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The increase in pollution resulting from industrialization and urbanization has 
become an important concern in developing countries owing to its impact on human 
health. Therefore, in the present study, to investigate the pollution, 70 street dust 
samples were collected from medical centers in Yazd and in the laboratory to 
determine the content of Fe, Co, Mn, Zn, Pb, Cr, Cd, Ni, Cu, As and Al was digested 
using induction spectroscopy. The spatial pattern of the metal concentration was 
prepared using the Inverse Distance Weighted (IDW) interpolation method in GIS 
software. Pairwise correlation between metals was performed using Pearson's 
correlation, and classification of similar metals in terms of possible origin was 
performed using hierarchical clustering. In addition, the pollution level was 
determined using the enrichment factor, geo-accumulation index, pollution index, 
and integrated pollution index. According to the results, the trend of the average 
concentration of metals is Fe (23587.16), Al (18074.94), Zn (602.54 mg/kg), Mn 
(445.7 mg/kg), Pb (80.95 mg/kg), Cu (60.86 mg/kg), Cr (46.83 mg/kg), Ni (34.09 
mg/kg), Co (10.2 mg/kg), As (0.29 mg/kg), and Cd (0.21 mg/kg). Based on the 
spatial distribution pattern, the highest concentrations of metals were observed in 
medical centers near the two-way street and single-line station. The highest amount 
of enrichment was observed for Zn, and as a result, a class of high enrichment was 
observed. The highest values of the soil accumulation index, degree of pollution, and 
uniform pollution were related to Zn and Pb. A significant correlation was observed 
between-Al and Fe Co–Mn Cr, Cd-Cr-Pb, and Ni-Cu elements at the 1% level, while 
As did not correlate with other elements. Based on the hierarchical clustering of 
elements, Co, Mn, Cr, Cd, Pb, Ni, Cu, and Zn were of human origin, while Al and Fe 
were of natural origin. 
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�D J�D S�0 �� �;����G ;�1M ����ISO11464)   � (ISO11465 0�P#� ;�
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 ��8G �I�#� ���� ���	*� F�k�M $O � ({� .$� ���)
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� (T4 J� ��� �QD ��	- R81-  �M1  (*� ��|	�

q���)2  ���0�%R8 �2023;��D C�<��G �� ;�<�Q� ��� 0� .(;�-�* �$#� � M������) ���� 0� � ;���� �I�#� �$#�
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 (*� ���-�� ��86 ) ��0�%R8 �2018 � �P� uO �(

) ��0�%R82023 ����0� C
��� 0� ������D 0� E���) B�C�5 �0�$��	*� o��2�� .(*� �$� $�
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(�<��5 �� }d�R	O� �����D 0� E���) �� ;R�\�* �	�#I ��8 ���). ;��!�0 � J����* ����
 ;��D0�
 ��$#\ ;


 ��#[R8 � �d�5��)������8 ;� B�C�5 ��� ���*�80 " #� � �0�� 0��{ �1� o��!� 0� � �
�M 7%�*�� 0�R� $�G

q���<)4  ���0�%R8 �2020 .(  

  

 [�:L1����) (�P)5 ��R�- �&��8� :�R& �G��:!" R'��� �.�"��6 ���T���U �� ($�U2��' �" $�U  

 �
��KG� (�P.��� /M�:] �^'�:]  �G52
 �&��8�

(��+ 

�.���  _���.�

����� 

 `&�7

�����KA 

�P*2< 

Fe 16/23587  35/11046  2/35283  35000 5/23217  53/4478  98/18  21/0  
Co 2/10  33/3  7/40  10 95/7  68/6  50/65  55/2  
Mn 7/445  92/222  815/1035  418 74/439  99/100  66/22  7/2  
Ni 09/34  85/2  85/186  6/26  37/32  28/20  49/59  3/6  
Cu 86/60  71/25  73/232  7/26  8/51  14/32  8/52  30/3  
Zn 54/602  85/38  85/5181  31 97/399  93/680  01/113  81/4  
Cr 83/46  53/4  53/94  35 43/46  67/13  18/21  04/1  
Pb 95/80  42/19  06/379  4/19  08/68  58/57  13/71  57/2  
AS 29/0  0 285/11  2/11  0 76/1  04/593  87/5  
Cd 21/0  0 21/12  12/0  0 46/1  22/684  14/8  
Al 94/18074  75/7575  6/30369  80400 15/17869  1/4228  39/23  05/0  

                                                      
1 Pereira 
2 Patel 
3 Taylor and kruger 
4 Liang 
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 �.�"��6 ���T���U (�P)5 ��R�- ?S�T �.�;� V&+2A 

;�C
M�$#�dG "��#� ���*�#� ���� �L�� ��%��0 J� B�C�5 ���%� "���M 7��2M�����
 � �8 .(*� d�� �)��<G �� ���8

;� ���#* B�C�5 ���%� "���M ��8��<� ;�<�Q� ��� 0�7��{ 0�! ���%� "���M .$���� ��R8�� �14�M11  ��8G C�5

 7%� 0� ���#���<G � �J�#*0G �V�* ����
 ���0 �U� �7%�� �C#�#� �(<� 
2  _�*� �� .(*� �$� ���� ����

G ����%� "���M ��8��<�Hk� 0� � ���� ;���� ���#���<G � �8'�R� ��8V�#4 � ���E ����� ���	2� �1� �{��

V�#4 Hk� 0� ���#���<G � �8G ���� (P�E .$�0���� �0 �{��"{�� ;� ���M �1� ;���O 0� �	��$1� C
��� �$�

V�#4 Hk�) x$�0�� 0��{ o��!� ��� ! v�D ~��� 0� �1� ;���O u!�#� .��� ( -� (�{��;��0�! ;�<�Q� 0� ;


�R�$��\1 ) ��0�%R8 �2012 .$#	-8 ���#���<G � �8G �I�#� ��I� " #� o��!� v�D ;
 $� $���M ��h�� ��� (

Hk� 0� �I�#� ��� ����=� ���	��� � ;	��� �1���� ���%� "���M C�� ������
 � ��0 �J�#*0G � �C
�� ��8

�5 ����=� ���	��� .$� �$8��� �C� �1� V�#4Hk� 0� C#�#� � ���
 �V�* �U� B�C'�R� � �C
�� ��8 ���E

�<�O0� .$� �$8���Hk� 0� (<� 
 � 7%�� ;
'�R� �� �%\�
 ��8 � V�* ���0 �	��� "���M .$� �$8��� V�E

�� �0 �1� C
�� 0� U�;� ���M ���� ���M ;
�	� 0� � $O�� 3D ���	-�� ��0�
M C
��� ������D ;� �%��C� 7�<�

*�;� .(-��� ;��=� 7��(D�* �	D�* ���1� J�5��M ;
�	� 0� B�C�5 u!�#� ��� 0� ��M0� � �)��*�5 ����-5 ��8

 ���0�%R8 � ���=8�) $�0�� ��	��� H#
��: �8�0��D C��M (#< � ;�$� H��* �J�	*d � q#�02017 ���	��� .(

Hk� 0� 7%�� � (<� 
 ���%� "���M'�R� ��8;� C�� ���E� 7�<� .��� $O�� 3D ���	-�� � �����D ;� �%��C

���
�G�� ;
��M�� ;� V�* ��8;��� ��8C��M (#<�0��D ��\ U�d�� ��pk� ��8 B��Q{ ���* � ���#���<G ��8n��<G �

�� ;5�h� �0��D�� ���� $��� �1� ���� J�5��M �� u!�#� 0� V�* ��4� 7�<� $���M�%*��[�R*�)2  ���0�%R8 �

2007 .(��*����C#� �� ���T	*� � S��5 �$�<�M ;\�)� �����  '�* �� 0�$��*2000  ��$� ��C#� �(*� �$� ��#R�

 ��� V�* (P�E �� �#�C#� V�*013/0 (*� V�* �0�$=� ���O ��#[R8 ������#� � (*� �	�< 0� ��).  (P�E

�� �8�0��D ��C)� 0� V�* B�0s �� $���M20  �M50  ;
 $��� �	�< 0� ��)��%��;R�� � (*� '�* $I $#\ �M �G �R�

�� "R
M ZQ* 3�2� 0� ��#8$��� �\)3  ���0�%R8 �2016.(  

  

 

 

                                                      
1 Chandima 
2 Smichowski 
3 Chen 

±(J*�) (N) 
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(+) 

(�) (�) 

(�) (a) 

(b) (F) 

(c) 
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/;�2(a) �?*��' (N) �(
Q (J*�) (�P)5 ��R�- �.�;� V&+2A F2P*� :  (b) �N�5 (c) �$��' (+) �F�� (�) �d� (�) �/;�. (�) �R)P)�

�R& �!� �.�"��6 ���T���U �� $2�)��2*Q (e) � $2����' (F)  �f�)5�Q  

  

C�� +� ���1G5� �" �U�2*Q V"�)� �&�5�)�F���Q F�
  

�� W�	k� �I�#� ��� �0��G ��	- R8  $���M�����0� u�{� (-�� B��L� �M  .$8� ���� �0 " #� ���*�#� � �Q�2�

 $� ���T	*� W�	k� �I�#� ��� ��	- R8 � ;Q��0 ����M ���� ��*��: ��	- R8 `��h �� ;�<�Q� ��� 0� ������#�

 '�$4)2.( �$#�dG ��� ;Q��0  ���#���<G ��� ( t� ��	- R8 ;
 ��� ���� �8–  �8G–  (<� 
–  C#�#� -  ����


�
 �����–   ���
-  7%�� � V�*- �#�� ZQ* 0� U� �0��1 �<�O0� .�0�� ��4� $I0���� ;
  ������
 -  ��0

�#�� ( t� ��	- R8 ZQ* 0� �0��5  .���  �I�#� ���* �� ��	- R8 ;��) �8 ${�5 J�#*0G � $� �$8��� $I0�

 �^��	� _�*� ��) ���#���<G � �8G ��� ��	- R8 ��C�� ���	���82/0 ( �� �p#� �� ��� ��� ���� ;
 $� �$8���

�� ;R�\�* v�	�� "��#����) 0�P#� ;� ;�<�Q� ��� 0� .$�0�� �I�#� ���* �� �M��T	� " #� � $���) �8��|	� �$#�

;��D S�0 ��;�-�* �$#� �I�#� _�*� ��� �� .$� ���T	*� � M��� �7%��  �V�* �������
 ����
 �C#�#� �(<� 


� 0� ��0 � U��<�O0� x$#	��� 0��{ ���) J 7%�) $#	5�) 0��{ ��� ���) 0� �8G � ���#���<G ;
3 ��� _�*� �� .(

;��D�� �$#� ��� ! Y�#� ��0�� ��� ���) �I�#� � ���-�� Y�#� ��0�� '�� ���) �I�#� ;
 (��� 0�1�� ���M

 .$#	-8  

  

 [�:L2T���U  ���g�� (�P)5 ��R�- (�" h25��
 �PGi��
 `&�7 :��*�S� ��2� �8H)� ��� 

 
Fe Co Mn Ni Cu Zn Cr Pb As Cd Al 

Fe 1 59/0 ** 64/0 ** 18/0  - 06/0  - 05/0  55/0 ** 39/0 ** - 17/0  001/0  824/0 ** 

Co 

 

1 35/0 ** 11/0  - 1/0  - 14/0  45/0 ** 54/0 ** - 11/0  - 02/0  61/0 ** 

Mn 

  

1 11/0  - 05/0  - 02/0  26/0 * 22/0  - 13/0  - 004/0  49/0 ** 

Ni 

   

1 41/0 ** 14/0  3/0 * 1/0  - 09/0  08/0  14/0  

Cu 

    

1 14/0  09/0  05/0  - 07/0  11/0  - 07/0  

Zn 

     

1 02/0  09/0  05/0  25/0 * 003/0  

Cr 

      

1 52/0 ** - 1/0  38/0 ** 41/0 ** 

Pb 

       

1 - 13/0  62/0 ** 3/0 * 

0 1 2 3 4
Km

(e) 
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As 

        

1 006/0  - 17/0  

Cd 

         

1 - 003/0  

Al 

          

1 

 
/;�3�.�"��6 ���T���U ��R�- (�P)5 �j�)� $��U��:.� : 

  

X6�� +� ���1G5� �" �U�2*Q �"�&+���U�2*Q F�
 

�#E 0�	
�5 ���� ^��	�;� �8G �p#� �	5�)�P�0� �� �)$����� �"4�� �p#� ���#� 7{�$O �$#8�–  �t
�$O

 (�������)61/0 -15/5 )46/1 (����  �(<� 
1/1 -27/3 )59/1 �C#�#� (25/0 -95/13 )56/2 �7%�� (41/1-31/39 

)70/3 �U� (54/1 -52/270 )96/29 ���0 (2/0 -01/5 )2 ����
 (97/0 -88/17)8/3 �V�* (0 -28/4 )11/0 (

 �J�#*0G0 -35/198 )54/3 �������
 (17/0 -45/0 )33/0 7%�) ��� ��|	� ���#���<G (4 �#E 3*�	� .( W<� �)$�

�;;� `�M�M��0 B0�I< V�*< U�< ������
< 7%��< ���
<  C#�#�<  (<� 
< ���#���<G<  ��8�
 J�#*0G

;= ! .����	E 0�	
�5 �$#�;��R� ���� �)$� (<� 
 �p#� �0�� 0� ;
 ��� ���� �832/87 ��)��<G ${�5 _K
 0� %

26/11 � 3*�	� _K
 %4/1 �p#� ���� .$#	��� 0��{ ���� _K
 0� % C#�#�100;��R� % N
 �)��<G _K
 0� �8

 7%�� �p#� ���� .$�$� "{��45/8;��R� % �N
 �)��<G _K
 0� �873/88 � 3*�	� _K
 %81/2 ���� _K
 %

;��R� .$� �$8���(O�-� U� �p#� ���� �8 ��886/9 �69/81 �04/7  �4/1;� �0 %_K
 0� `�M�M �)��<G ��8

0��-� � ���� �3*�	� �N
  C4 ;� ��0 �p#� ���� .$� 7��� ����81/2 ;��R� ���* $���� N
 �)��<G ;= ! 0� ;
 % �8

)19/97 ;� �M ���� �)��<G _K
 0� (%_K
 ���
 �p#� ���� .$�$� �$8��� ���� B$� � 3*�	� �N
 �)��<G ��8

;� ����(O�-� `�M�M ��874/57 �84/40  �4/1�p#� .$���� ��p	D� ��D ;� �0 % _K
 ���
 ;���� C�� V�* ��8

;� �0 ���� � 3*�	� �N
 �)��<G (O�-� �� `�M�M67/12 �01/69  �31/18;� J�#*0G �p#� ���� .$� 7��� �0 % C4

82/2;��R� %;��R� ���* �$#	��� 0��{ 3*�	� _K
 0� ;
 �8�#E .$�$� "{�� N
 �)��<G _K
 0� �8 ���� �)$�

 ������
55/91 �22/4  �22/4_K
 0� %�<�O0� x��� ���� � 3*�	� �N
 �)��<G ��8 ���#���<G �p#� ���� ;
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;��R� �8100 7%�) $#	��� 0��{ N
 �)��<G _K
 0� %4 �#E 0�	
�5 0�$=� ���	��� .( V �I�#� ;� 3���� �)$�

;� x��� ��0�0�! �p#� ��� ���� ;
19/97 ;� �M ���� _K
 % ���� �)��<G ���� B$� ^��	� _�*� �� .$� ����

�#E FD�� �W�	k� B��<�Q� �� �	��� �)$�10 (�<��5 �� ��������� .(*� ���-�� ��8�� �0�#E FD�� ���M -

 �� �	��� �)$�10 (�<��5  �� ���� �0 �C� �1� �	��$1� C
��� 0� ��0 �p#� ��h�� ��� ;
 (-��� ���-�� ��8

�#E H��C5� �����) 0� �p#� ��� �)$��0$#*���� ��h�� ��� $���M 0� .(*� �$� �)��<G ��
�� � ������D 0� E��1 

) ��0�%R8 �2017(�<��5 �0 ������D 0� E���) 0� ��0 ���� d�� 7�<� (����C5� �� ���T	*� ��P� ���-�� ��8 ��8

7� ��M� ���M �)�0�D � vK1	*� �;��=� 7��*� 0�M�� �E�0 ;� ��0 ���O x$���
 S0�C) �8;��0�! ;
�	� 0� ;


�� 3�2� �0�� �0 ��0 �p#� ����� 0�$=� �8�0��D J�	*d �H��*.$#
  

  
 /;�4 :���L ���2�.�)T �2G'�- B)'��
 F�k9' ?]�i� :j�� � (J*�) �U:��)T �2G'�- k�5� �" �U�2*Q F�
(N) �U:� 

  

���� FD�� ���� ^��	����� �(�� �� 7{�$O �$#8�-  (�������)�t
�$O8/0 -  �M3/0- )48/0 - ��8G ���� (93/0-  �M

15/0 )5/0 - �(<� 
 (76/0-  �M09/ - )47/0- �C#�#� (42/1 -  �M4/0 )39/0- �7%�� (42/0 -  �M54/0 )08/0 - �U� (

56/0-  �M56/1 )49/0 ���0 (47/2 -  �M15/0- )48/0 - ����
 (19/0-  �M35/1)35/0 �J�#*0G �TI �V�* (43/1 - M �

39/0 )02/0 �������
 (2/1 -  �M6/0 - )8/0 - 7%�) ��� ��|	� ���#���<G (5 ���� FD�� 3*�	� .( W<�;� (�� �� -

;� `�M�M��0  B0�I< V�*<  ������
< J�#*0G< U�< 7%��<  C#�#�< ���
< �8G< (<� 
<  ���#���<G

;= ! .��� ��8�
���� FD�� �$#���
 �C#�#� ��8G �I�#� ���� (�� �� ;
 ��� ���� ���#���<G � J�#*0G ��

100;��R� % (<� 
 �p#� ���� .$#	��� 0��{ �)��<G ${�5 ;= ! 0� �877/95;��R� % � �)��<G ${�5 _K
 0� �8

23/2 �M ���<G��E �)��<G _K
 0�  %3*�	�  7%�� �p#� �0�� 0� .$�$� �$8���59/98 ;��R� % ;= ! 0� �8

 � ���<G��E41/1 _K
 0� % U� �p#� ���� .$���� 3*�	� �M ���<G��E87/78;��R� % � ���<G��E ;= ! �813/21 %

 .$���� ���� �0 3*�	� �M ���<G��E �)��<G14/90 ;��R� % x$���� 3*�	� �M ���<G��E _K
 0� ��0 �p#� ���� �8

�<�O0�;� 3*�	� � ���<G��E _K
 �� ;
 `�M�M23/4  �63/5  ��p	D� ��D ;� �0 % ������
 �p#� ���� .$����

;��R�;� �8 `�M�M18/97 �41/1  �41/1��<G��E ����<G��E B�= ! 0� % 7��� �0 3*�	� � 3*�	� �M �

$�$�7%�)5.(V 

                                                      
1
 Weerasundara 
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 /;�5 :���L ���2�.(��+ X6�� B)'��
 F�k9' ?]�i� :j�� � (J*�)?���.�(��+ X6�� k�5� �" �U�2*Q F�
(N) ?���.�  

  

;40� FD�� ^��	� ) ��0 3*�	� ��� ���� �)��<G34/6(< ) V�*05/4(< ) U�54/1(< ) ������
71/0(<  7%��

)68/0(< ) (<� 
54/0(< ) C#�#�53/0(<  ���
52/0(< ) �8G5/0(< ) ���#���<G23/0(< ) J�#*0G022/0 ��|	� (

 7%�) ���6 ;= !  .(W<�J�#*0G ��8G �I�#� ���� ;
 ��� ���� �)��<G ;40� FD�� �$#�  ���#��<G �100 %

;��R� 7%�) $#	��� 0��{ N
 �)��<G ;= ! 0� �86 ���
 � (<� 
 �I�#� ���� .(V14/90;��R� % �)��<G _K
 0� �8

 � N
86/9;��R� C#�#� �p#� ���� .$#	��� 0��{ 3*�	� �)��<G _K
 0� % '���� �2Q* �� �859/98  ;= ! 0� %

 � N
 �)��<G41/13*�	� �)��<G ;= ! % ;��R� .$#	��� 0��{ ���
 � 7%�� �p#� �� ���� �818/97 �)��<G ;= ! %

 � N
82/2 ;��R� U� �p#� ���� .$���� ���� �0 3*�	� �)��<G % �853/22 �N
 �)��<G ;= ! %24/73  ;= ! %

 �3*�	� �)��<G82/2 � ���� �)��<G %41/1� C�� ��0 �p#� ���� .$���� ���� �0 ���� ���D �)��<G %;��R 0�1\ �8

V �0 ���� ���D � ���� �3*�	� �N
 �)��<G ;= ! ---� (O�-� �� `�M�M82/2 �08/14 �34/56  �76/26 7��� %

;��R� .$�$�;� ���� ���D � ���� �3*�	� �N
 _K
 0�1\ 0� ��#[R8 V�* �p#� ���� �8 �� `�M�M81/2 �25/42 �

03/38  �9/16;��R� ������
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