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 ������ . � ,�;J��.=� /0�	 �2	1�7 �DCE �2	=9 � �) �)0 �C%�  ���	�	�2K�B	5 L�2> �>� �@=2�= �)0 89�   �M>� �DCE

,	A�? #�BC5 �9 �� B	=  �)J��.=� /0�	 .� . N���=@ �2� ��� ��O= �C7 @7  ��<�) @=2�= 89 0�)� �2	1�7 �DCE   .M=�� �� �C%� 0�)
Ca > Mg > Na+K �2	=9 �  .=�� �� �)HCO3 > Cl >SO4 �� 0��	+ .�7 . ���	�	���.	) P	1 @M=2�=  �M)0    @M1���K	 BM	= 89

 ,		�1 Q	�C7�. .� ���	�	���.	) #�
?��� �� R%�S N���= T�?��  @7 .� UVO�.����50�) W�? 6X�=�  �=2M� 6��
1 � �)� 
6���7 T2K�� J.��7 �)0  �C%�Y��	� @=�>��� 89 �.=. �,	A�? #�BC5 �DCE �D= � B	=�     �2MZ �M1�BC5 �MDCE @7 ��� ��O= N���=

Q	�?�9 � 	���72�� (��B5� @=�>��� 62� �� [ � .� @7� N���= T�?�  R	C�1$\]�<  �CM%��    BMC5 �� ,M��  ^MO�� ��M�K�  � _�1.M�` 
���=�  ���)\��5�	 0�) 0����O7( ���.= .@ @c21 �  R	C�1 N���= ,	�G�) � #�BC5 ���? �DCE #��		F1 .=��$\]�< �C%� ���  ��2M1 

 @7 �5�/ @d	�= ���?#�BC5 @�\�e� J.� _�1.�`  @=�>��� 89 ��^O��  ��	
����.= .  89 �M	$	7 ������  �M;��7�7 <M=�>���   �MD= ��
0��	9  UVO� B	=��7 @7  89�;��7�7 <=�>���  �;�S 6�S �� :?��� 0����O7 �� J��$�?� 0���?�.  
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1 .J3�K3  

@=�>���  �� �)[2 @=���?  0�)gh�   � :	M?9  ��iM+   RM>��
 �KMMMO>8�MMM�S @MMM �MMM� .MMM��9 .�MMM/*��  0�MMM)

�	MM�� ,MM�� ���	�	MM�234��.	) �MM) �� �MM)  ��.MM����5 
 ��	
��	E � ��	
� �j^���?�.  ��.����5  �M�	
� 0�)

��    W�M? 6XM�=� �M� �/���2) @ ��21    �� �Mk�� 0�M)
     �M		F1 �� �M�h� (Ml= @M7 ��7 J���� @=�>��� �	��

 89 ���	�	MMMM���.	) :MMMM	7�1  � �MMMM) L�2MMMM>
�9 ���	�	�2K�B	5 �� �$�� �) �7�. .  �M� ��	
��	E ����

���=� ���  � B	= ���M7����   J.M��m9 n�2M=�  0�M)   � 0BMC5
E0BC5�	  :Mc2�   �M		F1�2>�� MDSX� < �M/*��   0�M)

���	�	�234��.	)  @M=�>��� 89     �M	$	7 :M��V1 � �M)
�9 �) �� .=2� )Li et al., 2009( .    �M	�)� @M @Mc21 �

 � �K�42\27����� @=�>��� �e	��    �� �9 (Ml= � �M)
9 ,	�^MM1    � �MM?�� ���MM�=� ��MM	= ��2MM� 8 <MM�\�e�

��MM/*� 0�MM)  �MMDCE � ���	�	MM�234��.	)m9J.MM�� �MM) 
)@ �J*� m9J.��  0�M)  0BMC5 (�9 ��     0���M; 0�M�� �M)

�?�.  
 <=�>��� ��;��7�7  �9 0�� ()�*M+ ,�� @7  [�Md=�

@�5�/�  � ���?�\ ���?� ��62� ,	  0�)48  � @c��
12  �MM1 @MMl	k�49  � @MMc��00  <MMl	k� � �k�MM�32 

 � @c��22   �M1 @l	k�33   � @Mc��52   <Ml	k�  p�M`
 ���k �\������� . �� �OV @=�>��� ,��  <M;2S  BM��9

 �?� @>�7 �	?�@7  ��<����  J27 �)0   ����Mk � ,/��
[�> q�� ��    �M� @�MOZ�? ��M9  ��M	/ .  62M�  ,M��

�@=�>��� 85 � ���2C	7  �
��l1 �S��� <;2S  BM��9
 ��.MMMS �91148  �MMM?� �MMM�����2C	7 . �MMMD= ��

��,	  ��M��>��  ��  <Mle�� @M�\�e�  J.M�  QM)9  �M)0 
�MM����� ,	\2MM�	��� � ���  �@MM?�1�7 ���QMM)9 �MM)0 

J�21  0���?9 .=��? 0�),? � ,?2A	\�( ��5�9  �M)0 
 0��MM	�V 0���2MMCA�7 � �=�1�2MM7)�MM ,MM? ,MM?2	C+ (

r� .=��� �2�=. RK� 1 <Ol= � ,	M��   �M?��� M;2S <
�� ��O= �� @=�>��� ,�� B��9 .)�.  

�MMM;��7�7 <MMM=�>��� �MMM
�� �CMMM%�  89 ,	�^MMM1
 � �=.	���90����O7  ��  <Mle��   � �M?� 0.M=2CFZ

�C` ,�. Y�	�� 62� �� �9 ��,	  0�M)   � 0����MO7
s�  �) ��� �2Mc� 0���� 0�)��?�� ,	�G�) � M=  @M7 .
V1 <	C8�=���    �M� �M) 8XM;�5  �M)0  �9 �� �Mc��>   �M)
�� .=�21  :c2�   ,M�� 89 �M	$	7 �		F1 � �.� J�2\9

 @=�>��� �2M� .      �M?�� �()�*M+ ,M�� �CM%� -.M)
�	$	7    #��M		F1 ��M���� ,	�G�) � ���	�	���.	)

89 �� ,	A�? #�BC5 �DCE  ,M��   � @M=�>����1 ,	M	 
^O�� �?� #�BC5 ,�� �\���S�.  
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�3.� �4�5!��� 6�7 8*.�* 9: �� 6�����  
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2.  � ���3L�� ��  

     �M	$	7 �M �j]M� RM��2` �?�� � ������ �2D�� @
 89 ���	�	�234��.	)�;��7�7 <=�>���  .���� � �.��

 ,	�G�) � �����% <�\�e�@Ol=  ,	M�� 0�)   �M?���
 R�� ��5��/2+21 � �A�M��� J   @M=2�= 0�M)   0�� 0����M

 <Ol=��,	 �?���  � .� ,		�1��  ���h=15  J�A����
 0��@=2�=  ����M0  �� 89)  ��M9 ��1391(   62M� ��

 @=�>���8�V�=�  .�)RK�1(. @=2�=    @Mc21 �M 0����
 J�� ,	MM�G�) � �A�MM? 0�).MMS�� �MM��21 @MM  0�MM)

     [�Md=� @M=�>��� 62M� �� gD�M� #�2% @ �?��?�
.�. @=2�=     �MC+ -��Mt �� J��$�M?� �M 89 0�)   ,C	M1�

500 �MMC	� �MM�c 0�MM�	\ .=.MM� 0��9.  0�MM)������+
��	�	�2K�B	5  R��M� 89 �pH    �MK���K\� ���.M) �

)EC(1 g) @=2�= � ���� J��.=� 0����   0�M	/ .=.M� . ��
 @=2�= �� J�A���� �) @7 .� ����� <=2�=  ��.M 6��

  �2M	=9 �MDCE ,		�1 �hc � .	?� ���7 @5�;�   � �M)
�2	1�7 �)  89 �7�M� J�AMO����9 @ �C%� 0  ��M?��� 

.� 6�?�� T��5 .<=2�=   BM	= [��  0��M   #�BMC5 B	\�M=9
 �� ,	A�?.� @�5�/ �D= .�2D�� ,�.� @=2�= �.��  �)

 �5�% �� J��$�?� �45/0    �M vwM? � ��C	5 �����K	�
 ���7 @5�;�?�Q��.��C7.	 90  .=.� 0.	?� .%��

)�MMM%��` �MMM	
x1 �MMMhc( )Hounslow, 1995(  �
��  y�� @M @�Bd1 0�� ���h= � zM	  �d�M?   8iMc

�MM�1� )AAS(2 89 �7�MM� J�AMMO����9 @MM MM?����� 
 6�?�� T��5.=.�.  

3. M2�$   

 6�.c ��1�  �DCE=9�2	 �)  �1�7�2	  0�M)   �CM%�
   ���	�	MM�2K�B	5 0�MM)������+ �MM>� J��MM�) @MM

@=2�= �?� J.� J���9 89 0�).  
���) �2� �?� UVO� 6�.c �� @7�  ,	A=�	�

pH @=2�=  ��.S 89 0�)33/8  ,�� �� @7 �?��D= 
�)< @=2�= �) ��.M�� �� 89 0�     �Mx�> �M1 ���M	Ck

 ���k�� .=�	/ .@=2�= �K���K\� ���.)   BM	= 89 0�)
 ��376  �MM1609  �MM T2MM���K	��=�MM?�  �MM�� �MM		F1
�� .�7 . ��<�) @=2�= 89 0�) �2	1�7 �DCE   0�M)

   .M=�� �� �CM%�Ca > Mg > Na+K  �2M	=9 �   �� �M)
 .=��HCO3 > Cl >SO4 +�� 0��	 .��7.  62� ��

 :CE� �DCE �@=�>��� �	��=9�2	  � �)1�7�2	  0�)
   �=�MM?2= .M=�� �CM%�����  � �Ml5   �� g	MM�C7 �2M�

�?�m�        ��MO= �MO��B5� .M=�� ,	��M+ ��M? @M
�� .)�.   �M	�k2� @ @c21 � @M=2�=  �M)   ���2M�= ��

 �w��MM+)RKMM� 2 ( J.)�MMO�MM�� @MM7 �2MM�  <MM�)
@MM=2�=  MM�2/ �� 89 0�MM) <  (MMV PMMZ ��MM?

0�2\   ���Mk ���2�= ,�� RK� M��  .M=�	/    ��MO= @M7
�� .)� _m��   PM	1 <M�)  @M=2�=  �M)0  M�  @M1���7  �

���>�� �9    �M?� Q	M�C7 �))    �2M��>� �MC` @M
���MM�/� W�MM? @MMle�� �� �MMK)9 0�MM) ( �=�j_�MM	 

@=2�= �) �k2� ��V? 0���� �.=. 

 G�CH1 .��
�� I���*� � ,
5*�
�  � ����.
*: �?=@ �.
J�1 � �7  ���
�
�.&�<
> 6�7�!����K 4���7 8� �=L� �74��C*� M6�
  4C�

8*.�* ��  9: 6�7�-��1�1 +*�2��� ) ���:1391(1      

 4�5!���8*.�* �����62 pH EC 
(µmohs/cm) 

3 TDS 

(mg/l) 

Ca2+ 

(mg/l) 
Mg2+ 

(mg/l) 
Na+ 

(mg/l) 
K+ 

(mg/l) 
HCO3

- 

(mg/l) 
Cl- 

(mg/l) 
SO4

2- 

(mg/l) 

,	A=�	� 33/8  6/439  46/293  26/69  72/16  25/12  14/1  46/235  9/34  65/26  

��	�� -���=� 39/0  43/68  54/45  62/10  18/5  40/11  31/0  10/17  57/18  60/10  

@�	O	 76/8  609 407 84 30 03/37  56/1  4/268  225/69  76/41  

@�	�7 5/7  376 251 50 6/9  69/0  78/0  45/210  425/12  2/7  

                                                 
1. Electrical conductivity  
2. Atomic Absorption Spectrometry 

 

3. Total Dissolved Solids  
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�: 6��  

.=��� n�
�� �\�S @ Q��B= �� n�
��.  
.����5 6�M��7 ��	
� 0�)  .M��7� 

89 ���	�	� :	7�1  0�)�e?� ��  6.�) ���2M�= (
Gibbs, 1970 (B	=   �M� J��$�M?�  �2M� . ��

 �
M�=   0�M)Na+- Cl-  �Ca2+-HCO3
- 

�   :M�Smg/L (  �M� ���Mk  ��M	/ 

Rasouli ( . 6.M� ,�� T�?���  M�)< 
 @M�\�e� 89 0  J.M�   �/���2MM) (MV ��

.=� ) RK�4.( 
(�7��+ 0�)���2�= �� J��$�?� �4 �
M�= �   0�M)

    �MA�� 0�M)������+ �M>� ,�5�/ �D= �� � � �=2�
TDS �MM� BMM	=  ��2MM1 �\�MM��S� ^MMO��

 �2� @ �� 89 �� 62C�� 0�)k�|	 0�1  ,		�1
 ()�*M+ ,�� ���  �� �
M�=  �M)  �=2M� 0��

�

���
  �

 ���?��� �2D�� @^O�� �2� �\���S�  �� �)
@�\�e� 89 0�) J.�     N��M�= @M7 .M� J��$�?�

�?� J.� J���9 8 � z\�. 

                                                 
4. scatter diagram 
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�� ����� ���
�� ���� 	
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 %&�2 .�
�3.� � �N��K ���.�* 8*.�* 8�E�O� 6�7 4C� �: 6��

.����5 0�) 6�M��7  .M��7�   :M	7�1
@MM=2�= �MM) �� 89 0y��  
MM?���< 
 � =�M7�   ��M) 
M?���<   �M>�

     J��$�M?� v
M	/ ���2M�= � L�M> �=2� 0

�/.�1 @=2�= �)  @M �
�= 89 0
.��c 0�)��5 ( ��e�� <1 �?� @ ��   .M�9

Neupane and Donahoe, 2013(.  

 log
IAP

Saturaion Index
Ksp

=  

IAP2 R%�S 8�;  �=2� @��2	�7�
�MMM?� 6��MMM�1 �MMM�j .RKMMM� 3  ����MMMl�
U>�� ,�� 0�� J.�9 ���   �� J��$�M?� � @7

PHREEQC  @
M?���  J.M� )Parkhurst 

and Appelo, 1999( � ��O=�� .)� .���)  �2� @7
MM�)< @MM=2�= �MM) @MM �
MM�= 89 0

     �M\�S �M	=2/��9 � �M	�2\�� ��	M�C7

                                         
1. Saturation Index 
2. Ion Activity Product  
3. Solubility Constant  

.=��� n�
�� �\�S @ Q��B= �� n�
��
 �?�� 0��.����5

89 ���	�	� :	7�1
 v
	/)Gibbs, 1970

���2�= ,���  �
M�=
� R�l� �TDS )�
)Rasouli et al., 2011

 @M=2�=  �M) @M�\�e� 89 0
 ���k W�?�� /	.=�

(�7��+ 0�)���2�= �� J��$�?� �
    �MA�� 0�M)������+ �M>� ,�5�/ �D= �� � � �=2�

 .MM�=��pH  �TDS

��2  �2� @ �� 89 �� 62C�� 0�)
��7.  ()�*M+ ,�� ��

��	

�

��
�
  ���?��� �2D�� @

@=2�= @�\�e� 89 0�)
 RK� �� �95 �?� J.� J���9 8 � z\�
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 ,		�1 0��.����5
) ���	�	MM���.	@MM=2�=

 U>�� n�
M��  /.M� �
�
�= �)     J��$�M?� v
M	/ ���2M�= � L�M> �=2� 0

.�.  
n�
�� U>�� �/.�

=�7�  �)).��c 0�)��5
)Neupane and Donahoe, 2013

)1(  

 ,�� ��@e�� �IAP

 �Ksp
3 �MMM?� 6��MMM�1 �MMM�j

@ �?� U>�� ,�� 0�� J.�9
[�=  ��BM5� PHREEQC

and Appelo, 1999

 UVMMO��MM?�� MM�)
=�7�  0�M)      �M\�S �M	=2/��9 � �M	�2\�� ��	M�C7
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6�7 P�1�� QK��  

  
�: 6�� 

  
;�RE.0 ����� �� S
�=1 ;��

TJ ���.�*  

 ,
5�0 ;�<=> �?=@ � ��
�.AB��C
79: �� �-��1�1 +*�2��� )��!0�E ��!0�(  

 %&�3 . ����)�8�0��� C�  U2��V���� MC�� )SI(  6���*�1� 6�7

 %&�4 . � W�
M ���.�*M���3
� 68*.�* �78�E�O� 6 4C� �: 6��

5) .YE� ( ����� �� �=1 ;��

TJ ���.�*S�C0 �)9 (;�RE.0 ����� �� S
�=1 ;��

TJ ���.�*

 ,
5�0 ;�<=> �?=@ � ��
�.AB��C
7

 %&�

 %&�5
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 G�CH2. 5�0 ;�<=> �?=@,
 8*.�* �� �76 8�E�O� 9: 4C� 

)��)��� ��  Z�/µg/L( 

Stations As Zn Ni Pb Cu Cd 
1 6/2  16/0  4/3  6/8  1/1  04/0  

2 6/2  29/0  1/2  3/6  0/2  06/0  

3 6/3  23/0  7/2  3/5  5/0  08/0  

4 9/2  32/0  2/6  5/5  7/0  07/0  

5 5/3  87/0  0/3  2/5  4/0  07/0  

6 7/4  7/1  5/2  7/5  6/1  11/0  

7 1/5  57/0  1/5  8/6  8/0  11/0  

8 5/4  92/1  9/0  2/6  5/2  12/0  

9 8/3  29/0  9/0  4/6  3/1  11/0  

10 3/5  54/0  5/1  4/6  2/1  14/0  

11 7/6  24/0  1/3  0/6  1/1  11/0  

12 2/6  30/0  5/1  3/6  4/1  14/0  

13 6 17/0  6/1  3/6  1/1  14/0  

14 2/6  41/0  1/2  8/6  5/1  15/0  

15 8/5  35/0  1/2  5/7  6/1  19/0  

,	A=�	� 63/4  56/0  58/2  35/6  25/1  11/0  

ARW 62/0  6/0  8/0  08/0  48/1  08/0  
  

   <MM�Bd1 N��MM�= �,	A�MM? #�BMMC5 �MMDCE �MMD= ��
 � ���	�	MM� �9 �MMDCE ,	A=�MM	� �MM @MM���l�  �� �MM)

 @M=�>���   ��Mhc 0�M) )ARW(1 (Gaillardet et al., 

2003)  6�.c N���=2  ��� ��MO=     ��MO	 �MDCE @M7
@�\�e� #�BC5  J.�@=2�= }�l= ��O	 ��   .MS �� 0����

�?� @�5� �1��5 ,	A=�	� ,�� .  RKM� ��6  �BM	=   .M=��
 ,�� �DCE #��		F1 #�BMC5     ��MO= @M=�>��� 62M� ��

    @Md	�= � ~M� (MV �� @M7 �?� J.� J���   0�M	/
)BC5 �) 0�� (.� .)�2> �?��. 

 R	C�1 0��J��� �)0      �� #�BMC5 �MDCE @M }2M��
 y�� RMM	C�1 <MM$\]�.MM� J��$�MM?� �CMM%� . y�� ,MM��

�� J��� ���� ()�7 ,�; .=�21     #�M`X�� �@M	\�� 0�M)
0.	$� �����    ,	M �M��� � ���>�M?    @M3��� 0�M)�	F��
 .M)� .  RM	C�1 ��  <M$\]� �CM%��   J��� ��M�� ()�M7  �MM)

�9 �.MM=�>�Z |MM��� �� _m2MM���  0�MM)�2�� 62MMS �MM)
#�MM��V� ) y�� @MMVarimax( �MM� [�MMd=�  �MM1 �2MM�

,�.MM   �MM� �MM)�	F�� ,	MM v=�MM���� �MM� #��MM$1 :MM	1�1
@$\]�  �2M� J.=�?� �x7�.S @ �C%� 0�).  @M$\]�  M) ���

                                                 
1. Average River Water 

�� �� 0��O	 .%�� @7  L�M��>� �2> @ �� R7 v=���
��     �M� �M	�)� .M�)� <M
1��2   0��MO	 .M=��� .  N��M�=

 R	C�1 �� R%�S <$\]� � �C%�J��� �)0   #�BMC5 �DCE
 6�.MMc ��3 J���9 �MM?� J.MM� .()�*MM+ ,MM�� ���  ��

[�=  ��B5�SPSS   <VM�=21   RM	C�1 0��M    0��M�9 0�M)
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G�CH3 . 80 �� �7�
T!� 6��QM��� ����)�RE[� �=L� +

\��]!0� 4C� 

4 . � OAP$ JQ� R%�/  

4. 1 . ���SSSSS���������JSSSSS ��  �SSSSS�R  � ��
��2�%� R��T%$�� ����: #� 

@MM N��MM�= T�MM?�� �MM?�  U>�MM� <
MM?��� �� J.MM�9
n�
�� /.���  @7 .� UVO�@=2�=  �M)0   �
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 .=��� ���k n�
�� @ Q��B= �� n�
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5/0± �e> (��O= @7 .�)�� ,�� @7 �?� �9 =�7�   �M)
? �� 89 �MM T�MM�1 �� � .MM=��� �2MMc� g�MM�	  � .MM=�
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 @7 �?����@=2�= �)0     ,M�� @M �
M�= 89 =�M7�  �M) 

 � .=��� n�
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2. eignvalue 
3. rock-weathering 

8RE[�    

3  2  1    

063/0  05/0 -  901/0  As 

121/0  129/0  935/0  Cd  

438/0  778/0  675/0-  Cr  

297/0  847/0  252/0  Cu  

249/0 -  858/0  075/0 -  Zn  

970/0  630/0  031/0  Pb 
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Hounslow, 1995 ( @MMMG=��ZNa+  >Cl- .MMM��� 
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       �=2M� 6��M
1 � �M	
\9 .M�=�� �M	\�) �� �M	E 0^O��
�?� J.� R%�S ��	
�.    (�7��M+ [��/�M�� ��Na+ 

RKMM� 5 zMM\� ( �MM> 0�� @MM7 ���MMl=
�� ���k .=�	/ �	\�) 6X�=� �� ���=   .M=�

�� ���k �> ,�� 0m� �� @7 ���l= � �	/.=�   �MDCE
 .=���    g�.M? @M7 .��M�) ,�� ,	
� �
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    6��M�1 �M> ,	��M+ @7 ���l=  �M� ���Mk  .M=�	/   �MC7
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1

�?�.  M     �� }�Ml= �M	�k2� @M @Mc21 �

 ,
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TJ C*��  G.� �� 9: 6�7

  89 �MO�K�)� <Me��    � W�M? MM
  ���	�	M� :	7�1 6���7 �� 6X�=� .����5 ��2

89 �� �C7 � g�.? N���    _�M
\�E �M�	
� 0�)
 �M?� �	\�) �=�7 6X�=�.     �� ,	M�G�) �2M� �� ,M��

 8��2M�  �M) �M��� 89 �    6XM�=� �M�
   � Q�.M? 0�M) =�M7�  �M)0   8�M	�7

 ̂MO�� �MM�   .M=�	/)Hounslow, 

W�? 6X�=� �)�    g�.M? �MDCE
 |��� �� �?� ,K�� 89 ��.����5   �=2M� 6��M
1 0�)
 ��	
�) 6�M��= (  (��BM5� 89 ��

89 �� �V? 0�)�  g	�C7 0��S @7
 g�.? �9 ,�BA��Mc   �M) �M�   �2M� �
�� m� 89 �� �9 �DCE ���.   g�.M? �DCE ,	�G�)

   �M� T2MK�� �=2� 6��
1 |��� �� 89 �� [�M=   �/.M�
 �MM� ()�MM7 T2MMK�� .MM��.   2CMM�=�) �MMD= |MM
�

)Hounslow, 1995

� 6��
1 �	j^1 ��1 89 :	7�1 _m���S�
[�=     @MG=��Z � ���� ���Mk T2MK�� �/.�

 �.����O= .�)�� 
Na+  <Cl- .MM���

       �=2M� 6��M
1 � �M	
\9 .M�=�� �M	\�) �� �M	E 0^O��
�?� J.� R%�S ��	
�

 �MM�� ��Cl- )RKMM�
 6���1)1:1 (�� ���k

�� ���k �> ,�� 0m� �� @7 ���l= �
 0��O	 g�.? .=���

 �A�� ����� �� ���=
 �=2� 6��
1�� �	\��5

    6��M�1 �M> ,	��M+ @7 ���l=
 0��O	 .=��� ���O=

 T2K�� �=2��?�
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5�0 ;�<=> �?=@ � ��
�.AB��C
7

%&�

 ��MO= @7  .M�)��   89 �MO�K�)� <Me��
:\�E   ���	�	M� :	7�1 6���7 �� 6X�=� .����5 ��2

�?� @=�>��� 89.  
^O�� 89 �� �C7 � g�.? N���

 �M?� �	\�) �=�7 6X�=�
 �2Z 0�A�� ���� 8��2M�

#�K	C	? ���    � Q�.M? 0�M)
)  .M�=��NaHCO3 ( ̂MO��

1995(.  �� �	E.����5 W�? 6X�=�
 |��� �� �?� ,K�� 89 ��

 �� ��	
�[�= /.��  ��	
�
.��� @ �2�0 @7 89 ��

 g�B	�� ��.���)  g�.?
�� m� 89 �� �9 �DCE

   �M� T2MK�� �=2� 6��
1 |��� �� 89 ��
 �MM� ()�MM7 T2MMK��
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 RK�)5 z\�(  @M=2�= ��O	  89 0�M)    �M> ,	��M+ ��
 ���k 6���1�� /	.=� �� ��O= ,�� � .)�    �MDCE @M7

@=2�= �� �C7 � g�.?  89 0�)�1.�` _ � .M����5   6��M
1
�� 6���7 T2K�� �=2� �2�.  
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SO −
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2
4
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   ,	MM	�1 0��MM BMM	=� ^MMO�� 
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 �/� �
�=Ca2+>SO4
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�� ���k .=�	/  6X�=� �� ���=vw�4 �  @M7 ���l= � .=

  ��MO	 #�$\2? .=��� ���k 6���1 �> 0m�  .M=��� �
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1 ��

�?� J.� ���>.      �M> ,	��M+ @M7 ���Ml= ,	�G�)
 6���1  0��MO	 g	�C7 .=��� ���k  .M=���  @M7 ��MO= 

�� .)� �C7	g �� O��^�)0     vwM�4 �� �M	E 0�MA��
) 6X�=� .�=��=�7� �)0  �2Z  �M� �	�2\�� � �	�C7
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4. 2 . JS ��  �� ����� ��	
� �
�   �� R�S�
������� � �!���  

 <MM���l�  ,	A=�MM	� �MM 0�� � vMM� �g	���MM7 �MMDCE
@=�>��� �� �%��` ,�� �=�hc �)   �M� ��MO=    @M7 .M)�
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