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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 D, O and Cl

and chemical composition. The Ra concentrations in water samples varied in the wide

range from . mBq/kg, and occurrence of saline waters having high concentra-

tions over 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 ( . . ) of water samples were comparable to or slightly higher compared with

Th/ U activity ratios of common rocks in Japan. The U concentrations of water

Junpei T , Hiroshi S , Keiichi S , Aya S ,

Mutsuo I , Yasunori H and Masayoshi Y

Radium Isotope in Na-Cl Type Saline Waters

from Deep Wells around Coastal Area in

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

Prefecture

samples were extremely low ranging from less than detectable to . mBq/kg. These

findings suggest that the main processes for supplying Ra isotope to water were probably

not by rock dissolution but by both -recoil from Th isotopes and desorption reaction of

Ra isotopes from water-rock interface.
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Fig. (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 ( ) and Ohwada ( ).et al.
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Fig. a , m

Table

L

pH

L Ra U

pH U Fe

pH Ba Ba :

mg NH SO

Ra U BaSO Fe OH

BaSO Fe OH Fe OH

BaSO U BaSO

Ge

Ra Ra Ra

Ge Hamajima

and Komura, NBL No. . -U No. . -

Th KCl Ra Ra keV Pb

keV Pb keV Bi keV Ac keV Ac

Ra Pb Bi Rn Ra

Saito Ra

keV Ra Rn

Ra BaSO Ba

Ra Yamamoto ; Inoue and Komura,

Ra Ba NO Ra : . . mBq g-Ba, Ra :

Barite, Ra : . . mBq/g-Ba, Ra : . . mBq/g-Ba, Inoue and

Komura, Na CO Ba

U

HF, HNO HClO N HCl

Fe U

U Si

U U

. . . . mBq U U

D O

Micro Mass Prism

model Ohsumi and Fujino, ; Epstein and Mayeda,
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Table Chemical and isotopic compositions of Na-Cl type saline waters and river waters
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n.a. n.d. n.d.

n.d. n.d.

n.a.

n.a. n.d. n.d.

n.d. n.d.

n.d. n.d.

Well Li Na K Mg Ca Cl Br SO Alkalinity D O Balance*
Sampling

No. depth pH
date

(m) (mg/kg) (meq/L) ( ) ( )

Na-Cl type saline water

a

b

a

b

n.d.*

n.d.

n.d.

a

b n.a.* n.a.

River water

R

R

R

R

R

Sea water* *

* : Cation/anion balance ( cation anion)/( cation anion) in meq L . Density of water was assumed to be

equal to unity in this calculation.

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

* : The concentrations of carbon species (HCO , CO , CO ) were expressed in mM.

* : “n.d.” denotes “not detected”.

* : “n.a.” denotes “not analyzed”.

Na-Cl Ra

Dionex ICS- . M HCl

Na-Cl pH, D O Table

pH . .

cation anion cation anion in meq L

Na-Cl

+

+2 +
.

.

/

, -

+ +

,

- ,
- - ,

.

/

+2

+

,1 1 ,**/

+1 . ,**0

,1 1 ,**/

+1 . ,**0

+ 2 ,**/

+ 2 ,**/

,3 1 ,**/

,3 1 ,**/

+ 0 ,**1

+ 0 ,**1

+ 0 ,**1

+ 0 ,**1

2 0 ,**1

2 0 ,**1

0 0 ,**1

0 0 ,**1

0 0 ,**1

0 0 ,**1

0 0 ,**1

0 0 ,**1

1 0 ,**1

1 0 ,**1

1 0 ,**1

1 0 ,**1

1 0 ,**1

-* + ,**2

1 0 ,**1

2 0 ,**1

0 0 ,**1

0 0 ,**1

+2 +* ,**/

+. ++ ,**/

14* *4/- 1,4* ,241 ++3. ,14,

043 *4// 1,4- -+41 ++2* ,14.

14+ *4,* ,34- ,+4/ 12. +24/

14- *4+2 ,34* +242 102 +342

140 *4,2 3/4+ 34++ ,-, ++40

043 +4.- 124* .4,, ,+++ ,24+

14* *4,+ +*. ,*4, ,+/ +-4.

14/ *4+- +-. 04+/ 104+ +/4/

14- *4/* ,*- 242- +,2 ,,42

140 +4+0 +2* +.4. 1.4/ +.4/

14, *4*1 .34/ 1243 ,-+ 04/0

14+ ,4** 1.40 /.41 +-2 ,14,

143 *4*/ 1-4/ 3/4* /241 ++42

141 *412 114/ --4, +*. +-4-

14, ,4+0 +./ +-41 /.4/ +-4.

140 +41, ++* +,* 323 ,.4,

14+ *4*, -04, +.* ++3 14/,

24+ *4+. +.4. *403 +3.3 ,14-

14/ *4+, +*/ ,31 .1/ ,,4*

140 *4*, +243 ,-4, +/4/ +402

14+ +4*1 -*40 0*4, +,++ .+4/

040 *4.0 ,3/ .-2 /.0 .-4/

14* *4+0 ,,2 3*3 +**. /*4-

14. 240- +-, +,40 ,1*- -/4,

043 ++40 +,2 -*4* --33 ./41

14* ++4/ +,3 -*4. --,, ..4-

+4,1 ,43+ 04+-

14- +43* ,4,3 04--

*4*+ .4/- -4// 14-+ *4+0

,4,* ,4+/ -42*

14* *423 ,40. +.42

143 *43- ,42/ +04+

*4+2 -3+ +--1 ..+ 0241

+ +,** ./,2 2/-2 3-1 *403 -.42 /40 *4+

+ ./01 2-., 3/* *403 -.4* 04* +4,

, +,** -.31 /1-+ +,0. *401 .+43 04/ +4-

, -.2+ /1++ +,1. *401 .*4- 040 *43

- 2** ,,33 --1, 0*3 *432 /+4. 14/ ,40

. +,* --+3 2/.0 ,/2 *4.2 -34- 04/ +4*

/ +*** ,.-1 -23. -41* ,4.- /+4. 143 -41

0 +-** ,3.1 .0/, ,4.3 .40- .34- 14/ *4+

1 ++0* -311 0*1+ 24-0 -340 14* +4/

2 +/** ,-22 --/0 +04, /+4+ 240 +4+

3 3** +,02 ,-2+ ,0. ,4** .24* 24- *4,

+* +*** -10+ /2*1 ,43+ +-4* -34. 04- *4*

++ +,** ,-*0 -.-- .12 ,4,. .14+ 14- +41

+, +-** ,.+1 --2, ,,43 +.41 .04- 14/ ,4*

+- +*** +3** ,+./ -*4. /,42 24. *4-

+. +/** -2.1 1-/2 0-- -4// -041 04/ +4+

+/ +**+ ++22 ,,-2 ,0* *43/ .+4+ 14+ *4-

+0 +,./ -1., 2./0 0,3 *4-2 +040 /40 +40

+1 +001 -03* 0.3- 0.+ -42, -14* 04- ,40

+2 /** ,3+ -.+ 0*4* -423 /-43 34* -4/

+3 +*** 10-2 +-+/+ +++1 *42* +-42 .4. *4.

,* +/** 2,33 +.*12 +++1 +4.1 34/ ,40 +4+

,+ +,** 2*03 +/.,3 +0-+ +4*- ++4, ,40 +4,

,, ,** .*** +*231 +/. *4-* ,+40 /4* *4/

,- +/** .3*3 +-02/ .+4, *4,1 +-4+ .41 *4.
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Fig. The plots of (a) D- O, (b) D-Cl and (c) O-Cl for Na-Cl type saline waters obtained from coastal

area in Ishikawa Prefecture, Japan. Gray solid circle ( ) shows SMOW (Standard Mean Ocean Water).

The solid and dashed lines in Fig. (a) show LMWL (Local Meteoric Water Line, D O ) and

GMWL (Global Meteoric Water Line, D O ), respectively. Dashed lines in Fig. (b) show mixing

lines of seawater and local meteoric waters.
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activity ratio activity ratio
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n.d. n.d.
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n.d. n.d.

Sea water

Ra Ra Ra/ Ra U U U/ U
No. *
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b
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Tertiary

Tertiary

a Granite

b

*

* : Error shows standard deviation from counting statistics.

* : “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 ( ) and Ku

( ), respectively.

* : The geology was referred from stratigraphic column of each spring.
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Fig. 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. (a) shows the

concentration higher than mBq/kg in Ra. Gray solid area ( ) in Fig. (b) represents the range

of Th/ U activity ratio of common rock (granite, basalt) in Japan reported by Miyake ( ).

Fig. The relationship between U concentration and Cl.

et al.

249

Na-Cl Ra

U U . .

U

Kigoshi, ; Yamamoto et al.,

,,0 ,,2 ,,0

,,0

,-, ,-2

,-2

.
.

-1* .
+31/

/

,-. ,-2

,-.

/2 ,**3

+ +3 0 00

+

+31+ ,**-

a

�



�

�

�

� � � � � � �� � � �� 	
 � �
 � �� ����

�
� � �

� � �
� � �

� � � �
� � � � �

�
� �
� � � �� � � ��

� � � � � � � � �
�

� � � � �
� � � � �

� ��

�
� � �

� �� � � �
�

� �
�

� � � �
� � � �

�
� � ��

� � � � � � � � �� �
� � � � � � � � ��

� �� � � �� � ��
� � � � �

� � � �

�� � � �
� � � � � �

� � � �� �
�

� �
� � �

� � � � �
� � �
�� � � � �

����� !"#�$%& ' ()�%& &*#+, - .�/�0123
! + - 456789:%-��0;<=>?�$; &%$@A# �/�0B 
�
C#DE1 -FG%& H- I- 0$ J 1 KLM&*#N0 OPN0 $
-QR1DSTUV*!2S H*&-, BW1N01 >?$XY&*? C%C Z=-
N0- B $ �[S N0\]-
45-^ B _�"? �# `a-N0- B %�B@3; - bc
B d� @efghij�XY?$k 1 l KLM&*# e-N0 - Bmn1
o C!3? + - 4560p1 :#M1B qr]$C! bc- 3stu-<
=; �[S 6qr>?#M1Bstu�[?

- 6qr>?#M1B -<=; v�[? C#;A!
45BwP 0pxy 1DA!zY{0p|qrV*!3?$XY&*?

0p|- 45- }1:3!B W1 <stu 45 -o wP- ~
wP - 45 45-stu - o 1 E wP J wP 0��

12�? 45- �;XY&*!3? Y�

�{ 2D� -stu�[? < 2D� -o 1D? 45-qr
�[?; B �-��� ��[S � 1 �- �0 �B �1 �[? �
& C#;A! <stu 45 -o 1D? 45-qrB _�"?$
XY&*?

�1 45;wP- ~1DS0p|qrV*?�R1:3!� >? ��@��
-f�0%��wP- J � 6 ? � 0�[?% V&1�/�0-��
�1D?
0-� @�X > " �;[?; ���B ����$C!N0 OPN0 6\]$
>?�/�0; J 1 �1 KLM&*!3? �@¡ ¢¡ 6£ >? �# wP-
~1DS0p| ¤V*# 45Bn!0p| <V*?$>?$ H-¡ �- 4
5 -ef OB¥�-DE1 V*? Y�


¦-§123! B H*¨*0 - 45
© f� wP - 45- ~ª wP - 45

45-o « 6 C Y¬- 2D� B0p2D�wPp6 > ���
�[?$C! �­®6£ >?$ 0p - ¯

B

$@? §123! wP - f� ~ª 6 OV°?$0
p - B "l V°?�$;�" ��� &*#+ - BwP- ~1
DA!± >?�$Bk ² �[? C%C 45;W1wP- ~1DA!0p|qr
V*!3?$>?$ §1³>DE1 ¯ B �1 l@? Y� -´
@µ w2D�¶ w�B ¯ B H*¨*
�[S 7 ;+3·¸¹º»�VY¼ ¯ B �[?
:�S wP- ~�B 0p - ¯ B �­®� ½ �¼

�� � � � � �	 
��
 �

� � � ��
�� � �

� � � � �
� ��

�� ��� �
� � �� �  

� ! � " � # �
$ �� � %  &
'(

'
� )

� * + � $ +
� � � $ , -. /

� 01- 2

+ $ �
3+ 4! � � � 5 ���

6 + � $ � �

� + 7 8 9
� : ; < = ;>

? @ ( � A
� � � B � �

+ C � % D �
�� $ / 2

� � �� E
F � � + � � � ��

� $� / G /
� � � C HE

� �� �� F + � $
� �� � $? � � �� +

� � H � +
C HE 5 � 2 I�

/! J K C HE
LM C HE
+ � C HE � � N�

�

� � � �

� �

���� 	
��


����� 	
� ���

�����

�
� �

� � �

�

�
�

�

�

�

� � � � � �

�
�

250

t

Na-Cl

Ra

D- O-Cl

Ra mBq kg Table , Inoue Ra

Ra Ra y

Ra

Ra

Ra U . y U . y Th

. y Ra Th . y

Ra

Ra Th

Th Ra

Ra Sturchio

Ra Ra Th Th Ra

Th

Th Ra

Ra

Ra Ra

Tricca

A n A e n

A n A Ra mBq kg

g cm Ra s Ra mBq g

Ra s

Ra Ra A A

A A A A

. A A . A A

Ra U Ra

Ra Ra

Ra

Ra Ra

Th U . . . . Miyake

Th Th U . Nagai

Ra Ra .

Ra Ra Ra
w r Ra r w Ra

Ra Ra
w Ra r Ra

Ra Ra
Ra Ra w w

Ra Ra Ra Ra
w w Ra Ra r r

Ra Ra Th U
r r r r

et al.,

et al.,

et al.,

w r

et al.,

et al.,

Ra

Th

+2

,,0

,,0 ,,0

,,0

,,0 ,-2 3 ,-. / ,-*

. ,,2 ,-, +*

,,0 ,,2 ,-* ,-,

-

- +

+

,,2 ,,0

,,0 ,-2 ,,0

,,0 ,,0

,,2 ,,0

,-, ,-2

,-, ,-2

,,2 ,,0

+ - , ,**1

+0**

. .1 +* , ./ +*

1 / +* + .+ +*

,**+

.

+33+

,**+

+ + +*

* **-0 * **-0

* . , 3 * 2 , ,

+31/ 2 .

,**0 * *-

,,2 ,,0
,,0 ,,2

,,2 ,,0 ,,2 ,,0
,,0 ,,2

,,2 ,,0 ,-, ,-2

- -

- - +

- - ,

l

d d

a a

r w r l

r w l

w w

l l

�

�
�

� �

� �

� � �
� �

�
�

�
�



�

�

�

� ��� �	
�� �
� ����� ����� ��� �

� � �
� �

� �
� � �

� � ��
�

�
�

� �
��

� �
��

� � � � � � � � �� �
� � � � �
� �� � � � � � � �

� � � � �
� � � � � � � � � � � �

� � � �
� �� � �

� �
� �
� � �

� � � �
�

� � �
� �

  �� � �  �
�

�
� � �� � �
� � � ��

� � �
� � �

� � � �
� �� �
�

� �
� �� �

� �
� �� � �

! "

#$% &'# �
������ ( �)* +,- .� /0*�123
4� 56 ����� ( 6/0� ( * 7)89- 4�
4 :�;< &'#=>4����6 ? 8 @A 7BC�
�D�EFG*,-:**
+,- .� :�HI9 @A ?8 7BC�
JK-������ 6 LMN8
4JK-;<1OP /0� Q6RST
-�C UV�/0� Q
8H- ���W 6X9K*YZ�
-

��6[\]#$- ��� ^ 8H%_.
-�# 8H- ����
`a� bcNde�fg #$-*YZ�
- h .# �&'6i8 j� �
( k8l E$J�f�1m*no#$p� Zq

[\]#$- ��� ^ 8H%�` a rT
� ��1sJ�` 8 t
T
-*u ,-* 8H- �� �vA w6xy�HI8 T
-

::# 6 z
{
 ��� | � � �� ���[\]
( � � } E , ~8�KJ /0 � � A
� � � }E wT�-*�` � 6��P ,- Zq

� � E ~8�
,-* ���8�KJ 6 *��T
- .� �����#

Zq 9o .�6 8,-* ���8�KJ 6z
{

 *��f�
- �.% 8H-����# ��
1�P9-�C86 � � }E � �HI8�TK .�6 8H% 1 2�
`a rT
I-/0 .�6� ?� 1� #$- $-K6z� #$- 1
$- � # ���8�KJ ( 6

* �- ~�� ��9HI8 8H-�`a� ����#6 ���8�KJ
/0� ( * 4P9- Zq �� 9� /�H�� /#6 z
{

 �H� �.% &'# �
� ( 1� �
#$-

��6��NM � 8 4 � 8D� 9o�¡ ��K¢£#6 t�*�
9T
JK-1 Zq ¤¢£�¡ � K¢£ ¥¦� §�9o #6
6 #$% *YZ�
JK- Zq
* �¨©E 8ª, 8ª,HI8 * �A86 q���

6��Kf�� ¡ 1�P9-* f�P9-«¬1�rT
� 01� / ­
/ *YZ�
-���� 6 * �¨©8�KJ� 8®
¯°±T
- � 8 ¡ 1 K¢£#6O²� ³´µ1/0 ?�¶ ·³±
8¶ ,-1 ¡ ��K¢£#6�²� ³´µ1¶ ·³±8¶ 4O²� ³´µ1�`
a rT
-*YZ�
JK- ��6 �` #� 1 *4JtV4JK-*YZ
�
J�% ²#tV,- ��6 ¸� ³´µ*�¹< º8H
% ¡ � K� #6/0 ?�¶ ·³±8 » 8¶ 4 ¡ ��K� #6�`
8 rT
-*YZ�
- /0 .�6� � ¼ �½

� � � �

� � � �	 

� � �	 � �	 �

� � � 
 �

 
 � � �� ��

� �
� �

� � � �� �
� � � �� � �

� �� � �
� � � � � �  

! �� � "� � #

� �� $ % � � �
�"� % & # % � "�
' % & � � "� �( �

) *� +
! "�

� ,- ! "�
�� � "�

% ) ,- % �� �
� % # "� ./ 0�
/ ! � �	

# 1 �� � !
� �	 2 � �� #3 4 5

� � � �	 1
�

� -6 73 � "� �
� 8 "� 9

9"� �
"� "�

"� "� : 4 ;
"� /

73 "� 9 < # =
= "� < = = <
� � � ��

� < �
"� 9 � # = > 3 = "� � �

� % ?@

� �

� � � �

��

��	
 �� ��
 ���� ������ ����

�

�

�

�
�

�

�� � � � � �

�

�

�

�

251

Th Ra t

Na-Cl Ra

Ra Ra

Ra Ra Th U

Kraemer and Reid,

Ra

Ra Th Ra

U U

Kigoshi, ; Yamamoto

Th Ra

Ra Kraemer,

A n L A e n r

L, A , r Ra Th Ra

mBq g cm Th

Ra . g cm

. g cm n . L cm A mBq g r . cm

Ra mBq kg r .

cm A mBq g Ra

mBq kg, mBq kg Ra

Ra

Th

Ra Ra

A A A A

Ra

Th Th

. . . . Ra Ra . .

Ra

Moore, Ra

surface reactive element Tricca Ra

TDS Fig. Fig. Ra TDS

Ra

No. , , Table Ra TDS

Fig.

Ra Ra

Sturchio Ra

Kraemer and Reid, U Th

Ra
w r r w

Th
r

r w

Th
r

Th
r

Ra Ra Th Th
w w r r

et al.,

et al.,

et al.,

Ra

,,2 ,,0

,,2 ,,0 ,-, ,-2

,-. ,-2

-

,-*

,,0 -

- 0

,,0

,,0

,,0

,-*

,,2 ,,0

,-, ,-*

,,2 ,,0

,,0

,,0

,,0

,,0

,

/2 ,**3

+32.

+31+

,**-

+32+

- + + . +*

, 0

+ * * + , +* -* * *+

+*/ * ***,

-**

/,0/ +*/-

* . , 3 * 2 , , * 2- . 3*

+330

,**+

0 0

+, ,- ,

0

,**+ ,

+32.

,-*

,-*

,,2 ,,0 ,-, ,-*

- - -

- - .

l

a a

a

a

a

r r

r r

a

a

a

a

�
� �

�

�

�
�

� �
�
�

� �

�
� �

�
�



� � � � � � ��� �� � �	 
� � 
� � � � �� ����

� � � � �
� � �
�

� �
�

� � �
� � � �
� �

� � �
� �

� � �
� � �

� �
� � � � � �

�
� � � � � �

�
� � �

� � �
�

�

�
�

� �

� ����� !"#$% &'(�)*+,-./)011 2
345+67 8�9 1:1;<. => ? => @AB (�C) DEF1G
H I JK1L8�MNO�PQR-Q�S L8�TU��V�@4/)W' DEF.@
;( XY6)Z9[\]^) Z1_` @;a1 bcd.=> ?1DEFd[
Je^)9fg+6)

h�ijQ-7Z9k+ bcd1lmk+ n�V�@a1 DEF.
o(=> p7.V ?1 DEF1 q (rs Jt(�SuvY6 p7
1<wk+ DEF8�.o(L8�MNO1GH I JK => ?1 DEF1 q
(�Sxp67 DEF1I JK0yz ({|Y6Q�)Z9T}~Y6) �i�7�s(
DEFT Jt(�SuvY6)_` �V�@a1 DEFTU8�4/)7�(.

DEF[yzV T��1�s& �T�Y&V 4/)k p7.=> p7.V ?1
DEFTU8�4/) /)�.�1 1 T/) ��. �V�@T �^)�? �
(.=> @JK(�Sx�Y67��V Typ6Q�)Z990 ��&� ��(,�Q.
�� &� T&Y6Q�) g* . ��@a1 ��� 8�
[� ^)(. ��1=>1 �(�S@;� �Y67 T=> ?(���Q�) O
[ p7 . L@a1U8�1 DEF[� ^)7�( =>1 �
(�S	�@;a( �Y67 O1 DEFT=> ?(�� 8��7?

1 O[���Q�) Z1 8�?.  ¡p4(¢£1l¤ .
&¥ �1¦§¨© Tª�1«¬4/)T => ?(��1�s& �1�Y�V TN¡�
��1=>1 �(�S@;� �Y67 DEFT�6+(U8�(yp6)9fg)9
2345+67�V�@a1U 8�0� ­c4/)9fg+6)

®¯�°±
k+5+6)UL8�1 n�V�. DEF[U8�(yz14.&�
k91²�1�4 >³´µ¶�·(m¡^)®¯�°±
[yz¸ �m1 n�V�@
1 DEF[¤¹�7 º»�7�V�@. 1<wk+¼@p7.!>¼@[R½

� � � � �� � 	 




�

�

 � �

�
� � �

� � �
�

� � � � �
�� �� � �
� �

� � �
� � � � ��

� �
� �� �

�� �
� � � �

� � 

�

� � ������	
��


� � �

�

�

�

�

�

�

Fig. The relationship between Ra concentration and TDS.

252

pH Herczeg

Ra TDS Ra

Ra

Ra Ra

Ra Ra Na-Cl Ra

Th Ra-TDS

Ra Th

Ra

Ra Ra Th

Th

Tricca Ra Rn

Th

Sturchio Ra

Th Th isotope-

enriched surface layer Th

Th

Ra

Na-Cl Ra

Na-Cl

Ra D- O-Cl

et al.,

et al.

et al.

Ra

,,00

,,0

,,2 ,,0

,,2 ,,0

,,0

+2

+322

,**+

,**+

,-

- - /

.

a a

a

a

d d

�

�



� ������	
���
� ����������� ���� �

� � �
� �  �

�
�

� � � �
�

�
� �

� � �
� �

�

� �
� � � � �
� � �

� � �
� � �

! "

#$%&#' �
#()� *�+,- ./ 0 1
2

+,- 345 6 �7895 ���:;*�<=>����'?@A� ���
��� ./ 'BC� ./ #�D�
�EE;FG34%&# ��
���� ' H<I*�34%&# J�KL0�LFM�������� *�#
�N<OP'Q�
�&#
� �O� ���0 BC RS�,T( U�VWF� X
<?@$% +,- � Y < T Z +,-BC X3[\A� ����]*
�^?_�` a<,5BC
��Ob cW
dF%&#'efW
�
gh0 �����<,5i W
������� *�:eA�jk3(l mn� <

+k% ._op�qrs �tu#(%gh34% ov w� (x0 \yN ?�z
.Y <,5 ���<(%�{ gh3��
�|}0 ~@ �#()dF%;���
._�� �mX� < >����gh#AdM� 34%#���
%

gh:�{%<4�5 ��� �+,-� ��� 
�0 � ��<�Ad��F�j
F� gh�t 0 � ������ gh ¡ ¢£ 3¤¥W

� �¦§�#	¨�© ª« \<0 ¬(u­:®F� P¯��� <�°F�A±$

²³´ µ¨ ¶ ��<+k% �?@#1�·¸<P$%m¹º�»�
¼ ��½�

� � �

� � � �
�

� � �
	 
 � �

�� 

� � �
� � �� �

� 	 � �
� � � � �

� � � � �
� � � � �� � �
�  � �

! " # $%

� �

����

�

�

�
�

�

�

�

�

�

�

�

253

Na-Cl Ra

Behounek, F., Santholzer, V. and Ulrich, F. ( ) : Radioactivity of Oil-Waters in Czechoslovakia,

in Pore Waters from Leg , Japan Sea, Proc. ODP, Scientific Results, / , Pt. ,

Epstein, S. and Mayeda, T.K. ( ) : Variation of O- Content of Waters from Natural Sources.

Ra Ra Ra . mBq kg

. . Ra

Ra Ra Th U

U Ra TDS

Ra

Th Th Ra

Ra

Pu

Ra

No.

Nature, , .

Brumsack, H. J., Zuleger, E., Gohn, E. and Murray, R.W. ( ) : Stable and Radiogenic Isotopes

.

Clark, J.F. and Turekian, K.K. ( ) : Time Scale of Hydrothermal Water-rock Reactions in

Yellowstone National Park Based on Radium Isotopes and Radon. Jour. Volc. Geotherm.

Res., , .

Craig, H. ( ) : Isotopic Variations in Meteoric Waters, Science, , .

Geochim. Cosmochim. Acta, , .

Hamajima, Y. and Komura, K. ( ) : Background Components of Ge Detectors in Ogoya

Underground Laboratory. Appl. Radiat. Isotopes, , .

Herczeg, A.L., Simpson, H. J., Anderson, R.F., Trier, R.M. and Mathieu, G.G. ( ) : Uranium

and Radium Mobility in Ground Waters and Brines within the Delaware Basin, South-

eastern New Mexico. Chem. Geol. (Isotope Geoscience), , .

: Ra, Rn

.

Inoue, M. and Komura, K. ( ) : Determination of Radionuclides in Chemical Reagents by

Low-background -Ray Spectrometry and Application of the Coprecipitation Method to

Seawater Sample. Radioisotopes, , .

Inoue, M., Tanaka, K., Kofuji, H., Nakano, U. and Komura, K. ( ) : Seasonal Variation in the

Ra/ Ra Ratio of Coastal Water Within the Sea of Japan : Implications for the Origin

and Circulation Patterns of the Tsushima Coastal Branch Current. Mar. Chem., ,

,,0 ,,2 ,,0

,,2 ,,0 ,-, ,-2

,-2 ,,0

,-, ,-*

,,2 ,,0

+3-/

+,1 +,1 +,2 + 0-/

+3/- +2

/2 ,**3

+ 12 ,+.-

* 2- . 3*

,* 0*1*

,

3+* 3++

+33,

0/*

+33*

+03 +2*

+30+ +1*, +1*-

,+- ,,.

,**.

+13 +2-

+322

+2+ +30

+313

+1/ +2,

,**1

11 2,

,**1

//3

+-0

.*

+--

.

0+

1,

,3

/0

+*1

a a

g

� �

� �



� � � � � � ����� �	 
 � ��
 �� � ���� ���� ���� ��� 

! " � # $� �
� %

! " % %
� ! " % �
�
� � ! " % �
� %

� � � � � � � �
! " � � � �
% � �

� ! " %
� �

� � ! " % � �


&'( )*+, -./0 
&'(1 )23+, 456  789
: 45

;<� =9 >?@ABC >?@
DE F GH<I =JAKL MN�OP*+*QRSTUQ+VWXYZ >[\

DE F ]�^_ `�ab c� �dAKL MN�+Ae*+Af, >[\

ghij k�lj c�E� mnop qrs0 t�u( v;wx ny z {|}~
_ ���; 6��; >��; ���; �� �� ��A��R��6��
�� ��� 

*�<� �	 
 A�*����+��2��+�?*+*QRSTUQVWXYZ
A�* :\

��4� m� 0 ¡n¢£ ¤¥�+ ¦�§¨� ��� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

� �

� �

254

Granitic and Basaltic Rocks in Japan. Proc. nd. Inter. Symp. Natural Radiat. Environ.,

Nakai, T. ( ) : Radium Content of Mineral Springs in Japan. Bull. Chem. Soc. Japan, ,

Shallow Groundwaters from Japan, South Korea and East China. Geochem. Jour., ,

Ground Waters of the Jordan-Dead Sea Rift Valley : Enrichment, Retardation, and Mixing.

.

:

Kanai, Y. ( ) : Behavior of Uranium- and its Daughter Nuclides in the Masutomi Spring,

Yamanashi Prefecture, Central Japan. Geochem. Jour., , .

:

:

.

:

Kigoshi, K. ( ) : Alpha-recoil Thorium- : Dissolution into Water and Uranium- /ura-

nium- Disequilibrium in Nature. Science, , .

Kraemer, T.F. ( ) : U and U Concentration in Brine from Geopressured Aquifers of the

Northern Golf of Mexico Basin. Earth Planet. Sci. Lett., , .

Kraemer, T.F. and Reid, D.F. ( ) : The Occurrence and Behavior of radium in Saline For-

mation Water of the U.S. Gulf Coast Region. Chem. Geol. (Isotope Geoscience), , .

Ku, T.L., Knauss, K.G. and Mathieu, G.G ( ) : Uranium in Open Ocean : Concentration and

Isotopic Composition. Deep-Sea Res., , .

Miyake, Y., Sugimura, Y. and Hirao, Y. ( ) : Uranium, Thorium and Potassium Contents in

.

:

.

Mizota, C. and Kusakabe, M. ( ) : Spatial Distribution of D- O Values of Surface and

.

:

.

Moise, T., Starinsky, A., Katz, A. and Kolodny, Y. ( ) : Ra Isotopes and Rn in Brines and

Geochim. Cosmochim. Acta, , .

Moore, W.S. ( ) : Large Groundwater Inputs to coastal waters revealed by Ra enrich-

ment. Nature, , .

: Br Cl .

Nagai, K., Hashimoto, E. and Sato, J. ( ) : Activity Ratios of Ra and Th Isotopes in Leachate

from Monazite, Radioisotopes, , .

.

Nakano-Ohta, T. and Sato, J. ( ) : An Application of Mn-impregnated Acrylic Fiber to the

Determination of Ra and Ra in Hot Spring Waters. Jour. Balneologi. Soc. Japan, ,

.

,-. ,-2

+2

,,0

,,0 ,,2

, /-/

+3.* ---

-21

/02

,**/ +- +0

+322 ,-2

,2/ ,3,

+33-

+320

++- +,,

,***

,,3 ,-1

+31+ ,-. ,-.

,-2 +1- .1 .2

+32+

,+* ,+0

+32.

+/- +1.

+311

+**/ +*+1

+31/

//2

,**1

33 ++.

+33.

.+*

+331

,21 ,31

,***

,-1+ ,-22

+330

0+, 0+.

+322 +++ ++3

,**0

/01 /1/

.,0

,**0

-1 .0

+/

,2

,,

/+

0/

/0

,

,.

/1

-3

0.

-2*

-2

//

/0

d d

�

�



� ������	
���
� ����������� ���� �

� � � � � � � � ��
�

� � � � � ��
� �

� � �  � �

� �  � �
� �

! "

# $%& '()*+ �,-. /012 3456 ��789 ��:�;<
=>��?7@A

BC�D EF G HIJK >L���MN��OP QRSTUVWXYP ��
?7

Z[0\ �	%] �^=> _`=>VabXcd�����ef ghS7

i3j] ������������klVm<n =So
p q = ! r=>��?7@�@Vnst

�

�

�

�

�

�

�

�

�

�
�

�

255

Na-Cl Ra

Ohsumi, T. and Fujino, H. ( ) : Isotope Exchange Technique for Preparation of Hydrogen

Gas in Mass Spectrometric D/H analysis of Natural waters. Anal. Sci., , .

Ohwada, M., Satake, H., Nagao, K. and Kazahaya, K. ( ) : Formation Processes of Thermal

Waters in Green Tu : A Geochemical Study in the Hokuriku District, Central Japan.

Jour. Volc. Geotherm. Res., , .

Saito, T., Ueda, H., Ohta, T. and Sato, J. ( ) : Determination of Radium Concentrations in

Hot-Spring Waters with Cation Exchange Resin. Jour. Balneologi. Soc. Japan, , .

:

pp. .

:

.

Sturchio, N.C., Banner, J.L., Binz, C.M., Heraty, L.B. and Musgrove, M. ( ) : Radium Geo-

chemistry of Ground Waters in Paleozoic Carbonate Aquifers, Midcontinent, USA. Appl.

Geochem., , .

Tricca, A., Wasserburg, G. J., Porcelli, D. and Baskaran, M. ( ) : The Transport of U- and

Th-series Nuclides in Sandy Unconfined Aquifers. Geochim. Cosmochim. Acta, ,

.

:

.

Yamamoto, M., Komura, K. and Ueno, K. ( ) : Determination of Low-Level Ra in Envi-

ronmental Water Samples by Alpha-Ray Spectrometry. Radiochim. Acta, , .

Yamamoto, M., Sato, T., Sasaki, K., Hama, K., Nakamura, T. and Komura, K. ( ) : Anom-

alously High U/ U Activity Ratios of Tatsunokuchi Hot Spring Waters, Ishikawa

Prefecture, Japan. Jour. Radioanal. Nucl. Chem., , .

Yamanaka, M. and Kumagai, Y. ( ) : Sulfur Isotope Constraint on the Provenance of Salin-

ity in a Confined Aquifer System of the Southwestern Nobi Plain, Central Japan. Jour.

Hydrol., , .

: .

,,0

,-. ,-2

/2 ,**3

+320

.23 .3*

,**1

#

// 01

,**,

- ++

,**/

-

+33+

+// +02

,**+

+*3 +,,

,**+

++21

+,+*

+32- 2-

3+

+323

+-1 +.,

,**-

-03 -1-

,**0

-/ //

+3// //2 /0,

,**1 3 ,* 0*

,

+02

/,

.+

+0

0/

+1

.0

,//

-,/

10


