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�>�DE  

F�;�! & GH.�&��I� 6IJ ��K�- �L� &� M��� ��#H $��� ! ��N B)���A IJ�H��P �� �G�J5� � �Q��RD �� �# (!+��F �5 12  ��E �,�T

� �� G� �.N +�#& N-� R�� !J�U  V�J �� �� M���76  �96 �,�.�" �,� .>�> ."U 6IJ ��K�- !L�Y�N  ���>��%J� �# �
 ��E GH

F�T G� �  $�A�� ��A+H &�GH B �# �
���A ��5� � �Q��RD Z�A+H �
 GH .!J� �L� ��A� V�J �� �� !+��F �� IJ�H �[I� �#�P  ��

 V�J96 �
 V�J �� G�J �5 76  �96 Z�A+H \]�  .>���� $�	�� K�-5 IJ�H�P  V�J �� �
 ��E GH �� G�J �96 #�^  $H �#��# �� &�

 V�J ��76  .!J�58 ��E GH &� ><�� �
5 B�� �# G� U Z�A+H�  V�J �� �JA%�76 ����5 B��U Z�A+H� &.��  V�J ��96  .>��A#

J��#� IJ�H !L�Y�P   �� G�J ���#��  +�#& N-� R�� M�] �U # ���H ��>,� �F ��� $�	� M����^  &�50 %T � GH ���>��%J� �#��#�  GH

� .�A# ��#H $��� ! � G� .N J��#� IJ�H ��� $�	��P �
 ��E GH G�J �5  �� �,`I��   &��#��U Ia�
 G�J .!J� �+�#& N-��N  &�

�
 !"	� �05 �;"�0�5 �I<.b �J� ���0 � c����.� �,��� ��#�I# .!J� �>  R<�T �,`I�.�N �#.%"�  ^
�F !�B d&e ����>?�

IJ�H�P �
 �+�#& N-� R�� �� G�J �5 ��  >��B5 Ia�
 � M����N �I<.b �  R,� � R�T ��5 Z ��A<���.  

  

 :5>��F $�Zf��Z�A+H� & GH.�&��I�� 6IJ ��K�-��N �
 \]� 5 eH.Z>I�� +�#& N-�U ��#H $��� ! � �M���.  

                                                      
*  - �� �!� �" #� )%&'(� ���( &�(  Email: Ghadimi@Arakut.ac.ir  
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 .*� +�&, %�- �� .��&/ 0��&12 ! �	�� �� ������3 ! �4	5� 67�� 8 ��#�� ���/ 9�:���#(; �	<&, ���

�&	,&��) � �#� �� �	<&, +<�3= =� �:&>�� 
*	�#/ ��� �3 ���= ?: ����� ! 9=�!��� 
9��� 9�: *	<��� . �1  !

 
����7#:2011�# �" 
=�3!� 8�� 9�: 65� .(  .���(: �	�� �� ���/ 9�: +<�3= 8�� 9�: 65� 8 �, ��!��� ! 8 �,

��&2�� �	A�, ����&, �� ���� %���� =�3!� 9�: 8��B���) ���!C ���! ��(�� *����3 ! D	5� �3 9�� 2  
����7#: !

2008 F3��	� =� ���� ��	�=� = 9�: GC �H�&<C ��&, �� ��(�� *����3 �3 +<�3= 8�� 9�: �42 8 �, 8 ��#�� =� .(

�������/) ��3 I�� �� �: +<�3=3  
K�	 !2009+<�3= 8�� 65� ���! GC +� �&� �� ��M � ����= +3��	� .(  ! ���

 ����N 9!�- ���/ 9�:���#(; =� 6��- F3��	� .�3�  �� �/ �O� ��&� %&P5� ! +���  ��� . �� 62�� +3 �: ��� QC

IR(<��>N ) *� �&	/ ! S	��C 
9!� 
G� 
67	� 
I!�� 
T� 8	��4  
� �=&3� !2015 8	�� W�XP� 
�!RN +3 .(

9�: 65� �� I!�� ! G� 
S	��C 
T� 
I&	����  ��	�=� = GC 9��3 � ��, .3��� 8 ��#�� ���� %���� 8��

�7<C) ���� ���(3 ���/ ���#(; Y	��, +3 ��	�=� = GC ! +3��	� �� 8	�� ����N *OPZ .��&� �� G&(5�5  !

 
����7#:1995 F/�� 
W��[ \=���� 
���#(; Y	��, 6	>" =� 9��] 9�:�&���� +3 +3��	� 9�: �H^ ! ! ���_� .(

 ���� ���(3 �&/&� �^	(�� ! 8�� 65� W���- +/�� 
*3&`� 
+<�3= 8�� 65� 8 
65� 9a&<!��	: 
�H����

8# C)6  
����7#: !2016��	�=� = GC ! ��2 �� *��- 8#c +3��	� .(  ! �������/) ��� �� ��&<C �� 8�� 65�

 
K�	2009 ��	(3 *� 87#� +� ��&#� GC ���! �� 9�� = 9�: ��� QC ��	�=� = GC +3 +���  ��� 9�: +3��	� .(

 =� d	3 .���(: ��3 9��3 G�� GC e���� 8 ��#�� ��	�=� = 9�: GC .����3 �f#90  ! 8 �	� ! G�� GC ����

� 9��3 �<�N *	g	� �3 9��3 GC .>�� ��&�N +3 ��	�=� = GC � �	#	� Y	��, .�&� �� ?:��� ��	�=� = GC =� ��(�

�7	3�3 ) *� +/&, 63�" ����� ! 9=�!��� 9�: *	<��� 
��&	- 
��(�� G�� h�1�7  
����7#: !2007 
8 ��3��3 .(

� = GC �H�&<C .*� I=Q ������3 GC +3 ���� 9��3 ��	�=� = GC *	g	� d �; D&, �: +3��	� D&, ��	�=

 
����7#: ! 9�&�� �&] �gP�j� 8	__5�2009;  
����7#: ! �3�	���2011;   
����7#: ! ���= 8 �3�N2013;  

 
����7#: ! �&7�2013;  
����7#: ! 9�	�#/2014;  
����7#: ! 9�g�/2016; ��,8  
�&7 �: !2017; ���	�9  !

 
����7#:2018; Q�� B��!10����7#: ! 
2019; k�3��& ��!�11 
����7#: !2019; ���� !��12 
�&� !2019  +�<�4�

.*� ��� 

                                                      
1  - Akoteyon 

2  - Dong 

3  - Jhamnani and Singh 

4  - Abd El-Salam and Abu-Zuid 

5  - Alker 

6  - Aiman 

7  - Babiker  

8  - Teta and  Hikwa 

9  - Mishra 

10  - Vongdala 

11  - Uddh Söderberg 

12  -Ravindra and Mor 
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 �PP#<� 8	3 �������� �3 +( �_� �� ���� ���� *�� 9�: ��] GC \�� QC 8	�� W�XP� 8		�, ���3 8 � =� h�:

�� d_� 8		�, ! ��� QC .3��� 8		�, 
+_4��  9�: GC \�� QC 9�: l2�� �3� =�� 
G�� �	<&, �� ���� F<�3= 8

.*� �: ��] GC 8	�� W�XP�  

  

���� 8�� � �
�
  

U,`I� :C+� ��+�`� 

 �3  m<�3 *	�#/ �3 9X��� ���� k�X3 ����� 9�:��� =� �7  ���� ���600000  GC .3��� =� ��j3 +� ��&3 �g�

 �� �C �-�&� G��12 � Y�7� ��� S  ��3 �3 ��3C ���� *�� �� �&/&� ��] +_P-67�) ��� �� 8	��, +	��A �1 .(

 %� �� �: ��] 8 �64  �� ���� F<�3= 8�� 65� .��� ��� �g- ��3C ���� *�� �� 9X��� ���� GC ���=� D&,2 

 �!�- +��=!� G�� GC 9�: ��] *�Q�3 9���&P	�350  �C *3&`� D&�� +� ���� *�� �� +<�3= 8,56  ����

 
�#" ! �# �") *�20133��	� .( S  �!�- ��3 �3 8�� �/!�2 �� +#�] !� W�&� +3  �: +<�3= F XM, =� 6��- F

 =� ��#� *��jc +3 ����3C 9!� �3 �: +<�3= .�&� �� �� � +	��A �3 ��	<5  *	P� �C ��(3 B� +� +���  .#M, ���

 =� d	3 8�� 65� �/!�2 �� *��3C *��jc .*� [&g� 63�" �	Z ! �7:C20 �2�!� ! ��&3 ��� 65� =� ��3C��& +�

 *��3C +3 �3R	 ."�&� �� �C +3 9�!�! +3��	� ! 8�� 65� �3 n�#, �� +��2�!� G���!� .� �#� �� �&>N 8��

 �� G&(5� ��3C ���� *�� 9�: ��] GC 9��3 ��� QC 6	(���; ��&�N +3 �o< 
��&#� [&g� ��3C ���� 9�: ��] *�Q�3

.��&�  

  
 RD 1 �.��-��gB !��?A� :M��� $�A�#H �J�I  N��& �  

 :G5����# ��A��  

 12 9�: %� X	 �; �� ���7, + �3 GC +�&#�76  !96  +�&#� !� 8	�p#: ! ���� ��3C ���� *�� G�� 9�: ��] =�

 
�&3 ��� +�(� �4_� GC Tq ! S �� �P��	� �3 +� 8P	,� �P; h!�r D&, ���� F<�3= 8�� 65� =� +3��	�

&#� 
�#,� Go/ ����� �3 8	�� W�XP� 8		�, *�/ .� ��H *����3 9��� GRc�� ! GC ���� ��=C +3 GC 9�: +�

 ���� ��.� ��H %���  ���� ��=C �� s&Pj� t	PZ S �� �&P� �	� ! S �� �P� �	� �3 ���� =� �&>N 8#c �: GC
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 W���- +/�� �� *N� S  W�� +3 !200  �C ?M- u ��, +3 %R5�� �� C�� �3 �, ���� ���� W���- ���H ����

%&P5� .�3�  d:��  �� ���� W���- �#� ! s&Pj� t	PZ S �P��; �	� ! t	PZ S ��	� �	� �3 0���M� 6��-

 
����7#: ! 9�	2)2010 9� �#,� Go/ ����� +3 ��	�� ?M- 
�4_� GC ���� +��c� �3 Tq .(240AA 

 .�� ���� *�P	/C .�&3 ��	< �� I�H!�7	� S  8	�� W�XP� 9��3 ����� *"� �-�	#	� F XM, *"� 9�42 �3 � 

 =� ��#�10٪ .*��H ���" ���3 ��&�  �: ��] GC  (*<�>� ! 67	� 
T� 
9!� 
G� 
S	��C) 8	�� W�XP� *OPZ

G�� �PP#<� 8	3 ��������) G�� GC �PP#<� 8	3 �������� =�M� ���_� �3 vP�j� %� !� ��1 
2017(  +( �_�

 .� ��H ����N 9�: ���� 8	��  ��X�� I�� ��GIS  ��X�� I�� �� ! 9� &1, w=���;Statistica  +j(�10  w=���;

.��� ��H 9���C  

  

 N�6IJ ��K�- �#�.&�� 5�
 \]�  :h 

 8	�� W�XP� �H�&<C l2��(HPI)8	�� W�XP� l2�� :2  ��&� GC �� 8	�� W�XP� y&#M� =�	��� *�/

 +>�5� �� .��	H �� ���" ���g��HPI �=! +>�5� ������; 9�:i� n�� �3 8	�� W�XP� =� S  �: *	g	� ! I

�&(���: l2��3 )1980) (Zn=1 
Pb=Cu=Ni=5 
As=10=� ���g�� �3 XP� �: *	g	� .*� ( ) F43��1 ( =�	���

�� �:� +43�� 8 � �� .�&�Q� l2�� � = ������; 9�:i 
 I�W� �:������; w=�� 
��  ! XP� �: *OPZS�  =�M� �-

������; �  �:�� ��	3 �� �1�N �C �������� ��X	��c� ) ���4  
K�	 !2010 .(  

)1 (  �� = ∑
��

�

�
��� ∗ 100  

 l2�� * ��� ���H�&<C ) F43�� =� ���g�� �3 8	�� W�XP�2 �O� =� GC +�&#� �: F>,� 
n�� 8 ��3 .�� +>�5� (

 :=� ��,��>N �g	�120< 
?� +>,�120 -240  ! D&�� +>,�240>  +>,�.�� =  

)2 (  ��� =
∑ ����
�
���

∑ ��
��� �

  

) 9XP� l2��MI :(9XP� l2��5 ) F43�� K>`3 ���" ���g�� ��&� ���	���C GC �P� *	g	� . � 8	#j, *�/ (

��	H ��  �C �� +�MAC  ! =�M� *OPZ �z���-C� *� XP� �: *OPZ . ���_� �3 +( �_� �� XP� *OPZ +]�:MAC 

 =� GC 
���3 ���	3W�XP� +3 ���	���C GC �P� *	g	� 8	#j, *�/ 9XP� l2�� .*� ����&2�3 9��#� *	g	� 

�� ���g�� 8	��GC �� �o< .*� ���g�� 63�" GC ! ��&<C GC F���C �- �3��3 9XP� l2�� .�&� 63�" 9�:

) =�M� �z���- ! +�&#� �� �O� ��&� �1�N *OPZ *>(� +� 9XP� l2�� ���_� � �3 ���g�� �3 =�M� *OPZ �z���-

 �������� n��WHO ��!�5� �� S  =� �, k�X3 � ��_� .���3 S  =� ��#� *� (�� ���" ����: 9 .���	H  

)3  (  �� = ∑��� (� �)�⁄ #  

  

                                                      
1 -WHO 

2  - Heavy Metal Index 

3 -Hakenson 
4-Reza and Singh  
5 - Metal Index 
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i�# � j.�%�  

GH �.����  k�F�0 :C+�  

��� *	�(- �- =� ��#� \&	/ ���_� 9���� ���� ��3C ���� *�� G�� 9�: ��] GC F	P� ���&3 9�	H �=���� ��

 =� ��#�)01/0  �3 I�H !��	���	<  %� �� S	��C *OPZ 8	���	� .(76  )39/0  GC �������� =�  (��	< �3 I�H!�7	�

) G��10  %� 9��3 ���_� 8 � ��� 
��#� (��	< �3 I�H!�7	�96 )70/16  �O� ��&� �������� =� (��	< �3 I�H!�7	�

%!�/) �&3 ���	31���- .( %� �� X	� S	��C *OPZ �z76  G�� �������� =� ��#� ��	< �3 I�H!�7	� S  ���_� �3

 %� �� ��3C ���� G�� 9�: ��] =� S  |	: �� S	��C *OPZ 
8 ��3��3 .�&376  GC ! ��&>� ���	3 �������� �- =�

�C *OPZ �z���- ! 8	���	� 
+� �<�- �� .������ ���� S	��C +3 �H�&<C ��] %� �� ��3C ���� 9�: ��] GC S	�

96  ��� ���� ���3 8 � .�&3 ���	3 G�� �������� =�83  ���	3 �7	��C 
��3C ���� *�� G�� 9�: ��] =� ����

 %� �� S	��C ���_� +� ��� ���� �: ��] GC S	��C 8	���	� F( �_�  
�,��>N +3 .��� +���� G�� �������� =�

96  �!�-43  �3��3 %�76  Y	,�, +3 G� *OPZ �z���- ! 8	���	� .*� ��&373/0  !1  ��] GC ��	< �3 I�H!�7	�

 %� �� +_4�� 9�:76 ) �&3 G�� �������� =� ��#�10  *OPZ �z���- ! 8	���	�  
+� �<�- �� .(��	< �3 I�H!�7	�

 �3��3 G�41  !70  %� �� �: ��] GC ��	< �3 I�H!�7	�96 ��� =� ���	3 �!�- .*� ��&3 G�� �����58  ����

 %� �� +_4�� 9�: ��] GC96  8	���	� F( �_� .���&3 G� +3 ��&<C +� ���� ���� �������� =� ���	3 G� ���_�

 %� �� G� ���_� +� ��� ���� �: ��] G�96  �!�-30  %� �3��376  ����N *OPZ �z���- ! 8	���	� .�&3

 *<�>� ! 67	� 
T� 
9!� %� !� �� G�� 9�: ��] GC76  !96  +3 *>(� �: GC ! ��&3 G�� �������� =� ��#�

%!�/) ���&>� ��&<C �O� ��&� ����N1  .(  

  

V�>B1 V�J �� �� ��#H $��� ! � 5�
 ��E GH �� N�6IJ �<�I� 5���H 5�
�%���� U".�,� :76  �96 (�%�+ �# d�Z ��D�� �# �
 >T��)  

��g%� V�J N�6���� ����� R?�>T �lF�>T ����� c����� �6+AE �Z>�	F GH ���>��%J� 

S	��C 1376 39/0 16/0 01/0 00/1 38/0 71/0 47/1 - 10 

 1396 70/16 20 75/0 32 54/9 37/0 - 60/0 - 10 

G� 1376 73/0 71/0 43/0 00/1 20/0 15/0 40/1 - 10 

 1396 41 63 06/1 70 32 38/0 - 21/2 - 10 

9!� 1376 63/0 64/0 21/0 00/1 29/0 01/0 - 85/1 - 3000 

 1396 75/4 60/2 75/0 14 34/4 29/1 62/0 3000 

T� 1376 55/0 53/0 16/0 96/0 28/0 01/0 - 02/1 - 2000 

 1396 6/23 24/2 07/0 267 77 46/3 12 2000 

67	� 1376 32/0 31/0 05/0 00/1 26/0 63/1 76/3 70 

 1396 15/2 75/0 75/0 95/8 74/2 02/2 13/3 70 

*<�>� 1376 37/0 31/0 01/0 94/0 34/0 44/0 30/1 - 330 

 1396 80/0 75/0 75/0 10/1 12/0 10/2 00/3 330 
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67� ��2  ���#� 9�: ��] F	P�1 
2 
6 
7 
8 
10 
11  !12  %� ��96  +3 ��&<C 
G�� �������� +3 +/&, �3

 9�: ��] ! S	��C2 
6 
8 
10 
11  !12 ��&<C  9�: ��] 
�,��>N +3 .���&3 G� +32 
6 
8 
10 
11  !12  ��&<C

67� �� .��� G� 8	�p#: ! S	��C +32  %� !� �� �: ��] F	P�76  !96  �H�&<C �"�� G�� �������� +3 *>(�

 %� �� *<�>� ! 67	� 
T� 
9!� ����N F( �_� .���&3 *<�>� ! 67	� 
T� 
9!� +376  !96  �X�� =� ���- d

 %� �� �O� ��&� ����N96 .*� +���� 

  
RD 2 V�J �� �� �
 ��E GH N�6IJ �<�I� !L�Y U".�,� :76  �96 G�  ���>��%J� �# !�"� 

GH �� �Z�A+H \]�  :G�
 

 �� 9XP� l2��12  %� �� �: ��] F	P� �� S	��C 9��3 l2�� 8 � 
��� ���� ��3C ���� G�� 9�: ��] GC +�&#�

96 S  =� d	3  %�7��) ���&3 S	��C +3 ��&<C �: ��] �,��>N +3 !3
4 =� ���- S  =� d	3 G� �H�&<C l2�� .(

 %� !� �� �: ��] F	P� ��&3 ��&<C76  !96  9��3 *<�>� ! 67	� 
T� 
9!� ����N �H�&<C l2�� .�&3 G� +3

 %� !� �� �: ��] F	P�76  !96  �: GC ��&>� ��&<C =� ���- ! S  =� ��#� 9XP� l2�� .�&3 �&3X� ����N +3

 %� =� S	��C76  %� �,96  �: ��] �z�� ��10 %!�/) *� ��� �3��32 �� �� �X�� ��!� X	� G� 9XP� l2�� .(

 %� =�76  �,96  %� =� G� 9XP� l2�� ���_� .��� ����76  �,96  =�7  �,15  9XP� l2��  .�&3 �	}�� �3��3

 =� d	3 G�65  %� ��96  9�: ��] +3 s&3��2 
6 
8 
9 
10 
11  !12 .*� ��&3 
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 Y	,�, +3 8�� 65� +3 �: ��] 8 �, S �X� +� 8 � +3 +/&, �311 
5 
4 
12 
3 
9 
2 
7 
6 
10  !8  |	: ��� 
*�

 9�: ��] 
%�z� ��&�N +3 .��� ��:��� �: ��] �� 8�� 65� =� +P��� �3 G� ! S	��C d �X�� ��!� +�&H8 !10  ��

67�) ��� +���� S	��C +3 *>(� � Q�3 9XP� l2�� 8�� 65� =� �,�!� +P���4 ��] .(11  +<�3= 8�� +3 S �X�

) G� 9XP� l2�� 8 ���	372/69 ��] ��� 
(5  9XP� l2�� 
+<�3= 8�� 65� +3 S �X� X	�33/1  =� ��#� ��- !

 %�76  9XP� l2��) ��� ����9 9�: ��] 8	�p#: .(8  !10 3 9���� 8�� 65� +3 �: ��] 8 �,�!� ��&�N +

 Y	,�, +3 ! Q�3 G� 9XP� �H�&<C l2��48/68  !10/68   %� ��98 .������  

V�>B2���� 5K�- �Z�A+H \]�  :��E 5�
��#H $��� ! � GH 5�
 

��A�� ����  V�J P�IJ�H G�J 5�� Q� RD�� !+��F 

1 1376 14/0 00/9 00/0 11/0 00/0 01/0 

 1396 12/2 09/7 00/0 03/0 45/0 02/0 

2 1376 25/0 00/7 01/0 33/0 03/0 00/0 

 1396 39/2 56/67 00/0 05/0 07/0 00/0 

3 1376 10/0 00/9 01/0 11/0 00/0 01/0 

 1396 03/1 36/4 00/0 03/0 00/0 00/0 

4 1376 10/0 00/5 00/0 10/0 01/0 01/0 

 1396 18/0 38/7 00/0 03/0 00/0 00/0 

5 1376 15/0 00/9 01/0 10/0 00/0 00/0 

 1396 09/1 33/1 00/0 04/0 00/0 00/0 

6 1376 20/0 00/8 00/0 07/0 02/0 01/0 

 1396 04/2 64/68 00/0 04/0 00/0 00/0 

7 1376 40/0 00/9 01/0 13/0 00/0 00/0 

 1396 18/1 06/1 00/0 00/0 00/0 00/0 

8 1376 35/0 00/6 01/0 26/0 03/0 01/0 

 1396 24/2 48/66 00/0 00/0 00/0 00/0 

9 1376 15/0 00/9 00/0 09/0 01/0 00/0 

 1396 20/3 10/68 01/0 00/0 00/0 00/0 

10 1376 25/0 00/7 01/0 30/0 02/0 00/0 

 1396 20/3 10/68 01/0 0/00 00/0 00/0 

11 1376 27/0 00/4 01/0 29/0 02/0 01/0 

 1396 98/1 72/69 00/0 00/0 00/0 00/0 

12 1376 35/0 00/8 01/0 29/0 01/0 01/0 

 1396 48/2 38/60 01/0 06/0 14/0 02/0 
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RD 3���� P�IJ�H 5K�- �Z�A+H \]�  :��E 5�
V�J �� M��� ��#H $��� GH 5�
76  

  
RD 4���� P�IJ�H 5K�- �Z�A+H \]�  :��E 5�
 �� M��� ��#H $��� GH 5�
V�J96  
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 �� G� 9XP� �H�&<C l2�� F( �_���]  %� �� ���� *�� ! ��3C ���� *�� 9�:76  9XP� l2�� 
��� ����

67�) �&3 ���	3 S  =� X	� ���� *�� 9�: ��] �z�� �� +7P3 
��3C ���� *�� 9�: ��] �� ���, +� G�5 
8 ��3��3 .(

 %� �� ��3C ���� *�� 9�: ��] G� +3 �H�&<C76  +3 9�: *(�� +, +3 0Q�#�-� ! +<�3= 8�� 65� =� �	Z � ����

 F( �_� 
�!RN +3 .���H �� �3 ��2 �� �&/&� ���� 9��� �!�3 ! �!�� 8	�� ! S> D �! =� ���� 9�g(#,�

 %� G� 9XP� �H�&<C l2��96  �376  %� �� l2�� 8 � 9Q�3 d �X�� =� ���-96 67�) �&36  .(  

  
RD 5A+H \]�  :���� G�J 5K�- �Z���E 5�
 V�J �� M��� �#AIB ! � GH 5�
76  

  
RD 6���� G�J K�- �Z�A+H \]�  :��E 5�
 V�J �� M��� ��#H $��� GH 5�
96  
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58  %� �� ��3C ���� *�� GC 9�: ��] =� ����76  9���� ���� 8	#: +� �<�- �� 
��&3 D&�� �H�&<C F/��

 %� �� �� = �H�&<C F/�� �: ��]96 %!�/) ����� ����3 %� =� �: ��] GC �H�&<C F/�� 
8 ��3��3 .(76  %� +3

96  �&] � �: ��] GC �� .*� +���  d �X��2 
6 
8 
10 !11  %� �� ?� =� �H�&<C F/��76  %� �� �� = +396 

 �		}, �&] � �: ��] �� 8	�p#: .�&3 +��� 3 
5  !7  %� =� �H�&<C F/��76  +396  ��:�� ��!� ?� +3 D&�� =�

 !� �� �H�&<C +/�� F( �_� .�&3 +����� W�&� %� !� �� �g	� F/�� �� 9�		}, S  ���#� ��] �� .*� +����

�� 9�: ��] �� �H�&<C F/�� 
��� ���� ��3C ���� *�� ! ���� *�� �� ���� *�� =� ���	3 Y,��� +3 ��3C ���� *

 %�76 67�) *� ��&37 �3 .� ���� ��:��� ��3C ���� *�� 9�: ��] �� �H�&<C F/�� =� ���2 ��!� � & =� .(

 %� �� �: ��] �H�&<C F/�� +� 8 � +3 +/&,96  65� +3 *>(� �H�&<C F/�� =� ���2 ��!� ��� 
��� ���� d �X��

�� F<�3= 8��67�) � ���� 8		�, ��8 �&] � �: ��] .(8  !10  �H�&<C F/�� ��&3 ���� F<�3= 8�� 65� =� �,�!� +�

  .����� ���� �� =  

  

 V�>B3���� �Z�A+H UB�� \]�  :��E 5�
M��� ��#H $��� GH 5�
  

��E ����  1376  1396  

 �#� l2�� �g	� l2�� �#� l2�� �g	� l2�� 

1 56/1 D&�� 72/3 D&�� 

2 23/0 - ?� 07/64 �� = 

3 50/1 D&�� 57/0 - ?� 

4 52/2 - ?� 60/1 D&�� 

5 73/1 D&�� 54/3 - ?� 

6 68/0 ?� 73/64 �� = 

7 98/1 D&�� 75/3 - ?� 

8 16/1 - ?� 73/62 �� = 

9 57/1 D&�� 45/60 �� = 

10 23/0 - ?� 31/65 �� = 

11 08/3 - ?� 71/65 �� = 

12 13/1 D&�� 08/57 �� = 
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RD 7���� �Z�A+H UB�� \]�  :��E 5�
V�J �� ��#H $��� ! � GH 5�
76  

  
 RD 8���� �Z�A+H UB�� \]�  :��E 5�
V�J �� ��#H $��� ! � GH 5�
96  

  

�� 8	�� W�XP� �H�&<C l2�� F>�5� �3 8 � �� .��� 8		�, ��(�� *�R 9!� �3 �� 8	�� W�XP� �A� ��&,

 ���3 .*��H ���" dM� ��&� S	��C ! 67	� 
T� 
9!� 
G� ����N +3 +/&, �3 8	�� W�XP� �H�&<C l2��

 %� ��76  �!�-83  ��� .���&3 D&�� 8	�� W�XP� �H�&<C l2�� 9���� ��3C ���� *�� 9�: ��] GC =� ����

 %� ��96 �!�- 
58  8	�� W�XP� �H�&<C l2�� \�� �� �: ��] GC =� ���� ! �� =25  D&�� \�� �� ����

 9�: ��] �� 0��#c .������ ���"2
4 
5  !7  %� =� �H�&<C l2�� �� 9�		},76  �,96 %!�/) ��� �� �4.( 
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���� 8	�� W�XP� �H�&<C l2�� F( �_���] 9�: %� �� ���� *�� ! ��3C ���� *�� GC 9�:76  +� ��� ����

���	3 ��3C ���� *�� �� l2�� ���_� 67�) ~&3 ���� *�� =�9 .���&3 ?� \�� �� ���� *�� �� �: ��] GC �z�� .(

���� 8	�� W�XP� �H�&<C l2����] 9�: %� �� ���� ��3C ���� GC 9�:96  *� ��&3 �	}�� �� = �, ?� v	` ��

67�)10= 8�� 65� +3 *>(� �O� ��&� l2�� �� �� �X�� ! ��:�� �O� =� ���2 ��!� 
���` =� .( �� � ���� F<�3

 .��� 

 V�>B4���� N�6IJ ��K�- �Z�A+H \]�  :��E 5�
��#H $��� ! � GH 5�
  

��E ����  1376  1396  

 �#� l2�� �g	� l2�� �#� l2�� �g	� l2�� 

1 173 D&�� 446 �� = 

2 192 D&�� 468 �� = 

3 181 D&�� 200 D&�� 

4 106 ?� 37 ?� 

5 181 D&�� 212 D&�� 

6 123 D&�� 396 �� = 

7 154 D&�� 230 D&�� 

8 115 ?� 432 �� = 

9 141 D&�� 62 ?� 

10 188 D&�� 618 �� = 

11 180 D&�� 382 �� = 

12 121 D&�� 494 �� = 

 

  
 RD 9���� N�6IJ ��K�- �Z�A+H \]�  :��E 5�
 V�J �� ��#H $��� ! � GH 5�
76  



  

  

  

  

123  --------------------------------------  ,-.��  ����� / �� 0��� �1��) 23$�4�% �� 567 )8�)��9	 ...  

 

 
RD 10��K�- �Z�A+H \]�  : ���� N�6IJ��E 5�
 V�J �� M��� ��#H $��� GH 5�
96  

  

67�) (G ! v<� F3��	�) ���� +<�3= 8�� 65� F_4�� !� �� +3��	� 8	�� ����N ���311 ���C S	��C ��� ���� (

 =�724  �,399  ���C *OPZ D&�� +� ��&3 �	}�� ��	< �� I�H!�7	�50  *� ��&3 G�� GC �������� �3��3

%!�/)5 v	` �3 X	� G� ���_� 8	�p#: .(92  �,135 �� I�H!�7	�  =� d	3 *OPZ D&�� 9���� ��	<20  �3��3

 .�&3 G�� �������� ���_� =� ��#� �: +3��	� �� *<�>� ! 67	� 
T� 
9!� �&] 9����N *OPZ .�&3 G�� ��������

 ��#� G�� �������� =� ���� ����3 GC �� G� hR2�3 67	� ! T� 
9!� 
S	��C ����N *OPZ) �&3�# �"  !

 
����7#:a2013 .( ���� GRc�� �� 8	�p#: G�5 ) �&3 G�� �������� �3��3 
�#" ! �# �"2013.(  *OPZ

 
�#" ! �# �") �&3 G�� �������� =� ��#� ���� *�� ��	�=� = 9�: GC �� 8	�� ����N2012  .(  

 
 V�>B5(�%�+ �# d�Z��D�� �# >T�� ) M��� ! � C�%�� 5�
 GH �� N�6IJ �<�I� ��>,� : 

!+��F D��R Q� 5�� G�J P�IJ�H GH mA� 

07/0 07/0 77 07/0 92 724 v<� +3��	� 

07/0 07/0 07/0 07/0 135 399 G +3��	� 

 - 9 9 18 19 26/0 ���� ����3 

 - 18 4 300 50  - ���� GRc�� 

 -  - 13 15 5/6  - ���� ��	�=� = GC 

330 70 2000 3000 10 10 GC �������� 
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RD 11 ��A�� ! ���# :M��� �+�#& N-� !J� N�.� �#���  &�  

) �# �"2014 =� ���� F<�3= 8�� 65� ��2 �� 67	� 
T� 
9!� 
G� 
S	��C 8	�� ����N *OPZ ��� ���� (

%!�/) �&3 ���	3 ���"&� +�&; �� �C ��������6 �O� ��&� ��2 �� S	��C *OPZ .(7  8	�= +�&; �� �C �3��3

) ����7#: ! �# �" .�&3b2013 ��3C�	2 ! (v<�) ���� ����� ��� !� S �X� 9�: ��>Z ! ��H �� ����� lj�� (

 =� �2�3 ��2 �� .���&3 ���	3 8	�= +�&; �� ���C ���_� =� X	� G� ! S	��C ����N 9�: *OPZ (G) ����


 �# �") �&3 ���	3 ���"&� +�&; D&�� ���_� =� G� ���_� X	� +<�3= 8�� 65� K`���2014 S	��C 
8 ��3��3 .(

 �&/&� �������� =� ���	3 Y,��� +3 +<�3= 8�� 65� ��2 ! +3��	� �� ���C *OPZ +� ��&3 8	�� �1�N !� G� !

 9�: ��2 ! (��>Z ! ��H ! ����3) 9�g(#,� 9�: *(�� +, �� +� ��&3 9�1�N 8 ��#�� G� 8	�p#: .*� ��&3

8�� 65� +3 S �X� ����� 9�: ���� h��`�  .��� ���� ���	3 %!���� �������� =� +<�3= 

 V�>B6(d�ZA��F �# d�Z ���� �# >T��) M��� ! � C�%�� 5�
 M�]�� N�6IJ �<�I� ��>,� : 

!+��F RD�� Q� 5�� G�J P�IJ�H M�] mA� 

 - 52 31 75 31 38 +<�3= 8�� 65� ��2 

 - 40 15 7 104 6 (v<� )��>Z ! ��H 

 - 26 18 7 83 8  ! ��H(G) ��>Z 

10 46 15 60 18 3 (v<�) ��2 

13 45 31 6 7 2 (G) ��2 

17 47 28 67 17 5 8	�= +�&; D&��1* 

                        *	� ���*1 ) 8# � !2012(  

 ��&3 ���� F<�3= 8�� 65� F3��	� =� ���� 0�,�#N ! +���� �P5� . =&, ��3C ���� *�� 9�: ��] GC 9Q�3 S	��C

 .*� ) ����7#: ! 9=!�&�2016 ! ��= ��(�� �� S	��C e���� 
��7P� *�� 9�: ��] GC 8	�� ����N +�<�4� �3 (

) ����7#: ! 9�j� .���(��� ��	�=� = GC +3 +���  *�� 9��� GRc�� =� ����2016 �� 8	�� W�XP� +�<�4� �3 (

� 9�: G�(; *�� �� S	��C e���� ���� *�� ��&j3C ��	�=� = GC .���&#� �	" ����2 Go/ 9�: ��] ! 9��

                                                      
1  - Caritat and Reimann. 
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��: 9�: ���31 ) ����7#: !2014 +<�3= 8�� d_� 8	] 9&��= +_4�� �� +<�3= 8�� 65� ��	�=� = 9�: GC �� (

 9�: GC �� S	��C d �X�� �� ����	�=� =  ��	�� W�XP� *OPZ ����� lj�� �!RN +3 .���&#� lj�� +_4��

���� 
9!� 
?	�P 
�&	/ �&] ��#� G�� �������� �- =� *��3C 9�: + Q �� *(�� +, ! Go/ 6	<� +3 I!�� ! I&	

.*� ��&3   

 F3��	� �� �/ =� ���� �C �P5� . =&, .�&3 9� +	-�� ! �P5� e���� !� =� ��3C ���� *�� 9�: ��] GC �� �� = G�

 +, =� ���� �C 9� +	-�� . =&, ! +<�3= 8�� 65�*(�� &� 9�g(#,� 9�:.*� ��&3 +_4�� ��2 �� �&/   ! ��,

) �&7 �:2017 +_4�� ��	�=� = GC 8	�� W�XP� ���3 �3 (& �!Q&32 GC G� ��&3 Q�3 
����� ���� �!�># = ��

 ���	� .�&3 ��	�=� = GC +3 +<�3= 8�� 65� F3��	� *�� =� ���� ��	�=� =) ����7#: !2018 W�XP� +� ����� ���� (

 
G� 8	��+3�&, F<�3= 8�� F3��	� =� T� ! 9!� 
I&	����3.�&3 +���  ��� ��	�=� = 9�: GC +3 ���!��: ��  B��!

 Q������7#: ! )2019��	, 8 ! +_4�� F<�3= 8�� ���3 �3 (4  �������� =� �,Q�3 I!�� ! G� 
����� �� n&�Q =�

*� ��&3 +<�3= 8�� F3��	� =� ���� ��	�=� = 9�: GC  G�� .����7#: ! ��^� �<!  )20168	�� W�XP� ���3 �3 ( 

 9Q�3 ?���, =� ���� +_4�� ��	�=� = 9�: GC �� Q�3 G� 
����� �� ����R� ������ ��	�=� = GC .3��� ��

.�&3 . ���  

  

5��Z ���%�  

%� �� +� ��� ���� ���� ��3C ���� *�� 9�: ��] GC �� 8	�� ����N *OPZ ���396 �!�- 83  GC =� ����

 �!�- ! S	��C +3 ��3C ���� *�� G�� 9�: ��]58  G� +3 ���� .���&3 ��&<C %� �� 9XP� �H�&<C F/��96 

 ��58  ��3C ���� *�� 9�: ��] GC =� ���� .�&3 �� = ��	�=� = GC +3 8�� 65� F<�3= F XM, =� 6��- F3��	� [&g�

��&3 +_4�� �� �&�o� W�XP� e���� 8 ��#��  *	<��� =� ���� ���&, �� �: ��] GC �� �&/&� G� 
���` =� .*�

 �O� =� �: ��] G�� GC *	g	� �� d �; .���3 ��&3 h��`� ����� 9�: ���� ! 9��� 6_� ! 6#- ! ����� 9�:

 +�>/ 8		�, ! ���� F<�3= 8�� \�!�5� �� ��	�=� = GC �g	� 9=� %�� ! vP�j� 9�: ��� �� 8	�� W�XP�
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Abstract  
Heavy metals (Mercury, Arsenic, Lead, Zinc, Copper, Nickel, and Cobalt) of groundwater in Amanabad plain on 
the 12 drinking wells were compared in the years of 1997 and 2016 downstream of Arak Landfill. A comparison 
of heavy metal concentrations of wells with drinking standards indicates that water is not contaminated with 
Mercury, Zinc, Copper, Nickel, and Cobalt in the two years. The waters showed contamination with Arsenic in 
2016 and Pb in 1997 and 2016 respectively. The index of Arsenic and Lead metal contamination in wells in 2016 
was more than ten times that of 1997. Fifty-eight percent of drinking water wells, which had a moderate level of 
pollution in the 1997 year, but, were high polluted in 2016 year. Examination of Arsenic and Lead 
concentrations in leachate and soil of Arak landfill showed that they are more than 50 times the standard water 
and even drinking water of Amanabad plain. The study showed that Arsenic and Lead in the wells of the area 
were caused by landfill leachate. Lead has also been derived from atmospheric dust in nearby industries and 
traffic in the area. Therefore, measures should be taken to reduce Arsenic and Lead in the Arak municipal solid 
waste landfill as well as industries and urban transport.  
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