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Abstract

Radium isotope (**Ra and ?*Ra) in twenty three Na-Cl type saline waters obtained
from deep wells around the coastal area of Ishikawa Prefecture, Japan, were measured
along with U isotope (*®*U and *'U), major chemical components and hydrogen and oxy-
gen isotope ratios. The waters sampled were the mixture of local meteoric water and
seawater, including fossil seawater in origin from the relationship among 6D, 6'*0 and Cl
and chemical composition. The ?*Ra concentrations in water samples varied in the wide
range from 1.78~2143 mBq/kg, and occurrence of saline waters having high concentra-
tions over 370 mBq/kg was confirmed in some of them. The **Ra concentrations showed
a trend increasing with the increase of TDS in the water samples. The **Ra/**Ra activity
ratios (0.83~4.9) of water samples were comparable to or slightly higher compared with
B2Th /%80 activity ratios of common rocks in Japan. The ?*U concentrations of water
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samples were extremely low ranging from less than detectable to 2.04 mBq/kg. These
findings suggest that the main processes for supplying Ra isotope to water were probably
not by rock dissolution but by both a-recoil from Th isotopes and desorption reaction of
Ra isotopes from water-rock interface.

Key words : Radium isotope, Na-Cl type saline spring water, Deep well, Coastal area, Ishikawa
Prefecture

= =

R I, o K ZERE SR I 23 S0 & Na-Cl BUESR/AK AL, 1 & Ringkeh
@ Ra [Afif& (**Ra, ?Ra) ZHulhz, U RIGHA (FU, #0), FEEGEKS, KERILAHL
(6D) B X UEERINIALL (680) ZIE L7z, 6D-6"%0-Cl OGRS & (L &, FRILE
17z Na-Cl BUR SR K G, Hus O KK Mgk (LaHdEK) OREYTH 5 T ERES .
IRBLRKI DY Ra JERE 14 1.78~2143 mBq/kg Th » 72. Ra EERIIEEENEL K5 &5
1 A@EmBS R SN, IRILRAKFO 2 Ra/*Ra UHELLIX, 083~490 TH VY, 5D
BRI 755 A4 D 2 Th/?%U FUETRELL SN CRIFEE A S0 EmWMETH - 72, RFLR/KE
DU PR ZIER IR (~2.04mBq/kg) Th o1, VY EDRIERRED S, EILRKTFD
Ra [GNAIZ, S ADHE LIEETIRE L, FITEAERB Caa-7KEF) ITFfES % Th [EAE
D a BZEIPES a BBk & O Th [FIAEAD &4 £ N7 Ra [RINHADIEERE IR L 2o Bk
ITE IR S s SHER L 12,

F—T—F: VY ARENE, SHEEE Na-ClAURSUR, REEHREIH, R, AR

. FC&®IC

FIRITIE Y 5~ (U) Z5 D Ra CERIW : 1600y), b U w A (P?Th) Z50* Ra (5.75y)
K U2Ra (366d), T2 F = & (BU) ZH|DRa (11.43d) @ 4 5D Ra FN{ENSFEET 5. T
N o OENKERE S L OBUHREREZR WS 2 &2k b, HKBNO Ra Dk A4 H = X 5054
IKEGE &, HIER(LF 7 e 2 ZICOWTHEE B AN E ST &/ (A3, Clark and Turekian,
1990).

HARICBWTS, BILRKFD I vy 4 (Ra) RIMEZEE, 5 8 (PRn) EEFICEHITL
1 (Nakai, 1940 ; S84 - & F, 1979), BIEZ TIT, W< 2H D ®Ra % Sl 1Ic S OIRSLR KA B,
HahTtws (L, 1955 ; Kanai, 1988). #ilZ1X, fbrEtim? 5B d 2 G HKER PRa: ~6.2
Baq/kg ; t#1l1, 1955) B L OEEIRRE (®Ra: ~1.4Bq/L ; Kanai, 1988), v 5 VELKAHED & H
95 =R (PRa: ~055Bq/L ; f#il, 1955) 75 EMREMSEILRTH B, —F, HFICRE
|5 &, FlAE, [HF = 3 2a.3%F 7 O7mHEEK CPRaj2EE : ~27 Bq/L ; Behounek et al., 1935),
7 2 B NEEHITT I RIS B iE7K (PRa R : ~128 Bq/kg ; Sturchio et al, 2001), * & ¥ a&ED
HERE D 518 5N 316K (%*Ra 2R . ~58Bq/L ; Kraemer and Reid, 1984), ZEi#g/EHDIEK
(*Ra JEFE : ~12Bq/L ; Moise et al., 2000) 73 &, #g/k%ZE 50 EA| 36 A & HtE/KkdicdE
WICEEE D Ra [WMAESRBENTOWS, Fi, T4 ) ANERGPA + v aiBE0n 55800
BHE/KD ™ Ra R IZIEEE E BWHBEART T & biE s TWw 3 (Kraemer and Reid, 1984 ;
Sturchio et al., 2001).

IAE, HRHIEA O X 0 SEEHR R R o KEREEHRHIH» Sk (baik ziii & 4 5
EIGIEEE D Na-Cl BURSLR M EHIE o N B L DIt - - BIZIE, BEIFS, 2007). #Ek, HARICE
W #Ra HE R I GURR E ELO IR S 7c il © L RS Thish - 7o, @k
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ENC B 23K o *Ra BEOERE & BOAERZRTBRIFI» SEHET 2 &, bhrEICBVLT
b EFE IR FEHER O KRB D 515 51 2 SRR Na-Cl 2R R ®Ra 2 =g iIc s
OIRSLENEET A EF O THETX S, 22T, 4 I3SEIERE Na-Cl BBSLE RS VinE
HiEk < D Ra [EINADOHIER LA AR - PFFCERG L e, © ofER, G)IIRORERICc B VT, #
HAE D *Ra % Sl (RROEFRTH S 1xX10 °mg/kg LIE (HEHERAT ICHRE 4 3 & 25Ra A3
370mBq/kg LIL), AR5, 2005) i&ORRE R L, ARGRCTid, AlllERE-EO K%
EEHRHIHED 515 5 1 7c Na-Cl BURSLR T @ Ra [FINAEEICOWTHE L, Ra 6k %z S iEEIC
EOIRILR DR % Ra (B B & 0 Ra/?Ra JUFHEH OBLS D & EE L 12,

2. HABERELUERTGE

2.1 BIEXNSRMEOME S L U EHER

ANEOHIEX S & O 6 HiSOHIEWHIKZ, Th<h Fig. 1 (a) BLPFig. 1 (b) IT/RL 1.
AR Bl oS (PREHERYI P B EHERY 2 80) BXLkilrg, BEdoMEaEs &
vkilE () —v s 7)), Afifir oFEROBBESSHLTVS (Fig. 1 (). GRS
) — vy 7HIEE LTHIONTWAD, o7 ) — vy 713, HEETHBIEMEYHED
KIES AL TH, TO LK = oHERE LB OHERE B X KIERSH LT3
(Fig. 1 (b)).

IEAE SRR DEEHRELE, 2005 4FE 7 A4 5 2008 4F 1 Aic/ 1 TS £ duiaic, 223 ki

@ Na-Cl type saline water 1 Quaternary sedimentary rocks
Quaternary volcanic rocks
[ Tertiary sedimentary rocks
[ Tertiary volcanic rocks

[l Paleozoic - Mesozoic basement rocks
(ig , sedi Y, granite, phic rocks)

O River water
— Active and estimated fault

Fig. 1 (a) Geological map of Ishikawa Prefecture, Japan, with sampling sites of Na-Cl type saline waters and
river waters, and (b) geological cross-section at six lines (A-F). These maps were compiled based on
Kaseno (1993) and Ohwada et a/. (2007).
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WTIT- 7 (Fig. 1 (2). Ko oiEiERAKEHE 1,000 m #OHIHF» 6B 6N bDTHY
(Table 1), @ILFRAKNMIET 2 5/ 36~ (B, RIS, TBRERE) Tha. £i, BILR
IKDFLEAFGR T S 720, WH)IZKD 5 HISIT B W TERL 7.

BIERAGREHIE R O BHFLO H2k 2 72 05T 20~30 L £k L, = NS RalBER 54 13T
v oKL, BEERKD pH BB THEBICEIE L, (LFoHEEHE 7 5 27 v 7 K8
IREL, TREEICR bR - 7.

2.2 EBAE

WEEICH IR - a0 55, $20L % Ra - USHTICH W, SR KRN R 2 A
pHZ 1LIFITL, PULFINE N L -y —B LU FS F v ) 7 —Z2MA, §2 BN L 7274,
—WRE Lz, RIS, 7Y E=TIKEMAT pH 28 2 188 L, Bat ++ Y 7 — (EffIC Ba?t:
492mg) EfAF] (NH . SOEE A MNA, 2 FiHE%, S 517 v &= 7/KEMA CRENARK % h
PEIC L, Ra 8LV U RINAEZZNZN BaS0, 8 & U Fe (OH); pbEic L v [EIN L 2. = D%, 7
HyF—vavBIOELSHEC LD BaSO, & Fe (OH); tEZEIX L, Fe (OH); % bR ICIA
fRL, A#ick v BaSO, & U757 va vamiilic. [IXL 7 BaSO,ld, &EXURICH W Thiizh
(600°C) L, FEEf%, KV xF L v R TEHICHEA L. —» AiER, S Ge g Z AV 72
TR R ba X b)) =ik PRaBLOPRaEELTE LK. PO Ra [FINIRKEE
DB, B/NEM NIEEORE Ny 7 75 v KD Ge g4 HWTHIE L7z (Hamajima
and Komura, 2004). 2<% b & % — % — (3 NBL f2#348l No. 42-1 (4.04%-U), No.79 (1.01%-
Th) BL O KCIEHE B Ic L DIRIEL 72, RaB LU RaEE 1L, TN 295keV (*1'Ph),
352keV (*"Pb), 609keV (*“Bi) BX 1 338keV (**Ac), 911keV (*Ac) DL IR
Tk > THH L7z, ®Ra EEL2ZIBEETRITT 254, *PbBXUMBi O TH 2 Rn (PRa O
IRKGTE) ORIERZD O OEEBTEFE S TV 508 (Saito et al,, 2002), it D hEETRD 72 Ra
B3 186 keV (*PRa) OFHEMR L IFIF—HLTHBY, Ro o3I EA2FEEZLTVS. &
7z, Ra O[EYHEIF BaSO, DEICREZLE L W E R L, BIICRFIEZTT - 72, T Ba {32 LI
LiE Ra [AIfATIEGE N T WA 2% (Yamamoto et al., 1989 ; Inoue and Komura, 2007), AHF
72 T3 Ra [[ILATE G D/ D15 WEER N ) v 4 (Ba (NOy),, °Ra : 7.62.0 mBq/g-Ba, **Ra : iR
HUIN) £ 3ER A (Barite, Ra : 0.7+0.1 mBq/g-Ba, *®*Ra : 0.2+0.1 mBq/g-Ba, Inoue and
Komura, 2007) 2 F + ) 7—& LCHOZ, EEAE, Na,COs @iffic kv iE# L, Ba* '+ + 1) 7 —
LI, —H, ABROU TS0 va v, BREY) N ERRESTE20, 77 E——lF
L, HF, HNO; 3 & ¢F HCIO, U % L 2. &4 IONHCHICERL, 4 v 7oz —FIuaHun
TN & 0 K D Fe 2 Lk, Baa A4 v aXliie 7 5 adkick v U 2508k - FESIL
tz. Z D%, BRI 72 U RILHAE, BEWiz 25 v L 2R EICEE L, SifesimiessHuni a &
ZR7 PBA R —CEDEE L, ERBEFOPUBLIUHUDOT I v LRV, ThTh
0.14370.048 3 £ 18 0.168+0.051 mBg T » 7z. AKWFFETIE, AEHRO U 8L UBU 2@ 7
Z v LD 3RELIN OGS, MHRALITN E L.

IRSERK DKFZEN AL (6D) B L CERFEINALL (6"°0) 13, ThEhHeMMIEE W 7okES
2k X O R LR R A Rl & D, ERIN AR E &5 s (Micro Mass Prism
mode) 12 & Y #lllE L 72 (Ohsumi and Fujino, 1986 ; Epstein and Mayeda, 1953). #IERER I, 1=
HEYVE (V-SMOW) D[EIRIALD & Dz (6 ) & LTTHE (%) TRl 6D BLU %0 @
MIEREE L, ThEN 2% BLV0.1% TH 5.

FERALFRSY (LiT, Na©, KT, Mg?t, Ca*", ClI-, Br—, SO ) @A A v 2ru=hr57 4 —
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(Dionex ICS-1000) IC X OHIE L 2. 7ovh ) EERIEIR 0.1 MHCL &2 H W 72T T T - 7.

3. HMRBIUEE

3.1 Na-Cl B#RBELRKDILFEHERK & iR

Na-Cl BUESLIRAK OMIERE T (pH, EEIEFRKSY, 6D BL U 6%0) % Table 1 1T/R9. RHLIREAK
D pH (3 6.6~8.1 T, ZIFHHETH - 7o, FEIEGERDHELLRDGA A v LIaA A v OFEMNT v
Z ((Zcation— Zanion)/(Xcation+ Zanion) inmeq L) £+£10% LINThH - 72, 78FEEY)

Table 1 Chemical and isotopic compositions of Na-Cl type saline waters and river waters

N Sampling Well Li Na K Mg Ca Cl Br SO, Alkalinity 6D 510 Balance*!
0. date depth pH .
(m) (mg/kg) (meq/L) (%0) (%)

Na-Cl type saline water

la 27/7/2005 1200 7.0 0.53 4528 72.0 28.7 1194 8538 27.2 937 0.69 —34.8 —5.6 —0.1
1b  17/4/2006 6.9 0.55 4567 72.3 31.7 1180 8342 27.4 950 0.69 —34.0 —6.0 1.2
2a 27/7/2005 1200 7.1 0.20 3497 29.3 21.5 784 5731 18.5 1264 0.67 —41.9 —6.5 1.3
2b  17/4/2006 7.3 0.18 3481 29.0 18.8 768 5711 19.8 1274 0.67 —40.3 —6.6 0.9
3 1/8/2005 800 7.6 0.28 2299 95.1 9.11 232 3372 11.6 609 0.98 —51.4 —7.5 2.6
4 1/8/2005 120 6.9 1.43 3319 78.0 4.22 2111 8546 28.1 258 0.48 —39.3 —6.5 1.0
5 29/7/2005 1000 7.0 0.21 2437 104 20.2 215 3894 13.4 3.70 2.43 —51.4 —7.9 3.7
6 29/7/2005 1300 7.5 0.13 2947 134 6.15 76.1 4652 15.5 2.49 4.63 —49.3 —7.5 —0.1
7 1/6/2007 1160 7.3 0.50 3977 203 8.83 128 6071 22.8 n.d.* 8.36 —39.6 —7.0 1.5
8 1/6/2007 1500 7.6 1.16 2388 180 14.4 74.5 3356 14.5 n.d. 16.2 —51.1 —8.6 1.1
9 1/6/2007 900 7.2 0.07 1268 49.5 78.9 231 2381 6.56 264 2.00 —48.0 —8.3 —0.2
10 1/6/2007 1000 7.1 2.00 3761 74.6 54.7 138 5807 27.2 2.91 13.0 —39.4 —6.3 0.0
11 8/6/2007 1200 7.9 0.05 2306 73.5 95.0 58.7 3433 11.8 478 2.24 —47.1 —17.3 1.7
12 8/6/2007 1300 7.7 0.78 2417 77.5 33.2 104 3382 13.3 22.9 14.7 —46.3 —7.5 2.0
13 6/6/2007 1000 7.2 2.16 1900 145 13.7 54.5 2145 13.4 n.d. 30.4 —52.8 —8.4 —0.3
14 6/6/2007 1500 7.6 1.72 3847 110 120 989 7358 24.2 633 3.55 —36.7 —6.5 1.1
15 6/6/2007 1001 7.1 0.02 1188 36.2 140 119 2238 7.52 260 0.95 —41.1 —7.1 0.3
16 6/6/2007 1245 8.1 0.14 3742 14.4 0.69 1949 8456 27.3 629 0.38 —16.6 —5.6 1.6
17 6/6/2007 1667 7.5 0.12 3690 105 297 475 6493 22.0 641 3.82 —37.0 —6.3 2.6
18 6/6/2007 500 7.6 0.02 291 18.9 23.2 15.5 341 1.68 60.0 3.89 —53.9 —9.0 3.5
19 7/6/2007 1000 7.1 1.07 7638 30.6 60.2 1211 13151 41.5 1117 0.80 —13.8 —4.4 0.4
20 7/6/2007 1500 6.6 0.46 8299 295 438 546 14078 43.5 1117 1.47 —9.5 —2.6 1.1
21 7/6/2007 1200 7.0 0.16 8069 228 909 1004 15429 50.3 1631 1.03 —11.2 —2.6 1.2
22 7/6/2007 200 7.4 8.63 4000 132 12.6 2703 10897 35.2 154 0.30 —21.6 —5.0 0.5
23a 7/6/2007 1500 6.9 11.6 4909 128 30.0 3399 13685 45.7 41.2 0.27 —13.1 —4.7 0.4
23b 30/1/2008 7.0 11.5 4797 129 30.4 3322 13494 44.3 42.2 0.40 na*  na. —0.1
River water
R1 7/6/2007 na. nd. 11.9 1.27 2.91 6.13 11.2 nd. 3.67 0.54 —45.0 —8.4 8.1
R2 8/6/2007 7.3 nd. 13.4 1.90 2.29 6.33 13.8 n.d. 4.05 0.52 —44.4 —8.1 6.5
R3 6/6/2007 na. 0.0l 41.6 4.53 3.55 7.31 31.9 0.16 20.4 1.25 —46.8 —8.0 0.1
R4 6/6/2007 na. nd. 13.2 2.20 2.15 3.80 13.0 nd. 5.85 0.46 —48.4 —8.3 2.4
R5 18/10/2005 7.0 nd. 6.39 0.89 2.64 14.8 5.14 nd. 12.2 0.64 —61.8 —9.8 9.2
14/11/2005 7.9 nd. 6.99 0.93 2.85 16.1 6.05 nd. 15.5 0.79 —62.8 —10.1 3.2
Sea water* 0.18 11035 391 1337 441 19854 68.7 2786 2-2.4%

*1: Cation/anion balance=(Xcation— X anion)/(Zcation+ X anion) in meq L~'. Density of water was assumed to be
equal to unity in this calculation.

*2: The data set was referred from Isshiki (2005).

*>+ The concentrations of carbon species (HCO;~, COs*>~, CO,) were expressed in mM.

*:“n.d.” denotes “not detected”.

*5

: “n.a.” denotes “not analyzed”.
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i (Total Dissolved Solid, TDS ; AKBFFL T I EEIIC EEIALERR S ORFIE L) 1d 1-27g/kg
TH- .

Na-Cl BUESLR/KD 6D £ L 60 13, TNFN—54~—10%, —9.0~—26% Th-7z. F1,
FRECL 72717k D 6D 35 £ T8 680 13, N2 —63~—44%, —10.1~—8.0% TH -7z, Fig. 2 (a) I
5D-6"0 DRRAERT. HARDOFIKIEE, —EHIC 6D=85"0+10 (GMWL) kic7 oy k&N 3H
(Craig, 1961), Kﬁ%f%ﬁy L7cif)ikid, GMWL kb bAMic7 e v &, ThIEEARE
X ZDKOFELAZF TCVWE 0 TH D (BREE - fiF:, 1983 ; Mizota and Kusakabe, 1994),
Z O O — 78 Kok (LMWL : 6D=86"%0+20) & & %G L7\ (Mizota and Kusakabe,
1994 ; KA « 24T, 1997). KEBSY DIRSLRKD 6D B L U 60 13, IS0 Z RSO Rk &
EOEAAILZR L, BUSRKKEREE 4 2B RK TRV, RBILRKOEFREZEET 5 10
O6D-Cl R (Fig. 2 (b)) HBX U 6"0-ClEE (Fig. 2 (0) OREE 7o v b L. = DfEHR, K
D OIRILRKIE, T OHBRO RIK LK OREBORIC 7 a v b SN, HEHO KK EHEKOERE
ThrIEIREN, —HOERRE (No. 16, 19, 22, 23) (3, ClLEENZWZL2rb 59, Hi
BoFXKEEFRZZENLD BEMCT ey b a3k (Fig. 2 (a). TO XS SEBNIHE - FH
12 E Dl - A A HOHIEK ik & P2, 1986 ; Ik &, 2000), HAMEEE]= 7fE/K (Brumsack
etal, 1992) ILBVWTHRHEINTWVWS, Fig. 3 (a) BXLUFig. 3 (b) iT, Br-Cl 8L SO,-Cl D

/
(a)5D-5®0 sD=85"0+10 |7 . | (b)sD-Cl
(GMWL) 20 0 _o®
5180 (%o A o o "
-10 (o) 5 /' 0 » A
t t g 20 | e ‘\
N = e
", SMow g ”,,— . .* % Mixing Line
D = 85'°0 +20 : 20 2 -~ ae®
aD = L - -
o L % e
(LMWL) 3 e o . ’g"
a . 8¢
o,
L 40 ° & ™
L L 1 1
0 5000 10000 15000 20000
5 ® Na-Cl type saline water [+ -60 Cl (mg/kg)
P O River water
0k (c)s%0-Cl e
e
Mixing Llne—j-u- e
_ 4
£ - XesT
o) ok
=5 ¥ ]
) » 5’
& )
12 1 1 1 1
0 5000 10000 15000 20000
Cl (mg/kg)

Fig. 2 The plots of (a) 6D-6"0, (b) 6D-CI and (c) 6"O-Cl for Na-Cl type saline waters obtained from coastal
area in Ishikawa Prefecture, Japan. Gray solid circle (Q) shows SMOW (Standard Mean Ocean Water).
The solid and dashed lines in Fig. 2 (a) show LMWL (Local Meteoric Water Line, 6D=85"*0+20) and
GMWL (Global Meteoric Water Line, 6D=2856"0+ 10), respectively. Dashed lines in Fig. 2 (b) show mixing
lines of seawater and local meteoric waters.
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80 3000
(a) Br-Cl (b) SO,-CI I
@ 2500 | -
7 L
60 | 7 ,”
o 2000 - .
- ’4’. = ’/’
o iz N o= . ]
- -
D 40 [ il g 1500 P
E -0 3 ° i
-
a ° " 8 1000 ’4’ ™
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20 ) 0. oo e
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. @ Sea water A= e
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Fig. 3 The plots of the relation of (a) Br-Cl and (b) SO,-Cl

BAfeE/Rd. —MINIC, Cl & Br FARTICHRESNPTVILHETH Y, o LEEEnEel L
TWaB s, Bk 7 o 2 2 AR DI {, Cl & Br OEJEA M5 L cEEISEE
prEZoNTVS (RS, 1988). Fig. 3 (a) IT/R Lk 91T, KE4 OlESERE/KD Br/Cl iz
#kD %1 (0.0035) EIFIFECMHETH O, Cl & Br 3K TH 2 EARIEENS. £/, —iB
DIRFLSRIK T, #HKD SO,/CLH (0.14) kv dIEFITERWEZER L (Fig. 3 (b)), Thid, i
IR & 15 Bk HfETIC BB CIAY 6N TWA T EIC X AEE TR TH O (Yamanaka
and Kumagai, 2006), {LAMKEFTH 3 EEZ NS, DD, AR TR RILRKDE
M, Kk (baHA) TR L TV A,

3.2 RaRfLd (®Ra, »Ra) 8LV U RNIE (U, 2U) BE

Ra [RIfi7f& (**Ra, **Ra), U [Eff&k (30, #0) BEOMIEMRL R L Table 2 10/R7. HEHRKA
BoNFRIRICO VT IRE/KEDSEH & Table 2 1SR L. (BILE/KPO®Ra H & U Ra iEE
BZFNFh 1.718~2143mBq/kg # £ U8 2.00~4292 mBq/kg LAV EERL, LU FRIL/2 &S
12 % Ra Z iR (370 mBa/kg Db ICEORILEMNGFEL o (Fig. 4 (). AL TE SNk
S, BEERR (PRa: ~1480mBq/L ; Kanai., 1988) ® =giER (®Ra: ~550 mBq/L ; i1l
1955) IZPLit L, g T s T icdiERIgR, FlAE, BERRO KEEIEHIH» 5 5
o DR HR (*%Ra : ~84 mBq/L ; Nakano-Ohta and Sato, 2006) RFfI#k LA R (PRa : ~
282mBq/L ; YA - . E, 1979 kv bEL (Fig. 4 (). Lo L, TN50EER, HEF T
WESN TV BHENEDIEKD ™ Ra BE QRSB & X2 & 1P S 2 HifKu.

TSR KR D 28Ra/?Ra JSTHEHIZ 0.83~4.90 Tdh - 2. T OfHIF, BISHIE TE S hzhiko
IRIE R D PRa/*Ra fidtaElt (0.7~2.5 ; Nakano-Ohta and Sato, 2006) & [GIFREED & 99 E WM E
Td -7z (Fig. 4 (b)). RalAAOHAIFEIIEOS G TH S LEZ 5N B0, HARORENLIE
fi e 6 & O K TP Th/*U fiURetl (BEEE 2 E 4 5 & **Ra/*Ra e &5 L W)
3, #NZFN04~29, 08~22 (Miyake et al, 1975) TH 3 (Fig. 4 (b)). 7z, No.22 DR
KBOLTEIOBE NI v 74 v 72 (FES 15~100m 2 5m >0k Lcd D) ® U - Th
FIREZRE L2 & T A, BaB X UBIKES CArEMIEEIRS, MEEEICS, BUKE, AR
5 OPTh/™U Uteethid, £ E7 0.19~0.33, 0.12~1.04 TH - 7= (EH, KXAFEF—4%). No.
22 OEHLRKF D Ra/?Ra JURFELLIE 217 TH D, TN O DELD PTh/?8U KbthELL &
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Table 2 Concentrations of Ra and U isotopes in Na-Cl type saline waters

ZZGRa 228Ra ZZSRa/ZZSRa 238U 234U 234U/238U

No. (mBa/kg) (mBa/kg) activity ratio (mBq/kg)  (mBa/kg) activity ratic CCl08Y"

Na-Cl type saline water
la 362+127 12714139 3.61+0.41 n.d* 0.047-0.007 — Tertiary
1b 36910  1299+139  3.527+0.39 n.d. 0.015+0.004 —
2a 2166 65470  3.02%+0.34 n.d. 0.041=0.006 — Tertiary
2b 2047 60766  2.98+0.34 0.0160.004 0.040+0.006 2.51+0.78
3 1.78£0.20 2.00£0.48 1.13%0.30 0.014%0.003 0.024£0.004 1.69%0.50
4 52.5+1.8 45.044.8  0.86%0.10 n.d. nd. n.d.
5 5.6240.80 23.5+2.9  4.1840.79 0.0150.003 0.03220.004 2.17+0.59 Tertiary
6 6.6410.69 8.48+1.62 1.2840.28 n.d. 0.023720.005 — Tertiary
7 40.1+1.1 48.9%2.9  1.2240.08 n.d. 0.017+0.003 —
8 69.9t1.6  101+£6 1.450.09 0.022+0.003 0.050£0.004 2.2840.41 Tertiary
9 10.0+1.4 15.1+2.4  1.52+0.32 0.15610.012 0.248+0.016 1.59+0.16
10 62.7£2.5 69.3+£4.9  1.11%0.09 0.019£0.003 0.0250.004 1.32+0.29
11 10.9+1.0 19.6+2.2  1.80£0.26 0.027+0.004 0.053+0.005 1.96=-0.31
12 196+5 96151 4.90£0.29 0.057%0.005 0.091+0.007 1.59%0.19  Granite
13 39.7£1.8  36.3%3.2  0.9120.09 0.032£0.004 0.066£0.005 2.04%0.31
14 208240  4164+216  2.00+0.11 0.093£0.010 0.2200.017 2.38+0.32 Tertiary
15 22.1£1.5 46.6+£3.7  2.11%0.22 0.063£0.006 0.203+0.011 3.20+0.36 Tertiary
16 9.27+0.97 28.7+2.7  3.0940.43 n.d. nd. n.d. Tertiary
17 24.4+1.6 31.6+£3.2 1.2940.16 1.51£0.06  4.2970.17  2.84+0.17 Tertiary
18 4.2240.52 3.50£0.84 0.83+0.22  2.04%£0.10  2.424+0.11  1.19£0.08 Tertiary
19 33714 698+47  2.07+0.16 0.161£0.012 1.07£0.05 6.66+0.59
20 16916 39224 2.31£0.16  0.033%0.004 0.05610.005 1.680.26 Tertiary
21 17.241.2  46.3+3.6  2.69+0.28 0.11810.010 0.46410.024 3.930.39 Tertiary
22 19747 427£26  2.17£0.15 0.027%0.004 0.03410.004 1.28£0.23 Tertiary
23a 2143440 42924174  2.000.09 0.01720.003 0.0250.003 1.52+0.35  Granite
23b 1916+21  3985+166  2.08+£0.09 0.04910.016 0.066+0.007 1.37=0.47

Sea water*® 1.05—2.53 0.38—7.14 0.21—2.98  40.7+2.5 1.1470.03

*1: Error shows 1o standard deviation from counting statistics.

*2: “n.d.” denotes “not detected”. Detection limit is three times of blank level (see text)

*: The data sets of Ra and U isotopes in sea water were referred from Inoue et al. (2007) and Ku et al.

(1977), respectively.

*: The geology was referred from stratigraphic column of each spring.

% LiRIIRIK D #*Ra/* Ra AR R PEWETH 5.

IESLSRKE D 28U JERT 1E, M FRA LI T ~2.04mBq/kg & IEWICIKIEE ©h - #2. Fig. 5 108U
REE Cl OBfRERT. EELRKPHK (LaigKk) ERKDBEVITH S Lo, 25U DK
HIZRIESNTWE &5 &, MiK-RKEGH EIC T oy b&NB TENTFHENE, L LA
5, FRIKOFENKZ W No. 18 ZrE, T NTORIERKIIBRK-KKESHELD TicFo v b &
1 (Fig. 5), UKD SBRESNTOE ZEDRIES NS, —ikiic, REKF T, U RGAEK
FRRILEPHS T I D U0 (VD) T DRIBIEIE L L THAET 5758, EuussHS ©lENaErE
D U0, (IV) ELTHATSEEEAONT WA, ERALL /@SR KIE LR U 7o & 5 IThiifE e hsie
5 &HmESHSIE I TV LRk, URMAEEARERD U0, IV) & LTk
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Fig. 4 Distributions of (a) *®Ra contents and (b) ’Ra/?*Ra activity ratios for Na-Cl type saline waters ob-
tained from coastal area in Ishikawa Prefecture, Japan. Gray shaded area ([__) in Fig. 4 (a) shows the
concentration higher than 370 mBag/kg in ?®Ra. Gray solid area () in Fig. 4 (b) represents the range
of #2Th/?*U activity ratio of common rock (granite, basalt) in Japan reported by Miyake et a/. (1975).
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Fig. 5 The relationship between *®U concentration and Cl.

L, JFFICERBE L > TVWEEEL SNS. PU/PU BRI,

D, IRTHEGIEEETH S 1L ETH - 7.

HhrEEZOLNS (PlZ1E, Kigoshi, 1971 ; Yamamoto et al., 2003).

1.19~6.66 LIRAWETH

T o KRR IC & 52U OB ORER T
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3.3 JKHED Ra BCiAER%E
CIETRRTEATEN S, REEREIH 5B SN EHEIEE O Na-Cl BURSLEKICE L
T, @HRE O Ra[FNE %2 ELE S ORFIKDBIFET 5 T EDH LN 78 - 7o, BERKIE, b
L7z & 912 6D-6"0-Cl DR 5, Z OHEKD Kok & HigHIEA UiAw & ik (baisk) &
DRAGICELVERINTED, ThoDiEmr3FicEKcHRTsEZEZO6NSE,. LrL, BHED
#7K D *Ra B 13 1~3mBq/kg & KR (Table 2, Inoue et al, 2007) TH Y, #E/KEFRD Ra[F
MIROFE R TE 5. F1g, ﬁf@{@ﬂ(@mRa BRI E» TRV, P RadFJEI (1600 y)
VRSB R r — v TEZ B &5 , FHIUIAY 57240 ik O Ra (3584
LTV, SREO Ra [IGAZ K L{%o 7‘_ IiE, HEHAIEE Lf#/}ﬁﬁﬁﬁ@ﬁw%ﬂﬁ@@ﬁ
HEMMETHD, PRa i 27-DICIZBTETH % 25U (447X 10%y), #U (245X10°y), *'Th
(75X10'y) @, *Ra 244 27251213 Th (141X10°y) OEFEANNWETH B, L1zhi-T,
Ra BRI EL-KHEERIC X - THRA IS STV B EEZA 5N B,
KA~ D Ra [FAINAOERRIC O WTIE, Fic OEFBIKE (ThEME) OEE, @54 DIER
@EE$®ThHu%GMHu%®ﬁW@)®a BT PE D o Ik, @EE%ECEEKF%>
B % Ra [IMKRDREER LA E Z STV (fZ1F Sturchio et al., 2001).

3.3.1 AEHKE (Th RLK) OEFEEX

F9, ®RaBLURa DPETETH 215FTh BLU P Th 0L IC X % Ra [BNIAD LS
Th B, Thid4liomBHTRENTH O, —HrnicthEo RIoKhTidIFEICRiERE ch 5 (T
H 6, 199D, L7chi-C, iaERIME (ThENE) OBZIC X % Ra R EOMHG IdMcx s &
FA LN 5.
3.3.2 BRODAR

RIT, Ra [ARLAPEA DI X D KHENHE S N 2 5& I >V TEwRT 5. %l#aﬁ%%
th O RIBUK GRS S0 OWiE - B2 %@ 2 EZHMEKTH 570, & SICRILRKOR A L
m@%ﬁﬁe%%¢~%ﬁﬁm%5ﬂ,Kﬁnfi,%#mﬁwtbfﬁm(mEﬁm>%ﬁﬁt
T BIRIERAKDHE I LAY STV B Bl R (BSER) 2IET 5. £/, HHD
BRI X 0K S e Ra RIRA R 2 TKENREE NS £ 45 L, TOZRATOD Raldfir
wﬁgwﬁﬁﬁmuuT@xﬁ’ﬁéné(m‘i Tricca et al., 2001).

Rap,=p,* (1— 1) * Wra * c(1—e ") /(0, * 1 * Agy) X 10° -+ (1)
FitoRicBWT, AL, o, N, Wre TA, ArdlE, TNENIKEPO Ra [GAINAEE (mBg/kg), H
H (g/cm?), [MRE, SATO Ra RMAOEBEE (s, SATO Ra @A AEE (mBga/g),
RaBIfLKDEETH ) 2#KL, MATFO w BLUPr BKHEBIUOEAHEERT. 2T,
W226Ra — W228Ra ThsrEL ’Cﬁﬁﬂ( 75.4&35'9’" 5 &, 7J(*H¢'® 28Ra/*Ra W%ﬁﬁ%ﬂi (ZZSR‘ZAw/ZZGR”Aw)
B

228RaAw/226RaAw — (}{226Ra/1228Ra) . (228RaAr/226RaA7)

:00036 (228RQA,/226RHA» ~ 00036 (232ThAr/238UAy) - (2)
&35, (DRUTHBWT, AHAtho*Ra B (U RBED, MRFE, *RaiFaEeZlsd 5 LK
D ?Ra EE I AREZ AT SE L T ENTE, AL TES NI EEE O ®Ra (354 DRI
Yo TEBHTA L ETOAEETH S, L L, RalERHENSFEICEADEMRIC X > TKENHE
SnTVBET3E, QRITRT & 512 Ra/Ra JRETREHIZIEF ITIEL 75 5. BIAIE, HARDK
FHISTERS B X KRS TP Th/®U EHELL I, 22 h 04~29, 08~22 (Miyake ef al,
1975) TH O, ThEEEVBEHVEF A F TEZ b Th/?U fhhELk i3 84 TdH % (Nagai et al,
2006). 20, FHADEMRTIE, KEHO*Ra/*Ra RHHREML S, EFIREET, ;A TS 0.03 F2E
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Th b, KPFFETHE S NICEIIRKD *#Ra/*Ra FHELLOEEFIET 5. £z, B0 &K Eh
LciE#% 13, EILRKD #Ra/*Ra BETRELLIZ A4 @ ¥ Th/**U [btsEtb LR UMEIC s 5. Ly
L, COEA, AP TERILL ESLR TR BRI UiAY S hicikEiiis 45 2 & &
FET 5. F/, TOLDRELBHIEICE UAY ST 2EILRKD KT, ¥ #IchEfn
LTWAEAENE L, SADERIIHEPIREES N 572 (Kraemer and Reid, 1984), FL{ED S D AR
Ik 3 Ra[BNADZFG DB VWEEZEZ 5N,
3.3.3 ok

Ra [EAHA IR EIETH 5 ThEINAED e BZIC X D EFNEDT, o Rkic X 2 Ra B ADK
HAND#EA N = XL BEETH S EEZ LN, 5 HE Ta KO I KKK P O 34U /*8U
IR c S A2 H T b ONIFEAETH -2 (FlA 13, Kigoshi, 1971 ; Yamamoto et al.,
2003). BIZIETDH 5 Th[ERIAD a I K O KHESBA~H = v 7c Ra [ER A 2 TR RAT
SINBERET S E, alXBkic k5 Ra [ANAREORMZLIZLIFO X S ickaEn s (Kraemer,
1981).

Rap =30, (1—n) « L -"™A, - (1—e *R")/(40, *n * 1) X10° -+ (3)
I, L, ™A, rld, ThZEN Ra BILAOKBEREE §i70 ThEIGA (Ra BIAAOHELRE 5K
FHAEMEE (mBq/g), #EMOFE (cm) #%£K4. G)RXckbuvT, H4 G hoThiEE, M
BRER, SO PRAEZLS B 5 LKA D ¥ Ra BE IS SEE T 5. FlZE, o.=26g/cm’, pu
=1.0g/cm? n=0.1, L=2X10"%cm, #7A,=30mBq/g, r=0.01 cm GEREPFEE) % (3) Izt A
T5E, EFIREBICBOLT®Ra EBE 3 106mBg/kg Ll an s, 7, LS r=0.0002
cm (PIZ k78 E), £7213%°7A,=300mBq/g 129 5 &, EFIREEICBVWT®Ra BEEIZ 2 N2
1 5265 mBa/kg, 1053mBa/kg LREb O5N B, S0, aKBkic £ 245D A T Ra [RIRLIKRE
HEL BB DITE, SIORBRER IO & S1/hSv, F721d o KBKIT & 0 *"Ra HSEHIK
A S NS 2550 (F 72388 KEO Th SSIRETH 2, &56VIET DML TH 5 MEN
b5 —HT, EWREICBVT, *Ra/*Ra BUHELE,

228RaAw/226RaAw :232ThAr/ 230ThA7 e (4)
LEREL, DR SPHE N L DIT, a KPKIT & 2KEAD Ra [FMARE TR, EHIREICB VT
EHADPTh/™Th it £ L 53 (BIAREARORENBIEREE LOXRETR, 2hE
N04~29 BLU08~22). 2F b, AWIFLTHE 5Nl Ra/?Ra EHELL (0.83~4.90) A35HHA]
fETH 5.

3.3.4 BEAXE (BEREKER) ILH75 Ra FIEDOLE - REERIG

Ra[EfiifAiz 7 v ) HHEERBICE L, —MRINTHEKPS EDIGIER O S WEREE T IRIAFEREE R
HENTWBH (FlZ1E, Moore, 1996), BElERSE DG DK WESES (af)Il7K - H/k72 &) TlE Ra
BRI TH v, surface reactive element E & X S TW3 (A1, Tricca et al, 2001). *Ra
R & TDS ORE%E% Fig. 6 1cRd. Fig. 6 1ORd X912, Ra L TDS ofdiciy, 36-o %
FEREVWLOD, HEENE 725 & Ra BE s KA HRBS R s N, REGofbis G
H) EEZONBEILREK (No. 12, 23, Table 2) 13, *RajEEEE TDS ofRicsWT EhIcS
oy bIh3 (Fig 6). —fiic, BRENMEVERECTEIZMOBA A v INEARBOREY 1 b
ICWET 205, HEEOSVWEETR—MOB A 4 Y SEY 1 NCE LMD A1 4 » A7k
N EN B EFEZ SN TV A, RaRIMAE, KEPTREDP Ra> ELTHFEELTVWE EEZ
5N THH (Sturchio et al, 2001), 2 i THAET 5 Ra [aAfifkid, MhOGA 4 v & DESRIGIC &
D, HEEOERWKHTIREAEBOWE Y A MBI L, HEE oS WKkE T EKMER
it s EEZ 5N 5 (Kraemer and Reid, 1984). A5 (£721380) © U - Th SHRDE
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Fig. 6 The relationship between ?*Ra concentration and TDS.

W, pH, BER I UOBILETIREE (Herczeg et al, 1988) S EICL B 62X EH 3 DD, At
RTHEONIMRa 2E L TDS OIEOMHEAR, SAEE CGEA-/KER) 1B 5 Ra[BNAEOTK
- IEERGOIGEER A L > TRRETE Y, HEENSVEILIRKTH 513 & Ra [@AA 3K
MICRR SN 5 T E2RET 5. Co8E, KEHORa/*Ra iR S A EE O EA K%
KB4 zEEZON5.

3.3.5 Ra RIf{KRDEIEX =X A

PIERRTE 22 &0 5, ®Ra/*Ra BEHELL OB 5, Na-Cl BUESLIR/KH O Ra [FALAI,
FioEn (Fidyy) RED ThENARD o HEEITHES o KK X b HgSh, £/, *Ra-TDS
DORIRD 5, Ra [ENLIAREEE (EICHGEERE O RS - TEEIS CEAREO Th RIMKD o B
Kk EFNL RalENADOBREBENIL b ETL) ICKLEN TS I EMHERI NS, FaliLick ST,
Ra [AR{ADY o KBk & b fifa S 2854, RILFE/KP O Ra [N ANSEE Th 5 72Hicid, Th
BN % GO D & 5 SRR NS 58I Th 20, $3E40 (2359 £ED Th
B ADSERBETH S, H5VEZTOMLGOLEND 5. HiEd, EIRKSIEEST 2 WE - 8%
WA AIKBUBIC E 0 ERS NN EINTWE 2 EEBFFHLE W, BHITOVWTI,
ITFERE A R EN T WA, FIAIE, Triccaet al. (2001) (%, HTF/KHED Ra 3 & U Rn
AT 21013, WIOE A DERIC X D KA S i Th S AR ITIEE L TV 5 4685
%, F7z, Sturchio et al. (2001) (&, HEIKFDOERE D Ra [@N{A%ZiRIAT 2701, S DER
IZ &0 BRI & NICRAETED Th [EINADS S ARG ICER - IB%E L 728 (Th isotope-
enriched surface layer) ONFEHEAIER L TW5,. O ThiEEEE, BFEE clcEZEOBRIFNI
154, T OEBRIGEANSHZROFETH 205, HARBITH L0 X 5 WREO/NS WIYIMNEE L
WD G A DRI L v KN &N ThERARZE NS ICHERICEENE EEZ S L, K
I8 TS S N cimdisR/kth 5 Ra B bATETH 5 & EZ 65N 5

4. & i

KRBT 5158 5N 2 SIEEE O Na-Cl BRI R 13, Ra[[AZSHERICEEO TR
MHEDEFRD T, )RS I SRS 2 KEEREIH2 & 45 23 #iA O Na-Cl BURSLRK
@ Ra [FAAAZRITE Lz, BREL 72 i8Rk 1%, 6D-6"0-Cl DR & /K & 72 13 bk Z ik
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LT B EMIALMEN 5T PRaEE S L U PRa/Ra fidiheH 3, £ ZFh 1.78~2143mBq/kg
BLU083~490 TH Y, Fx OHENIED Ra [RNAZSIREICECRILRKPELE L f. imiiR
IKEh oD #$Ra/*Ra FSBEHAYE A D #*Th/**U SEEL S [EREE, S PPEWETH 5 C &, Rk
RIKF D20 BIEFITRIEBETH B2 &, FE5D2XEFRETVHDODRILREKTID?Ra JEE & TDS
DORNCHPBEINE O e T &p 6, KD Ra FIREE, H6 GBEEo X5 SREO/Ns WY KE
ICFAET 2 Th BLUPTh @ o BZITPES o KK, B X OEALERETHE L7 Ra [Gh{ADEE
FEARGE DIBERUGIC L 0 500 SRR STV 5 T RIS e,

ABFFEIE, KEETHNC X 0 B S NIRILRAKT O RaBEA /R LA T TE L, HRERC
B B HREOEBHIAO—BhE 2 258 TH 5. BIREWIE® Pu 75 &3, EUREEDR,
REZEIC & 0 Ra[[IARICE 2720, AR THEONERE, HEMEE L -TLIEL NV
TG BEEY O HIBALNTHIE G 7 F o SR E LTHEETH L EEZ OND,

B3

KA MDD BI12H 120, REFEE S X OEHEOERED 513, FERTEUC L Tl nF 72
Wio, AR O—E, HAFMIRESEFRIEESEE (EHMY, No. 20 - 6070) THiExh
fz. 2% OEGE L EFEEREZERICIERBIS ATHW 2. BEREOHRICES VI LE .
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