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Urban environmental pollution by heavy metals causes undesirable changes in the 

physical, chemical, and biological properties of life's main sources including 

water, air, and soil. This study has been carried out to map the spatial distribution 

concentration of heavy metals copper, zinc, lead, and cadmium and to evaluate 

the ecological and environmental hazards of these pollutants, by pollution indices 

mCd, Igeo, RI, and Cf indices in Zahedan city. In this research, 90 samples of 

deposited dust were collected by using a systematic random sampling method, 

and the concentrations of these metals were measured. To model the spatial 

distribution of heavy metals, the kriging method was used in Arc GIS. The results 

of heavy metals concentration measurements showed that the highest mean 

concentration was obtained for Pb 270.51 (mg. kg-1) and the lowest mean 

concentration was obtained for Cd 20.74 (mg. kg-1). Also, average concentrations 

of lead and cadmium were higher than the standard level in the soil. Also, the 

results of the Pearson correlation coefficient showed that there is a significant 

correlation between zinc and cadmium. Based on the results of the contamination 

factor and the potential environmental risk index, the copper and zinc showed a 

low pollution range, lead high pollution range and cadmium very high pollution 

range. Geoaccumulation index showed moderate pollution class for cadmium and 

high pollution class for copper, lead, and zinc. According to the spatial 

distribution maps, the highest concentrations of metals were observed in the city 

center and main roads which showed the role of human activities in the 

distribution of these elements. 
Cite this article: Solgi, E., Abdollahi, S. (2022). Investigation of Heavy Metals Contamination in Atmospheric Deposition of 

Zahedan City by Using Pollution Indices. Journal of Natural Environmental Hazards, 11(32), 73-86.  
DOI: 10.22111/jneh.2021.36672.1738 

 

                               © Eisa Solgi.                           Publisher: University of Sistan and Baluchestan 

                              DOI: 10.22111/jneh.2021.36672.1738 

 

                                                      
* Corresponding Author Email: e.solgi@malayeru.ac.ir 



 

��� ����� 	
��
� �� ��������� ������ ���� 11 ����� �32 � !�"#$�%1401  

  

����� ��	
� �
����� ��� �
����� �����
 ������ ���  ���� �
 �� 	
�!
" �#$

%&�$ "
  �!� ���'
�  

��#� (�)�1* �+�,�-�� ���)�2 

1 .�����	
 �� 
�����  ����� �� 

������� (����� 
������)  

2 .�!����" �#$�" �� 
�����  ����� �� 

�������  

  

�,�.� ���/��  �-�01  

 :�,�.� 345%�&�'( )*
+�  

  

��%67 ��689�: 09/09/1399 

 ::6��6� 76��%18/02/1400  

��%67 ;
6<�  :09/03/1400  

  

�=�� :>-��? >�
   

23
4  
&" ����    ��#�%�   

��5 6�789��:   

��� � �	
;<   

=��&�� .  

���*>% ����  ���� �?4" ��5 �@
�A )B�: � CA
B��
! DE��6�� � 	� F�8G�
���'%  
&" 9�7�H%� 

4�I�
%� � ��#�% 8@� JB
��% K�6
 � L
3 � ��& �F> M�
4%  ����� .�:   N&�'(  
B  O�&  )�?E )�+�  

��E�J   %�
H� �P8<   6�789 �	 �Q� :���5"� ��
$ � F�5�R� 5	�B �% ��=�7  6��G3S�*�$��H%  �

����   ��#�% � �� M@
K�: T>�
��  
& 23
4 UI$ )B  
&"mCd �Igeo  �RI   �Cf  =��&�� �?4 	�

 R
!��   
�4 � 	� .�5��:  )V*
G� 
B   
�
W#5�  ��  X�	 )��I�  "	���B  U�E
I#��5 %9�
YE  90 )��I�  ���  	
;<� 

�	47%  JIZ  "	�> �����   �  �P8< ��:   �6�789 	�   
?�> 
�����  "��� )B .�4   	�P��  ��� "�
5  6����DE  %�
H� 

 �P8<  6�789  �:���5  ��  X�	 ��$!�[�  	�  ����ArcGIS 
�?B   )#9�� 
#� .�4�\ 
����� �� M@
K  ��"� 

��5 6�789 �P8<�: B )$ ��� =
����#��: ����
�: B�� �P8< F�5 )B ]�51/270 ��8%  R�� $ �B�R���8 

#I$ ���: ����
�: ��
$ )B ]�B�� �P8<�R� 74/20 ��8%  R�� $ �B�R���8 �%  �4
B�`I& .�:  	��+�

����
�: ��
$ � F�5 �@
�A �P8<�R� B��#� 
#� .��B L
3 	� => �	���
#5� �K ���\ �a�b �#�;I&% 

(�=�5� B )$  ��� =
���: �	 �Y�A" ��
$ ��R� �#�;I&% �V�%  	��" +� c
5� �B .�	�� ��Z��
��  ]�B��

�a 23
4 )B�b ���*>% �� 
�+*
B �G3 23
4 ���    ��#�%� ���*> 
����� 	� "�	 � Q� 6�789%  �d$

���*> 
����� 	� F�5% ���
 ��
$ ��R� ���*> 
����� 	�% �B�	
 ���
 �� 23
4 .��	�� 	��e�:    �4
;�� 

��7 ���*> c�$% ��B �5�#�" ��
$�R� ���*> c�$ �% T
B%� ��B" �A�@
 �	 � F�5 �Q�"  .��� =
��

)�+� c
5� �B  
&" ��E�J �
H�%� K��� 	� 6�789 �P8<% 
�
Z � �?4 7$��  
&" 8@�% B��#��:  �	 	��+�

*
V9 N+� )$ �4����  
&" �
���% ��E 	��J ��: � =
�� �	 �@
�A%  �&�.  

��@")� :�85%A ,��%?8*��;A ,%) .�	
5 ,14015	�B .(% ��=�7 T>����% ��5 6�789�: �W�IE� 6
B�5	 	�" 23
4 �� 
�
W#5� 
B =��&�� �?4 
&" 

���*>%�� 6��h
i� .�� ;h�V% ,11)32(  �86 -73. DOI: 10.22111/jneh.2021.36672.1738  

  

                     =
#�l�8B � =
#��5 

����� :�4
�© A��% �85%?8*��;A �	
5 �*%.  

                                                      
*  - A��% �85% )����� 
������(  Email: e.solgi@malayeru.ac.ir  



  

  

  

  

74   -------------------  �� ��	
���
� �

���  ����11 ����� �32 ������  �1401  

 

��-.�  

=
9�h"
& ����	
;< )B "
�V� N��79� 6�	n ��
Z o8V� 	� �Z %��4
B )B"	�h)$ bZ�� %���E %;�� 

��& �
�4 =�7�� ��� %+9� 
� ��� "��IA N&
$ �B
� � �B�h	 %;�� ��& 7�� �#I$ �� 80 �@	� ��4 .:�� 
���( )$ 

	� oh
�� 	�
!� =
B
�B
& � %K��� U�3 =���� � =
?Z 	� ��Y9 R�� �
5 J�
4 ���#�& )B=���A U� ���>�9 %V�;h 

%�
�9��DZ )#3
�4 
�4 �5� � %������E 6��p� "�
�� �	 "�	 �������� � %���� ��B �� o��h ���B "
&���3	 

%#4��?B Mq� 6�H�� %�W�E � �"��	 6�H�� %�
��B � "	
I�B"
& %��WA )#4�� ��4
B .6����DE %I�8e� � ���B 

%*
�H�3"
& R���� � M3� � O�YE ��< %*�@� =
��� 	� �V�;h %�����E �
I#K� ���B =
9�h"
& ���	
;<� �	 

N��79� �&� .�
I#K� ���B :�� 
���( 	� ��Y9 	
?B � =
#�B
E �;�� )B ��Y9 7��
( � =
#��� �#��B %��4
B � %H� 

�� M���A d?� 	� ���B :�� �
���( %� �A�5�4
B ) �=�	
HI& � %�
��$2016 .(%�����9 :�� 
&���3	 	� U� )+G�� )B 

%8���A )8IZ�� �A�5 �
B �T
B L
3 =��B �N4�( ����4 %���& �U�3 �B�h	 �L
3 N4�( �%&
�� d#��5 "��& 

%8�� � �%����B X	
B 

E�$�6�� %*
�H�3"
& ��8B�6�� 6����DE "�B	
$ :��� � ��*
V9"
& %�
��� %�#�B �	�� 

) �=�	
HI& � Ni;�
?Z2014 .(X�#�� =�79���	 
&�?4 � �4	 J��5 %�����?4 b;5 �
!�� 6��p� =����9 ���� -

%#��� 	� M3�� � O��h� 
&�?4 
����� �5� )[���1  �=�	
HI& �2017(. �� d?�:�� :��E �6��p� 
���T>%�
& 

=�`I& 6�789 :���5 ��#�& )$ ��	� 
?�> )B ���� "�?4 b;5 ���B 6
��@ %W8#i� 
�4  �5�) � %K�;@

 �=�	
HI&2018 .(	� �+�+K %H� �� N*
l"
& %5
5� 	� )���� ��������� N��79� %!�	�E �P8< 6�789 

:���5 �5� .:�� 6�789 )Z�E
B )B:#4�� 6��p� 
�+*
B �U��$�E�#�5 U��S���5	
$ � U��S
E�� �B =
��� � ��
5 

6���Z�� �
��� 6
�K 
?�> �	 
B 6��G3 "�Z )Z��� )#3
5 �5� )=
I�85 �=�	
HI& � ��'�2016 .()B�P� %��5	 

%���*> )B F�5 	� =
������ T
B �5� %� )$����E )!�#� O�Y� "�
I#� :�7�B F�5	�� %h �
5"
& �)#4r� %���*> 

���� %��r< � )?Z��� %8D4 ����� ) �%�
!�
3 � %�
��
s8�2012 .(�� %9�h �Y�A F
�I$ �"�	 "�Y�A "	��a 
��B 

)$ t��� %8@� => L
3 �5� .��)8IZ du�A ����I�� 
B :�� 789 )B6	�@ N&
$ FrZ ='��$� � :��`I& N��79� 

=
B�a b8e  �5�) �=�	
HI& � %K�;@2018.( 6�789 :���5 �� "
&���� v8#i� ���
� X7�	"
& �"�Z 
�
W#5� �� 

"
&��$ %�
�I�4 � �%����K ��5�sI$ :!* F�a
9 � �9>N$
& )B L
3 �	�� %����4 .
��A �B "
&���>�9 

�%V�;h L
3
& %������E )wB)8�5� "�@
�A )$ �� JB
�� %�
��� 	� �������� ���> %�����4 
��*> ���4 .:�� 

�@
�A %������E 	� =
&
�� � 6
����K JI!E ��B
� � R
!���5 �� o��h 
��!�� %��r< )wB =
��� M+#�� ���4. �=��V8B 

QW�E � c
IE %#5�( �� d?�:��E %�
&���� �5� )$ =
��� 	� x�V� �@
�A :���5 	��e %����� ) � :���B

 �=�	
HI&2015 .(%���*> 6�789 :���5 	� L
3
& �� o��h )��
+� �P8<"
& M$ �@
�A :���5 	� )��I�"
& 

�4���B
�4 
B 
&�	���
#5� 
� ���K %����B 
�4	�+� ��W�$ L
3 %B
��	��	�� 	��e %����� ."	
��B �� 6
V*
G� 

=
�� 
��� �5� )$ �P8< �@
�A "789 	� L
3
& 
B N&
$ 
����� 6�	n 
?�> N��79� ���( %�y��$ ���� 6�	n �E7�	 

zG5 
'�� "�ET
B ��	�� � %������E ���
+� "�#��B �� 6�789 :���5 �	 )�� ��3 	� ��	�� ) � %��?Z =
���B�

 �=�	
HI&2017 .(=��$
E :���l )V*
G� 	� )���� %B
��	� � )B
'�� %5	�B �P8< 6�789 :���5 	� 	
;<���� ��& 	� 

=���� � ��
5 
&	��$ R
!�� 
�4 ) %��
3 � "��I�� .�5�2014( �;�� )B %5	�B �P8< %3�B 6�789 :���5 	� 

                                                      
1- Wang 



  

  

  

  

75   ----------------------------  #�	�� �
��$ %&'()*� +*# ��$,-
. 	/�� � ���0#� ��1 ��)2�3 	4�...  

 

	
;<���� �W�IE� =
?Ww@� � %3�B "
&�?4 	�
!� R��e� 
��$ � )w!�#� ��#9�� )$ :���
�� �P8< 6�789 �F�5 

�"�	 �R����
$ �Q� �MH�� ��w*
;$ R��$ � 7���� �B b�K %8��R�� 	� R���8�$ )Bbw�E�E �wB��B 
wB 5/223� 3/470� 

5/3� 71� 82� 5/26� 4/24 � 3/426 � �#��B �� �P8< :�I& 6�789 	� )��
+� 
wB L
3"
& )+G�� %��4
B . %�
I$

) =�	
HI& �2017)V*
G� 	� ( )B "�=��&�� �?4 %�G5 L
3 	� :���5 6�789 �P8< %5	�B 
B )��I��� "	���B 

M�� 7;5 "
{9 �%��H�� �"	
!E v8#i� "
&)	
(�(L U�9��E�( )+G�� � %#V�@ � .��#3���(
#�\ *
�>�7 )��I� 
&

� ��� =
�� 	8$�) � )V*
G��	�� oh
���: ) N&�'(B)%��H�� oh
�� 7Z( ���
$ 6�789 �5�#� �P8<� �R��$ �R

)���� �P8< 	��+� �� "�	 � F�5 �MH�� �Q� )�?4 )�4
K( ��B �#��B) %8�+A � %�
+B .2018	� ( %�&�'( )B 

N!�5 �P8< F�5 R����
$ � ��Z�� 	� L
3 �?4 L�	� 	� �
5 1396� �	�%B
� 6��G3 %�
h�5��< 
?�> 

��#3���( .)#9
�
& =
�� ��� :��#��B �G3 �#B� )B "	
I�B"
& %�
h�5��< 	� �p� QW�E F�5 � R����
$ )Bb�E�E 
B 

	��+� 6/9 �  4/3 ]�B�� )B 

�#��� )�
�
( "7$�� L�	� ��B .:��`I& \�
#� :�� )V*
G� =
�� ��� )$ %���*> L
3 )B 

6�789 :���5 %�����E 	� %�T�h �6�w� CwA
B ��	� :w�� 6
;�$�E )B =�B =
��� �� o��h |
��#5� }�3� .����-

) =�	
HI& � 	�(2019)B ( %5	�B �P8< �@
�A :���5 	� L
3 � =
&
�� O��h� JI#!� �T�9 =
#5��3 ��#3���( .

\�
#� =
�� ��� )$ 	� �?Z X�� �
B �b*
< =�7�� �P8< �@
�A :���5 	� ~�B =
&
�� ���K 5/1�B��B �P8< 

�@
�A 	� ~�B =
&
�� ��IA �B �?Z X�� �
B ��B .:��`I& �P8< 6�789 :���5 	� )��I�"
& %&
�� )#�4
�4 

�#I$ �� )��I�"
& =��B ��#�4 ��B )$ ���
�B ���� 6�789 :���5 �B "�	 =
&
�� �� o��h 6�	n o8V� ��& �5�. 

) =�	
HI& � :���B2015 )B ( %5	�BL
3 :���5 6�789 %3�B %���*>
�
W#5� 
B =��I& =
#5� %�G5 "
& �� 

23
4%���*> "
&  .��#3���(���
+�  	��+� :��#��B "�	�� �5�#� %���*> c�$ )$ ��� =
�� %���*> 	�#$
9

)��I� 	� %�����9�4���B "
&%� 
�4"�	�� F�5 �Y�A � �4
B �
�� %���*> c�$ .�5� "�	 
Bd& "�����)�+� "
&

)�+� 
B %���*> 	
B 23
4 � %���*> 	�#$
9:��� "
&)$ ����� 2i�� %a�	� "�B	
$ � %5
�4  �MH�� �P8<

�5� "	�
� ���� ���
� %V�;h M���A ��#�$ ��E "�	 � Q� �F�5y ��*
V9 %*�)B "�	�
�$ "
& O�Y� M�*�

N�B�wK�� %� %�
�I�4 � %��� "
&��$)l �& N��79� CA
B ����E .��4 L
3 	� �@
�A :�� �#��B  � %K�;@

) =�	
HI&2017 )B (�	��B
% T>����% 

�	
$ v$ 	
;< 6�	n
&" �
H��H%  �?4��7 ��5 6�789 
B�:  .��#3���( ���	

DE��6�� ��=�7 ��5 6�789 �P8<�: 

�	
$ v$ 	
;< 6�	n 	�
&" �
H��H% )B:&> 6	�@<�	"< Q�< 

F�5<7����< R��$< ��
$�R� �B.� � 
�+*
B �G3 23
4������G% 

�	
$ ��� =
��
&" �
H��H%  �?4��7 �	��" 

MB
e �G3 )Z	�)PK�� �%��4
B .)#9
�

�	
$ )$ ��� =
�� 
& �@
�A 
B �
�� 	
��B %���*> "�	�� %H��
H� "
&

$�
Q� � F�5 �R��� %� )$ ��#�&

�	
$ 6
V�
a :���5 6�789 b�$�E �� %4
� ����E 
&��� 
B t��� )$ �4
B 	
;<�

=
����	�� �3
5) =�	
HI& � %�
$�	� %#K
�5 .2018)B ( %B
��	� ����%#��� %3�B �� 6�789 :���5 	� L
3 

%�G5 )�4
K J�
�@ )*���"�
5 � "�
5�T�9 ��#3���( =
$�	� .�B c
5� �\�
#� :��#��B � :��#I$ :���
�� 

23
4"
& ��:� �#4
;��%1  23
4 ����*>%2  ]�B��)B MH�� � :��`I& :��#��B � :��#I$ 23
4 �<%%��43 

                                                      
1- Geoaccumulation Index (Igeo)  
2- Pollution Index (PI) 
3- Enrichment factor (EF) 
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1- Zong  
2- Modified Pollution Degree Index (mCd) 
3- Potential environmental risk index (RI) 
5- Pollution coefficient factor (Cf) 
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