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6/42 8/231 6/57 6/7 710  5/461 295  68  2/19 0 9/29  �,
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1704  6/396 4/254 2/8  5640  7475 3450  600 468 4/23 2/1113  C	)�,
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3159 244  4/326  7/7  10070 6/6545  1760 334 282 7/11 1518  C	)�,
? 

1/832 1/133 4/130 4/7 1/2795  4/1793 6/651 1/127 1/80 2/4 5/328  �	���	
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4	U��' s,
< ��62_JD �	) �� 
	A6
 .�
) m	S�? 

{�_?�� .�D
6
���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� �,�D
6
���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  

.�
) ���
) ���� @�
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�
,� 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). 

14 



��������	 ���� 
�� �
������ ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

"���
) ������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

2+ � Mg
2+ �� ��_  

���#.�D ��� ��;� ���� .�) �,� 0�= �� ���62,�.�D 

���J�.���
) �+�U�9 1 � 2 (�4	
 ^,�� C	) �� 1000 

mg/l �
� �) �# �� 3,���`
 .�; �� 
G� (�4	
 Na 

��
9 ����� .��
��,� w#���,� (��� ��� �# �� C	)
? {�$� 

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

����� �U� �� 
G� SAR �,� 3 � �6,���`
 ����� � &' 

��	
�
,� X)�9 6��p���H .�
) #p.����� 
p�� �) .

C[).�D �U�J  )�<��� 0�J;���)' �<��� X��j? � 

�+�U�9 1 (� \K��
 O,�4� �) �7�,�� )�) �;�? �) ���� 

(�,
; &' ��	
�
,� ((�4	
 .��  � Na
+ .
?]�) ����� 

� �,�
)��) �) �;�? �) ���,� 
%P .��  �� 3 � ���
 

�TU�%
 X)�9�G=h
 �3�� �� 
G� �6a
� @��	5J? .�; 

�� ��J; �,��)' � nhS� .��U� 3�# .��
< 3��.  

I,�6� �_��`
 Na %(������D�. ��_5) 3	T<� &' �� �� 


G� �,� dP�  3�� .dP�  PI � KR 4	� 3	T<� 

�)��%
 (��� ����� .�5�? dP�  MAR� 
%P ^,4	�
 &' 

.��	)' �� .�
) 25 %���J��D ]�) (��� ��� �# .�� 

3	H	# }�P 
	W�? �H�
 ���� .���62,�.�D ���J�.���
) 

X���j? 0�J;��)' � (]�� � �<��� 0�J;��)' �� 
G� &
  

s���
�� ���) � .���� 3,���`
 ���H6�� �
�� �) .\_K 

I,�6� 3��) ��
' �� I,�6� XS�= �� �_��`
. 3_2�.�D 

�,�	J	 �fg (��� �
�D� �# �) �;�? �) ���,� �� 3 � 

4,
5# ������D � 0h`�� �5�? ��,'
a �,�	J	 ���	D 

sU�* 
) 3	H	# � �J	  &'.�D �$%�
 32	� .�,�
)��) 

�
(��? 
	W�? 
,�� �D��,�
a �
 ��J; 
	[_? �8	�� -�H� 

&' ��  �� 3J� �7�,�� � 0h`�� ���#.�D .
	[_? 

0
6�#����#. �J	  &'.�D ��	
�
,� �$%�
 ��� �
) .

^D�	�7 ����J� ����#�
F Ca
2+

+Mg
2+ �� X)�$
  

HCO3
-
+ SO4

2-(��� �
�D� �# ���
 Ca
2+ � Mg

2+ �) 

������D ���#.�D �?��)
# e_?

 ���) � 3_2� Na
+ �� 

X)�$
 Ca
2+ � Cl

- (������D�. ��� 0��_? ���, �	) 

&' � e	`
 3��.  

���H6�� �� s,
p< ��62_JD (��
	F �� �� ����. �)' 

�� 
G� �6a
� ��  �� �,� �TU�%
 (��� �
�D� �# EC 

�)TDS � Na
+� Ca

2+� Mg
2+� K

+ � SO4
2- ��62_JD 3_~
 

� �,]�) (��� �
�D� .SO4
2- �) �P
) �� (�, �D ��6_2� 

��62_JD �)�P (��� �
 �D� �# C	)
? 3	U�Ta .�D 

���2�� �� X	_9 3	U�Ta .�D ��6T�S &h<�a �D � �, ��;� 

�)�
	  .�D {�)

 �) �U�)� �D �
 �����? ���) C,�4a� 

3G�* �,� (�, �� &' .�D ��	
�
,� X`
 ���
 �TU�%
 

���  .�) �;�? �) ���,� (�	?�#�D �) ^D ��62_JD 3_~
 

� �,]�) (��� �
���D� �,�
)��) ���
 }
6�
 ('�D �� 

�
(��? 0h`�� ���#.�D .
	[_? ��� �
).  

���
)�D (��� ��� �# �) ��K ��# 3	H	# &' ��	
�
,� 

�� C[).�D �U�J  � \K��
 O,�4� �) �7�,�� CD�# 

(��� �
�D� � �,�) s	?
? ��
��	� nhS� l��.�D 

3�# � .�
;� @��	5J? ��] �
� �).   
  

��)��,R � �IG+  

	H	# .�$?�� 35; �� �# �,
�� �,� �
6`
 (����� ��3 

������ @���5��	F ��U�$
 �,� � 
��? �����J� �f��� .�

 ������9�
��  .  
  

1����  

��?�_��9' z )1383 (�	
�����  �(�
,� @����6�� (�
��� 

�	
�����  � @�a��6#� ����T
 586 �.  

�������� o.� ��_	�  ".� � ��#�# � )1396 (�)�,��� � X	�`? 

���� 3	H	# 8)��
 &' ��	
�
,� 3 � 
	�_+� .�
) 

o��u
 .�����# . �,
���6a�, .�D �,�� �	
� ����  

�.�
)��#  ����11 ���J  �21� � 114-124.  

15 



��������	 ���� 
�� �
������ ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

.
AS����$
 �.� � ��_`
 . )1395 (�)�,��� X
��� 
W�
 
) 

3	H	# �,�	J	  &' ��	
�
,� 3 � 4,
5# �) ���H6�� �� 

l��.�D .��
' � �,�	J	 ���	D . �,
���.g�U�fg���	D 

0�� �0�� ���J  1� � 92-76.  

��?���) }.� � Xxa��	� z )1395 (���
) (�4	
 3G�* 
S��� 

�� &' .�D ��	
�
,� �$%�
 ���6�' �	a
 �-(�5Hu7�# .

 �,
���6a�, .�D �,�� �	
� ����  �.�
)��# ���� 10 �

 ���J 19� � 40-50.   

��_	�  ".� �,�����F �.� ���	2= �.� � ���F
_#� � )1395 (

�)�,��� 3	H	# &' .�D ��	
�
,� .�6��� O�	# �� ]�) 

3�� X`
 �a� �U�)� .�D 
5  r���� �� 
G� o
u
 

&
  . �,
���6a�, .�D �,�� �	
� ����  �.�
)��#  ����

10 ���J  �19� � 92-104.  

��5U��_� �.� ��9h�9 �.� � "�_����E� � )1394 (

�J	 �fg���	D 32,� �%	`
 8)��
 &' ��	
�
,� 3 � 

���� )0�J  (�6�� (�

# .( �,
��e	`
 �����  )1(41 �

 �81-95.   

�
a���E� 0 )1397 (�)�,��� �,�	J	 �fg���	D 3	H	# &' 

��	
�
,� (�6�
5  ��$� �� Xua ^# �)' .(�,�F�
�� 

���� ��#�� �� ������� ��	
��� 86 �.  

�OU �.� � ��,�������?�P r )1395 (�TU�%
 e	`
.�D 

�)��� � s	#
? �)���  �7�,�� �	
��� �) � 
�� 
) �f��� 

���D�� s���
 35; �	=� .�,
�� e	`
 32,� ��T	_K 

)3 (69� � 835 -851.   

��,�<� �.� �.��,� �.� �.��+ � r.� � ���)�# z )1396  (

.�D��,�
a �f�	J	 �fg 
W�
 �� �J	  &' ��	
�
,� �� 

����� �?��)
# l�P�|h	, 0�J  (�
,� .e	`
 �����  

)2(43 � �219 -231.   

���jH+� (.� �)�
? ����F n.� � ��2��, n )1397 (�)�,��� 

l��.�D �	
� ��
' � ^62	� @��hK� �,�	a�
A; �� 

X	�`? @�
		A? ����
 � �$_K.��) 3	H	# &' ��	
�
,� 

)3 ����, ��a .(@�$	$`? 8)��
 &' �(�
,� 0�� �^D���57 

���J  1� � 257-262 .  

��H��, n.� ��� �# z.� ��

# �.� �	2=����� �.� � ����`,� � 

)1397 (�2,�$
. � ��5F.��) 3	H	# 8)��
 &' 

��	
�
,� 3 � ����+) �K ����.�D �U�2��P � 

�U��
? �) ���H6�� �� dP� .�D SPI� RAI  � PN .

 �,
���.g�U���	D�#� ���� 5� ���J  3� � 1005-993.  
Chadha, D. K (1999) A proposed new diagram for 

geochemical classification of natural waters and 

interpretation of chemical data, Hydrogeology 

journal, 7(5): 431-439. 

Ehya, F., Marbouti, Z (2018) Groundwater quality 

assessment and its suitability for agricultural 

purposes in the Behbahan Plain, SW Iran. Water 

Practice and Technology, 13(1): 62-78. 

Ehya, F., Saeedi, F (2018) Assessment of 

groundwater quality in the Garmez area 

(Southeastern Khuzestan province, SW Iran) for 

drinking and irrigation uses. Carbonates and 

Evaporites, 1-12. 

ElKashouty, M (2019) Groundwater quality 

distribution by geostatistical investigation (GIS), 

Nile Delta, Northern Egypt, Journal of 

Environmental Chemistry and Ecotoxicology, 

11(1): 1-21.  

Hem, J. D (1970) Study and interpretation of the 

chemical characteristics of natural water (No. 

1473). US Government Printing Office. 

Kelly, W. P (1940) Permissible composition and 

concentration of irrigated waters. Amer. Soc. Civ. 

Engin. Trans, 106: 849–855. 

Khan, R., Jhariya, D. C (2018) Hydrogeochemistry 

and Groundwater Quality Assessment for 

Drinking and Irrigation Purpose of Raipur City, 

Chhattisgarh. Journal of the Geological Society 

of India, 91(4): 475-482. 

Nair, H. C., Padmalal, D., Joseph, A., Gopinthan, V. 

P (2018) Hydrogeochemistry and water quality 

assessment of shallow aquifers in the western 

flanks of Southern Western Ghats, SW India. 

Arabian Journal of Geosciences, 11(4): 73. 

Paliwal, K. V (1972) Irrigation with Saline Water. In: 

Monogram no. 2 (new series). IARI, New Delhi, 

p. 198. 

Piper, A. M (1944) A graphic procedure in the 

geochemical interpretation of water‐analyses. 

Eos, Transactions American Geophysical Union, 

25(6): 914-928. 

Scofield, C. S (1936) The Salinity of Irrigation Water. 

Smithsonian Institute, Annual Report, 1935, 

Washington DC, pp. 275–287. 

Shabbir, R., Ahmad, S. S (2015) Use of geographic 

information system and water quality index to 

assess groundwater quality in Rawalpindi and 

Islamabad. Arabian Journal for Science and 

Engineering, 40(7): 2033-2047. 

Wagh, V. M., Panaskar, D. B., Jacobs, J. A., Mukate, 

S. V., Muley, A. A., Kadam, A. K (2019) Influence 

of hydro-geochemical processes on groundwater 

quality through geostatistical techniques in 

Kadava River basin, Western India. Arabian 

Journal of Geosciences, 12(1): 7. 

Wilcox, L. V (1958) Determining the quality of 

irrigation water. Dept. of Agriculture, USA, pp. 6. 

World Health Organization (2011) Guidelines for 

drinking water quality, 4th edn. World Health 

Organization, Geneva. 

World Health Organization (2003) Arsenic in 

drinking-water: background document for 

development of WHO guidelines for drinking-

water quality (No. WHO/SDE/WSH/03.04/75). 

World Health Organization. 

 

16 



��������	 ���� 
�� �
������ ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

 

 

Assessment of the groundwater quality resources in the Kahriz plain and comparing 

its trend over recent years 
 

R. Bahrami Nasab
1
,
 
H. Pirkharrati

2*
,  A. R. Abasfam

3
 and Z. Sheikhi

4
 

 

1, 2, 4- Dept., of Geology, Faculty of sciences, Urmia University, Urmia 

3- M. Sc., of Science in Regional Water Organization of West Azarbaijan, Urmia 
 

* h.pirkharrati@urmia.ac.ir 
 

Recieved: 2019/7/30       Accepted: 2019/12/10 

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. 
 

Keywords: Kahriz, ground water quality, Urmia Lake, agriculture 
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