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 &' .��	)' �) �,� X	U� �# 

,��$
 .]�) 
Mg

2+ 3_2� �) Ca
2+ &' �� ���
��. 

.��	)' .�� 3	H	# }�P 	W�? �H�
 �6 �Z� � }�P �� 

�) 3J� �,�	�9 (�  C	F �
��) (�	) �
��# )�	=� � 

��K�)
 2018 .(\_K �,� dP�  25 �S�� ���J��D �� 

3	T<� ���
��ps ��9 �p�6a��� . pdP� KR �� 

dP� .�D n%
 �� ��	
�. �)�,��� 	W�? 3G�* Na
+ 

�� X)�$
 3G�* Ca
2+ � Mg

2+ �� 3	H	# &' .��	)' 

�
� �) .�� �,� �TU�%
 �
�J? ���J��D �� 3	T<� 

s���
 ����) )e)��� 5-1 .(  

 %�� =
��� + ��

��	� +
�	� + �� +���
× 100 

 ��� =
���

���	� + 
�	�/2
 

 PI =
(Na� +�HCO�

�)
��	� +
�	� +�� + ���

× 100 

 
100

22

2

×

+

=
++

+

CaMg

Mg
MAR   

 �� =  !"

#!$"�%&$"
 

�
�J? e)��� s2=) ��	
 �#� (]�� ) 6	U �
�� �).  

  
  

%�,S 3. ����� c3���� ��d�+ �)DV �� /�2�� 0' ���� ���2��) �� �������� ����'  

95-94  92-91  89-88  
�$_K .��)  ��
�� 8)��
 6
���F 

 

   �U�� <250 

�w#���,� 1958  
EC 

(µs/cm) 

4/8  6/16  6/16  &�P 250-750 

6/66  6/41  50 ��+
 750-2250 

6/16  25 4/8  }���
 2250-5000 

4/8  6/16  25 s���
�� >5000 

3/58  3/58  3/58  &' �,	  <1000 

�^D 1970  TDS 
6/41  6/41  6/41  �6_2� ��  1000-10000 

   ��	2) ��  10000-35000 

   ��  >35000 

3/33  4/8  4/8  �U�� <20 

���	a���� 1936  %Na 

3/58  6/41  6/41  &�P 20-40 

4/8  50 6/41  ��+
 40-60 

  4/8  }���
 60-80 

   s���
�� >80 

100 100 100 ^# <10 

 SAR 
   e��6
 10-18 

   ��,� 18-26 

   ��	P ��,�  >26 

3/33  50 3/58  &�P >75 

 PI 6/66  50 6/41  s���
 75-25 

   s���
�� <25 

100 100 100 s���
 >1 
���	# 1940  KR 

   s���
�� <1 

75 75 3/58  s���
 >50 
�U�F �0�� 1972 MAR 

25 25 6/41  s���
�� <50 
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����#. .��  &' ���) � �) 3
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 .��J� 

.�) �$_K.��) &' �� G� SAR ���) � �) 3
h� S 

d[�
 �
��  .,��$
 4 -1 (������D�. �^# �e��6
 

��,� � ��	2) ��,� ��62D .�� z�J+
 16 "h# m�6[
 �� 

G� 3	H	# &' �
(��? �		T? ��# �# �� 4 ��� 

O	�H? �
���  .�,� �$_K .��) �� 0��; 4 (��� ���� 

��  3�� )�H��, � �(����JD 1397 .(\)�%
 �,� l�� 

� �) �� G� �6a� �	���	
 ,��$
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�^,�� �	���	
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��  "h# C3-S1 .�) D �� ����. ��#Z
 �
� �) 

�# �� X�  9 (��� ���� ��  3�� .�ZU \_K I,�6� 

3��) ��
' �
(��? ��5�� 3 �� �# �� C	)? {�$� 

3 � �4,5# 3,���`
 �%��6
 �� G� .��  ��;� 

���� )��  � ��	P�� (� �U� �� G� SAR �,� 3 � 

�6,���`
 ����� .�) �,� 0�= &' ��	
�,� �,� 3 � 

X)�9 ���H6�� .�) .�����# �
� �) .  

  

%�,S 4. �-9&,�� 0' 	) �f� 	���G� )�2��� � � )��I�� 1397(  

"h#  3	H	# &' .�) .�����#  
C1S1 �,	  - .�) .�����# h
�# �) W�  

C2S1 - C2S2- C1S2 �J# �� - .�) .�����# �_,$? s���
  

C3S3 - C3S2- C3S1- C2S3- C1S3  �� - .�) .�����# �) 0�J�� @��	5J? ��] s���
  

 C4S2- C4S3- C3S4- C2S4- C1S4- C4S1- C4S4  ��	2) ��  - x
 .�) .�����#  

 

PI� 9. =)�V��� g��I<��  

    

6 -4 - �9��X� /9!��� ���� � ������� 

��������hK��,��  

3G�* (�, .�D ��S� ��;�
 �� s	#? &' .�D 

���	
�,� �
 ����? �) (���� &�,�� s���
 .�) �		T? 

���
 � �)�,��� 	W�? "�J? &' �) Y�� .�D ���	�)�� 

�� �	= -�H� � (�,; ���
 ���H6�� ��9 ��	� .�� �,� 

�TU�%
 �)  ��G�
 �		T? .�D��,'a �,�	J	 �fg���	D 

sU�* � ^2	���
 ^#�= ) �J	  &' ��	
�,� �$%�
 

���
 ��TU�%
 �� ����J� .�D �,�	J	 �fg � 3_2� .�D 

m�6[
 ���, ���H6�� �  .�� X�  10 35; �2,�$
 

.�) D �� ����. ��#Z
 .�D��,�a �,�	J	 �fg���	D 

sU�* ���) �  .���) 3G�* Na
+
+K

+ �Ca
2+

+Mg
2+ 

3_2� �) z�J+
 (�	?�# �D )TA
1 (�� D �� ����. 

��#Z
 (��� �
 �D� �# �
�J? ���J� &' .�D ��	
�,� 

�$%�
 ���
 �TU�%
 �� .]�) eP 1:1 �6a���9 ��� .  

                                                
1Total Cation 

X�  11 3_2� (�	?�#�D � (�	�'.�D ��S� �� (��� 

�
�D� .35; ���) ���
 Ca
2+ �Mg

2+ �� &' 

��	
�,� �� D �� ����. ����#Z
 ����J� ����#�F 

Ca
2+

+Mg
2+ �� X)�$
  HCO3

-
+ SO4

2-���H6�� �  .

\_K X�  ~#� ���J��D �� ,� eP 1:1 ��9 �6a���� . 

�� X�  12 ����J� Na
+ �� X)�$
 Ca

2+ � Cl
- �� D �� 

����. ���
 �TU�%
 �f��� ��  3�� .�� 0�� 95-94 

,��$
 3_2� Na
+ �� X)�$
 Ca

2+ �	) 2/0 �? 6/1� �� 

0�� 92 -91 �	) 2/0 �? 6/4 � �� 0�� 89-88 �	) 5/0 

�? 7/5 	A6
 ���) � ~#� ���J�. &' .�D ��	
�,� �� D 

�� ���� �) �,� 3_2� �� ,� � O,�4� �) eP 1:1 ��9 

�
 ��	� .3_2� Na
+ �� X)�$
 Cl

- �� 0�� 95-94 �	) 

2/0 �? 3/4� �� 0�� 92 -91 �	) 5/0 �? 1/1 � �� 0�� 

89-88 �	) 3/0 �? 3/1 		A? �
 �,�J� .3	T9�
 ~#� 

���J� ) .�� ����J� +Na 3_2� �)  -
Cl �) eP1:1 

O,�4� �, �	,�F eP �
� �) .  
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7 -4- �M�!9��  ����#  

4	U��' s,< ��62_JD �	) �� 	A6
 .�) m	S�? 

{�_?�� .�D6
���F ��,�	J	 ���	D �)��? X= (�p  

(�,�D � �,����  ���
 ('�D ���) ��) �
��  .�� 89�� 

(�4	
 s,< ��62_JD ���	) ��;� �, ��� ��;� {�_?�� 

�	) �� 	A6
 3�� .s,< ��62_JD )r  (]�) )1 +�,1-  (

�) ��T
 ��62_JD &�P �	) �� 3H; 	A6
 �
 � �) � 

,��$
 O,�4� �) HS ���	) ��� {�_?�� �	) �� 	A6
 �� 

O, B%� ��T
 ��� )05/0p< (3�� .�)  ��K ��# �
 (��? 

3H� �,�D6
���F �# 7/0>r �� (��� �
 ���D� �) @��S 

��62_JD �.�9 7/0<r<5/0 ��62_JD e��6
 � 

5/0<r ��62_JD m	T< �� G� �6a� �
 ���  .

���H6�� �� s,p< ��62_JD (��	F �� 0��; 5 �� 

����. �)' 95 -94 �� G� �6a� ��  �� �,� �TU�%
 

(��� �
�D� �# C	)�,? (�4	
 ��62_JD �	) EC � 

TDS ���) )9/0>r (� �,�)��) �) C,�4a� ��, .�,� 4	� 

C,�4a� �
�)�, .^D�	�7 EC �) Na
+� Ca

2+� Mg
2+� K

+ � 

SO4
2- 4	� ��62_JD 3_~
 � �,]�) (��� �
�D� 

)9/0>r .(@�HU�� �) �P) �� (�, �D ��6_2� ��62_JD 

�,]�) (��� �
 �D� .^D�	�7 ��62_JD �	) EC � pH 

4	� .���$
 �H�
 �
� �) �# (��� �� ��� ��;� �%)�� 

^	$62
 �	) (' �� 3�� � �) C,�4a� ���$
 ��, �� (' ��� 

���$
 .�,� CD�# �
�)�, .  

  

%�,S 5. �M�!9��  ����# )%�� ��' 95 -94(  

 EC pH TDS Ca
2+

 Mg
2+  Na

+
 K

+
 SO4

2-
 HCO3

-
 Cl

-
 

EC  
1 

-

.187 
**998.  

**965.  **0988  **0987  **0914  **0954  -.098 487.  

pH   1  0187-  257.-  158.-  146.-  149.-  114.-  038.-  436.-  

TDS    1 487.  098.-  **954.  **914.  **987.  **988.  **965.  

Ca
2+

    1 **930.  **915.  **875.  **951.  089.  *657.  

Mg
2+      1 **977.  **925.  **928.  192.-  385.  

Na
+       1 **893.  **926.  180.-  401.  

K
+         1 **815.  040.-  .289 

SO4
2-             1 009.  567.  

HCO3
-                 1  .450 

Cl
-                  1 

 

5- �k�����V  

.�) ���) ���� @�		A? 3	H	# &' ��	
�,� 3 � 

4,5# �) 3T�� 115 6
��	# �8)
 89�� �� ���6
� 

�7�,��. �	
��� �# .�4; �� �<�= 4,)' �7�,�� �	
��� 

���) � ���) 3	H	# &' .�) .�����# � &  �� I,�6� 

12 ���62,� ���J�.���) �� �K ����.�D �)' 95-94� 

92-91 � 89-88 ���H6�� �,�� .B%� ��? &' 

��	
�,� �� ����. �)' 88 -89 3_2� �) ����. �)' 

95-94 �� 3 � �4,5# CD�# (��� ��� .  

s	?? �����a (�	?�#.�D ��S� �� 3 � 4,5# �� 0�� 

�)' 95-94 �) s	?? Ca
2+

= Na
+
> Mg

2+
> K

+ � 

(�	�'.�D ��S� -
Cl

-
>HCO3

-
>SO4

2 ��). ����,� 	F�F 

@�		A? V	? &' ��	
�,� �� �� ����. 0�� Cl
-
-Mg

2+
-

Na
 +� ����. ��� Cl

-
-HCO3

-
- Mg

2+
-Na

 + � ����. 

��� Ca
2+--Cl- HCO3

-(��� ���. �
(��? �	�7 

{�_�6�� �# �# �� �6 Z� �) X	U� ]�) (��) B%� &' 

��	
�,� �� 3 � 4,5# 3_2� �) 3	T9�
 ����# 

0h`�� �� ��5F.�D ��J� C	)? ���) � V	? sU�* &' 
+

Na -Cl
- �
� �) .�) 3 Z� (�
� � CD�# B%� ��? &' 

���	
�,� (�4	
 nh
� 0��`
 �� &' C,�4a� �6a�, 3��. 

�� �	� 0�= "�J? &' �) ��5F.�D ��J� � ��� 6J# 

��  � �, &' z�_ � �� +Na -Cl
-
  +�
 �) �?��	�� �) �a 

NaCl ��  � �� 3,�5� �� 0��.�D 	P� V	? &' �) 

Ca
2+

-HCO3
- 		A? ���J� 3�� � 4	� �
(��? �	�7 

{�_�6�� �# �# W� X)�$6
 &'- Y�� X	U� ��J� 		A? 

�� �J	 ���	D &' ��	
�,� �
� �).  

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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"���) ������6�� WHO ���J�.�D &' �� G� pH �� I�� 

������6�� ��9 �6a���� � ) .��_
 EC� 25 %���J��D 

X
�  ���62,�.�D ���J�.���) �+�U�9 1� �k �9 � 

�<��� X� �j? �� 3	T<� &��%
�� � s���
�� ��9 �6a� 

� ���� @�		A? EC �) 3J� �7�,�� �� 0�= C,�4a� 

3�� .�,�)��) �� �,� �$%�
 �) �;�? �) ��,�4� �) 

�7�,�� ��	
��� �	,�F �6a� B%� &'.�D ��	
�,� � �� 

�+	6� -�H� &' ��  �� 3J� �,�� � 0h`�� ���#.�D 

��J� �� �
(��? XJ6`
 32��� ."���) (�4	
 TDS� 

6/41 %���J��D D �� ���� X
�  {�$� ���J�.���) 

�<��� X� ��j? ��k �9 �+�U�9 1 � 2 � X� �j? 2 �� 

���. �6_2� ��  ��9 ����� .���� @�		A? TDS �)��
 

���� @�		A? EC � ��_U�* �� 35; (�,; &' ��	
�,� 

���$
 ('�D C,�4a� �
�)�, .�
(��? �+	6� 3a� �# 	W�? 

.�D��,�a �T	_K �� 		A? �J	  &' ��	2) ?W�
 �� 

3	U�Ta.�D ���2�� ���) 3�� .s2=) �	
�����  

3 � �4,5# ��5F.�D ��� �� �$%�
 ��62� ���) � 

0�J6=� ��,4�,�; Na
+ �) .�; Ca
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Abstract 
Kahriz Plain is located in the West Azarbaijan province along Urmia Lake and is part of the Urmia 

Lake catchment. Given the proximity of this plain to Urmia Lake and changes in groundwater level in 

this region, this study aimed to investigate the quality of groundwater from the results of 12 sampling 

stations during three dry periods (September) of 88-89, 91-92 and 95-94 was used for comparison. 

The results showed that the water type was Calcic-Magnesium-Chlorate in the first period and 

changed to Calcic-Carbonate-Chlorate type indicating the interaction of water-rock in the region. 

Groundwater quality for drinking and agriculture showed that due to high salinity and sodium content 

in all three periods, the northern part and areas leading to Urmia Lake were not of good quality and 

had limited use. The direction of groundwater flow in the region is from west to Urmia Lake, and thus 

the amount of electrical conductivity along with the total soluble solids increases from west to lake. 

The highest correlation was observed between electrical conductivity parameters and total soluble 

solids (p <0.05 and r = 0.9) and ions were highly correlated and had a common origin. Investigation 

of indices of sodium percent, sodium uptake ratio, permeability, magnesium risk and Kelly ratio 

indicate low to moderate limitations in groundwater use in irrigation systems. Groundwater quality 

based on geochemical ratios is one of the factors controlling the effect of evaporative minerals 

dissolution, extensive evaporation, and probability of saline water infiltration. In terms of electrical 

conductivity, 25% of the samples are in poor condition and show high to medium restriction for 

northern areas including Goltapeh and Jamalabad, Ghushchi and Qolghani areas. Therefore, 

different methods such as leaching and modification of the cropping pattern are needed. 
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