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	8#��!	$%�&	�	�#�	���3/	�&�	��	8.3%>�>	-"	8@30	8!�>��	Q36��	J�	>�	GB;	A����	+�	DR�	�3:;�	�"	8@30	8!�>��	J��!�.!	F�#�	'6S.%	J�	��	�T.4	�
	>�	863@2�	>�	8.3%>�>	-"	8�3:3&	�3@30	8!�>��	+��!	'T9�S%	J�	��	A�#�	�"	�!	�UV%	$%��W	J33T�	�	X2( %	+�;	5 !	��	8.3%>�>	-"	�3@30	87�<%	Y��33O�
	-"	+�;	'7�:7	A�#�	DB&	D��@(#�	8C30��	+�;	����:7	�	87�	+�;	�CP7	B.7�%	8�3:3&��B3;	+�;	���	�	8Z(PC:;	[��\	�	+�	'&�,	'N]�	B.7�%	+��%"	+�;	���
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	J�	+�;	���B�%	>�	8<	AB..0	8%	'k���	AAA	�	�9�&	FX3(#�	F�g��	+�;����:7	B.7�%
	>� 	� 	l3; 	8��m 	>� 	A�#� 	�3O(% 	� 	'7�:7 	��BT� 	a�;����:7c 	8<3���) 	+�;	���
	��	�17"	J3!	��	�;�C&	��N3%	5�%>"	�	�;	D��)	J3!	N�:�	Y�B*	8<3���)	+�;	���
	8(��B�%	+��%"	+�;	���	��	'0	89�E	��	Aa����	F����<:;	�	n�(7M0c	B7��B7
	>��	8.3%>�>	+�;	-"	Y�T9�S%	��	�;	���	J�	��!��0	�	���B7	��/�	b��9	J�	>�
	+�;	���	'!	�CP7	+��%"	+�;	���	[2d�	'0	8(��B�%	A��&	8%	��	D��(P)	>��	'!
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	+��!	+B.:��B*	��N!� 	B.7���	8%	+�	'&�,	'N]�	B.7�%	D�3O(%	B.^	+��%"	+�;		���
	+�;	D���	8#��! 	+��! 	B.7���	8%	�;	���	J� 	AB.&�! 	8�3:3&��B3;	+�;	D���	$32��
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	$%�0	��m	'!	Y��@(%	+�;	'&�,	+�;	'7�:7	F$!�6%	��	�	B.(P;	�ZB<	'!	'3C&	823,
	F�3O(% 	�� 	J3! 	8Z(PC:; 	� 	=�C��� 	��N3% 	J33T� 	+�;	D�� 	>� 	8< 	AB.(P;	�N]%	K;	>�
 	F=�C���	qBW	�Z7�3!	R2 = 0	���6%	'0	+��m	'!	A�#�	(R2)	8Z(PC:;	[�\	>�	D��@(#�
	+�;�(%����	`�<T%	=�C���	DB.;�	���7	R2 < 0	�	K36(P%	=�C���	DB.;�	���7 R2 > 0

	DB.;�	���7	FB&�! 	��	��N7	�	�BW	'! 	[�\	J� 	��N3%	'^	�;	A�#�	�L7	���%
Aa����	F����<:;	�	r!����c	�#�	�;�3O(%	�(�3!	=�C���	�	8Z(PC:;	��N3%
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	8.3%>�> 	-" 	I!�.% 	8:3& 	8#��! 	+��! 	8C#�.% 	+�;	G�T% 	F87� 	+�;	�CP7
	5�B3� 	�� 	A�#� 	sM%� 	i�.% 	J33T� 	+��! 	8C#�.% 	��� 	�17" 	>� 	D��@(#� 	� 	B.(P;
	+�;	87�0 	8�3:3& 	[30�� 	>� 	�Ui(% 	�;	�CP7 	J� 	F8.3%>�> 	-" 	8�3:3& 	[30��
���� 	���* 	�3:;� 	+BT! 	'/�� 	�� 	'(�� 	hM�7� 	87�0 	��B6% 	� 	D��! 	-"	�� 	h�2�%
	8#��!	+��! 	8@2( %	���Z�;�R	� 	j#��	87�	+�;	�CP7	A(Howard et al., 1996)

	Richter and Kreitler (1986)	A�#�	DB&	'(��)	��0	'!	8.3%>�>	-"	8:3&��B3;
	hM�7�	>�	8&�7	8T3Cm	+��&	�3<@�	+��!	�'�
������
�+�;	�CP7	'0	B7���	���7
	'!	8#��!	�	��	Gogel (1981)	AB.(P;	B3@%	G�e	��&	+�;	-"	>�	F�39�;	8T3Cm
	�� 	��t�	J3! 	Na/Cl 	�CP7 	F�39�;	hM�7� 	>� 	$4�E	+��&	��	'0	B3#�	']3(7 	J�
Cl/ 	+�;	�CP7 	Wood &  Jones (1990) 	Y�T9�S% 	`�p#� 	�! 	� 	�#�	�3Op(% 	��t�
AB.(P;	G�e	��&	+�;	-"	>�	�(:0	�3 C�	>�	�Ui(%	+�;	-"	��	'���������
���4
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	'/�� 	�! 	AB.���T% 	8C30�� 	+�;����:7 	'! 	'0 	�#� 	+�	D�3O(%�� 	+�;����:7 	+�� 	�!
	-" 	�3@30 	�! 	�UV% 	+�;B.��� 	����	8% 	�;����:7 	J� 	�� 	�;	'7�:7 	5��" 	D��7 	'!
	DB.;�	���7	�;����:7	J�	��	�;	'7�:7	8u2u%	5��"	h�u%	+��!	F��0	J33T�	��	8.3%>�>

     .(Mazore, 2004)	�#�	Y��@(%	+�;i�.%	�!	8�;	-"	8Z( 3%"
   Timms et al.(2000); Horward & Mullings (1996);  Stober & Bucher (1999);

	+��! 	8@2( %	8C30�� 	+�;����:7 	>� 	Stossel (1997);  Marie & Vengosh(2001)

	X2( %	Qm�.%	��	8.3%>�>	+�;	-"	�3@30	�!	�UV%	8�3:3&�ke	+�;B.���	�,�.&
AB7�	D��:7	D��@(#�	�37�

	+A,�B����"��+6B���7)
	J3! 	'0 	�#� 	����%>�/ 	+�(,�! 	'\�E 	>� 	8� ! 	���3/ 	�&� 	N�!" 	'\�E
� 	��° 	��' 	+�3���O/ 	+�;	v�W 	� 	+���, 	��° 	� 	��° 	��'8�3���O/ 	+�;	h�m
	���3/	�&�	�T#�	A�#�	'(��)	���*	���� 	+���,	-�./	��	F89�:&	�w° 	��' 	
	A�#�	�3O(%	�(%	���x���	J3!	���	yS#	>�	�"	z�@���	�	�#�	I!�%	�(%�230	����
	�"	'7{�#	8)B7��!	J3Z7�3%	�	-�./	�:#	'!	h�:&	�:#	>�	'\�E	J�	820	[3&
	B7���	���/	82H�	�	8:k��	'7�,���	JB.^	���3/	�&�	��	A�#�	�(%	823%	���

A�#�	���	$32;	'7�,���	�17"	J��	K1%	'0
	A�#� 	+N0�% 	���� 	+��(,�# 	8!�#� 	'\�E 	>� 	8� ! 	'T9�S% 	���% 	'6S.%
	� 	�;	8Z(P<&	F8&���� 	� 	8��0 	+�;��37 	Y��4	'! 	8(,�#	J3%> 	+�;��37 	�3Ui�
	+�;	$P)	'!	�17"	J��	K1%	>�	'0	�#�	D��0	��]�	'6S.%	J�	��	��	87�����	+�;	$P)
	[C#	�;	$P)	J�	A��0	D��&�	����	8%	���@9�	�	|�.10	F+��#��	F���3/	F�����	DNC#
	Y�!�#�	AB"��	D��(�����	D��	�	Y��4	'!	���3/	�&�	N�!"	'\�E	'0	B7�	DB&
	�	���	$32;	+�;	'7�,���	j#��	FG��m�	+�;	D�0	5�#��	>� 	f�	D��	J� 	8(��!"

	AB7�	DB&	+���Z!�#�	�	��B;	�&�	$,��	'!	8�;	$3P%	Q�m	>�	��&
	F�37��)c 	J�?" 	+�;	}.# 	j#�� 	���3/ 	�&� 	���, 	� 	h�:& 	'3&�E
	~ �%	+�7����0	+�;	'.<��	=�� %	�	8(��!"	Y�!�#�	Fa����	�	�����7��)
	>�	8�;	}.#	�	�7����0	D���	���/	+�;	'.<��	=�� %	F+�(,�!	'3&�E	��	A��&	8%
	j#��	N37 	�&�	8!�./	'3&�E	A��&	8%	DB�	�e��7 	+��%�2Z.0	�	}.#	'#�%	$3C*
	J��	8:B*	Aa�$<&c	��&	8%	~ �%	�e��7	�P#	+��%�2Z.0	�	+�	'#�%	Y�!�#�
	� 	�323� 	>� 	8!��.� 	�! 	D��:; 	8(3#�# 	+�;	�P3& 	�� 	'6S.% 	8#�.&	}.# 	+�;BE��

AB.;�	8%	$3<��	J3%��	89�:(E�	J#	'!	�39�C3@%"
	��>"	��� !"	��	$%�&	�	�#�	DB&	$3<��	+�7����0	Y�!�#�	>�	���3/	�&�
	�	DB&	��B�%	�&�	8&��E	�:#	'!	����	���	D�@#	'(C9�	F�#�	����	���						�
	��	J3!	+���,	+�;	5 !	��	��B!"	'{	j#�(%	+��C(#	A��&	8%	$BC�	��>"	D�@#	'!
	Y�W�@���	J3!	$4��	BE	��	�&�	+�(,�!	5 !	'0	89�E	��	F�#�	�3O(%	�(%	���	��
	�P37 	�3:;� 	Nk�E 	��B.^ 	8.3%>�> 	-" 	�L7 	>� 	�����	DNC# 	$P) 	� 	�&� 	'3&�E
	89�:&	�:P*	>�	' 	̂�;	Aa�#�	�(%	��	8C�6�	��m	'!	5 !	J�	��	��B!"	'{	+��C(#c
	8Z.#	Y�TS*	>�	�	DB&	��	'7��N�	�;	���!"	FK�&	8%	��N7	�&�	N0�%	G�m	'!

AB7�&	8%	$BC�	�23#	�	`�	F'#�%	'!	J&	�	}.#	D�2*	F��N!
	+���, 	-�./ 	�:# 	'! 	+�(,�! 	h�:& 	>� 	8.3%>�> 	-" 	���/ 	820 	�1/
	�� 	'T9�S% 	���% 	'6S.% 	�� 	8.3%>�> 	-"	'! 	���,�! 	+���e 	j#�(% 	� 	�#� 	�&�
	�!	8Z.#	Y�TS*	>�	'0	�&�	+���,	'3&�E	��	���/	+�;	'.<��	=�� %	A�#�	�(%
	AB.(P;	��� !"	DB..0	'�O�	K1%	I!�.%	>�	8<	FB7�	DB%"	��/�	'!	X3T\	8)B&��/
	'7�,��� 	�(P! 	>� 	?�@7 	F+�/ 	Y{�N7 	$%�& 	�&� 	DB..0	'�O� 	I!�.% 	820 	��m 	'!
	A�#� 	+>����0 	8(�)�! 	-" 	� 	8�<;> 	F 	+��3!" 	+�;	h�7�0 	F�;	$3P% 	F���	$32;

	'(&�	�t�	FG�e	':37	D�^	'62E	����	FG�e	D�^	'62E	���	j#��	��� !"	>�	'32 �
Aa���w	F���3/	��(#�1&	n��3!"	D����c ��3)	8%	Y��4	':�^	'.;�	�ww	�	Y�.*

����������
"��7C
	+�;	D�^	>�	-"	'7�:7	��	���3/	�&�	8.3%>�>	-"	8�3:3&	�3@30	8#��!	+��!
	$<&	��	+����!	'7�:7	+�;	D�Z(P�	�3T*�%	'0	B&	+��"	I:/	'T9�S%	���%	'6S.%
	'!	824�	+�;	��37"	�	�;	��3��0	+�3)	D>�B7�	+��!	�;	'7�:7	fg#	A�#�	DB&	'k���	�
	+�	'&�,	'N]�	B.7�%	+��%"		+�;	���	>�	F��(&�7	J�	��	AB7B&	$6(.%	D�Z��%>"
	+�;	����:7	F87�	+�;	�CP7	B.7�%	8�3:3&��B3;	+�;	���	�	8Z(PC:;	[��\	�
	DB&	D��@(#�	8.3%>�>	-"	8�3:3&	�3@30	$32��	+��!	z�C&�	+�;	~,�&	�	8C30��

A�#�

D0��7E
	>�	8.3%>�>	-"	+�;	'7�:7	+B.!	D��)	I*��	��	�	�;	'7�:7	'!���	��N3%	5].#	+��!
	'S67	��	J3!	8:36(P%	j,	'24��c	�17"	8#B32*�	'24��	���	�	+�	'&�,	'N]�	���
	���	Y�3\��	A�#�	DB&	D��@(#�	a��&	8%	X�T�	�3O(%	xC	�!	'0	���	��	BT!	xC	�!
	��L.%	J3:;	'!	F�#�;�3O(%	h�%�7	I>��	�	87�P:;	f7����	$%�&	+�	'&�,	'N]�
	oW�! 	����% 	8,�! 	�� 	��^	89� 	B..0	8% 	���B7�(#� 	�� 	�;	D��� 	F'N]� 	q�]7� 	>� 	$C*
	DB&	+�����,	$:W	J�	>�	�/	J�	��	F	(Alther, 1979)��&	8%	�#���7	+�;	�3P@�

:a����	Fr!����c	��3)	8%	Y��4	�>	+�;	���	'!	[2d�	+�	'&�,	'N]�	A�#�
Q-mode hierarchical cluster analysis (HCA)

K-means clustering (KMC) 

Fuzzy k-means clustering (FKM) 

	D��@(#�	8.3%>�>	-"	+�;	'7�:7	+B.!	D��)	+��!	HCA	���	>�	'T9�S%	J�	��
	��	A�#�	q��)��B7�	8<3���)	����:7	'k���	���	J�	K1%	+�;	8)R�	>�	A�#�	DB&
	8���4	��	F��3)	8%	Y��4	��0��,	Y��4	'!	�;	'&�,	��BT�	-� (7�	HCA���
	+��N%	>�	A��&	~ �%	$C*	>�	B�!	�;	'&�,	��BT�	FKM�����KCM	+�;	���	��	'0
	$3<��	B7���	8%	8�1.�	'!	'7�:7	�	���	J�	��	'0	�#�	J�	HCA	���	�Z�

AB;B!	��	'&�,	�
���� 	h�H�� 	��� 	� 	HCA 	B(% 	>� 	D��@(#� 	�! 	8.3%>�>	-" 	+�;	'7�:7
	+B.!	K3P6�	+��!	D��@(#�	���%	+�;�(%����	AB7B&	+B.!	D��)	(Guler et al., 2002)

	��	q�)	823%	[PE	�!	�;�(%����	'320c	�#�	sM%�	z�:]%	�	824�	+�;	��	F�;	D��)
	'/��	�!	F�#�	DB&	'k���	8.3%>�>	-"	+�;	'7�:7	q��)��B7�	�	$<&	��	AaB.(P;�(39
	8.3%>�> 	-" 	+�;	'7�:7 	F8�3:3& 	[30�� 	� 	�;	D��) 	K0��� 	Fq��)��B7� 	$<& 	'!
	F+�	'&�,	'N]� 	>� 	$4�E	_�(7 	'! 	'/�� 	�! 	I*�� 	�� 	AB7�	DB&	K3P6� 	D��)��1^	'!
	'! 	q>{	'(C9� 	A�#� 	DB&	+B.!	K3P6� 	��>	� 	'6S.% 	��1^	'! 	8@30	b��9 	>� 	��� !"
	`�36%	'!	'/��	�!	�	�#�	+������*	Y��4	'!	�;	D��)	��BT�	J33T�	'0	�#�	+��"��
	�	�	K0	��	a�;	D��)c		�;	'&�,	��BT�	K3P6�	j,	���0	�/	'!�/	�! 	����	8%	Y�T9�S%
	DB&	~ �%	a��>c		D��)	�;	��	�;�3O(%	>�	�	�;	J3Z7�3%	�	h�B/	��	A��0	��>
	'!	h��	D��)	>�	8.3%>�>	-"	��	h�2�%	+�;	�	�	�L2d	Fh�B/	J�	'!	'/��	�!	A�#�
	-"	X2( %	+�;	D��)	8C�6�	D��B�%	�	$<&	AB!�	8%	5�N��	q��1^	D��)	�:#
	B7��	F$<&	J�	��	'/��	$!�*	'(<7	AB;�	8%	���7	��	'T9�S%	���%	'6S.%	��	8.3%>�>
	q��	�	h��	D��)	��	A��&	8%	DB�	���3/	�&�	��	8!�,	'!	'0	�#�	87�37"	$%�<�
	�B#	x8��@9�#	z�7	q�#	D��)	��	A�#�	�B#		x8��.!�0	8!	Y��4	'!	-"	z�7
	�#�	�B#		x���20	Y��4		'!	-"	z�7	q��1^	D��)	��	q�]7��#	�	��&	8%	DB�
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	�1/	��	-�./	�:#	'!	h�:&	�:#	>�	�	����C 	̂87�37"	$%�<�	+�#	DB.;�	���7	'0
	A�#�	8.3%>�>	-"	���/

	�� 	��/�% 	+�;	5.0�� 	� 	8.3%>�> 	-" 	�� 	h�2�% 	���% 	i�.% 	8#��! 	+��!
 B.7�% 	8T!�.% 	`�#� 	�! 	�;	�CP7 	J� 	� 	DB& 	D��@(#� 	87� 	+�;	�CP7 	>� 	F��� !"
	-" 	+�;	'7�:7 	+��! 	8@2( % 	87� 	+�;	�CP7 	AB7�	DB& 	�3P@� 	Hounslow (1995)

	$32��	>�	$4�E	'39��	_�(7	�	h�B/	��	�	a�	h�B/c	�#�	DB&	'C#��%	8.3%>�>
	�3T\�	�!	�UV%	$%��W	Fh��B/	J�	`�#�	�!	A�#�	DB&	'k���	87�	+�;	�CP7	J�


>�	B.���CW	'T9�S%	���%	'6S.%	��	8.3%>�>	-"	8@30
��?�,"�������&���F*0&
�GH,


	J��	K1%	>�	8<	fge	hM�7�	B.���		FHCO3/ Sum Anions	87�	�CP7	'!	'/��	�!
	8��m	>�	A�#�	q��1^	�	q�#	Fq��	+�;	D��)	��	8.3%>�>	-"	�3@30	�!	�UV%	$%��W
	'S!��	�	a�	h�B/c	Y�@9�#	�	K3P20	+�;	��	J3!	(R2 = 0.71)	��>	8Z(PC:;	��N3%
	z�\�%	J�	N37	a�$<&c	8C30��	+�;	����:7	��	sM%�	z�:]%	�	�;	��	J�	J3!	8S,

AB.0	8%	B3i�	��
 (R2 = 0.89)	Y�@9�#	�	KB#	+�;	��	J3!	+{�!	8Z(PC:;	[�\	'!	'/��	�!
	�� 	A�#� 	'(&��)	�3Ui� 	8.3%>�> 	-"	�3@30	�! 	N37 	���	KB#	+�;	Y�@9�#	hM�7�
	'S!��	A�#�	DB&	D���	���7	Y�@9�#	��	�!��!	��	KB#	��	8C30��	����:7		�	$<&
	�! 	F89�:(E� 	+�;	87�0	J� 	'2:/	>� 	A�#�	z�\�%	J� 	+��)	N37 	�;	�� 	J� 	8S,
			�323!��3% 	� 	(Na2SO4) 	����.� 	'! 	����	8% 	F'T9�S% 	���% 	'6S.% 	�3T\� 	'! 	'/��

	A��0	D��&�(Na2SO4,10H2O)

���	*�"�4*I��J�	
"��G�
	F(Na + K – Cl) / (Na + K – Cl + Ca) 	87�	�CP7 	>� 	$4�E 	_�(7 	`�#� 	�!
	�3Ui�	'T9�S%	���%	'6S.%	$0	��	']3(7	��	�	�;	D��)	q�:�	��	�;>M0�eM�	8)�>��;
	>M0�eM� 	J� 	  Na / (Na + Cl)  87� 	�CP7 	'! 	'/�� 	�! 	� 	�#� 	'(&��) 	+��>
	���Ec	'6S.%	8(,�.&	}.#	�3T\�	A�#�	a�3C9"	�{�:(E�c 	KB#	>� 	8.d	z�7 	>�

	A�#�	[2S%	J�	+��)	N37	a87�)�)�	�	J�?"	+�;	}.#
��,���F*0&
�GK

	'6S.% 	8.3%>�> 	-"	8�3:3& 	+�;�(%���� 	8Z(PC:; 	[��\	f���% 	� 	h�B/	��
	+�;	��	��3%	+{�!	8Z(PC:;	Fh�B/	J�	'!	'/��	�!	A�#�	DB&	'k���	'T9�S%	���%
	'S!��	A�#�	'T9�S%	���%	'6S.%	��	�39�;	hM�7�	DB.;�	���7	(R2= 0.96)	KB#	�	�20
	�	��	��	J�		J3!	8S,	'S!��	�	KB#	�	�20	8C30��	����:7	��	�;	��	J�	J3!	8S,

A�#�	B.���	J�	z�*�	+��!	+�Z�	$39�	N37		�	$<&	sM%�	z�:]%
�&"��F��9?�G�

	8.3%>�> 	-"	8@30 	�3T\�	�! 	87� 	h��C� 	B.��� 	K1% 	�3Ui� 	DB.;�	���7 	� 	h�B/
	B.7�% 	KB# 	>� 	8.d 	8#� 	+�;	87�0 	'0 	B;�	8% 	�� 	8�/ 	�� 	B.��� 	J� 	A�#�
	�	D���	5.0��	8.3%>�>	-"	KN3.%	�	K3P20	�!	�>	'9��T%	`�#�	�!	�37�2��%	�7�%

	
 (Drever, 1985) B7�&	8%	8.3%>�>	-"	'!	KB#	����	oW�!
Ca2+ + Na2-Clay === Ca-clay + 2Na+

	+��! 	Y��@(% 	+�;i�.% 	��/� 	DB.;�	���7 	N37 	KB# 	� 	�20 	+�;	�L2d 	+�!��! 	��C7
	��N�� 	+�Z�	i�.% 	DB.;�	���7 	N37 	Na / (Na + Cl)87� 	�CP7 	A�#� 	�� 	��	J�
	i�.% 	���.W	'! 	����	8% 	�� 	87� 	h��C� 	'0 	F�#� 	KB# 	�� 	+��! 	F�39�; 	hM�7� 	�!
	�� 	87� 	h��C� 	+�;B.��� 	5�:7 	+��! 	A���) 	�L7 	�� 	KB# 	�� 	+��! 	8:1%
	�Ui(%	8�3:3&	+�;	DB.;�	$3<��	J3! 	I!���	>� 	D��@(#�	�! 	8C30��	����:7	'#	F��� !"
	$<&	��	87�	h��C�	B.���		��B,�	Aat	$<&c	�#�	DB&	'31�	87�	h��C�	B.���	>�
	DB&	D���	���7 	Ca + Mg – HCO3 – SO4 	�!��! 	��  Na – Cl 	����:7 	��	X9� 	x	t

	���* 	 	x 	���% 	+�� 	� 	�@4 	��B6% 	'! 	��N7 	'0 	8�;					'7�:7 	����:7 	J� 	�� 	A�#�
	+�;	87�0	hM�7�	�)�	FJ�	�!	��N��	AB7�	DB�7	I*��	87�	h��C�	�3Ui�	���	FB7�3)	8%
	F��3Z7	Y��4	87�	h��C�	�	B;�	+��	��)>�#	��m	'!	fge	�	�3%�9��	F�3P20
	�	B&	B;��,	�@4	'!	��N7	N37	Ca + Mg – HCO3 – SO4	��B6%	Y��4	�"	��
B7�3)	8%	���*		x�	[3&	�!	j,	h�m	��	FB7�	DB&	$:�(%	��	87�	h��C�	'0	8�;	-"
	D��B�%	��	X9�	xt	$<&	��	8.3%>�>	-"	+�;	'7�:7	�(�3!	.(Marie et al., 2001)

	��	A�#�	87�	h��C�	B.���	z�*�	�Z7�3!	�9�E	J�	'0	B7�	DB&	I*��	a�	�	�c	>�	�(:0
	'k���	8.3%>�>	-"	+�;	'7�:7	+��!	EC	�!��!	��	Na/Cl	D�3O(%	��	����:7	-	xt	$<&
	AB7���	'7�)��	i�.%	FB7�	DB&	I*��	Na/Cl = 1	j,	+{�!	��	'0	8�;	'7�:7	A�#�	DB&
	DB�	87�	h��C�	B.���	��B,�	8.3%>�>		-"	+�;	'7�:7	�(�3!	��	F$<&	J�	'!	'/��	�!
	5�:7	HCO3+SO4 �!��!	��	Ca + Mg 	D�3O(%	��	����:7	|	xt	$<&	��	A��&	8%
	A�#�	fge	�	�3%�9��	F�3P20	hM�7�	B.���	DB.;�	���7	�
�	j,	A�#�	DB&	D���
	���* 	87� 	h��C� 	D��B�%	�� 	� 	j,	J� 	G��m� 	�� 	8.3%>�> 	-"	+�;	'7�:7 	�(�3!
	-"	��	fge	�	�3%�9��	F�3P20	+�;	87�0	hM�7� 	�Z7��7 	�%� 	J� 	'0	B7�	'(��)
	J�	'!	�CP7	8.3%>�>	-"	�	h�B/	'!	'/��	�!	A�#�	'T9�S%	���%	'6S.%	8.3%>�>
	��	DB&	��	+�;	87�0	hM�7�	+��)	N37	�%�	J�	'0	����	z�C&�	���	�9�E	�;	87�0

	A�#�	'T9�S%	���%	'6S.%	8.3%>�>	-"
��$��
����'���G�

	��	��3#�N3(3%�9���	B.���	q��1^	D��)	��	(Ca + Mg) / SO4 87�	�CP7	`�#�	�!
	�	z�C&�	���		Fz�C&�	�9�E	�3P20	B�!	FB.���	J�	���!	K0�E	Y��4	��	A�#�	D���
	Aa����	F����<:;	�	��3%�3dc	B&�!	z�C&�	���	�9�E	'!	�3%�9��	�	fge	+�;	87�0
	���7	a�	h�B/c	���3/	�&�	8.3%>�>	-"	��	{�!	+�;	87�0	z�C&�		~,�&	8#��!
	Fh�B/	J�	`�#�	�!	A�#�	K0�E	'T9�S%	���%	'6S.%	��	8���@(%	�3T\�	'0	B;�	8%
	F����	z�C&�	���	�9�E	DB&	��	+�;	87�0	'!	�CP7	'T9�S%	���%	'6S.%	8.3%>�>	-"

AB#�	8%	�L7	'!	J;?	>�	���	��3#�N3(3%�9���	B.���	z�*�	']3(7	��
	�3Ui�	���	8.3%>�>	-"	+�;	'7�:7	':; Cl / Sum Anions	87�	�CP7	`�#�	�!
	8.3%>�>	-"	J3!	$!�6(%	5.0��	�Z�	Y��CW	'!	FB7�	'(��)	���*	�;	}.#	8)�>��;
	A�#�	'(&��)	8.3%>�>	-"	�3@30	�!	��	�3Ui�	J�(�3!	��� !"	DB.;�	$3<��	���%	�
	J�	'0	Fa�	$<&c	�#�	DB&	D��@(#�	fC3)	+�;����:7	>�	z�\�%	J�	8#��!	+��!

AB..0	8%	B3i�	��	z�\�%	J�	N37	�;����:7

���J�+>��&�7L
	'N]� 	>� 	$4�E 	_�(7 	$32�� 	+��! 	8C#�.% 	��� 	+��%" 	+�;	��� 	>� 	D��@(#�
	�3@30 	$32�� 	824� 	+�;	��� 	JNZ�/ 	B�C7 	�%� 	F�#� 	8.3%>�> 	-"	+�;	'7�:7
	A��&	'(��)	��0	'!	8<:0	��N!�	�	���.W	'!	B�!	'<2!	F��&	8.3%>�>	-"	8�3:3&
	+�;	���B�%	5;�0	�	��N%	�@E	oW�!	F8�3:3&��B3;	�	+��%"	+�;	���	Q3@2�

A��&	8%	�17"
	��1^ 	'! 	8@30 	b��9 	>� 	��� !" 	F+�	'&�, 	'N]� 	>� 	$4�E 	_�(7 	'! 	'/�� 	�!
	8.3%>�>	-"	��	h�2�%	+�;	�	�	�L2d	A�#�	DB&	+B.!	K3P6�	��>	�	'6S.%	FD��)
	-"	z�7 	q��	�	h�� 	D��)	��	AB!�	8%	5�N�� 	q��1^	D��)	�:#	'! 	h�� 	D��)	>�
	DB� 	�B#	x8��@9�# 	z�7 	q�# 	D��)	�� 	A�#� 	�B#	x8��.!�0	8! 	Y��4	'!
	'0	�#�	�B#	xD���20	Y��4	'!	-"	z�7	q��1^	D��)	��	q�]7��#	�	��&	8%
	���%	'6S.%	-�./	�:#	'!	h�:&	�:#	>�	�	����C^	87�37"	$%�<�	+�#	DB.;�	���7

	A�#�	8.3%>�>	-"	���/	�1/	��	�	'T9�S%
	J��	K1% 	F��(&�7 	J� 	�� 	D��@(#� 	���% 	8�3:3&��B3; 	+�;	��� 	'! 	'/�� 	�!

����<:;	�	r!����	B:�%
Archive of SID

www.SID.ir

www.SID.ir


���

	���%	�	-"	J3!	5.0��	F'T9�S%	���%	'6S.%	��	8.3%>�>	-"	�3@30	�!	�UV%	$%�W
	8.3%>�>	-"	8�3:3&	[30��	�!	K0�E	+�;B.���	J��	824�	A�#�	��� !"	DB7>�#
	KB#	��	i�.%	AB.(P;	�39�;	87�0	�	��B37�	�	fge	8��@9�#	+�;	87�0	hM�7�
	87�	h��C�	B.7�%	+�Z�	+�;B.���	'!	F�39�;	hM�7�	�!	��N��	��	8.3%>�>	-"	��
	hM�7� 	A��� 	�CP7 	����	8%	�3C9" 	B.7�% 	KB#	>� 	8.d	+�;>M0�eM�	8)�>��;	�
	D��� 	���* 	�3Ui�	��� 	�� 	8.3%>�> 	-" 	8�3:3& 	�3@30 	N37 	���	KB# 	+�;	Y�@9�#

	A�#�

���� ��!"� �#�$%��&'��(����'����)*+�,�)�(�-.�!&+�&�/"�-�������)���0�+��+12!�3!'45�-���&�'

A'T9�S%	���%	'6S.%	8#�.&	J3%>	'�67	x�$<&

TDSClSO4HCO3NaMgCa	������
�������������t������t�����t�t������h��	D��)
��t�����������w�����ww������w����w�q��	D��)
w�w������t��t�w�w�����w������w�w�q�#	D��)
�w����t������������t����������t���q��1^	D��)

	[PE�!c	���3/	�&�	8.3%>�>	-"	X2( %	+�;	D��)	8�3:3&	[30��	J3Z7�3%	x�	h�B/
a�(39	��	q�)	823%

'T9�S%	���%	'6S.%	8.3%>�>	-"	+�;	'7�:7	'7�)��1^	+�;	D��)	��	87�	+�;	�CP7	J3Z7�3%	x�	h�B/

Ionic Ratio Group 1 Group 2 Group 3 Group 4

(Na + K – Cl) / (Na + K – Cl + Ca) L$#����P�U$#��XY����Z[���!�\!�"�!�����]Z���^�!

Na / (Na + Cl ) L$#_�X��ZP�&���Z&�[!�Z"�!��"��������"!�`�j�^�"!�Z��qZ��x{[����!

Mg / (Ca + Mg) U$#_�X�%����"�[�\!�"�!����

Ca / (Ca + SO4 )

>0.5 

X�
��[�&���Z&�[!�Z"�!��"����

Gypsum

= 0.5

X�%|]�&��P���Z�&"�Z�

<0.5

X
��[�&���!�Z}���~�qZ��x{[����!�Z��
��[�"!�

precipitation

(Ca + Mg) / SO4 L$#��X�!PZ�Z��"���"�Z��&����!�|
>0.2 and <0.8

X�!PZ�Z��"���"�Z�

Cl / Sum Anions U$#��X�Z[��\!�"�!����

HCO3/ Sum Anions
<0.8 and sulphate low

Xx}�]Z��"!��Z��^���!
U$#����P��&�]��"!�������X�%|]�&��P���Z�&"�Z�

TDS
<500

X�����[�"!�\!�"�!����
L_$$�X�
��^Z��"!�\!�"�!�����Z��^���!

���3/	�&�	8.3%>�>	-"	+�;	'7�:7	87�	+�;	�CP7	$32��	>�	$4�E	_�(7	x�	h�B/

D��)

D��)
h��

���
(cv = ����c ��t�

(cv = ����c ����
(cv = ���wc ��t�

(cv = ���c ���w
(cv = ���c ���t

(cv = ����c ����
(cv = ����c

����
(cv = ����c ��t�

(cv = ����c ���
(cv = ����c ���

(cv = ����c ��t�
(cv = ��t�c ���w

(cv = ����c ����
(cv = ����c

����
(cv = ���tc ��t�

(cv = ���tc ���w
(cv = ����c ����

(cv = ����c ���
(cv = ��t�c ���t

(cv = ���tc ����
(cv = ����c

��t
(cv = ����c ��t�

(cv = ����c ����
(cv = ����c ���w

(cv = ����c ����
(cv = ����c ����

(cv = ����	c ����w
(cv = ����c

D��)
q��
D��)
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