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&�/��/ . �1$�2� ����  ���! �3� 45�� '� ��$��� �� 6&���/ 1 45�� (92:� ������ �;� $� �1�  <��

.� �$�') �
%= �� &���  '2��=�� 45�� (�  �;� $� �1��: % ��� ":�3�� ��' $'�� ' $�9? ��$�@�&:�
A �B��  '

�
�� ��: % ��� ��=��� 92 �$�'%: �� &��� )Kribek et al., 2010 .().� ������  ����  )��( �:92 ���

�/ 6%�� ���D* ��E=� F
 !��� ������ ' &�"=� $��&��� ����  �@�
� A�� %G�H �� �1 �� �'�I( J����I�  �&��1

�'$ �/ �K� ���;4( L=���$�  ���M&�� �� ) &�$�N�Chakraborty, 2009%��:  .( L"=� �'$ ��&:� ���   ���

	�  $�@�� �$�@�&:� �� &:/ �D�( %�� !@K� �D�� ���;4( ' �$�� �&
&� �;� �:92 ���  &
&� ���;� .���

J&:� O'$ �/ ���  �$�1 J&:� ���  ����  �J&:� <�� P�� �J&:� <�� �$'��  ��$�1Q��R"��  ���/ O-( �M&�

,�"�1 ) %�� �"=/�' �S.� ���$�"1�  ' ������ J��1Zabowski, 2001%K� �/ �*�(�/ !��� ����  .(  ' J��

M&� �"���� M&�� ����*�� ��&�� �'$ �/ �D�� �;4( �/ �&�� ������ T�U� �� AV 	� $� ���
 W�  $� �1  .&���

(��/ �K1 ���  J�
 F
 %K� !
�"5/) %�� J� ��I�&V �� �Chaturvedi et al., 2018 �/ �D�( �� 	� ������ .(

�� �;4( 	� %X1 �� &
&D( L� �$ �?�K"*� M� $ ' ���U"Y� �:��( �J�=�� %�-� �@�/ ��$�N� ���� .&�1  ���

) &�"=� 	� �� %X1 �$�� $� ��?-2� ,�B"�� ���/ ��$��/� !
�(�;Z� �� �@
 	� %X1Singh and Kamal., 

2017,�� $� .( 	� $� !��� ����  ������ �/�
�$� �/ ���
� �*�( ��� ��� 	� ' �����
� ���  �/ �.S� ���

) !��� ����  ������ [
&�� �� M��X"��HPI)!��� ����  �/�
�$� [
&�� �(HEI)������ �*$� ' (Cd %�� M&� (

Jahanshahi and Zare, 2015; Ahmadi et al., 2018) %3�� �	� \/��� ������ $��1 $� .(�&�$�� �����
� 	� �

��&�$�� .%�� ��&:� ]2��� ��D/� �-^:� �� �@
 �� 
F _�1�'  �
@� -�K��
 A/�B"� /! ��  ' .�) 

a��2� J� 6%�� �1 b��K:� �$��� 92%: �'�"@��K��
 M��/ ' "��I � J� c(� $� T��� �� � �� &��/ . !
�
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&# �� �D�( ��  �/ %�� !@K� �@�/ �&�1 �$�' ��&���� 	� �/ �$ M�H ' F��$� �	�� &���� �9��* �
��B� &���(

���� �K? ,�2 _��1 ' �"�-� �&* �-@5� ) ��� �I�� �� ���U(� ' ��Gholizadeh et al., 2017 �� �@
 .(

	� �� ���� LD� �-@5� M��� ���$�� %:�3 $� �����
� ��� �������� �,�d� J���? �/ .%�� ���  � 	� �1  ���

!�� �����/$�1 ���/ M&� M���� �����
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� �/ f�/��	� �/ ���$� ���V $� �%�� M��K� L1 �$�� �/ �����
� ���  �/ f�/�� J&� �"��# �"��# Ag�=� �1

	� 	� .%�� ��/ �$�� �/ ��� �
� &��( ' \
��( ' ,�B"�� f�S� ���$�� e9� �����
� ���  �'$ �/ �/��$ ���
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� ' h�S� L"=� ��� �� ���� ,��9( ��� M��� ���$�� J��� .&���  �/� ).� �� �/ i�K( $� ���  ���

 &���� 	� �
�K� ' �@
�  ����"��$�# �/ ��"=/pH ��"R� �,��.� J�=1� �,��.� ��&��* A1 �%g��Y �

) �$�� �$��V �*$� ' �@�'$&� %
�&�Sarada Kalyani et al., 2017 .(���� ��� X�"R�� ��/� #_ /�� 
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\/��� 	� �
����� M�'&.� � �&:�� A� �D� ��J�*� J�"�� J���1 �� 1X% =/$� �#
�� $��$���/ 6&�"=� 

$�S/
�@ �&�
% �"@��
@� ��/� �� M�j ��� k�lK# �/ ���
F $���&3 ���'�@[� �/ "���� �"� �$M& %��  �?�I�)

13966Jahanshahi and Zare, 2017( .��*' �X1 ��� @K�� ���/�� ' p�� $� $��1 ��: % ��� �$'�51� ' 

$�@�&:�� �� &���( �/ 1X% 	� �
����� �BS�� �;� $�N� &���/ .�/ q�.� �
�@� 	� �
����� �
! V��� %D* 

a$�U� r�"R� �&:��� ":�3�� /�$�� ' ����J& V����� ���� M��X"���$�� $��Y �� �6&�� _�'�# $� �$�� 

 �������3��? $��� � \/��� ��&�$�� A=��"# '	 �
�����  ��BS��W�� ' $'�s� %��.  

��)
Y� ��D� �*YF�  
�BS�� � A� 	��* $� �D� 	�H J�*�� �D� $� J�"�� b��'&V �J���1 !/ t�?  ���˚29 ' '20 ˚29  ' ���K�

,�2  ���'12 ˚55 ' '40 ˚55 	� .%�� M&� \Y�' �Y��  ���� '   !
��BS�� �� F5� �K�  ��&�$�/ )��"� .&��/

 �BS�� !
� $� �����172 ���  ' �"��"5/ �� J�"=�� AU  $� .&��/ !�� q�.� ��  ,�K� �9� $� �V�� !
� �����

Q&��� ��D# �Y�� -J�*�� FK� ����" �'�  �9� ' ��/� �� �X1 $�� Q&��� ��D# A3� &V $� ��� �1 - ' J�*��

��'$� ���5X5(� &�/�K1- .%�� �" �� $��Y �M&�� ��*' �/ �"��A� !�� <�� ��3� ���1 %"���  .%�� �D�

!�� <�� �
���; ���1 %(�K�  �"K1 ��� J� $�&B� ' %�� M&� �1�K"� J�&=1� J'� $� ' M��/ .%�� %"��� ��

 �&X��� ��D��1 �� %('�# ' %
�#�@��1 �%
�# ' M��/ �&=1� �?�  ��D��1�� %��K� ' %($�� �%(��

&�"=�  '���1  A��� ��� �H ����/ ' %(�/ ' ��l�&�  ��($��1  �"K1 J���  ��'&#� �!���$�( �!1�
� �!X��

 %(�#� ' %
��1 A@�) �$�� ��*'1��S� .(�� J�5� �@
k���gk'$&� ��:  ��$�� ��*' �BS�� $� J��R/� '� �1 &��

 F
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��/ J��R/� %X1 .%�� �" �� $��Y (�������) %R� <�� J��R/� F
 ���/ $� �1 %�� �" �/� J��R/�

 �/ F
��� �BS�� !
� $� 	� �@
�"@�� %
�&� ' %�� �'�X"� r�"R� ]2��� $� �����
� 	� \/���350  �(70000 

�"��� �/ [���'�@� �� �c"� �"� ) &��/Jahanshahi and Zare, 2017(. 
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� 	�115 A.� M�j M&��5� M�j ���$'�51 ���Y ' �� � �D� ]2��� $��J�*�  FK� �X1

����/�� �j M V�� ���$�� � A� J&:� ��D� SY��/$� -?! �B9�� p�� �X1 ' ���K�  �/ �*�( �/ %�� M&� W�I�� �$���/

�s�V  !�� ' �
�/� ��� A.� ������ ���K� ���  �/ �$���/6 ) J�*�� �D� �����
� 	� \/��� A��� M'��SC �(

) ��/��� �X1KH) ��$� M�j %�� �(CHD�BS�� �( ) ��&:� �MI!? �( ) ��/$�SY ' �B9��EB and GHp�� �X1 ' ( 

)KMM&� L=B( ( A@�) &��2���K� f�B� &� �:� _�'�# !
� $� .(  	� _
�# ' Q��R"�� ��� A.� ��1 ��$���/

���K� ��&�1��# !
��/��/ .&�� _��# �$ �BS�� �����
�  	� \/��� A.� \
��( \/�( ' M��9� F(�K"=� ��

�� �����
� ���K� a'�z .&��/  �$���/300  �!�(� ��# �"� ���M�j �� M&� ��R( �����
� 	� ��  ' ��$'�51 ���

���K� ����/ !�{K� ' ���Y M&��5� ��� M�j A.� �� �I
$&( ��  $� ��R( �� A9Y 	� ��� ���K� .&�&� �# ���

���K� a'�z  ����"�  �� M��X"�� �/ ��$���/45/0  �/ �!��� ����  %9d( %D* ' M&� �"�  ������� �"�'�@�

a�z ��  ����K�5/0  % T��� �*$� �/ F
�"� &�� �"� ���65 ���K� .&
��� � �s�  �/ ,�B"�� �( 	� ���

 �$��V �*$� �/ F�� ).� $� �M��5
����4 ��� ����"��� �*$� �$�� J�
 [l� ' ���K� �3��? ' ��3� ���  ���

O'$ ]
�2 �� 	�  M��"�� ' J����"( ���ICP  'ICP-MS M��&�� &� ���.&� 
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�/  �/ $��� �3��? ������ %:�' �/�
�$� $�G�� 	� \/��� $� M�
'  � �:� ���� !
&�j �:��S� �$�� �BS�� �����
�

 ��K* �� �1 6%�� M&��� J��( ) !��� ����  ������ ���� �/HPI( Heavy metal pollution index ���� �

) !��� ����  �/�
�$�HEI (Heavy metal index ) ������ �*$� 'Cd(Degree of contamination .��1 M$��� 

���� �/�
�$� ����  !��� (HEI)  

 �/�
�$� ���� �9��.� �/����  ) !���HEI�� �(  �/ %9=� J��(�9($  ����  ������ i����/ 	� %X1 ��1 �&�/

) ��1 W�&Y� 	� �X1 )
��� �� �"D/ +$� ' !���Caerio, 2005 .( �/ !��� ����  �/�
�$� ����) ����:�1 (

�� �9��.� :���  

)1(   ��� � ∑
��

��

	

��  

J�$� �1 M i ' Si �/ $�&B� e(�(  %G�HM��&�� ��� M&� ' �d1�&V ��I� %G�H )MAC( �"��$�# i &�"=� W�. �/ �*�( 

�/ !
� ��� ���� %G�H �"V F
 �U�? T�� �(��/ �� $�&B� Si �2�/�� &��/ )���:
1 > MI(� 	� �K� &���( 
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M��X"���$�� �!
��/��/ .��� $��Y J&���� � $�&B� 1 ���/ MI ���"��  M&���$�&5�) %��Jahanshahi and Zare, 

2015(�
�* �$��$� �"V .  �1MI  �� �"K1Si ) %�� ���"��$�# W�K( ���/Hajizadeh, 2011 .(]B.( !
� $� �N� 1 > 

HEI  ���"��M&���$�&5� ' �/ J���?  �
��I  �" �� �G� $� M&� %��.  

)!��� ����  ������ ����HPI(  

 ���������� �/ !��� ����   ,-.�� !��� ����  �;4( J��� J���?�� r
�:( r�"R� �" �
 {K� .���� !
� !

 ���� !
� �� M��X"�� �/ .%�� !��� ����  %G�H i����/ 	� %X1 �/�
�$� ���/ ��Y F�@( F
 ����

��  [
&�� �9��.� ,���  .��1 !:( J�=�� %�-� �/ !��� ����  �;� J��(�/ !��� ���  ������  �$�3

�S/�$)2�� ( &��/: 

)2(   �� �
∑ ����
�
���

∑ ��
�
���

  

Wi e
�s ���' ��  !��� iW� 6%�� �1 �� i�@:� $�&B� �$�&��"�� ��  !��� iW�)Si (�/ %�� ��  .&
�Qi 

�����
� ���/ �"��$�#iW� �� ��  !��� �� ) ����:�3( �9��.� ��  ���(Mohan, 1996):  

)3(   �
 � ∑
|�����|

�����

	

�� × 100  

M i  ��  $�&B�!��� i ���K� $� M&� M&��5� 

I i M&
� $�&B�  !��� ��  (	��S� %G�H �d1�&V) ,�i ���K� $�  

Si  �
 �$�&��"�� $�&B��d1�&V  !��� ��  ���/ ��I� %G�Hi �� �/ �1 6&��/ �/ �*�(   �
 	��) 	� %X1 P��

�/ (��$'�51 .%�� ��*�� ���D* �
 ' �$�51 �$�3  

 �� ���� !
�$�&B� ���100  &��/ �"5/)HPI > 100 �/��/ ��� �%���/ !��� ��  �/ 	� ������ �(100  &��/

)HPI = 100 �� �"K1 ��� ' %�� M�2�R� ���"�� $� 	� $� !��� ��  ������ �(100 ) &��/HPI < 100 ������ �(

 L1 !��� ����  �/ 	��G�$� �� �" �� ) ���Nasrabadi, 2015; Reza and Singh, 2010 $�&B� .(HPI !
� $� 

�/ ]B.( J���? 
�� �II M&��1~ .%��  

)������ �*$�Cd(  

�� ��� �H �
 ���  �� L?� r�"R� �3��? P���� �/ 	� ������ �R5( ���/ [
&�� !
� ��  !
� �/ .��1 M��X"�� J��(

�$�� �U�? ���/ ��I� %G�H �d1�&V �1 f��  �R5� 	� $� �G�) &��/Bhuiyan, 2010 �� ������ �*$� [
&�� .(

) �S/�$4) ' (5�� �9��.� ( :���  

)4(   �� � ∑ ��

	

�� 

)5(   ��
 �
��

��
− 1  

�1 $� J� Cfi6 M i ' Si  e(�( �/J�5�  M&���A��? M��&�� �
��B� ������� M&� ��� ' %G�H �d1�&V ��I� ���/ ��* 

i W� &�"=� .�1 ��3��? �"9�� M��&�� �
��B� J� M&� ��� �� �"K1 �� %G�H �d1�&V ��I�  �" �� �G� $� &�"=�
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�K�  ���� !
� i��� �/ .&���Cd < 1  �!
�# ������ �*$�1 < Cd < 3  ' )��"� ������ �*$�Cd > 3  �*$�

��/ ������ )Nasrabadi, 2015�� �" �� �G� $� ( J���? �/ ' ���  �
��III �g�$�   ,'&* $� .%�� M&�1  ��I� $�&B�

 ���D* %��&D/ �$�&��"�� ���9� �/ $��� �3��? ' J�
 �� ���/ 	��S� $�&B� �d1�&V ' �$�&��"��WHO  %D*

 ���� �� �9��.������� ���� ���  )/�'$ �/ �*�( �/ .%�� M&� �g�$�  �$�� �BS�� 	� \/��� ������ ���

.&�&� �9��.� �:��S�  

 
d�=J1�T�Q :
� [ X �! ��
2 �;
FG (MD�Y� ��=*� �hP�=X � ���=2
�@� 5
�� ��=*�) 5
�� 3µg L-1 �2
1J ���=1! ���=2
�@� i
@��! 

)WHO, 2017(  

 NO3 As Ba B Pb Mn Cu Fe 

) ���=2
�@� 5
�� ��=*�S( 50 10  1000 5000 50 300  1000 300 

) MD�Y� ��=*� �hP�=XI(  10 -  - - -  100  50 100  

 A=��"#�����
� 	� ��&�$��  

�BS�� �����
� 	� \/��� ��&�$�� A=��"# ��$�/ �]B.( !
� $�  �/ ����$��Y A.� ���9� �/ ��:��S� �$�� �4 

L=B( M'�� M�'&.� A��� �1 6%�� M&� �&�/ ) ��/��� FK� �X1 �KHM�j %�� �( ) ��$�CHDM�'&.� �(  �

A� ��&:� ) �D�MI) ��/$�SY �BS�� �(GH (�� .&��/  

���� �9��.� $�G�� �/ ��� ��$��� %G�H��� 
J� ��� =�1L )Ca2+ () L
���Mg2+(� ) ���/�1CO3
2- ( '

�/ ) ���/�1HCO3
- (���K� $� � ��	� �����
� �BS�� �:��S� �$�� $� �G� �" �� &� .pH  	���9�� %��V $P  ��

=�1 ���/�1L )pHs (�S/�$ �� ) �6:&
��� �9��.� (  

)6(   pHs= [(9.3+A+B)-(C+D)] 

J� $� �1  

)7(   A = (Log[TDS]-1)/10  

)8(   B = - 3.12 × Log (ͦ C + 273) + 34.55   

)9 (  C = Log [TH] – 0.4 

)10(   D = Log [TA]  

� $� �1!
 � �/ ,��.� ��&��* A1 :)/�'$�� � �/ W���""��� �*$� e=V�/ �$��V �*$� ��  ����)ºC"R� �(�  A1

=�1 ���/�1 e=V �/L ,��:� � e=V �/�� W�� ��/�" �Y '%
� =�1 ���/�1 ,��:� A1L � e=V �/��  �/ W��

��" ���� ���� .%��� �$ ���� '���
  �� M��X"�� �/pH ' 	� �:Y�' pHs ) )/�'$ )��(11) ' (12 �9��.� (

:&�&�  

)11(   LSI = pH - pHs 



  

  

  

  

118  -----------------------------------  0� 5��6�7� 8��� 9 :6 2�� ' ���;� �<$�4 ���	 /%  �)�<� �= )> 1398  

 

)12(   RI = 2pHs - pH  

 ���pH > pHs  �&��/LSI > 0  6%���� $
! =�1 ���/�1 �� 	� %��VL �9��P / &�����	��$ 	� ' �  	�=.� $�N�

�� ���  ��� [@?�/ 'LSI < 0 &��/.  M&�$�� 	�%���$ ���� ��� .
���  �� �"K15/6 &��/ �K( 	�
A  �/

	��$ $�N�� � ��� [@?�/ ' �$��
!  �� ����5/6 /�"5 %�� M&�$�� 	� ��� )Rafferty, 2000.(  

  


�2�j k�! � 

����!  %G�H ' �g�* ��D��
	� $� $��� �3��? �
����� ,'&* $� �:��S� �$�� �BS�� )2 .%�� M&� M�$'� (

����!  %G�HJ�
  ' ���3��? $��� (�( �/e �� /�"5 :�� %�� �$�9? �"K1 �/ 

NO3>B>NH4>As>Mn>Ba>Cr>NO2>Cu>Pb>Cd. /$�!  �r�"R� ]2��� ��1$�S/	� �
����� ]2��� 

M�j p�� �X1' ��$��  ��$��%G�H �� _/ �3��? ' �D��
 ��I�&V WHO .&�"=� %G�H Cu ،Ba ،NO2  'Sb  �K� $�

L1 ]2��� ��I�&V �� �( WHO �� &��/ ����� '� � �/
! %G�H .�$�&� ��*' �BS�� A1 $� �3��? Cr  ]2��� W�K( $�

�/ �BS�� �* � � �D�J�*� ��I�&V �� WHO /�"5 � FK� �X1 �/ f�/�� ]2��� $� 	�� %G�H .%����/��  '

M�j � ��I� &V �� �(��/ ��$�� &��/ J�5� '  M&��������� � $� 	��
! �3��? %G�H .%�� ]2��� Cd ،B  'As  $�

/ ' %�� ��I� &V �� �(��/ ]2��� W�K(���� ������ � �/ ]2��� W�K(
! �3��? .%�� 

 ����HPI �$��� � $�&B����! 97/1713 / '! 39/37  �(38/72753 c"�� �� &��/J�K� .  $� �1 ����

A@�3� M&��5� (r��)� ����d1� . ���K�  $� �����/ ��I� $�&B� ���� )HPI > 100 
� :�$�I��/ (� ���� 	��&� 

�" �� $��Y .&��  

���� HEI  $�&B� A�������! 46/70 '  e(�( �/ J� �d1�&V ' AY�&V79/1 ' 77/3037 .%��  ]92

A@�3���K� A1 (	)  $� �����/ $�&5� ���"�� )� )HEI > 1 
� :�$�II�" �� $��Y ( ��/ .&��
! ���K� i��� ���  	�

�
�����  M�����&�"=.  

 $�&B�����! ����� �*$� �)Cd	� $� ( �
�����  �/��/ �:��S� �$�� �BS��26/66  ' [
&�� !
� �d1�&V ' AY�&V

������ M��/ $� ��  ��0  �(22/3029 ���K� .�$�� $��Y ��� MI4 �KH2  'KH1� i����/ :�$�III�  �� �(��/3  ' &�"=�

��/ �*$��
 ����� ��� &�$���� .
� ���K� L1 ��  �� �(3  M��/' �# �*$� ��
�� ����� ��� ) &�$��$���/A@�3 .(Q 
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d�=J2: �@D�� �;
FG �T�Q ) ��
2µg/L�����2 �( ����2 � ) HD2D�Emg/L�� ( �2D�2 3
� ME �F�5��5 R	
F� 6 �2
C �*YF�  ��D�

��)
Y�  

Cu Cr Mn Pb Cd B Ba Sb As NH4 NO3 NO2 �2D�2 ���C 

5/11 78/39 67/16 1 1 3/1933 4/444 3/1 33/92 4/575 2/32142 4/33 Set I (SC) 
 

2/976 1969 3820 263 4/3 9/2457 2/563 2/9 5349 4/976 8/33946 6/73 Set II (KH) 
 

4/28 7/65 7/628 2/17 1/19 4/1091 5/255 12 3/23 2184 4/37182 5/301 Set III (CHD) 
 

8/72 2/257 2/961 6/16 1/47 7/3873 5/679 9/8 3/325 5/6722 2/102743 1059 Set IV (MI) 
 

7/15 2/76 7/366 9/1 3/78 5/1687 5/447 7/5 2/10 4/777 4/40767 7/104 Set V (EB and GH) 
 

3/15 1/60 3/23 4/6 103 6/1228 9/152 6 7/29 9/490 4/79441 6/50 Set VI (KM) 
 

7/186 3/411 4/969 51 42 4/2045 8/423 3/7 6/971 4/1954 6/54370 5/276 ?42
� 

 

  
K��3 :=2��a 
�3 C�D)E� ��"�+ 4F@? )HEI�HPI  �Cd(  

�/ :� i���$� IV� A@� $�4���K� � ��� �$���  ����HPI L1  �� �(97/1713 / ��S� L1 �S� $�! 95/3427 – 

97/1713 �S� �S� )��"� ' /�"5  ��95/3427 �"�� ��/ �S� �S� $� &�/� M&� ��9��/ .&���  ����HEI �
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���K� ��� � �"K1� 46/70 �$��� / ��S� L1 �S�! 93/140 – 46/70 �S� �S� )��"� ' �(��/ �� 93/140 $� 

�S� S�� ��/ �B92 &�/� �� &�������� ���� . �)Cd�$�� �S� L1 �S� $� (�  �� �"K1 $�&B�26/66 �S� $� �

�$�� )��"� �S�� $�&B�� /! 52/132 – 26/66 ' $� �S� �S� ��/ �$��� / $�&B��"5  ��52/132 �Y$�  �" ��

.%�� 

  
 K��4 :
����D�23 =2��a 
�3 5���!
� C�D)E� �2D�2 �� 
�3 5 ME��5�F� 5 � �@D�� ��P �YL bY@ ����
  

��$���K�� ���� ��� ��( L� �/��/ $� r�"R�L %�� M&�  A@�)5(�"=9K� .� /! ����  �%���/ ' %9d� ��

�N�  M��X"����  �� ����%D* �B92 &�/� ������ ���K� ��� 	� �
����� �:��S� �$�� �BS��� e����  �� ��/�&. 

 i����/ ' $���K��5B� ��� �&�1��#� &��
[ ��� ������ A@�)6 �7  '8 (f�B� �/ ����� �S��  ��/f�/�� �/ �SB�  �

MI14 �BS�� � J&:� A� �D�  f�B� 'KH1  'KH2 � FK� �X1 $���/�� �� &��/.  
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K��5: 2���D� HEI� HPI � Cd  K!
*� ���=���4 4� ��� �� !? OE 
�  

  

  
K��6 O�"� :=2��a  HPI  �� �F�5��5 ME��)
Y� ��D� �*YF� 
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K��7 O�"� :=2��a HEI �� �F�5��5 ME ��)
Y� ��D� �*YF�  

  

  
K��8 O�"� :=2��a  Cd  �� �F�5��5 ME��)
Y� ��D� �*YF� 
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�S/�$ /! ���� ����� �$ ���� '
���  \/���	� �
����� A@� $� �:��S� �$�� �BS�� r�"R� ]2��� 9  J�5�

�� &�� ���� ���� ]2��� W�K( $�� �$ ���� �/ %9=�
��� /� 6�$�� i�@:� %9=�� 3�� �1% 	��$ $�N�� 

� 6&��/ �"���
�� �K(
�� �&�$�� �/� / �*�(�/ .�$�&�� �G� �S/�$� /! �
!  �S/�$) ���� '�11 �/ f��� �1 (

 !"���pH S�� 	��/ 6%�� �B
"=� �
! �/ '� $�E( �G� �� �i�@:� $�2�� � �/e 2 -  �/��/ �&9� �� t�? 'pH  	�

� �����:� �&9� �� t�? .&���/ f�/�� L� �/A � �/���! pH � ' M�X� 	�e � �)�A  �/2- � �/ �*�(�/ .�$��
! 

�� J��( ���� ����� �$ '
��� �1 �$'��/ J��R/� $� �$.�  

  
K�� 9: ! �Y!��? �
)B2^ cL� �� cL
� ���2" ME �� 5��5�F� ��)
Y� ��D� �*YF�  

�@��, 10 ' 11 �/ �(e( �S/�$ � /!  ����LSI  'pH  ���� 'RI  'pH � 	� $�
����� �:��S� �$�� �BS�� 

�$ � J�5�� &�� �j�� .pH � 	�
����� �Y %K� �/��
 �� ��'$ ���� ����� �� �
_ �� 
&/� �"=9K� '� "9d�� 

/! �
! � �"��$�# '�
M& �� ���=9K� ��/$�SY ' ��$� M�j ]2��� $� .�"� ��/ %9d��
 /!  �"��$�# '�pH  'LSI 

 $� .%�� $��Y�/pH ��� �(��/ /)! 7  �(9���� ���� (� �� �
_ 
�" � � �1 6%��� &���( /���� 	��$  J��/ $�N�

 $� ��� 6&��/ 	�pH ��� L1 �( /)! 3  �(7���� ���� (� ��B�
� � J�5� �$ �X3 �� �"K1� &�� / �1���� �&�$��� 

���\/ � 	�
����� .%�� ]2��� �d1� $�  
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K�� 10 :! �Y!��? )B2^ cL
��  �pH 5 ME ����5�F� ��)
Y� ��D� �*YF�  

  

  
K�� 11: ! �Y!��? �� cL
���2"  �pH 5 ME ����5�F� ��)
Y� ��D� �*YF�  

/ �S/�$! �$ ����
��� �Y �/�
% "R� ' A1� � 	� $� A1
����� (�( �/ �:��S� �$�� �BS��e ,�@�� $� 12  '

13 �"=9K� .%�� M&� M��� J�5�� �' %9d�� =/$� :sr /! �$ ����
��� �Y '�
%  $� .�$�� ��*' A1

�Y�
% ��� �$ ���� ��/
��� �� �
_ 
�" � J�5� �1 �K( M&���
A �&�$�� �/ �BS�� 	�� �$ ���� .%��
���  �/

"R�� � A1� �"=9K� ]2��� W�K( $�� :s ' %9d�X� � J�5� �$� &��6 �/ �"=9K� �1 J&:� �BS�� $� �*� 
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�Y ' %9d�� "R� $� .�$��� �$ ���� ���/ A1
��� ��B�
� ��/�
 � J�5� �$� &�� J�5� �1 �&�$�� M&����  	�

�"R� _��1 �/ ' %�� �K( A1
A 	��$ %K� �/ 	� $�N�� %��.  

  
K��12: �� cL
� �Y!����2"  
!TH �V)
�� 5 ME �� (KP��5�F� ��)
Y� ��D� �*YF�  

  
K��13: �� cL
� �Y!����2"  
!TA ��@)� 5 ME �� (KP��5�F� ��)
Y� ��D� �*YF�  

�&�1��#� �&�$�� ����� �����  	� \/��� $��
�����  A@� $� �:��S� �$�� �BS��14 � J�5�� &��  �1

/�"5
! �"K1 '
! � &V
! �/ ���� (�(e 7/3 – ' 6/2 %�� .2�B�� �$�� �1� LSI > 0  ���/�1 �� 	� �&�"=�

=�1L 	��$ ' M��/ P�9�� ��d� �/ ' %�� $�N� ��� 2��� W�K( $� ���Y] �
M& �� ����� .
� �$�� f�B�� LSI < 0 

J�5� ' M��/ �&�$�� M&���� �
! � 	� \/���
����� �� &��// .�"5
! �"K1 '
! �$ ���� &V
���  	� $�

�
����� �/ �:��S� �$�� �BS�� (�(e 7/4  '11 �� 6&��/ �&�1��# �5B�� �
!  A@� $� ����14 � J�5�� &�� 

2�B� �1� �$ ���� �1
���  �� �"K15/6 �K( 	� &�$��
A 	��$ �/ N�$�� / ���� �/ f�B� ' �$���"5  ��5/6 
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J�5� �&�$�� M&����  	��� &��/ . !�{K�A@� $� �{�� i��� �/ 15 � M&��5�� ����  �$�� �BS�� f�B� �d1�

 �� �(��/ ���� �:��S�5/6  	� ' &�$�� �BS�� �����
�.%�� M&�$��  

  
K��14: ��*2 3 C=FP��#� )B2^ cL
�� ME N!
F� �� 5��5�F� ��)
Y� ��D� �*YF�  

  
K��15: ��*2 3 C=FP��#� �� cL
���2" ME N!
F� �� 5��5�F� ��)
Y� ��D� �*YF�  
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���2 3�C  

\/��� 	� �
����� M�'&.� � A� �D� 1X% =/$� �#
��  !/ �BS�� !
� $� 	� �@
�"@�� %
�&� ' &�$��350  �(

70000 [���'�@� �"��� �/ .%�� �c"� �"� ��*' �X1 ��� @K�� ���/�� ' p�� $� $��1 ��: % ��� �$'�51� ' 

$�@�&:�� �/ 1X% 	� �
����� �BS�� �;� �N�.%�� �"� /$�! r�"R� ]2��� �:��S� �$�� �BS���  $� $��� �3��?

	� �
����� ]2��� M�j p�� �X1' ��$��  _/ �"G�H b�(&K?��I�&V �� WHO &�$�� %G�H .Cr  ]2��� W�K( $�

�/ �BS�� �* � � �D�J�*�  ��I�&V ��WHO /�"5 .%�� �@��V $�  FK� �X1 �/ f�/�� ]2��� $� 	�� %G�H
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Abstract  
This research investigates the contamination of trace elements, nitrate, nitrite, ammonium and corrosive potential 
in the groundwater of south and southwest of Sirjan city, Kerman province, Iran. Therefore, 115 groundwater 
samples were collected for Hydrochemical analysis from Sirjan city area, Kheirabad salt playa area, Chahderaz 
plain, Golegohar mining area, Ghatarbaneh-Eynolbaghar plains and Marg salt playa in July 2016. In descending 
order, the mean values of minor ions and trace elements are such as: NO3 > B > NH4 > As > Mn > Ba > Cr > 
NO2 > Cu > Pb > Cd. Generally, the concentration of elements and ions in the groundwater of Chahderaz plain 
and Marg salt playa is above the maximum admissible concentration (MAC) values for drinking water according 
to WHO. Also, Cd, B and As have concentration more than MAC in total groundwater samples. Chromium in all 
of the groundwater samples except in Sirjan city samples have concentrations more than maximum admissible 
concentration. Moreover, Pb in groundwater of Kheirabad salt playa and Chahderaz plain shows a groundwater 
contamination. While concentrations of Cu, Ba, NO2, and Sb in all of the area are less than MAC. The 
evaluation indices showed spots in a high-risk level observed in Golegohar mining area, Chahdereaz plain, KH1, 
and KH2 from Kheirabad playa and KM1 and KM7 from Marg playa area. Finally, according to Langelier 
Saturation Index (LSI), most of the groundwater samples are corrosive in this area. Therefore, in the processing 
plant, corrosive process control of groundwater should be accompanied.  
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