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History of spring chemistry is described mainly referring to person belonging The

University of Tokyo from Meiji era. The research is going to qualitative to quantitative

and analysis major component to minor one, including gas and radioactive materials.

The analysis of isotopes such as hydrogen, oxygen and sulfur clarify the source of hot

spring water.
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Chemical investigations of hot springs in Japan

Goldschmidt, V.M.

Gehalte an seltenen Erden in europaischen und

japanischen Tonschiefern

Cs

Cs

Cs

0* ,*+*

+3/0

,

++

+,

+3,. +3--

+3-2

+30*

2

+/

/

1*

1

+1

1

+,

0

2

,.

+. ,-

+/

.



� ��

� �
� � � � �

� � �
� �

� � �
� �

� � � � �
� � � � �
� � � � �

� � �
� � � �

� � � �
�

� � � � � � �
� � �

� �
� � � � � �

� � � �
� �

� � � �
� � � �

� �
� � �
�
� � � � �

� �
� � �

� � � �
� �
�

� � 	
� �

� �
�

� �
� �

� � � �
� �


�� � �  �� 
� ���� � � ���
� ���� �������   � �� !"� #
� $ � �  � %� &�'�
()*�� 
�� + +
, - .��� / 01 �� 0 
 2 
 3��45

67� � 8�� � � 94�:� �
;� � <= 0>?
!@�5 A = 
BC� D�$ 
E�FBC� ( �� $
 GH
�
IF < �� J+ � < ���
K �� 
 L0 
�F
�MNO PQ�R�S�TUVW �� TS�XY�Z[�\R]^�  ��
+ + _5� D�$ ` 5�a +� 
 8��

b - ,
K �� ���cd # �e� � �
cd �� ��������� !"� %� + f �� +

+
- g �hi � j8���klm^ �n

� � 
( o���
 8�n  �� �5pq r n ��
stNuv�w��ex� #yz e���������{5 |}
A ~ - # e �
K � � �� ������ ��
� #GH �y  �� #GH �e- ���� ���c:� �

�+  �� + +

�-hi � ���
�L7�)*�x� - d0 44e- ��� x��
� � - �� �  dahi ����cd �i �� �� e

- �e F����� da ���94�:�F�� �  d�� ��
7L � � � ��m��tm�� � �� # �� �� i� �e��
 !"�

/ - � � �� ���7L?%F �i� �
��U� 
K �a � �� ���94�:� � � e-� �5W

� � � 94�:� <= 
BC %� 
(BC��
���( �F��_d} � �  ¡ ��L¢� # � $-
�e��¡£� �� + +
�e- ¤A -¥ � 5 �X�T�¦^�§ d¨ <e ©

© 
�Fªm � � � s « �ªm � 94�:� � c -
5 � ¬ ���cd  � ®��

¯ 0 �� �5�� e  hi� °��94�:� 0 �

I:�5� ¯ ± 5�a² � ¯ - �e ����³´ ;e94
�:� 4@0 �� �������'��5�:� 0 µ ���(¶d �
A_ex� D�$ ghi
 #GH ��hi= �· 0e� ¯-hi�¸ �
° ��ehi� ¹5�aº !@� � e 5» 5� ¼½ �  e� ��
D�$� �
I:� + +

���� �

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

!� �� " �� � #$%� �&'() *)
$ + �

, -. /0 � 1 234 5 � 67 8 � 9
#$ : �� %� ;< #$ = >
? @ >A B@ A� � ;<  
#$ C D EF C G 8 H �� #$

I J	
$ + � K $ �� L
3MN O /0 � , G �PQ � RS �
!T �� �� $ K� UV $ +
�
WX� /0 � Y Z[ �
\]^ _` � 6 : \ !T ab \

�  	
c d /0 � � RS e G � C 	 �


 �  f gh �  %e #$
ijk *k $ + �

=l � m : n m
o /0 � p I q r s  � t

uv r PQ I q r �Q �
1w x PQ ^ y �  z t  
��
���� {|} � x � ~�� � �X ��l

�@5 G �� �� � x � �
�Q� !T ?�@= > 
�
� = �� � ��� �� �  !� S
� UV $ + �
= �� 5 �}� ��� r �� � %
%� \ !T � � ����� \ !T � �
���� 
��� ��� � � ����
� �� = C� t h ¡¢ £ ¤ = M¥ 

� ¦ ¡¢ r � �� M¥ C §¨
M¥ C �� �� u ©
��ª �  > F � « ¤

�l � � PQ � ¬ r � �
x $ + �

� � � �

226

IAEA

Co

Co

DVDP

Rn

Naddack, W.

Sn, In,

As, Pb, DVDP

CaF

+30- ,

+313

,+

+2

-.

+2

-+

,-

,2

.*

,2

-.

.+

-3

/



����� ��	
� �

 �
�  �

�



 � 

�


� � �
� �

 �


�


�  �
 � �

 
� � 
� �


� �� � � � �� �

 � � 
�



� � �
 � 


 

 

� � � � � � 
� � � � 

� � � 
� � 

�

� ����� 	� ������������ � �� 	 ��! "#$�%
&'( )�� * + 	 ��, � 	 - �(. + 	/0123456
�7� �89 	:�8'(;<=>?>@-A �5 	 	 -B �
�( CDEF ��GH 	IEJK>L	 -5)�5MN� 	:� �58'
(O - � P	 Q- ( �IEJK>L	 �)RHS �TUV���) W
X�"'( �	YZ2 L 	R*[-\]RH	S 	 	^ ��5 '( 	
TU� �	+_�"'(	) � �G ��` 	a 6b� �, � 	��-
�5��
�	 c d � 	ef� �	 �g�hi'(	) 6 �

� �jP� �k -\l � � m ���n ���� �- o���� -p
�5�� q	��� ��hi9 qr r 	 s 	 t �5��	)
uvwx�8�

�� + )y5(	) z�{u|z�}�jP� r� 	��-��
"'(
*x~ 	� ��y'(	)�� �jP� 	��-��"'( * ��)
����� �	���� ��)� �( � .�6� h � )��'

( &(�  , � � ��� W�5��
6 	 ��2 � � ���a � � � )�	 -]����
v � 	 �� 	��-jP 4(	2 �z ��z ���" � � 	

����8�
� 	 ���2 �� � � �� � �z � �y )�

� {u  �} �� 	 ¡ 	���2� � ¢ � )��
£¤¥ �3&�v �	 ¦��	 �2 �§¨ ��� � RH��	 �+©�
�5 x+©� W"�

���ª«57(	2 ����� ����	 	+ �8'5 ¬� P	 ��
	 ��9� ��) �5�'( ��" -Q ��5��X ��"� &( 
"  ��®i�� ��W�]�52 	¯ X)A45° �5P�±���-² �(
� � � � ��³2 � ´ -µ�� ��������) Q±��X 
��"� �¶�² �(�

� ³�· � ¸ � ³�· �
� ³�· � ³�· � ³�· �
� � � ���¹ � � � ��³ �g �
�� º
� � � ���¹»¼· � � � ���¹	 ½

�� � ��

�� 	 � 
 � �
� � � � � �� �� �

� � � � ��� ���� ��  
! "#$ �� � %&

' �� ( ) * + ,-. / 0
1 / 2� 3 45 ���

� 
 � 6 7 8 ��� � �
9
: ; $<=> ? @� � � �A B C�

� D C� E F G E H �� I
: � : F# EFEJ K 6 �� �


�� 	 � L8M � �NO6

� P C5� QR � �

S� 
S� � T U� Q V W

XPY � � 9 )
ZV [ \ 1 �NO6 V 0 � ]^
< _ P ` ab � � \ 1 �

� c d e f g� h i h jk � c �
� � � l mn @�

o p� E q 
 � rs
8�@ t

�� � `u v ( �
wx � yz � { � �
| ( } ~ � �

 � � � � �G � y

�

�� � �� �� �� �� � 

�� � �� � �� �� � 


 � � � 
 � � � � � � ��

 � � � 
 � � � u

����

�

�

��	
��

 � � �

227

Ba

Rn

:

:

:

:

0* ,*+*

,*++ +/*

+31- +32/ ,**2

,**2

+333

,**1

0

1


