


�•�ç!d+´-D/¦ ��

��

�>4¾�@��Martin Fox, Ph.D. 9‡��

4‡�• ����	˜9ù ��A���

(»�•*O ���Ñ��

��

�• ���ç ��+´��!d ��
HEALTHY WATER 

��
��
��
��
��
��
��

��
���Ñ�Î1%�¹�î�Î(�/� ��

 
 

�É�9�‹,X"��Ê���[(��c ��

��

�å�óAö)_	4*ó�-�\�Ý�HCw�^�É�9�‹,X"��Ê5ÏA¥�ä���[�È�S

���Ñ�Ž!å�â/¥�:+ 6Ñ�óAÏ��E­���ã�`�$�Ä ��

L8M2�™�™+��b"���+�!ö
`!û4˜�ä,X�È�å�À��Ax�����Ý,XOB

"�FÑ���Ô��,X�È	ú�í�å�À�îKÂE­���Ô�þ�â��,XKÂNl�È��OB"���

��	ú�,�ü�Í�Ž�'�Ý,ž
`�9�‹,X(=Bü
6�Û���É�9�‹,X"��Ê
Î�b�û

G£,XA×�¹-è0J�È4­�Î�ZE­�þKÂNl,X1(���Ä ��

�V�p�^KÂNlLš���b	•L8�Ý �‡"5�§(=�ÈAx��	•L8�Z"����<F¼

(=Bü�����Q"��ÈE­�•�ç�{*óAÃ�Ð�×�Ý�o"��Ø)Ú�•"©	•L8�Z"���

,X"5�§(=
`-Ó(=Bü5à�{*ó��4ƒ"����ÈE­�ã
G-�4ƒ"������Q"��Ä

�Í�b�9�‹5à?Ô�È5��#-Ó(=Bü,XOB"��J�á���ÔEÖ�p,X"��Ä�É�9�‹

,X"��ÊA|AŽ,X�á�™���Ý�‡,X��2ô�È5à�è�¤�o�ZOB"����Ý,ž-Ó(=

Bü,X�µ�C�Ä ��

�´���å,X,Â,X�����Z�—E¯-è0J�È���¹�å�à�ï���Ñ,X/¥�:+ 

6Ñ�ó�Ô�)7¾�Å,XA×�¹-è0J�Ä�ü�É�9�‹,X"��Ê��A|AŽ,X�Ô�o�Ý,ž

,X�´2ô�Ù�À"�,X.@�z�ÄJmK�/•�$,X��
`�Å�Ã$Š?·�û���Î�'�Ä"�

��-Ó(=Bü,X��
`�Å
` �S�+���Ä�Ú�9,X-è0J��Nl�î��+	.•"��Ã$Š

?·!û
`"����ú+	9K-Ó(=Bü,X�E
¡�Ä ��

�å�þ�ŽAx���Ô 	â,X�Ô�þ�ÎA‚�ú�9�Ô�þ�SAÎ�Ä�4��	ú�î�ÇCK

E­��,XA©P`�Ö�ü:ŒOc"��â,¤"����9�Ô�þ&C"µ�È�J�¦�9+	�U�È4§

�p	¥)„7�,¤"��á�î�{*ó6ÑG£�S&C"µ	¥���È5à�t�9-Ó(=Bü�í�î�S

&C"µ	¥���Ä ��

�ü�å�À�Ž�'�Y��	ú�î�{*óE­��2O��,X)„B5�Û�'�å�À#\5ë

	ÿ�ÝEÖ�p-Ó(=Bü,X"��Ê��	ú�î�r��4š6²�ôEæ�â�{*ó�Ô�û,X6Ñ

G£�Û�å�À�'�Y�ûF¼�Ú��"� —�Ù�À4š6²�Y
`4š6²KÈ,X0NKÈ�Ä�'�å

1                                                                                                                           2



�À#\5ë	ÿ�Ý�Ý,ž-Ó(=Bü,X"��Ê�È�Ú�î�Ð7È4š6²�ú+		à�Ê��%”4š

6²�s(=,X�fL8�Ä ��

�È#Ù�.,X)Ú?·"���-Ó(=Bü�Í4š6²�s6Ñ,X�E
¡�È6Ñ�ó�S�å�À

�È#Å�9,X)Ú?·�ÔEÖ�p,XOB"���+��”��(=Bü4˜�ä,X�Ä�å�à�ïE­��

�þAŒAÎ�È'
5à�å(ð�Ç�Ô�o4§�p �Ú�î�t��
`���Õ�É�9�‹,X"��Ê��

,X�ÎA‚�Ä ����

��

��

�������������������������������������������������������������������������0�D�U�W�L�Q���)�R�[��

�������� �H �� �Ü��

 

 

 

 

 

 

 

 

 

�c  

 

���±Lp�Ž!å�9�‹�È�Ñ�Š�
�n�ZOB*ü"�"�Bü	?*ó�Û�š�JNU�×

�;> �È��FÑ�¹�¤��2ô�Ä�ê�ê�:(=�Å�á�kCYE›�Ô�þL$�����š�È�¹

�±�´�‡�È	H"u�Ý?˜�n�Í�9�‹�Ý,ž,X��2ô�á�k�ã�b�¤��,X�Û�š�È

�¹�±�Ý,ž�ÄA®'
�Ž�À�J�á6Ñ�¢OB"���
��
���Í�Ž�'�9�‹�™LÔG£

,X�Ý,ž��2ô�È��?UE¬�h�¢N³
•�ÃOB�m��9‹�k�È��!©0³E¬��6Ñ�¢

0ú	Ü�Ñ�Š�Û�š,X�Ö���o"����ê�î�ê�å
��k���Ô�o�Ž�'�™LÔ,X

��2ô�Ä  

�å�Ñ+� �b�û�î�DOB*ü"�"�$d	«��"5�§�È�Ö���o"�"�BüE¬�á

���V�Ž�ã�È�´!8�Ö
��Þ���y	Ø/¡"�,X��
•�Ä,Â�!�Í0J0³�q�”��

"��Q�Ã�”��"��Ý,ž�b�Ž�'�9�‹,XKÂNl�éCK�Z�]AŽ�È�ëAÈ4‹4•�È

9•>K�Ô���Ä  

E­���É�9�‹,X"��Ê��5b�ÑP@�Õ�g/c���ƒ	.�¿��:+�ÉKS�Ó

LÔ?U�9�‹,X"��Ê�Ô�:,X��?U�Y�•�ÄP@�Õ�g/c���ƒ���Ô�!)ƒ�W-è

0J
,�Ã9ù�O�:�Š�Ã :+	á,X"��ç�Š�È ���� �H�9�Ô,È��"�-è0J,XBó

B÷�Ž�Ä�ª�Y�• Aº�r,X�ÉKS�ÓLÔ?U�9�‹,X"��Ê�Ô�:>•�@Ax������E­

�ÔNZ
³�Ô�Q,X�:���ÄP@�Õ�g/c���ƒ	.�¿�üE­���ã�`�$��,È�þ�Z

�'
��Û�Î�9�‹,X"�,X�Û�š���Ö	ÿ�Ý�Ô�nG£,X.@�z�Ä)Ú�Ç,X��

170mg/L �º	Ç�Å�È?U�Ý�Ô�n G£,X$Š?·�û���Î�'�Ä)Ú�Ç,X��

300mg/L�Å
` pH ���#.…�û�Ä�ü 7.0 �¹�Þ�Å�Ä�ª*ü5¨�r,XC��mE¯

> �ZAŽA•�ÄA¹�:���Ô���á	Ã�î�k,X�çAŽ"��â�9�‹KÂNl,X�ã�`

�$�Ä  

�å�À&ÁA®
�	å�û�Š�|9$E­���:�È�à�ï�Ý�}�b�å�À�È�<M6�Ã

�È/¥�:
��Z?·"��â�Ž,X�9�‹,X�G2Ï�Ä�q�”��"��Í�Ž�9�‹�Ý,ž,X

�]AŽ	Ã6ÑE¬�î4»4ÁE¯> �È,Ì�µ4£E›/¥�:+ �Ž�¿�È�î�Ã�È#Å�9,X

3                                                                                                                           4



-è0J�È4œ�Ú�.�Î�nAŽ�Ä  

 

 

#Ù	"�û�:)ƒ�W/¥�:�â�¹/ß2Ï�-�\  

���Ñ"��¹�î�:�î4­"��¨
,�î�C���Ï  

�P4­"�#Å�z�Ø)Ú-è0J�î)Ú�_KS  

                             )_	4*ó  

2001 �H 2 �Ü 

 

 

5+�#�È1972 �H�Î*ó�Ä 1994 �H!©�î�b	+�à�û�:)ƒ�W�¹/ß2Ï�Ä

1994 �H 9 �Ü7Ç�ž�ü#Ù	"�û�:)ƒ�W/¥�:�â�¹/ß2Ï��AÏ.)�¿�Ã	.

�¿�:�!�È��?U�¢�_7p�T���ü�ìBüOB"��â�¹�î�s"��Ø)Ú�²*ü,X�h

*ü-è0J�È9‹�ç�ý�øNM�Ä  
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,X4§AŽ—�qEC"�?U!¨�q.@"��ç�k�—>�1u+™�Ä  

E¥�H�9�Æ�Ý�o�y
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�ZJ°�ÈE¬�Ý�Ô�!-è0J�Z.&1�1��Ä�'�4AÏE­�o�y
��Ê�È�4���î�k

���Ô/¡�á�Ô7È�èEË�¥,X	DB5�Ä�����V�p�4,ß�k�S�Ô�o�È�V�p�4

,ß���Í.@�z,X-è0J�È�4���î�k��	��Ú�Ô7È,X4§�p�È�3����AÈ"�

C^.@�È�—6ã+™,X!O�u)[C^�å�Ä 

�ü�å�À��A×�¤�o��?U-è0J���!�È��A|AŽ�Ô�ß TDS�Ä��$Š?·

�û�Î�'�Å�Ä TDS ��*ü�9�zG£OB*ü"������Ý-Ó(=Bü,X�Û�Û�Ä TDS

�á�™�Ù�ÀJm
`K��Ä.@�z�´2ô�Å�È�3�Ù�ÀJà�ÃJ°�ÃJÀ�Ã.&1��ÄSauer

�Ú�d�Z 92 �þ
¢�ÖOB*ü"�,X 23 �þ�Û�Û(M�U�Ä��"�
`!O�u	EL=�û

,X�G2Ï���Å�È	¥)„�Z�q	ÿP¬ TDS "�,X�Ž�À�È!O�b�—6ã+™�Ã, +›


`�6�û+™,X��)[!¨�q	ÿ�" TDS "�,X?U�å�o [40]�Ä 

�Ô8�"�,X.@�zC^P¬�È�J TDS �3C^P¬�Ä<Q'
�û�î�D�G�b�—

6ã+™,X-è0J�J�áJ\�Í TDS�È5à	¾J\�Í.@�z�È�� TDS E­�þ�´2ô

�¡>•�¤�Î�È�êAŒE¬CKG¡?U�0*ü�Ä 

�V�p�å�ÀC^�80Ÿ
�-è0J	)�þ-Ó(=Bü,X�0*ü�È�å�À	Ã6Ñ�Ñ+9

�Z�V.@�z�ÃTDS �â pH E­�o�,�ü�b"���,X4Ð	Ü,X�Ã�<M6,X�Ý,ž

?U2ô�Ä�¹�T-è0J,X�á�Ô7È�û,X�Ô�þ��?U	s�´�����å�À�™�™�G"¼

-è0J�9�‹OB*ü"���,X	)�þ�Ý,ž��2ô�Ä  

A}�å�À,ß,ß�Ô�o��?U-è0J�Ä�ü8Å�Ñ�È�¢ 1969�� 1973 �H8Å

�Ñ	�
³�û�—6ã+™-è0J�Ú�d�Z 253 �þ
¢K��È�ª�À	¥)„EC"�
�	��—

>�1u!O�u�D!¨.@"�
�	�P¬ 10%�� 15�Á�È�J�¤�Î�Ô)Ú�Ç,X.@�z�û

4z�� 170mg/L[43]�Ä 

�ü5b�Ñ�ÈGreathouse 
` Osborne -è0J�Z�HUX�ü 25�� 74 �U�Ã

�Ú�×�b 35 �þ�á	à
�	�,X 4200 �þ�ä�H�Ž�Ä�ª�À	¥)„�Z�”��
6�Û

�¡�»��.@"�
�	��—6ã+™!O�u)[�"�bEC"�
�	� [24]�Ä�ü Oak Ridge

�Ñ�Š�rP`�x,X�Ô�Ñ�y
����È�¤�Î.@"���,XJm�ÃK�6Ñ�óL!�"�—6ã

	«�†�Ï,X	EL=�ÈE­NM-è0J!¨EW�Z 1400 �î	á�Õ�ƒ�‹�ó�²,X+��û

�@!å�È�ª�À�q,X��7¾�Å�p
�,X�i"��È4§�p���qEC"�,X�p!å�w�—

6ã+™�È5à�q.@"�,X�p!å�ûF¼�Ú�á�,�üE­�•M6,XKÂNl [55]�Ä 

�Ý�Ê�È�Ô�Q,XA©P`��Fw�o�ü7¾'
(Š�Õ�ßT¬T¬E¯> �î�H,XA©

P`�È�Ô�o"�-è0J�Á/��Z,ÌF•�ø�þ
¢K�,X!¨EW�È�J���Ô�þ
¢K��^

	s�9,X.@"��Ø)Ú�äEC"��ÈE­���.,X	â�p���”��
6�Û��EWP¬,X�—

6ã+™!O�u)[�Ä�å�À�ü8Å�Ñ,X�ø�þ
¢K� Scunthrope 
` Grimshy

�3,ß��E­�Ô)„B5�ÈE­�ø�þ
¢K�	s�9FÑOB*ü.@�z�� 444mg/L ,X

"��È�J�—6ã+™!O�u)[,Ì	à�Ä�' Scunthrope �Ö�^�ª�À,X"�EC�ê��

100mg/L�È�´�H	â�—>�1u+™,X	¥+™)[(ï'
�Þ	��È5à Grimshy �Ö

�¡�±�Õ	s�Ý,X	¥+™)[ [44]�ÄE­��,X�™�‰	à���3	¥*ó�ü�ã�û�ý,X

Crevalcore �Ö
` Montegiorgio �Ö�¹	ž Abruzzo 
�	� [29][38]�Ä 

5b�Ñ/¥�:L6��4§F'�Ö�ü5b�Ñ�È)Ú�Ç,XOB*ü"�6Ñ�ó�S�—>�1u
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!O�u)[�£�å 15�Á[31]�Ä 

�'�å�ÀKÙAÏE­�o-è0J�y
�	â�È	Ã�¹��4§�Î�ø&•�Ö Oj���È"�

,X.@�z
`�—6ã+™!O�u)[�Ý�â.B,X6(2Ï�È�å�À�h��	Ã6ÑOB*ü.@�z

�û4z�� �������P�J���/,X"��ÈE­�þ�Û�š�ü8Å�Ñ��)Ú�Ç,X�×�J õ�È �7�'�6


`�—6ã+™!O�u)[KÈ�3�Ý.B�n,X�G2Ï�È �7�'�6C^P¬�È�—6ã+™	¥�0)[

C^�å�ÄOB"���EÖ�'	ÿG£,X.@�z�â �7�'�6���Ý,ž,X�È�X�ä�Z�9�‹OB

"��Ä ��

��

Jt
`P¬>�	_  

 

E¥�´�H�9�È�Ô�o-è0J�@�Ô	¥><�ZOB*ü"���,XJt	ž�J�Í>�	_

,X�E
¡�Ä  

AŒ�î-è0J5ÙAx���È�£�å,¤,X���9�Ý�}�bL!�">�	_�Ä<Q'
�"

,¤N³B�6Ñ�â��L�!6P¬>�	_�È����L8�ZJt�¹�ê�ÈE¬�ÝAŒ�î�´2ô�â

P¬>�	_�Ý�G�Ä	×	ÿJ’P¬,XN³(=�È�î	×;�9°�È�å	×6]FÑ�Ý�}�bL!

�"�êL�!6P¬>�	_�Ä	à�Ê�È���9C‡�ó,XJm�Ã K��3�Ý�}�bL!�">�	_�Ä

"��ê(=�Ä5àM2Jt�Å>•	¥)„���S>�	_	�P¬,X�Ô�þ�GK��´2ô�È5à,¤

��Jt
`"�,X�ê	Ü(=�Ä  

AŒ�î�ç�Š�BF!Ax���ûF¼�Ú�Ž!£�ý���9 2�� 5g ,¤���á�î�é

CKKÂNl,X�Ä�����ü?S�•�Ñ�Š�È!£�ýOBN³?U���9 8�� 25g ,¤�Ä�å

�À	×�ß,X,¤ 90�Á�97¾N³(=�È10�Á�97¾"��Ä�ü!86 �C�ß�ÈA}�å

�À,ß,ß�Ý�GJt�ÃP¬>�	_
`OB*ü"�,X-è0J�Ä  

�Ô�o-è0J�y
�><�âOB*ü"���Jt	ÿG£P¬�Ú�Ð7ÈEWP¬,X>�

	_ [48][26] �È�����ûF¼�Ú-è0J�J�á���ÕE­�þ?–&•�Ä�ü Illinois�Ã

Michigan�ÃIowa 
` Australia�È�J�þ	¥)„P¬>�	_
`P¬	ÿJtG£OB*ü

"���KÈ,X,Ì�G�û [4][25][21][33]�Ä�ÔE¥�È5b�Ñ�Ñ�Š)ƒ�±���Ä EPA�Å�Ú

Jt�¢ 1989 �H 6 �Ü�!?U�{�
,X 83 NM�Û�Û��L8	•�Ä  

'
5à�È�GK�KÂNl���Ö�Ý"u�Ý-è0J><�â�ÈJt	ÿG£P¬,XOB*ü"�


`EWP¬,X!O�u)[�Ý,Ì�G�û
6�Û�'�å�À�¤�ÎE­�þKÂNl�È�a,ß,ß��

�.,X-è0J�È�î�ó��AŽ�B�áC‡�Ä  

8Å�Ñ,XRU�’EÞ�Ã�Õ�è�ƒ�È5b�Ñ,X Schroeder�Ã Sauer �Ã

Greathouse 
` Osborne FÑ-è0JE›E­�þKÂNl�È�ª�À,XA×�¹��"u�Ý

�Ô�þ6Ñ><�âOB*ü"�	ÿ�ÝEWP¬,XJt�î�Ð7ÈEWP¬,X!O�u)[�Ä�_ �r

�Þ�ÈE­�o-è0J,X�ÔF¼�ÚE¬><�âEWP¬,XJt	ÿG£�îL!�"!O�u

)[ [39][41][40][24]�Ä 

EC"�>™5B�V�)
6�ÛAŒ�î�Ž*ü�W�
	ª"ë>7*ü"�
`OB*ü"��ÈE­

���Q	ë�ÛE­�o"��Ý�ý�b�9�‹	ë�Û�Ý�oEC�ê�•"©*üJt�9�·�Ó,Ì

�'G£,XJm
`K��È�J�ª�¹8N�á�r�tJt�È���¡�»L!�"�Z"�,X.@�z�Ä  

�!M6�å�À�Æ4£A|AŽE›�q.@"�,X�Ž,X�—6ã+™!O�u)[�"�b�q

EC"�,X�Ž�ÄEC"����á�ý�b�9�‹,X�ÈE­�J�á���´��Jt,X	ÿG£�È5à

��+��b"���5��å�ê	¾	ÿ�ÝEW�",XJm
`K��Ä�V�p�4)„�ü!7�S*üEC

"��<�È�4�h�y�Î�Ô�þ��1u�ç�o�4OB*ü�È�è��1u�Þ>™�Þ	ÜEÖ,XE›

$¸>™5B�Ä 

5b�Ñ�—6ã	#�î�ÄThe American Heart Association�Å
`�ê+ 	?

*ó4˜4›�Ò The World Health Organization�Å�ÔE¥�ÎA‚OB*ü"���,X

Jt	ÿG£�|9$L$���� 20mg/L�Ä�ü5b�Ñ�È 40�Á,XOB*ü"�Jt	ÿG£CY

E› 20mg/L�Ä�V�p�å�ÀFI�¢E­�þ�ÎA‚�ÈFw��AŒ�î�ŽFÑ�kC��D	ÿ

Jt�",X*Ê>™"��êEîE›	¡#ëEã�Ã:ŒOc�Ã	•/•�$>™5B9‹�k7�,¤"��Ä  

�����È�V�p�å�ÀG›*üE­�o�•"©�È�å�À���
	ª�Z�Ô/¡�".@�z�Ã

�" TDS,XEC"��ÈE­���.,X4§�p���
	ª�Z�á�9�‹,XOB*ü"��Ä  

Eî��"���Jt	ÿG£P¬�È�W,X.@�z
` �7�'�6�3�îP¬�ÄEWP¬	ÿG£,X

.@�z
` �7�'�6	Ã�±�x�å�À�!	«%0�ü�Ý�‡(=Bü,X	E�‡�È�3�Ý�ý�bL!

�"�—6ã+™
`, +›,X!O�u)[�Ä�V�p�å�À�Ç�£�åJt,X���9�È�hA¹E@
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	å�å�À,XN³(=�È�´���å�À���9,XJt �����Á�97¾�b��	×,XN³(=�Ä ��

��

"�
`, +›  

 

�B��Au�È 60�Á�� 80�Á,X, +›��+�)ƒ�W�´2ô�éCK,X [20]�Ä�Ž�À

�Ô7ÈAx���î�D, +›��+��b)ƒ�W��,X�ê�:7È, (=Eô�ä,X�È�´5à�Ô

4œ��	Ã�¹L�!6,X�Ä�Ý�o-è0J><�â�ê�:7È, �´2ô�,�ü�b
�><"��Ã


��ß"�
`7¾�9"����È!8�ê�È THM©s�Ä�Ý	8+�&Ë�Å�î�üOB*ü"�,X

"��ê�Ø)Ú���{*ó�Ä  

1T	)
�AÈ�È,È�y�êKÈ�y
��f�9"���,X�ê�:(=Bü,X�DG£���ž

�Ž,X�Ä7¾ 1974 �H�¹�9�È5b�Ñ,XOB*ü"��o4­2Ï4³���Æ�”�Î�Ý��


`�´��,XOB*ü"�"5�§(=CYE› 2100 /¡�Ä�ü 2100 /¡"5�§(=���È�Ý

190 /¡"5�§(=>•.BAx�Í�9�‹�Ý�á�ý�E
¡�È�K�Ý7È, �Ã7È+L�Ã7È

0U	¬�0*ü�È�ê�Ý!¦�û [16]�Ä 

	G�S�� EPA OB*ü"��Û�š�È�å�À�3�á6Ñ.B�µ�¢"�Um���Î�9

,XOB*ü"������á	ÿ�Ý�î�����å�À�!+•2Ï4³�ê�Ð7È, +›,X(=Bü�Ä

AŒ�î7È, �ä�Ú�����î%0�ã 20�� 30 �H�!��/��Î�9�È�å�À!£�þ�Ž

,X�„L��·Aö�s6Ñ�á	à�È�Í7È, ,X	¡�h�3	Ø�á,Ì	à�Ä Epstein ��

4§F'�Ö�ê�:7È, (=��"u�ÝKÜL$,X�Ä  

OB*ü"���	Ø/¡�á	à,X7È, �´2ô�V!ó�ê�0*ü�Ã"��ê�0*ü
`-Ç

�•�Ú/á	â�Ÿ4¡�Ä����,ß��E­�È�å�À?U�Z?·�Ô�o
��é�Ž,X-è0J�È

Fw����-è0JOB*ü"���Fw�o,ó!7�Ý�}�b�å�ÀL�!6, +›,X/Ã�U,X

(=Bü�ÈE­�•M6,X-è0JLš���ü 4 �þ�´2ô�Ö TDS�Ã.@�z�ÃpH 
`�`

!û�ê.��Ä  

Buyton 
` Cornhill �Ú�d�Z5b�Ñ 100 �þ�û
¢�Ö,XOB*ü"��È	¥

)„�V�pOB*ü"��Ý��1�	ÿG£,X TDS�Ä�û4z 300mg/L�Å�È�2.@"��Ã

�#.…�û�ÄpH>7.0�Å,�J	ÿ�Ý 15mg/L ,X�`!û�ê.��ÈFw��, +›,X!O

�u�Ž�D���î�£�å 10�Á�� 25�Á[12][13]�Ä 

Sauer �3	¥)„�Z�`!û�ê.�
`, +›,X,Ì�G�û�È�3�����`!û�ê

.�	ÿG£C^P¬�È�w, +›,X�ŽC^�å�Ä!8�ê�ª�3�Û�Î�È�'"���.@"��Ê�È

, +›	¥+™)[���"�Ä�´!8�ÈOB*ü"���	ÿ�ÝEWP¬,X TDS 
`.@�z�Ú

�î�Ð7ÈEW�",X�—6ã+™
`, +›,X!O�u)[�Ä  

7Ç�b�Í�`!û�ê.�,XA˜AŽ�ÈEî���V�p-è0J5Ù�Õ4Á-è0JOB*ü"�

���¤/¡�K�'��2ô�¹	ž�W�À�â, +›,X�G2Ï�È�å�À���î ,ß���f,Ì-¯

,Ò,X4§�p�Ä  

���þ�_�$�È�Ô�Ñ�97¾4‘4z Seneca 	“,X�y
���/� ,OB*ü"���

	ÿ�ÝEWP¬,X.&�î�û�ûL!�", +›	¥+™)[ [28]�Ä 

�'�Ú�d�K�'��2ô�Ê�È�å�À�î	¥)„,Ì	¡,X�J�è-¯,Ò,X4§�p�È

�ü-è0J�—6ã+™�Ê�3�Î)„E›,Ì	à,X�™�‰�È�����'�å�À"¼�ã"�,X4Ð

	Ü�´2ô�V TDS 
`.@�z�Ê�È�å�À��6Ñ�k���Ô�þ.B�n,X�Ã� �Ý�ã

��,X4§AŽ�Ä  

Burton ,X-è0J><�â�È"�,X pH �#.…�û��	º�Ô�þL!�", +›!O

�u)[,X�GK��û�´2ô�Ä�\�å�Ý�Ž-è0J�J5×�³E› pH �Í�9�‹,X!7M6

�E
¡�êBóM6�E
¡�È�����ª,XAŽEÄ�¤Gf�Ž�À"¼�ã�� Schroeder ,X

�Ô�þ	¥)„�È Schroeder ?–�³���#.…�û,X"��éCK ,X�—>�1u+™�å�b

�#GL�û"��Ä�î�H�9�Ž�À�Ô,ÈAx��EC"����Ô/¡7$<T�û,X"��È�W6Ñ

$Š?·"�1u�ÞB5J™
`K���2O,X(=Bü�Ä  

�����éCK"��{*ó7$<T�û�� pH�È5à�á��EC�ê�z�È�´!8.…�û

"��á�î�SK�Jà1u�ê PVC�Ä6."��-&Ã�Å1u�Þ,XG¡G¥�2�ê�ê�:(=

Bü$Š?·��"����Ä  

�¢E­�o-è0J�k��,X!7M64§AŽ���ÖOB*ü	ÿ�û4z �������P�J���/���7�'�6�Ã

�Ý.@�z�Ã �S�+�#.…�û,X"��îL!�", +›7È!O,X	EL=�û�Ä ��

��
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-Ç�•
`, +›  

 

�üOB*ü"�2Ï4³��-Ç�•!7�Ô�Ÿ>•"¼�ã�È�G�b-Ç�•
��9,X-è0J

���Ô�þ$ÿKS,XE›/ß�ÈLÔ?UA•�â)ƒ�W���Ý�‡�´�$�Í�å�À�9�‹,X�E


¡�ÄIrving J. Selikoff 	.�¿7È�o�bA•�â6 �î�û�y ?º-Ç�•�â
P
�2Ï

4³
`#\�ê2Ï4³, +›��KÈ�,�ü,Ì�G�û�Ä  

Selikoff ,X-è0J�Ô�Ÿ�b 1924 �H�È�ª8…C
�Z�D�H�ÊKÈ�!�¤�Î

�Z�¸�Ž�µ�á,XA•�B�ÈA•�â�y?º-Ç�•�î�éCKEWP¬,X, +›	¥+™)[�Ä

�_�r�Þ�È�ªAÈ�Ö�� 30 �H�9�È�rP`�x�Ô,È�ñA©-�*ü-Ç�•�S�|(=�'

�{*ó, +›�È��"u6Ñ�.���Ä�ü 1963�� 1964 �H�å�À4œ�b�:�î�Z�È

)„�ü!£�!+™)Ú�:�ŠFÑ�\�•�ç�.���È�� 30 �H���å�À	H�þ6Ñ

�.�� [42]�Ä�� 

8…30 �H�ÊKÈ�þ6Ñ#��Î-Ç�•�Í�|(=,X7È, �E
¡���¸�Ž�á�]

,X�ÄAŒ�î�G�b�¤/¡(=Bü��	ú�Í�Ž�'�Ý�‡�ê�î�û��G£A©P`�â	â�9

,X�Û�š�ÈFÑ���Î0Ÿ�b�|(=A©P`,X
Î.��Þ�Ä�\�â���È�|(=,X-è0J

�3AŒ�J�áB5�å�À�à�ï,XFw�����k�µC*�Ä�'*ü�K�Ý%0�ü	E�‡,X(=

Bü�Í�|(=E¯> A©P`�Ê�È�Ô õ	¾G›*ü�Ô/¡(=Bü�Ä5à�'�å�À�q"��Ê�È

	H	Ã6Ñ	à�Ê�q�ßAŒ�î/¡�ê�:(=Bü�Ä7¾ 1974 �H�¹�9�È�ü�å�À,X

OB*ü"����Æ>•�”�Î�Ý!¦�Ý�‡,X�´���ê�Ý��(=Bü��CYE› 2100

/¡�È	œ�ÝAÕ-¹F'E­�o(=Bü��	ú�Ý	#	à�0*ü
6�Û  

Selikoff 	¥)„�ûF¼�Ú�â-Ç�•�y?º�á�� 20 �H,X�¹�Ž�È��1u�ª

�À�´�"!£�ýFÑ
`-Ç�•4x4È�'�xF'�È�� X ���”�¹��/���!7��,X�Ä

'
5à 20 �H	â�È X ���”�¹��/��Ý, +›	¥�0,X��	å�È Selikoff /ÄE­

��)ƒ�W+’+™,X 20�� 30 �H?˜�í�Ä�'�å�À,ó!7�Ô�Ÿ!7?šAŒ�î�ê�:

(=Bü,X	E�‡�Ê�È�ÊKÈ�ÆE›	•�Z�\���È�Ô�º�å�À?–�³���J	E�‡�û�È

�Æ4£�\�ùG¡�Z�Ä  

�ü!8�™�‰�ß�ÈA}�å�À,ß,ß�G�bOB*ü"���-Ç�•4x4È,X-è0J�Ä

	Ã6Ñ�Ô:+	á,X�_�Ê��	¥*ó�ü�â��8£E’�²,X Duluth �Ö�ÈReserve 

Mining �@	Ì�ÚJ•'»-Ç�s�×(=
`-Ç�•4x4È�f�9�Z Superior

$* [45]�Ä 

<Q'
, +›,X	¥�0)[�ü Duluth 
` Minneapolis �Ö���Ô��,X�È

���� Duluth ��!å!O�b6—, �Ã�ã6t, �Ã6Ä, �Ã6t6—, 
`6Ž, ,X

��)[?UP¬�ÄA„�#�È
��9-Ç�•	â�È 20�� 30 �H�!�{*ó, +›�È5à�å

�À�Ô�ŸAxAš��OB*ü"���-Ç�•�Ý7È, �0*ü�!�áE› 10�� 15 �H,X�Ê

KÈ�Ä 

�ü(�L�	"�² Iowa �Ö
` �t�ý/c���n�²�»G¥�E�Ö,X-è0J�3��

/��Î,Ì	à,X�Ý�‡�õ�ã�Ä	º�ê�È, +›,X�!5B�â-Ç�•���9�'�Y	â,X

�!5B�Ô�� [18][17]�Ä 

�����å�À�á?U1��Þ 30 �H�!AxAš���SOB*ü"����á	ÿ-Ç�•4x

4È�ÈEÖ�'
�E›$¸2Ï4³6Ñ�ó	•L8	Ã6Ñ�,�ü�b�å�ÀOB*ü"���,X-Ç�•

4x4È�Ä 

 

�t"�#\!¦"©  

 

�å�ÀOB*ü"���,X"��Í�b�|6Ý.@�ê+›
`, +›6“+ø,X	¥�)��

	úCK-��€�ê���0*ü�Û�üOB*ü"����t"�CK$d�b 19 �ê4~ 90 �H�·

�ÿ�È�� 1920 �H�ü5b�Ñ>•�S"¯�y	«�Ä	��:	.�¿ Joseph Price �ü

20 �ê4~ 60 �H�·�ÿ�m�Z�Ô��
��é�Ž���3>•�Ñ?š,X�:�È	á���É�t

(Š�|6Ý>��ç+›�Ã6š�ÎG[�Ã"��Ê (Coronaries, Cholesterol, Chlorine)�Ä

Price 	.�¿Ax���éCK�|6Ý.@�ê,X�
��	s�´��"��Ä��"u�Ý�”��6Ñ

	ú�nE­�þ�á�•5B+e,X�_�r�Ö"���Eô�ä�|6Ý.@�ê	ž�â��,Ì�G,XAÌ

�V�—�o>D0Á
`�ûF¼�Ú��?•(ñ	¥�6�ã,X
Î��	s�´�Ä"��Ô8��,�ü�b
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>•�Ø)ÚE›,XOB*ü"��� [37]���Ä 

E­�þ4§AŽ���Î0Ÿ�ü*ü	ÿ"�OB*ü"��VSõ,XA©P`�Þ�È4§�p><�â

�qE›�t�Z"�,X:ŒK#"�,XSõ�È 95�Á�ü�´�þ�Ü�Y���Î)„�Z�|6Ý.@

�ê�Ä  

�|6Ý.@�ê�Ã�—�o>D0Á�â(-9 �e�6�ä���ú�9,X�Ô2Ï�ëKÂNl�È

.B�r���Ô2Ï�ë*ó�êLp.a,X�Ô	â�Ô!9	¡�ô�Ä Price �Û�Î?U4£E›

10�� 20 �H,X�ÊKÈ�È�Ž�'�!�î�Î)„�â��+›(Š�È�¢AŒ �î�•M6,ß�È

E­�S�Ž6(�Ç��, +›?U 20�� 30 �H�!��)„�Ä  

"���	ú�3	à, +›,Ì6(2Ï
6�Û�ü"��êE›/ß���È"�	à�ý'
�Ý��

(=�Ã7$!jBü,Ì4§	Ü�6�ä%0�ü,X7È, (=�Ý	8+�&Ë�Ä THM©s�Å�Ä�Ý

	8+�&Ë��,X�Ù�ÀAÌ�V"��Ó�Ã$ˆ�Ó�Ã�¯"��ê.‡�Ã�`"�+�&Ë��2O,X

7È, (=�Ä5b�Ñ�Ñ�Š)ƒ�±�� (EPA)�¢)ÚAŽ�Þ?˜�n�ZOB*ü"���

THM©s��G£L$���È<Q'
"©�n��AŒ�ÔP¬G£�� 100ppb�È�� 1976 �H

,X�Ô�þ-è0J��/��È 112 �þ�Ö��4­"�2Ï4³���Ý 31 �þCYE›�ZE­�þ

L$�� [30]�Ä 

�
�B 1975 �H,X�Ô�o-è0J�È�ü�Ø)ÚE›,XOB*ü"���	ÿ�Ý,X�ê

�:"5�§(=CYE›�Z 300 /¡ [52]�È1984 �H�íCYE› 700 /¡ �ÄEPA �Í 129

/¡�Í�å�À�9�‹�Õ6•�Ô�û,X(=Bü�.�ZL$G£?˜�n�Ä,Â�! EPA �ÍOB

*ü"���,X 34 /¡"5�§(=�;> �Z�Ñ�Š�Û�š�Ä 1990 �H 7 �Ü�ª�À�¤�Î

�„�r�t 23 /¡�È�J�ó�ï 1992 �H�5,Â6Ñ�r�t�� 85 /¡ [2]�Ä 

	º�Ô�o�y
�><�â�rL��™�‰?U�È2³2©�Ä�É7¾�9"�,XT•&º�Ê

�ÄTroubled Water on Tape�Å�Ô�:�mF'�Ö��7¾ 1974 �H�¹�9�È5b�Ñ

OB*ü"����Æ>•	¥)„,X"5�§(=��CYE› 2100 /¡�È�J�� 190 /¡���Æ

-¹�ê	Ã+e�üE’���Ô�n#'�z�Ê�î�Í�Ž�'�{*ó	E�‡�Ä��,X�9AÈ�È

1974 �H�¹�95b�ÑOB*ü"����Æ	¥)„ 97 /¡7È, +›(=
`	Ã+e7È, 

(=�Ã 82 /¡7È0U	¬(=
`	Ã+e 7È0U	¬(=�Ã28 /¡�ù�û
`�6�û�Ý!¦"5

�§(=�¹	ž 23 /¡7È6“+ø(=�È���� �=�ß,X 90�Á,X�Ý��(=,Â�!E¬�þ

6Ñ.B�n�Ä 

�ü�¤�þ#'�z�È�ê	Ü(=6Ñ�{*ó�ùG¡,X!¦�û�ÄOB*ü"���	¥)„,X

�ê��	)(À
�)„!¦�û�È�ê��
`�J�ª�ê	Ü(=	#	à�{*ó!¦�û ���� �È��

���È�á�•	ª�k,X/¥�:A•�B4»4ÁA•�rOB*ü"���,X�Ý�‡(=Bü
`�ùG¡

,X�@�ë�9�‹KÂNl��KÈ�Ý-�6(2Ï�È-è0JA•�r�Z���9�Ý!¦(=Bü
`, 

+›!O�u)[	�P¬,X	EL=�û��KÈ�,�ü-��G2Ï [16]�Ä�� 

-è0J><�âCÃ�ç�ƒ�]Fw�²,X�„�9�è8C�Ã4‘4z,X Eric 	“�ÃP@

G �D�²,X	",¯NS	“
`�˜�y�˜�²,X�˜�y�˜	“,XOB*ü"���,X

THM©s	ÿG£EWP¬�ÈE­�S, +›	¥+™)[EWP¬[34][23][14][51]�Ä 

�ü5b�Ñ"�4»4Á�0��OB*ü"�,X��?U#\!¦���È	¾6Ñ�r�tOB*ü"�

��,X�Ý��"5�§(=�Ä,Â�!�{�
 THM©s ,X�Ñ�Š�Û�š�áC‡�¹�±�x�Ž

�À�!	«�J�ª	Ø/¡	Ø��,X�Ý��"��ê�C�{(=,X	E�‡�È5àE­�o�C�{(=

�Æ>•A•�r�Ý7È0U	¬
`!¦�û [16]�Ä 

*ó(=�ê�:�Š �+�H�U�E�H�U�W���6�F�K�Z�D�U�W�]	.�¿Ax���Ö��"��þ	EL=�Z�È

�W�hA¹>•/U!6�S*ü�Ä �Ú"��t�9"�����B5
��|�Ô�þ�n�Ê&Œ�
�Ä, 

+›�Ã�—6ã+™�Ã�½>D�ÈE­�o2’/2�Þ
`6]�'�Þ,X�ø�‡FÑ��"��Ø)ÚE›

,X"�Eô�ä,X�È�W�S�å�À�ü�þ5Õ�Ê���Î)„>D5Õ,XEÍB5�È�V�|6Ý.@

�ê�Ä�å,Ì�µ�È�V�p��)„�ü"�1��Ô õ>•�¤�Î*ü�bOB*ü"��Ø)Ú�È�W

���î>•N³
•
`9C(= 1u)Ú�¨
,�î/U!6 [18]�Ä�� 

AŒ�î�Ö���'��!7�ñA©*ü�î/¡#\!¦��	ª�·"��ê�0��L��t#\

!¦���ÈE­���Ô/¡L!�""��i�tG£,X�•"©�È�����ÈE­�o	ª�·(=�V�`

!û�ê"��Ã"��ê$ˆ�Ã"�6Î1��È�3
`"��Ô��	EL=�È�å�À	¾���Ú�Ô/¡

�Ý�‡�ê�:(=Bü	ª�·	º�ê�Ô/¡�Ä  

	º�ê�È�Ô�o
¢�Ö!7�Ô�Ÿ�S*ü�±!è�Ã#��û&•E›$¸�Ã2ÿ�ê4“
`

7Á!û�T���È�0���ê�:#\!¦��,X�]�<�Ó�·(=�È����E­��,X
¢�Ö
`

�q4£E›E­�o�•"©�Ø)ÚE›,X"�,X�ŽE¬�\�å�Ä  

"��ê�0*ü�V�)	à�—6ã+™
`, +›6(�ü�ÔCK
6�Û�ü�É�9�‹,X�—

17                                                                                                                         18



6ãLÔ?U8C�Q,X$Ÿ�O�Ê�Ô�:���ÈRichard Passwater 	.�¿�m���Ö���—

6ã+™,XCK�´�â, +›,XCK�´��,Ì��,X�Ä�� "��ê�0*ü!7�Q6Ñ�0��E²

�yE­�ø/¡+™,X�GK��´2ô�È"��{*ó THM’s 
`"��Ó�ÄE­�o��&œ,X

�ê�:"5�§(=6Ñ�é	¥�å�À�'�Y�{*óE›�î,X7¾+�
Î�È7¾+�
Î�î�3�‡

4š6²�ÄE›�î,X7¾+�
Î6Ñ�ó�3
#�|6Ý�•	s��?˜�í��$¥,X6`6]4š

6²�È�Ô	â	¥*ó0U	¬�ÄLc-�4x4È(Š�e
+,X�á�•�6�ä�È�Ô4œ�ä��8C

�û6“+ø [35]�Ä�á�L,X���ÈE­/¡6“+ø���â�—6ã+™CK�´,Ì�G,X�Ä  

�V�p�4�q,X"���4£E›"��ê,X�È�á?U�q�W�Ä�4	Ã�¹�D4£P¬��

E›$¸�<�Ø)ÚE›,X�Ã	•L8�Z �����Á,X �7�+�0’ �V,X"��ê	ÜEÖ,X*Ê>™-Ó"•

"��È�™E­/¡1T	),XL��x��	Ã6Ñ�S�ä	��Þ�Û,X�Ž�!�w�—6ã+™
`, 

+›—5b�ÑE­�ø�þ��?U,X!O�u�����Ä ��

��

�|(=�rP`  

 

,Â�!��!6 ��A|AŽ,X-è0J��?U���Î0Ÿ�b�Í�Ž�',X-è0J�ÈE­�o

-è0J,X4§�p�S�å�¤�Î�Z�V�ß?–&•�Ö�Ý�Ô�n.@�z�Ã$Š?·�û�Î�',Ì

�ÍEW�î�Ã pH ���#.…�û,XOB*ü"����9�‹,X"��Ä  

+��b�Ž�'-è0J,X���û��7È�È�rP`A’Au	¾�����ZA•�r�Ã�=��

"�
`�9�‹,X-¹Aš�ÄAŒ�î�|(=�£Tô�ÃP@�Ã�(�ÃT��$�ÃSõFÑ>•*ü�9

�.E›-è0J�Ä�ûF¼�Ú�rP`��*ü,X"�FÑ���Ž�¹.@�ê�ê�Ž�¹7�,¤EC�ê

,X�È�èG M6�t�9�Z%0�ü�Ý�‡,X�ä�Ú�Ä�B�å��-¹�È�á	à	ÿG£,X$Š

?·�û���Î�'�ê�á	à pH ,X�E
¡�J�þ�.�|(=�rP`�Ä  

�Ú�q�Z�Ž�9�¤/¡�Ý�‡(=Bü�£K��ÃJ™�Ã"��ê!ó,X.@"�,X�|(=�È

�â�q�Z�Ž�9	à�Ô/¡�Ý�‡(=Bü,XEC"�,X�|(=�0�Í!¨�ÈEî��	¥)„�Ö

�q.@"��|(= ,X4˜4›��	ÿ�Ý,X�Ý�‡(=Bü?U�å�b�qEC"��|

(= [6][36][19][32][27]! 

Joseph Price 	.�¿*üSõ�.�Z�Ô2Ï�ë�rP`�Ä�ª�ü�Ô4˜Sõ�q,X

:ŒOc"����t�9"��È	º�Ô4˜Sõ�q,X"����þ�t"��È�\-Á�ÊKÈ	â�È 95

�Á�q�Z�t"�"�,XSõ���k�Z�|6Ý.@�ê�×'
	â�È�ª�ÍFw�Ô4˜�þ�q�t

"�"�,XSõ�a�.	à��,X�rP`�È4§�p�`�<,Ì	à [37]�Ä 

EPA ,X Richard Bull -è0J�Z"��ê"��ÍT��$,X�E
¡�È�ª,X	¥

)„���Õ�Z Price ,X4§AŽ�È�J�èE¯�Ô!9	¥)„�ÈT��$�q�Z	¾	ÿ�|9$

OB*üG£80�ÁJm,X"��êE›,X"��È�J>�#Ù��6š�ÎG[	ÿG£?U!¨�q�þ

"��êE›,X"�,XT��$P¬ 50�Á�Ä2û�y-�,X�r P`	œ	¥)„�È�'T��$�q

�ß	ÿ  100�Á�|9$OB*üJmG£,X"��Ê�È�q"��êE›,X"�,XFw�Ô4˜,X6š

�ÎG[	ÿG£�þ?•�rP¬ [1]�ÈEÖ�',X	ÿJmG£�ST��$�!	«�q"��êE›,X"�

,X�Ý�‡�E
¡�Ä  

.@"�	ÿJmG£P¬�ÈE­�3AŒ6Ñ?·Gž���”���q.@"�,X�Ž�—6ã+™!O

�u)[�"�b�qEC"�,X�Ž�È�`�H,XAŽEÄ?•�ÉKS�ÓLÔ?U�9�‹,X"��Ê

(�ÉHealthy Water for a Longer Life�Ê)�Ô�:�Ä  

�|(=�rP`*ó�|Rp�â
����Õ�Z�¢�Ž�'�rP`���k�Î,X4§AŽ�È

�3����.@"�!¨EC"��È�9�‹�È.@"��e�
�#�Z�Ý�‡�ä�Ú�Ä!¨�VJ™�Ã

K��Ã"��Ã!ó�Å�È�´5àL!�"�Z�W�À,X
��
�È�ê5Ù.@"���,X-Ó(=Bü

�¤�o�ZL�!6!¦(=	¥�ù�Ý�‡�0*ü�� LÔ?U,X9ù�O(=�Ä 

 

7�,¤"�  

 

7�,¤"�	ÿ�\�å-Ó(=Bü�ê�á	ÿ-Ó(=Bü�ÈE­	ÃEîE›:ŒOc�Ã	¡#ë

Eã�Ã/•�$�x�6�êE­�o�•"©,X4˜	Ü�9�r)„�Ä  

�Í�—6ã+™
`, +›,X-è0J><�â�È�9�‹,X"����Ý�Ô�n.@�z�È	ÿ

EÖG£TDS,X"��È�´!87�,¤"��0���Ô/¡�Ž�¹EC�ê,X"��È�á	ÿJm�Ã

K��È$Š?·�û���Î�'�3�\�"�ÈE­�á�ý�b�9�‹�Ä  
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'
5àAŒ�î�Ž�Î�b7¾�Å,X5×<%�¡�»OB*ü7�,¤"��ÈEî���ª�À

�îE­���Ç�Ö���å-¹F'�hA¹�q"��È	Ã��"�>•"��Ã�ê�:(=Bü
`�Ý!¦

G¥�2"5�§�È�Ô&•���3�á�]�<�È���¹�å�D�Z:ŒOc�<�ê	¡#ëEã>™5B�È

�W�À	Ã�¹�Ú"������Ý(=Bü	•L8�ÈE­��"���EÖ�bOB*ü�Z�Ä��E­�o

A±
�CK�96�'s	ë�Û  

�'�å�ÀE­���Ç�Ê�È�å�À 	¾,ß���Z�_(=,X�ÔF¼�Ú�È5à�á��

�H�'�Ä�å�À	¾��A×�Z"����Ý�‡�ä�Ú�È5à�á�Z?·�Ý,ž,X�ä�Ú�Ä��

�Z�q���9�‹,X"��È�å�À�™NO�¢�ø�•M6,ßKÂNl�Ö�å�À?U�û���z�£

�å�ê#\L8�Ý�‡(=Bü�È���¡LÔ�±+-"����Ý,ž,X-Ó(=Bü�Ä�û�î�D�™

�‰�ß�ÈEÖ�',XE›$¸2Ï4³�ê	ÜEÖ,X*Ê>™-Ó"•"�6ÑE’��?U"��È5à7�

,¤"�	H�á6Ñ�½  

C2�ä�q7�,¤"�,X�Ž/Ä"����´��-Ó(=Bü�Ä�VJm�ÃK��Ã�`!û

�ê.�1��Å�á6Ñ>•�„L��·Aö�È�´5à�î�Ð7È�9�‹KÂNl [7][5][22][50]�È��

E­���á�Í,X [44]! 

�_�r�Þ�ÈOB*ü"���,X-Ó(=Bü?U!¨N³(=��,X�È�•�ç�Ã�È�Q
�

>•�Ž�'
��
�½-Ó(=Bü�„L��·Aö)ÚAŽ���Õ�Ã	�9C�ê�:�Š John 

Sorenson 	.�¿�Û�Î�Ö ��OB*ü"���,X-Ó(=Bü6Ñ�ó�\�Q
�>•�Ž�'
�

�
�Ä�� �ª	¥)„��?UG¥�2��2ô,Ì�Í�bM2��?UG¥�2��2ô,X�„L��·Aö

	«"�����?U��2ô��G£,X�\�û�E
¡�È�V�p��LÔ��?U��2ô�k��$µ

C‡�È���\�å�ê"u�ÝM2��?U��2ô,X
��
�È�W���î>•�f"˜�] [46]�Ä 

���þ�_�$�9AÈ�È�V�pOB*ü"���	ÿ�ÝEWP¬,XJm
`K�5àJ™	ÿG£

�"�È�Ž�'�îEÝ�½��?U��2ô�ÄJm�ÃK��Å�È5à�ÚM2��?U��2ô�ÄJ™�Å

�f"˜�]�×�����V�pJm�ÃK�	ÿG£�3�"�È4š6²���îEÝ�½M2��?U��2ô

J™�È�¢5à�Ð7È<Ÿ,QBü�êGJ,X��6ÑLp.a�È�V�p	¥*óE­/¡�™�‰�È<Ÿ

,QBü�êGJ��	Ã6Ñ	¬�k�Ý!¦�Ä  

:ŒOc�<
`	¡#ëEã>™5B6Ñ�ó*ó�{�ÎEC�ê,X�Ã�á	ÿ�Ï�)�Ý,ž

-Ó(=Bü,X7�,¤"��ÈE­/¡EC"����Ï�)�Ý�‡(=Bü,X�0*ü�î>•���û�È

7�,¤"����åG£,X�Ý�‡(=Bü���î!¨.@"���	à1�G£,X�Ý�‡(=Bü�Í

�å�À,X�9�‹�{*ó�È�Ý�‡�Ã�È#\�U,X�0*ü�Ä  

���¹�È+��b�`�<�á	à,X	s�´�È�q>•"5�§,X"�
`7�,¤"�FÑ�î

�Í�å�À,X�9�‹Eô�ä�ø�‡�Ä  

 

*Ê>™"� 

 

*Ê>™"����Ô�þ�\�û,X�Ö
��È���Ö
��Þ�rKS�Ô�¿,XOB�m�È

1989 �HJÔ��NqE’ 20 �“5b���Ä 1/18 ,X5b�Ñ�Š�•FÑC��D*Ê>™"��È

�t�ý/c���n�²,X 1/3 �Š�•OB*ü*Ê>™"��Ä�ë5+G E’�Ã�Þ�ýAÎ�ƒ�Ã

�t�ý/c���n�Ã4‘4z
`�k��9ü�ƒ	4�Z5b�Ñ��JÔ��Nq,X 87%�È5à�t

�ý/c���n��	4�Z�Ô	��î�Ä  

'
5à*Ê>™"����9�‹,X"�	ë�Û�W	Ã�¹�µC*	ë �Û�4	Ã7¾KÂ�Ö�W

��.@"�	ë�Û�W	ÿ�ÝEWP¬,X TDS 	ë�Û�V�p1(�����������ÈFw���4

EÝ�½�Z�Ô/¡�9�‹,XOB*ü"��Ä+��b*Ê>™"��á�,�ü1uF'7$<T,XKÂ

Nl�È���¹�W,X pH �����á�V�i"��ê�Ö��4­"�Fw��G¡?U�Z�Ä  

�����ÈAŒ�î*Ê>™"�	¾��*ü:ŒOc�Ã	¡#ëEã�Ã	•/•�$�êE›$¸1�

�•"©�t�¹�Ø)ÚE›,X"��Ä
:,Q
�AÈ�È�4	Ã�¹7¾�Å�
	ª*Ê>™"��ÈE­

��E¬,ÕJ…�Ä�ü5b�Ñ�È�4	Ã�¹C��D�� 700 �î/¡
•( ,X*Ê>™"��È�J

���û4z 80%��4£E›�t�¹�Ø)Ú,X [47]�Ä�rP`�x�”#�	¥)„�È�Ô�o*Ê
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