cho (Futamata spa) satisfied the
definition of radioactive springs among the 273 springs in this investigation. There were 13
springs in the radon concentration range from 11.1 Bq/kg to less than 111 Bq/kg, 153
springs from 1.11 Bq/kg to less than 11.1 Bq/kg, and 106 springs of less than 1.11 Bq/kg,
respectively. In relation to the regional distribution, there was a tendency for the radon
concentration to be higher in the west and lower in the east, and there were no hot springs
containing radon values of 11.1 Bq/kg or over in eastern Hokkaido. There was a positive
correlation between the radon and SO, and a negative correlation between radon and
H.SiOs. At hot springs with relatively high radon concentration (=11.1Bq/kg), 57.1% were
sulfate springs, and H.SiO; concentrations were low trend, and they were originated from
Pre-tertiary sedimentary and volcanic rocks.
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= =
1999 4E 7> & 2010 4E F TIZHHMT %247 o 72BN 273 AFFD T F ¥ (¥Rn) 1ZOWT, Z0
LR, HOFRRGAE, WIS, SE, F ORI EESE X O BIRIZ O W TR L 72,
ZORER, BHIERO T F VEEIZEEROTEEA 390 Ba/kg, HYAEA 1.60Bq/kg TH -
72. 111 Bq/kg Bl E ORI NS T 5 5EIZ, 143Ba/kg DFEF AT (T BES) 18D
HTH o7z 111 LLE 111 Ba/kg Aiiiid 13 235, 111 BL_E 11.1 Ba/kg AR & 153 25, 1.11
Ba/kg Eiii 13 106 RiFETH o 72, HEWSATIZT F U EEXNESRIEomEn 2R L, 111
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Ba/kg DL ECILHEEREBIZ AT B DE e h o7z, T Kb ZOMBHEERS% L OWR%E
FARIE T A, SO, EIEOMB, A ¥ EREAOHENH -7z, TRiRREZBRHENS Ko
DB A - 72 111 Ba/kg BLED 13 RIFIZOWT, ZOUM A BT L7655, R8I
WBAS571% % 5, X FEHBIEEIMWEBA AR SN2 T2, BB E =S oS
FRKILEEDN S o 72

F—U— 8 F FVRE, WRK, 0, dtiE

1. U &I

HARDTERE DK 22% % 50 5 ALiEEIC1E, #9250 ORI &% 2200 AOFRE2DH Y (BEREEHE
RBREER, 2014), ZHELEEG R E 2 AT HIEPEHEISE > THHLTWS, 2ot
BRLEGEEINTVDLY, BEMESNTOIOREFRITOZREROATH Y, JLilEEIZBIT 5
I F Y OWER D EEIZRATY R, ST HAROBGRER O 54 % A5 & LT, B
DAEME —F L TwB 2 & BRI, 1998), BEMNIZBIF B IR DOBEGHHEE O T * ¥ 5h
EREEOKSEDNS, FMNICT F YOG ThbNTI hho72l bbb, BN
WROT K VBENEICOWTIE, o EEIE (R, BURERR (BIEIES, &EE), o
NS (BENRS, HBNT), IR (BEEARR, ORI, @Igms (LRl S0tk
s (EAKEEREE AR, 1954). 209 LMD R (FER) & LToRkETDH
% 111Ba/kg (825M.E./kg) Pl LICEY$ 2 01E, HITRE OV N 5 1321 ME/L, [f
IR SN YS 11.32 ME/L, MR ZEOENE S —75 1124 ME/L, MR RN —5
8ASME/LD4RFEL R ->T WD, LAL, SROLORBPIIBALTEST, I FUigElEd -
Womia, L=y ¥ =R T+ ¥ 7 VRAIA—FIZLMEL o TWAHTD, Bk#ELD
HAiBIIHEECTH 5.

HEHOIT 198 EL SR Y FL—Yarhv s (LSC) WKkb5 FroghziiaL, Z
D—FBIZOVTIIBEIC AR L TE 2 (BIZIZHE S, 2000 HFW S, 2003). Eofk, IMREIE
DOWEMHEABERIZFHM S N2 &) B R (HARREY IS, 2004), ENOBGH R
BT FVMERSIZEALENZ E 2T 2, ARALKEL CE /2 RIFZECILE MR
273 DT K V% LSCETHHT L, O 4i, MBM 54, BHEE, RE Foft
I B b D BRI O W TN L 72D TS 5.

2. A pr

1999 4F5 5 2010 4F F TIZILMENT T F/REME 2 Ei L 72 273 RiEEZ L E L, 7 F Vi
BEOGHHRERIZOWT, EOWERMKOK E 2R IFE 5, BEEE, hIss, iJgo=>
WXL (HAOWE [eidih )] MEZ B S, 1993), WEBROEFHTH S 111Ba/kg b &
12 A:111Ba/kg BL 1, B:11.1 PLE 111 Ba/kg i, C:1.11 PLE 111 Bg/kg KiiiB £ 08 D:1.11Bq/
kg Ril D 4 K2, MBI L72. 5 F Y ORBRIEB L O5HHE LSC 12 & 5 Kk TIT o 72,
B CEsRKR IL 2 TE RO RFEOEL 25, e &R = F L VICE IR L, b
VWEYR=ZADY ¥y FL—%40ml Mz, 1058 LIRED Lz, 53Rk 23 80
MV EEREA Y F T A LSCHZER N 7IVIEICER B L, LSC-3500 (7uh#) #HwT,
5 N VA A ) & T E T B 3RER 10 LRI AT o 7. Yy F L= ousRlE LT
325-V 7=Vt FH V= (DPO) BIX W14 ER[2-G-T 2= VvF FH ) V) IRVEY
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(POPOP) %% 4 4g/L, 01g/L VI Y E 5 X H)MB L7z, Z OMIEIR S D57 HT I3 FER
OATIESRE (BRBEA EAAMRER, 2002) ICHELTIro 7z, 72, TEHREOS SR 3 IbiEE e -
WAR=V Y TITF— 7 EBLOEIIN (a0 F (BI2E, JbEE o mar7esT, 2008 ; kg,
2010) & v Ci7-.

3. HRBLUEE

3.1 HWIRHT N BEELEZDEEST

AeHEE AR & gy (VEER, hgEk, BER) o5 F U iEEER Table 1, DS % Fig. 112
AT, ALHEE RO T U EE O 390Ba/kg, HIHilid 1.60Ba/kg, e IE 143Ba/kg
TdHh o7z, HIRIEIMHE TIEVEE 547 Ba/kg, I 399 Ba/kg, B 1.91 Ba/kg & 76 i AL O
2SN/ ZoZ ki, 111Ba/kg L EORKN T FViEEOREWER (A BLXUB) ONE
SATT O FEMRDEIEZ R L, FRICBWTIRIREXS A, BRI Ero7z. £/, BEXSC
VAL HEE TG 51.0%, HJLEE 66.3%, HUEE51.2% AT D ZHILO AL EE Lo, dbikE s ko
MEX A TRREE o7, RGHRERFERE X D 12 R VIREX S C, DIk, Abeb & efho
#195% &% 0, dLFFEICHETRER A R W & 2 WL 7.

3.2 T RNUREDMIES T & EHREUHE

Figure 2 IZHAA L 72 REOFHE L ZORBED T NV REX S A~C 205lF LTRY. F72,
JLHEE O WA %2 A PR O 16 4£ 1K (212 A7) T4 L, #ERE LA REORET %
T 2 H 0 TRY. REXS A ORI IREEE T O TS (CRER) 1 7iitho7z. =
JBm SR AR e T ¥ 7 AR & RIRIE O 2 R OF RIS O, B I T B AR R
DOWREP S L MR, HEIHMORFECTRREIIRKD T FREL Lo R TH 5.
T/, ZIRERIIEESAMEESE2ASHEH LT A, bl s (1980) ASFHA L 7224k (1979 4E

0.4

u <1.11Bq/kg

(T§2a713) m2111,<111
m2111,<111
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Fig. 1 Frequency distribution of radon content of hot spring waters in Hokkaido
1 ERNEBRODZ NVEEEES
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Radon concentrations in hot spring waters by region in Hokkaido

Table 1
£ 1 HEAEROBERS N> RE
Total Western Central Eastern
Mean 3.90 5.47 3.99 1.91
Median 1.60 1.46 2.14 1.22
Highest 143.2 143.2 49.83 10.43
Lowest <0.02 0.04 <0.02 <0.02
n 273 100 89 84
(Bq/kg)
Central Hokkaido A 111= Rn-222
(n=273) @ 111=<Rn222<111
¢ 1.11=Rn-222 <111
[l study area (1999.4~2010.4)

Kamifurano

Western Hokkaido

Fig. 2 Regional distribution of radon content of hot spring waters in Hokkaido
The red line shows the Quaternary volcanic front (Sugimura, 1991).
2 HEREBRDT N VEESGE
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11 H) &, ZOREERDS F iz 1394ME/kg (188Bq/kg) TaH - 7248, AFA (2000 45
1) TE143Ba/kg TH o7z, T OWREEITEFELEAIC I Y AR CTREET51CH 555, IM
WAFHEWIR Y Y FL—2a v h vy EOWMEHEDENZLZ EZAPREVDRE L.

BEREX 5 B oI 11 ilTAS, Wi ifE CRFRRSE), VLN (ZOEJGRR), CHBHT (fF
TSR, ARETIRSE, RIS, IHAEAT (BLREWET, WsRis) B L OEFN EARRR), |
JeEBo LT CGRAAMNER), SO (BUR), & REFH (TGRSR, ST R,
FLSCHT (RL3CHRSE) B X OINFHEIT (IFHFIIR) ) 0 13 R TH - 72.

INSERFORIGE 2 DTFICEE Y. WO KRTITHR & AR S =R E NS, S
TR G =R, RN, B A HE R o, AR & BRI I s =
FKINEE D SBEH L T s, IO FAHNIRR, IR B X OGRS 5 =R e
BB LKL, BORR IS AR A2 SEIE L T s, TFRE B L OGRS
TR O SEMAAATIED 525, KILNHIRO ARGEIR TH 5 2 &2 5 BRI A 5 O
B TSNS,

BIZKA SN HIRWT FViBEOBEVIIRICOWTIZZOHEM AR TEET LS, ST (fE
HIR) ® X 912 739Bq/kg & 1T TR ILHE (74Bg/kg) DRIFER, (LN KL EHLR) 49.8Bg/
kg @ X I IZHIR LI VIRIR S S 7.

REEIX 5 C oHbIgid 64 WA (FEE AL IX GEWLFRS), W (BIRE, JRRR,
AR, WANEG), /T IE)IER, EARR), Tl GuBim), Sl PUEER),
B (CBRESR), H BN (B, CEERESR), [HXEN el KRERE), B
Wy (ERELR), LT GOREER), FRIT GHINEGR), AZNT (EAZEESR), [HICHIT (3R
FRWNET, AR, HWEE GREsENRS), DR CERE, rilis, ERERE, Fo b
FIgiRmR), FR4B0T (i), FERNT (o REER), =€l (=kailim), 4T (Ehak
&), IHIFRA GRS, WRiER) BLXOBBA (TEIRER), HREBoLBET (hyeX,
WX, AAX, SFX, ERIX), dFad (AR, WA, el GeRER), FARRE OF
TR, BUEN, dRAB, W, EEE (r a4 viRR), RN (FERR), o (E
FRR), SR (FRRIERE), EJUET (BEWGER), BT Corfliig, B S b e g
JEDRER), ERE (R EER), LN, I G RFesR ), FEENT, LBgny (LI
AiR), TEAKET, GRIHT CRSEME), [HE SN (BULR, So<dliigd), SOOI GiERR,
RAWERS), PR (V6 & DR, AN (FRERERNRSR), HHLEA R (Bl R, L
M), FEAD, HMBR (BIH &R, R (RAGSR) B X TR LR (BHuRT, s
W), WEHOMET (Mg, WPARSR), [HETZEN (BT, FrogmiiEm), ST, FHE
M7 GEHIRIR), /NERNT NGRS, BN OGRS ), AHENT CUARER, HREATRRE,
AURRHHIRSR), 2B ET ORAHREIR, SRR, BRI, BB, SR0INREIR), e
N (FERRIR), BT (FEABIIRE), IHZcmiliy (BURZENT), FEENT (B 7 RS, #5E
O (FAEIRS) B X OHRESA (BIRZER)) @ 153 RFETH - 7-.

ZNOHDOEL HIRACHE L, V9O @ IRER 2H 8 A B S, WINRR, kR R
SHREAGED X OHER AR, MIAER, FERTRSR R SR X OHERE I, IR
R, OEARSIHEE SAKILA RSB L UKL, PR, SO RIRR, WRRR IS
KIS E3H, KEFRLR S =B L OF S R A, EEER, HEER, EAERR
AR, Prifiiie, JERGEIRLE, Ko b EERR, BRI SRR A, IR R
FagH v 7o HeRal, TFRMELR S DR 7OV 7 5 HeRe, SR, T8RRI =Xl
HBHE, S DIRR IS SRR SRR L O A, S 5 5. R oL (X,
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JERIX) 38 = A K IR e & OHERCA R, Ui IR o0 38 =R E A, Ui, &
AL, KRR, RS, KRGS IR Y, LB CRIX, BAX), BRI,
Wk, EEER, AR, @I, SN, RS, IHPTRIET LH SR, s e D
o, ARSI A AR A, AL (B, AR, BRI S b LR, oA
AT =AKINIE A, JERE, WSRO E RO KNG, A A4 TR, FEEk
o, EKHT, o iR G AR A, R R & BRI R =R R, B
T (B AR IEAS, PRI S =B L IR R A, LIS ISR K
A, ORTERSUIEIRHERC A B, AW, SFERNIER =S L OB SR S 5 %
5. Z LTHEBOE 7 PR3 B =K EAEH, AR, R I E =K EEHB L O
HERUAE, RREIR, AN, BN (BURZENT), SUERR (BLRZRAT) 3 =Rk
HPES, Bl (A PR KIS & OMERCA S, FIHTIE 0 =R A3, kiR, 7
AR B S ACHERCA R, RIS, HUREETIR, HRFHERR, SRR =R oM
BUEH, RAHHGRR, SEHLRSR, BEREIROR, BLERRE IS R RS, SRR R A DA
Kira$, #EPFERIFE =LK PO % 5.

3.3 T RNVEBELZOMBELERIEDOFH
3.3.1 RiR, pH

HARIZ BT L e 13 25C R D@ IR A% KD 865% % 150 5. F7- 2Ok
Db % SRR 50% &2 5, TR T VAU TAUHUERMZSE 90% U EERD,
pH3 K OB CIE R SNz (RN, 1998). EBHNIREIZOWTIE, BUTRER D% Y1384 1 1
DARTHDH, 7 FViEXS (B~D) EIZRES L O pH O&HEH X (Fig. 3 8 £ OF Fig. 4)
PO ZFORICOVTIRE L7z, A DWW TR 208C, pH62 OJKiRR 1 FOALRD T, H
FEAAT N ARG L7z, 72, ENIRREERORIE, pH OFHESM S I TORT (NS, 2005)
RIMIZDOWT, C & DIFENRREEROBEISEVGA 2R L, 42CU EOERREIR 7 8% .5
W BCRMOEGHRIIH I ETH-7. KNI FriREOEVBIX, GHRAOEESC DB
FOBENERDO 2D ETH o7 pHTIET FUVRENEL 25 L, pH3 Rii oIS O 754 1%
WAT AR O, B TIIHADOKIRER &I oI, FEk» S 7V h ) PEDH 85%
o7
3.3.2 MNUUZTFEHEATIILERE

Figure 5-1 75 5-3 IZIEXSED MY ) =7 ¥4 7 75 & KIEGEZ v —7F, 1975) %R
F.OREXSABIOBTIE, FELTCNREO7 VA ) IERBEENCGA L, FERSONT
VAR D O o7z, A+ ViENa+K OO B RPEBMENICH 72, B+
Y TIE SO, DD E L, BEGE LTCl 2 a0 ONRLWEHIICH - 72, WEIIHEEIE R 57.1%
LIEALY IR 286% TARD 8 HLL LA \F®, BV IZRMAKREER LHIHRERSITT1% TH - 7.
EER S C TN RIS BHEKREEDO S DLW, MREO 7 IV A ) RERER TH 5 4=
WMERBH T KRB DL AS5N. B4+ v TldNa+K CaB LU Mg 2135 v ZARLED
LOPETROEND, Na+K D EDLILENEN-/2 BAF TR, ClOENEVEIIC
HBHD, EENRIENY & RE7 REFEAW S 41.2% & HALRE 294% TEED 7EH % 5D,
B D AIMENZ IR R 9.8%, Bkt 8.5%, BulRiiin 4.6%, MRt 3.3%, Wik 2.6%, #hE 0.7%
THhotr. BEXKSIDTEC IV L ELIZT LAY REBEMAL S L, BA 4+ > Tk Na+K
DED L IEPEMEIANZ D - 7255, BAF T3 C ERBEOEMZ 7R L 223 HCO; D ILHEN
FWRb DL 0oz BT R 29.2%, RERKFEIR 23.6%, HiLiRGE 19.8%, ERER 12.3%,
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m2pHS85
7585
m6.0-7.5
®3.0-6.0
<3

0 20 40 60 80 100
Frequency distribution (%)

Fig. 3 Frequency distribution of pH of hot spring waters in Hokkaido
B : Radon concentration =211.1Ba/kg, C: =1.11, <11.1,D: 1.11>

3 ENERRICHITZIFVRERSED pH ODEES T

Total
(n=273)

(n=13)

(n=153)

(n=106)

0 20 10 60 80 100
Frequency distribution (%)

Fig. 4 Frequency distribution of temperature of hot spring waters in Hokkaido
B : Radon concentration =211.1Ba/kg, C: =1.11, <11.1,D: 1.11>

4 EBRERICHTZTFVRERMBOREDREN R

WM IR 75%, BRHIR 3.8%, WHLR 1.9%, ZMMLKFR & ERHIIC09% TH - /2.
3.3.3 BERDEELDEAER

I Fd, AL TH B2, 7 v FEDILEWHHM SN T WD (Stein, 1970). K
hei, MET MO G LI EAEHBPR S WD NS, 1996), Mgz R L7z
Wa, BIUEZ@R TIET FUaRoxdfie pHICAOMME (E, 1960) AR LS E W)
WEbHbH, 22T, BHNEHRIIOVWTH T Ny EMlls% 30 HHIC>WTHBZBIEL, 20
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100%

® =11.1Bgkg

(n=14)

0% 0%

100% 0% 0%100%

0% A
100%

b
Ca Cl

Fig. 5-1 Trilinear-diagrams of hot spring waters in Hokkaido that were grouped
by radon concentration
(211.1Ba/kg ; A and B groups)
I :noncarbonate hardness type, I : carbonate hardness type, II : carbonate
alkali type, M : noncarbonate alkali type

5-1 EWRRICHIZINVRERFBOMNIYZTIATII L4

Fid % Table 2127R"9. 7 N & SOMNTHERAKE 1% TIEOMM, 7 N & X ¥EHERICHEREKE 1%
THROHERH - 72.

FTRVEHETADOFTHRDKNDBEMENKERITCHETH D, *Ra—"Rn HEERY T a L
WX B RBEORE, HrhZe, MK, S SIS THAABET S\ 1995). S K
v & SO OEIZOWTIE, A LABENERD D B, BREXS B IS 2R R IS AGE R
DYWL, BAFT Y SO DEENEHh o722 s, TROLDWKEEOHTKE S VY
A& EHT LB OEMEST M ENFEREEZONL. S HITKIIH 2 &0 H KB
WRTIE, ZORMEIEEEL SIBMEEZRTI LD, FERSOMEA + > oRBIZKILFT A ho
SO, DIFET AR L BEEZLNBED, TD SO, HFAKEIIZS F U G ST AT EMEAVR
BEN5.

TRV ERAZHBRIZOWTIE, HBOMEE OMESEZ NS, T F/ET7Y 74 (PRa) @
WHHTH L0, TORBEIIMEFDOY S > (PU) TH Y, #EFoy I v EFRITBTES TE L,
WM B IE LKL R EMICH S (BIZAITH L, 1987 : BH S, 1999). o b, @HEHEA
Ho SO IRENEWIZE, ZIhOBEARTLT FVRELEL RS, LarLeds, B
RICBUET Fre A7 HBIQTHEOHBEPAONZZ e 0, T FUd%a KB X D AREAIERL
LRTOVEAETIZBWTIE, SO EEAPICHEDY, 7 FVRBESIZSEITKPFNOBELIZ %L
BT ENEZLNL. MG (2007) &, EEUEERE0EL (B A BIEH) 2 &1 X - CTHtk:
fELCT&ATETIR, 5 FVOutERE SO, L OMICRAOHBAZRTHEND 5 2 & 2l
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100%
@ >111Bgke, < 11.1 Bg/ke

(n=153)

0% W 0%

100% 0% 0%100%

100%
0% B\ 100% 100%

100% - 0% 0% —_— 100%
Ca Cl

Fig. 5b-2 Trilinear-diagrams of hot spring waters in Hokkaido that were grouped
by radon concentration
(21.11Baskg, <11.1Ba’kg ; C group)
I :noncarbonate hardness type, I : carbonate hardness type, II : carbonate
alkali type, IV : noncarbonate alkali type

5-2 HEARBRRICBUIZINVBERABONIUZ_TFEATII L

LTCWwWh. ik $ 575 RIFFETT F Y BEDKRNE W REEOE RS IS =K omwilEg ¢
WED 1,000m L EObOFLE N L, BUEANIMEL THEALL T2 erEL 6N,
oz i, MEhO SO D A BIERICE VAT 5 —T, SAOEKMEIKEKICKE R
25, GAERPD T FUha I & D KPFANPEFHL T CHENS L 2o TWA I ERREL
TW5, BHRNERIZEEMIIHRS E T FVREL VKW, FOfR Ty 85 (74 Bg/kg)
WEWS R YBEORBESGEET LI EDS, ROETINSLIEWS RV iEEOREWIRRIZOW
T, SO IR HIE S X DIHEICOWTH 9 D LIS 5.

3.4 BT FVBREDSVERORE

Table 3 \ZIBEIX 5 B OHUR O GHRERZRT. T2 TIEIN T THRARTE 2R pH, FEM-
KA o >, SIBEG O b 7 2000 % B EAAWE (DM), X ZERRIZOWTHEILA. 72720
FAZ BB 7225, Table oo 2 i OBFR & HBER) OFEHEEE IO W TIZZE O3 kg
BARHTH 5720, HKINWETLHABHRTHLZ E00, S AKIEE & N L THRL
L7z, IBEXSBTRINSHRBHREZEH &, 11 RE R 7 3E (B 64%) 23565 =Ko HEH;
BHLLAZKNEHEHOEWHET, £ <13 1,000m DEY S OHERTH 5. B LIRS T,
SO EEDE L DAL L H 6 HIIRMBEIR T, S0, (FEHhTIEA ZHE) 2oV Tid, 11 Rikd
9 SR (K9 82%) H3g R HLiE (50mg/kg) RiOMNBEL VI FHERLZ. T09H, TV
TRFEASE R IE R D B T E IS N LAV 0 2 B (CHERIT Rl IR & ALSCRIR) ICHFHLT, I
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100%

A < 1.11 Bg/kg
(n=106)

0%

0%
100%

Fig. 5-3 Trilinear-diagrams of hot spring waters in Hokkaido that were grouped
by radon concentration
(<1.11Bas’kg : D group)
I :noncarbonate hardness type, I : carbonate hardness type, I : carbonate
alkali type, NV : noncarbonate alkali type

5-3 BERNRRICHTBINVRERSBONIVZFPEALT IS4

F Y ORIFICOWTELR ST L. CHEPNTE LR 0 B OB RS, sLciiat idalse—HE 4 o
SR T S~ ISR . RETEREI S, RE, Fy— b, REEE AKERENS, T
T REMIRL RIS, KIS, PV MNE, Bl » Sk shTns. 555 - HAERD
WET, ZOTORICHTEICZT VY A0 RMEIN TR EEEIE L, BEAT b5 S0, 0
GHRBEIIY S VOGEERIZVWEEZLONS. %5, YT AIEATRHIEIRVICHT
KICE-oTEML, BIERIRNTHLICL> THESN, 204 F VPEEIKE VDIV 12 A
BEINDEAMIHIZ L, T2 TARPICH TS0 LEZONTWE 6 THSL (T
i, 1978). L7z T, SERIEHEL ~WIZH B RHIE, BEZHomb LB aEz2 a4kt
&35 K YOI > TO B ITREES RV EEZONS. b5 F otz onTia,
BIREA L o TV EARFIO T V7 AGmANT 21T > T W7z OHEll & 7 5 2%, LGRS
DWW, WEE (727 VF T2 7 (KR, 2008) 2 SRHROMREMAVRER S NS, 2F ), FLX
TR OFREUE X, HEHER S L OCWBME O E 2 S JRLOMEA B TH S 2 &, HRBUETHER
@A S e HEDE L, Wi, R B L UEREDLEVWERTH LI EBHITONS.

7 FYOMHEIRIZOVWTIE, CRETHIBEETS X OHRETT U AREOFE VI (8
HS, 2014) ®, dGEEORRIBIZHIT 2 p BEE IS (B2 XKE S, 1995 Bl S, 1997) %
DOHEND B, SN, BHREROT FVBEICOWTZORME £ L7258, LN ORIED 1
HRAEWARZZIBE T, BRI BITE T VY A OERERER T v < e IS H Lk
BHEROMEDSGHORETH L. T F 2GR I EREE ARSI R RBANC X 2 @86
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Table 2 The relationship of radon concentrations and the concentrations of other components etc.
of hot spring waters in Hokkaido hot springs

k2 ERNERICHETDINVRECMRDBRESEDRHR

r n r n
Temp. 0.034 272 HS -0.042 272
pH 0.107 272 S203 -0.051 272
D.M. -0.004 230 CO3 0.039 272
Na 0.011 272 HPO, -0.083 226
K -0.021 272 H,Si03 * -0.219 230
Mg 0.012 272 HBO: -0.011 272
Ca -0.034 272 H»S -0.049 272
Cl -0.026 272 CO; -0.069 272
S04 * 0.327 272 As -0.020 272
HCO;3 -0.053 272 Pb -0.057 227
NH4 -0.034 230 Cu -0.001 230
Fe -0.049 265 Zn -0.059 230
Al -0.103 224 Cd -0.051 229
Mn -0.084 224 Hg -0.036 272
F 0.053 230 Humic acid -0.025 245

* o significantly different with p<0.01 (Hasebe and Ohzeki, 1971), n : number of hot springs.

FERIIRNOBILH] (Yamaoka et al, 2004) 3% < H Y, ZOFEHFHEDL . —F, HHIERICE
AT 27 KL, WAy A 7FaoMidimIncish (WHO, 2009), JbiffEIZB v T,
AZEOFRAERBENENOT F U REZ RO ERE 2 Y, WHO OR$ENERELE 100Bg/m® &
WHTAEL oS (MEBEAHRSH Y 7 —, 2004). THRE5DZ L5, SHRIFICHENR
WBHINZBT B 5 VY AlfifkZ&H725 Ko bar0EAFIZHEP LT 2 Eh, Lok
WAEHICE > CTEETH L L EZ SN

4. ¥ & 8

1999 4E 7> & 2010 4E F TIZHHMT %47 o 72 BELR 273 ATD S K (¥Rn) 1Z2WT, ZOHLE
G, WIS A, IS, RE, T OMKSIRES & OBIRICOWTIRIT L 72, #ROME %
FLwzrl, BNRREOT N VREZEEROFMEA 390Ba/kg, FHRAEAT 1.60Bg/kg T - 7z
AR (111 Ba/kg) ICREMT 2 ML, RTHNT (ZRIRR) O 143Ba/kg DA TH -7z, #E
X438 111 BLE 111 Bq/kg A1 13 5235, 111 BLE 111 Ba/kg Aiiiid 153 9, 1.11Bq/kg
i 106 RIFETH o 72, WHEWSATIET FUEERNEEEoMmN 2R L, 11.1Bg/kg LT
BRI AT 5D Doz, 5 K2 EFOMBHERSEE OBEFRTIE, SO, & IEOME,
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Table 3 Analytical results of hot springs with the relatively high radon concentrations in the hot
spring waters of Hokkaido

® 3 BENERICHILUBNT FVREOEVIRRDHMER

Nameof ~ Well Depth Host Temp. .. iosoned K Mg  Ca €l S0, HCO, H:Si0s Rn
hot spring  type (m) rock (C) P (e/ke) (mg/kg) (mgkg) (mgkg (mgkg (mgke (mghkg) (mgkg (mgkg Bake
Otobe WP 1,245 PTv 718 7.2 5.408 1,651 35.1 14.5 62.6 949.8 2,042 542.8 49.8 73.9
(Tateura)
Rebun WP 1,303 PTs-v 47.1 8.6 1.400 408.1 5.3 0.2 59.8 355.2 407.9 64.9 34.5 49.8
Gorinsawa WP 96 Mv 466 7.5 2.619 779.3 16.1 5.3 234 339.1 758.4 639.2 35.2 33.1
Higashiainonai WP 1,023 PTs-v 25.1 9.5 1.045 347.7 1.4 2.0 54 111.9 413.2 0.0 30.1 31.0
O‘tobe WP 1216 PTs 703 7.4 5.462 1,661 33.9 17.5 83.4 1,159 2,014 389.7 43.4 274
(Toriyama)
. Ot9be R 1,309 PTs 682 7.3 5.184 1,556 34.3 139 52.9 772.3 1,993 656.5 42,5 18.2
(Midorimachi)
Asahidake N - Qv 480 59 - 123.0 31.0 90.0 217.0 356.0 568.0 172.0 - 17.6

Makkari WP 450 Mv 242 7.0 1.094 161.4 32.6 34.8 76.8 214.5 203.1 269.4 92.3 17.4

Kunneppu WP 1,200 PTsv 502 80 1255 353.7 5.7 1.4 60 1130 2074 4281 274 170

Tokachidake N  — Qv 520 3.0 - 91.0 280 360 1080 2590  374.0 0.0 - 15.9
Toya WP 1,101 Mv 390 80 1325 358.1 27 5.8 443 1345 5454 1832 218 146
Hakodate = p 416 My 581 68 27.80 7645 3965 1,269 588.7 15,370 1,837 3952 1541 136

(Ohtemachi)

Monbetsu WP 1,200 PTs 204 88 0.836 2463 3.3 0.9 20 1142 10 397.0 214 115

N type : natural springs, F type : flowing after drilling, WP type : extracted by machinery such as
water pumps after drilling, PT : Pre-Tertiary, M : Miocene, Q : Quaternary, s : sedimentary rock, v :
volcanic rock.

A5 R EADMMN D o 72 IR E B LB T BV IREO R A 5 72 111 Ba/kg PLEO 13
I DOWTZ QR AT L7208, SVELIIRIRIE I AT 57.1% 25 @, X & BERIR I AME W E]
MH O, HHEERER KO A S L CKIEEP L o7, T 8 YR e £ 72130
LAV CERET EALSCHT OS2 T, B =R oL Lz a iz SR EE 7 F > oftiaiH
ELTRBRENT.

ALz T LDHHITNY, WHAIIA S TEORTA 723105 747 Bk NALiEE AR S 7eh
VB REZET EIRBRET AR R SARTHORIC, MRS IR 7V — 72 A& SRR I &
HLEFET.
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