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Dust deposition is widespread in arid and semi-arid regions worldwide. Because 

of Yazd is one of the industrial cities of Iran, where there are various steel, tile, 

and ceramic factories and industries around it. This study was conducted to 

investigate heavy element pollution in the atmospheric dust of Yazd city. Dust 

samples were collected seasonally from the fall of 2017 to the summer of 2018 at 

30 locations, using sediment traps placed on the roofs of single-story buildings. 

Determination of the concentration of heavy elements and evaluation of indicators 

of heavy metal pollution, including the Geo-Accumulation Index (Igeo), the 

Integrated Nemerow Pollution Index (INPI), the Integrated Pollution Index (IPI), 

and the Modified Ecological Risk Index (MRI), to assess the level and extent of 

environmental pollution and dust were calculated in the area. According to the 

cumulative pollution index results, the fall and winter seasons had a high 

pollution index, and the spring and summer seasons had an average amount of 

pollution. According to the Nimru comprehensive pollution index, arsenic, 

cadmium, and zinc are in the heavy pollution class, with average values of 7.8, 

3.7, and 6.9, respectively. The average values of the accumulation indices were 

Zn>Cr>Cu>Pb>As>Co>Fe>Ni>Mn>Cd. The modified ecological risk index 

results were between 300 and 600 in all seasons; therefore, the region was placed 

in the category of considerable ecological risk. 
Cite this article: Soltani-Gerdefaramarzi, S. (2025). Seasonal Variations in Pollutant Concentrations and Ecological Risk 

Assessment of Heavy Metals in Atmospheric Dust of Yazd City. Journal of Natural Environmental Hazards, 14(43), 
133-154. DOI: 10.22111/jneh.2024.49494.2061 

 

                               © Somayeh Soltani-Gerdefaramarzi                 Publisher: University of Sistan and Baluchestan 

                              DOI: 10.22111/jneh.2024.49494.2061 

 

                                                      
* Corresponding Author Email: ssoltani@ardakan.ac.ir 



 

��� ����� 	
��� �� ��������� ������ ���� 14 ����� �43 � ���1 ��!" �1404  

  

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

�� ��$�%�� ��&�'  �()�*  

�$�� %�&�$� '����(��)*1* 

1 .�����	
 ���� � ���� ����� �	�
�� ������� ����  ! "#
� ��$�� %
��	� �%
��	� �
&���� ((�)*� ��*+��)  

  

�,�-� ���.��  �/�01  

 :�,�-� 34%��-�./ 01
2�  

  

��567 ��68(�: 15/05/1403 

 :96��6� 76��504/06/1403  

��567 :6;�  :27/06/1403  

  

�<�� :*/��= *�
   

���1� ;<
=�� ���> 

&?=
 ���� 	+@* A�1���+�@ 

&� B�C�D�> .  

0# 	
 E���� F*����D  	�! ���?*� 	� G!
� @�< � ��0H  @�< � I
JK� %
�L�  �?D�0# .  �1�M 	+C  %��#

NO� �PL %��# Q
# �� ���1� (
2?�� %
��� �	
 E���� B�	R� &� B�C�D (
SK� 
# Q
#�>  ��L� 
��� 0#

 .�	��+�C 
-��= 0�HL��� ?$T� �+%�� 
T � B
U�
<	
� 0� F��+" D V�?W��Q� =
� �� ���� ��@  	�

� .�	�� ��L� %� X��!�+> �	�# 	�Y� 0# 0$1
O�� ���1�� &� �T
��>  ��= �J*HK� 	
 E���� 	�+�C 

0��H� .�= �
U��  
-� 0# 	
 E����  B	�T ��SD Z
/ ���C 1397  %
?*#
K 
K1398  �� �30  �� ��
J?�� 
# 0O2�

0�K  
-� ���	  ��� ]S�  ��= 	� �
# %
H?<
�  
-� +@ "HL 02 !  	��� &� �T
� FY�E .�=�> $K��>  �

;<
=  
-� �	�+#
� ���1��  B�C�D&��> �� ;<
= M�
=�>   �&?=
 �� )Igeo���1� "�
L ;<
= �(� 

) ��H�INPI���1� ;<
= �(� $HUK� )IPI	 ;<
= � (+@* A�1���+@ ^_T�  ��= )MRI��# (� �	�+#
� 

� � `O��%�C ���1�� � 	
 E����	 
?� a
�� �# .���= 0 �
N� 02O�+b ���1� ;<
=� $HUK�  MSD ��


/�+C �	�� %
?*�� �� ���1� ;<
=� �+�
 �	�� %
?*#
K � 	
�# MSD �� ���1� 	��2��  �# .F�� c��?�

���1� "�
L ;<
= a
��� �	� �T
� ��H���@ ��
���� �	 �� 0#  �K�K] � 
#�&�
�> 8/7 �7/3  �9/6  	�

���1� a_�� �=+� �
2� .��	�� 	��d+� &?=
 �� ;<
= c��?�� 0#  �K�K] # ����?� �	 �?H� 0#�<����< 

e�< ���<�	��@<F1
 �< >-�< ��M�< C&�< ��
���� ��  �=
#
?� .+b 	 ;<
=+@* A�1���+@ 

^_T�  ��= ��C # (�SD 0H- 	��> 300  
K600 H- 0# � F�� ���#�> 1��M 	 02 ! 	� 02O�+@* 

A�1���+@ M#
d  0L�K 	��d ��  ����.  

��>?$� :�
O��� �����D����H� ,�0) .1404hK .(��B�� �SD� ���1� FY�E� �	� �+#
� 	+@* A�1���+@ &� �T
��> �J*HK� 	
 E � ��� 	��  ��=

+�CN� B��!
W� .�c  !�$� �14)43 ,(133 -154.   DOI: 10.22111/jneh.2024.49494.2061  

  

                     %
?*j��# � %
?*�� �
&���� :�=
�© H��0 �
O��� �����D����.  

                                                      
*  - H��0 �
O��� �����D��� �)(�)*� ��*+��(  Email: ssoltani@ardakan.ac.ir  



  

  

  

  

134   -------------------  �� �	
����� ������  ����14 ����� �43� ����� 1 ���� �1404  

 

��/-�  

+�� �/ ��+���
- � � @�< G!
� 	� l���0H� 	
 E���� %
�L @�<��=
# l�� 0�HL�� 0�+�K> � MZ
*�+F*-

N��O� � 	�+> � ��*N� G!
����=# .�m � 	��� Fn
*� ��� �� ��+%�� Q� 0#+M $d�� 0�HL�� V�?W��F 

D��hL�
�+ 	�� �� 0�/ ���
- ���" #�� ��= 	�+c �d��H� � � @�<�0H���N� .�	�� 	��d @�<+F ���	
#� � 	�+> 

���n 
K 02O�� 
��D o�d� ��+m #�� 1
n	� .F�� 0?�
��� m=�/ �� H� 0��-
� 
� �+�  �����
*� M����


��D+m+P/�� �� p
<�0 ��# �	� 
��D 0$��K+m �
#� %
D�! o�d� ��
-  F�� ���� l-��D 	
 E����

)Haghnazar et al., 2023; Soltani-Gerdefaramarzi et al., 2021a���1� ������ .(� �J*HK�� l�� ���K+> m1
j -

�
- �+F*N��O� *# 	��	
� � 
-	��� ����=
# �J*HK� 	
 E���� �� �� 0��� %��# �	�� 
#�$� = ���� ���H�
�+  �

��K�B
  1�� ��$� �� L��l�� 0�H�K+> Q� M����+�� � ��*N� �J*HK����= )Vaezi et al., 2024 .(�� X�! �+�&� 

&� �T
��> ��K �CL�]
-�  !�$� �� 0?��/�> ) �?*-Al-Khashman, 2004( �
HK 	� �� �����l?* 	� 
-

FY�E
-� 1
$D .��	�� ��L� V�?W��F %
*��# 0<�j � 
-�=��H�
�+� �# (�
$K<� ��  �	 
���0#�= Bq
K FNK��  	��d

�� �-�Ginoux et al., 2012)  .(&� �T
��> 2� 	� 	
 E���� B�	R 0# (
SK� 
#�a
 ���$�  0# � ��= ��?�

H-�> 1��M  	
 E����+�� &� �T
� l�� "#
� ���> ���=
# )Modaihsh, 1997(. r�	�
- ��$?�� ��#� $K��> 

�	� �+#
� ���1� 0L	�� �T
� &��> �	�� ��L� 	
 E���� � B
#��	 �p
< 	� .22N��> ;<
=�
- ���1� �	���#� 

&� �T
��>  �	�T� ���� �� 	�� ;<
=�
-  ;<
= � ��J�+0j	
s� *2K�l�#� �� ��)Qingjie et al., 

2008m-�./ .(�
- ��$?�� �� 	��0 �	�+#
� ���1�� &� B�C�D�> �J*HK� 	
 E���� 	�� ;<
= �� ��
J?�� 
# -

�
- ��# .F�� ��= �
U�� V�?W�� (
t�� ) %�	
�H- � �Z�L�# ��
U=1399 0� ����� %
�� ( ;<
= a
�� �#

���1�� �	 ���� �T
� ��J�� �	� ��@ ���1� a_� 	�� �=+� ���1� 	�?�
D ���J� ;<
= a
�� �# ��  ��

�	 �S�� ��1� ���� *# a_� 	��	
 ���1� Q
#� d 	�� � ��	��J�K ;<
= a
�� �#�2� ���1� 	
#�� ���0 0��H�  	� 
-

Q�� .�?D�� 	��d ���1� a_��+ �
H�� ���� )1399	 (+@* A�1���+@ Q�+��
-� ��
� � ������ ���� 	�  	
 E

n�u
 �	� �	 %���K ��= ]W?� G!
� a	���+#
� 
?� .�����+b # ��� %
���> ��%�C � 	� B�C�D FY�E+�
&?*  
-� 

$� X_?<� V�?W��	��� �	�� ��L�  �
HK �� �+�
&?* 
-� �	�# �	��� � ;<
= v
N1 ���%�C A�1��� �O<+@ ��#� 

< `O� 	� ���� B���L����� �?*- Q
# �
�
� .� ) %�	
�H- �1400�	 C�D FY�E (� 
-	
 E���� 	� ��L��� 

�J*HK��  %���K ��= �	+@* # �	 %� F�_�0SD B	�T�� 
?� .����� 0$1
O�+b �?H� ��� %
��+> # ���?�+> 

EFY� �	 C�D� 
/ MSD � %
?*�� MSD 	��+C �	 FY�E .��#� 
-	
 E���� 	��2� �� �J*HK��  
# � I�= 0# ��E ��


/ FH� 0# %
?*�� �� 	� ��+C �CD�+m +FD
 .�JW� 
�H- �%�	 )1401	 (+@* A�1���+@ �	 ����� ��
� ����  	�

�J*HK� 	
 E����� $K �	 %
�JT� ��=��> �	� �+#
� 
?� .�����+b �	�#� ���1� 0L	� ;<
=� ��
� ��� %
�����  �

*# 0L	� 	� ����	
 
/�+> ���1�� �	 �� 
/ 02 ! 	��+> ���1�� wH- .��	�� 	��d�> A�1��� �O< ;<
=+�� ��#� 

��
���� 	 ����N� 	� e� � ��� �+@* %
�� 0� �	�� 	��d l�*�
?/ ��-��M 	+@* � l��� �� .�=
#� ��
< �� 

)1402hK (��B�� �SD� ���1� B�= � FY�E� <�#� &� �T
��> < 	
 E���� 	���
#
� ���$K � %
�JT��  ��


-��=� �	�# �	 %� X��!�� � .������&�
�> �	 �e� �T
� FY�E� < 	
 E���� 	� ��� ���
#
� #��?�+> 2� �	 	��


2� 	� 
-��= 0H- 	�+0* � .��� %
�� CO� 
#�%�C ���1�� 0��H� 	��
-  
# %�	� 	��� 	� %�
� ��= 	
 E����



  

  

  

  

135   ----------------------------  � ���	
 !"#� $�%&' ()!*� +�	 �,��� �,-. /%&%0	,- 123 
4�25�6...  

 


-�?��	
/ 0 �
N�� Igeo �PI  �IPI �	�#� 
?� .�=+b IPI �
n� � ��+> � 0� ��#�%�C ���1��  `O� 	� �T
� �
HK

 � l�+
 � c��?���=
# )Al-Khashman, 2004 .(Y���� ) %�	
�H- �2023�	� � "#
� �FY�E (+#
�  F�_� �O<

%
*�� �<�# &� B�C�D�>  	� �	88 �L 	
 E 0��H�� "HL 0�
-
� 	��� ��= #�>  � �
��2020  � ?�� �2021  	�

�	�# %��-�� ��=� FD� �� ���?*� ��
J?�� .����� m� 
-� ? �� �	� �#�@ �� 	��> 
-� �	�
��� X��!��  M�
�

�H�� ���1� 	�� �=+� �	��@ �KQ
# %
?*�� MSD � 02O� 	�+> ��&�
�> �	 FY�E 0�
-
�� 0# �	 ��� �1��M 

&��	��� Q� >?<���� ��� 0# � 
��+��
-� ��
*�� �N�� �C� 	�+�� �� `O��> = .�= r	�C����
  %�	
�H- �

)2023hK (��B�� �SD� �
�� �� L FY�E��� ��?#� a	��� 	� 	
 E���� 	��+ C�� 	� �	���� ��=+@  �	�� (�! 	�

��D �� �$# � M d+
-�� H���� �	�# �	�� �	� �	� �	 c K�� F�_� B��O< � ��21
# "#
� � ����� 	��d+#
�  .�����

0��H� 
-� ���1� a	��� 	
 E����� �= 
K c��?�+� L��� / %
�� 	��m  ��%
+�L �
-H���� 	� �	 n
��0 1
H=� 

K
$1
O� 02O�� 
�
=�+ 1
$D 
# 0� ����F 
-� C/�L�� ���&� � �?*��� c K��� 
-� ?=���#� ��# �	�  � %
����

Q
*�	C#% � .��� %
���V ) %�	
�H- �2023�	� 	�Y� 0# (+#
� A�1���+�� ���� �� ��21
# 
-� &� B�C�D FY�E�> 

��= G!
� �J*HK� 	��� ?$T� 	�# �� ��= 	�� ?��A	� 	��> �� ;<
= .����� ��
J?���> &?=
 ��� ��#�  �S�

 0H- 	� ���u
2� *#�	
 M#
d�CD� � 0L�K+m � �O<+F*N��O�  .�= r	�C� ��21
#+x�
 ) %�	
�H- �2024��# (� 

�	�+#
� � B��O<+F* N��O� �qy� M���� �� j 	� x��K�� ��= 0��> F�� 0L��� %� 
#� &?=
 �� ;<
=� ���>  �

�� �# ;<
=+0?D
 � �	�H��C ��#� �	�+#
� ���1� ^�O�� ���1� .FD�� 	��d ��
J?�� �	��� ��� � �O< �+F*-

N��O� &� B�C�D�> 0#K�K�] 0#� � c��?� %���+�
 �= 0� %
?*�� MSD 	�+�K�+> ��=+c � %
�� �	���� �

02 !�#� ���=  0��?��# =
�� L 	
�?�� ����� 
T ��+" (
E� 
# c K�� .F�� x�������  � MZ
*� CL 	
 E����

F*+� ��L B_���0H�� � @�< G!
� 	� �O�N� ��= ^�O� @�<.F��  �
-��= �� ��+ �C+ ��= �D�! ��

=
� � �Q�D B
U�
<	
� %� X��!� 0� F�� %��+� �?$T � l��� ���� ��@  "d��� �?��# 	� %� �J*HK� 0� �	�� 	��d

q
K FNK (
��� 	��d 	
 E���� ��+�/ ������. �m-�./ >+� 
# 0# F�$d�� �+
�D��hL ��= +�C  %��# �	�� �Y� ��

@H� � @�< G!
�%
D�! �
U+� �Y� �� %��# �$?*� � %� X��!� 	���
- 	
 E���� 	� >+� 02O� � 
# 0L�K 0# 

F�$z� �?$T � ���D��K ��= +�C� � 	��d>?D� 	��� ��L 0# (
H= ���-
= 	� � /�m�#�  B�C�D �Q
# FY�E

��#
# .F�� ��= �
U�� 02O� �J*HK� 	� >�&�+>� $K��> ���1��  >+� ��J*HK� 	
 E���� 	� >�&� �T
� FY�E

	��z ���=� � �Y� 0#��� � ��	����K 
 � � �
� �H�� 	� F�L (�?� M���� ���1���� ��J*HK  � 	�
�� F+

.�=
# 02O� ��
*�� F�$HL ���H� F�_�  

  

���� �
 ;�� � �
   

(���� ��,�&� ��4� �-&>� �%4�% �*����"   

 >+�0$1
O�  ��= 	�+��C $HL�/�F�K+>  %
?�� C��� � %
?���=+�C ?$�� 
#�  �# {1
#37/136 ���?���  |�� 
# "#��

 �+
�D��hL31  � 0L	�46  
K 02�d�31  � 0L	�58  �+
�D��hL (�! � �1
H= 02�d�54  � 0L	�16  
K 02�d�54 

 � 0L	�26 #�E (
H= (%
?*#
K � 	
�#) (
� �� �
� m= 	� ]1
E �
# F�L .FD�� �
U�� �d�= 02�d��  �
� 	
�j 	� �



  

  

  

  

136   -------------------  �� �	
����� ������  ����14 ����� �43� ����� 1 ���� �1404  

 
d�= ��L (>H�# 
K %
#�)� ��� � �J�� 	� � #�E� �
=��- B
�_!� G ! .F���� ��&�
�> 
��� 1
��0�
 1/19 

 0L	�a��*��� ��&�
�>  *� F#�!	� 31���	
# o�HU� �%� 1
��0�
 8/60 ������?� 
-��	 ���$K�  %
D�! 
#

	�K� 7/3
-��	 ���$K ��  p
<���� %
D�! 
#5/62 ]1
E �
# F��� �8/8 ���?���  ]1
E �
# �T	� �2/15 ���=
# 

 �%�	
�H- � ������D��� ��
O��)1399(�<� a
�� �# .+> 	
H=���  (
� 	�1395� $HL�F �+>  %
?���=

656474 � �J����= 0# 0L�K 
# .�=
#+c D��hL�
�+ �d� ��H�� ����= �=	�� ��� �+m � F$T 0#+> ��= 
N1 ��v 

�	�#� $z��F H-� CZ
n 	
 E�����F ���=
# .  

0��H� 	�Y� 0#�	���# 	
 E����� 30 0��H� MN��	���# �N� 0#�  �
� m=�/ 0�� 0# ���= MT
n 02O� M� 	�-

D�
SK B	�T� D��hL B
S?W� .���= �
W?���
�+  �
&?�� �� ��
J?�� 
#GPS ��� �� ��
J?�� 
# � ;W�� 	�CD�GIS 

�	�  0�2�1:100000 $K��> ) M�= .�=1$d�� (�F 0��H� u
2��	���#  ��= 	� 	
 E����+�C � %
�� �	��-� F�L .

0��H����	 �� ���J*HK� B�	
 E �� �	���#��� K 	
 E�0���  �� 0�+@ ��� ?�_/��� �	 �j 
#+V K�0�  Md��n)2 

�	+V� �Od 
# (�� 5/31 ?�
���?��  o
JK	� �5 ?�
���?� K �Od ��0��
- =�0��� 6/1 ?�
���?�  .�= ��
J?��

0��H��	���# �J*HK� B�	
 E ��� 
/ MSD 	
�j 	��+C  %
?*�� �1397 %
?*#
K � 	
�# �1398  ��= 	�+�C  o
JK	� 	�

�?� 0�� �� `O��>  (�
� �
# F�/)+@  o
JK	� .FD�� �
U�� (02 !+@ � 02 !+> � l-��D �	 %
������  	
 E 0�

NK 0?*����DF q
K�� 
�+� ��D+
-�� �
#� �C�+@ �� `O� 0#�> � 	� � 0?D�&� 	��d�> %
H?<
� 0# F *� (
n�
- 

� "JK��+> �� �	 %
����
 ����
� "HL 	
 E FY�E 0�	����2K ��=+~
  M#
d 	��2� 0#�C� ���D� c��K I
�?��+@�K 

���	 0�K o�� �� �
# F�/ �- 	� .�=
## ���00��H� .FD	 	
�
-� "HL Fd� 0# MSD �- �
�?�� 	� ���	 �	�� ��=

��� M2?� �
&�+
��� 0# �+� 0��H� 	
# �- �� e/ � �= r_K %
��� �n 
K .�= ��
J?�� �	
#�� � ��?*= �� 
# �	���#

 (�! 	� 0�+@ 0��H� (
��	���# 
- 0��H� ����	� q
K FNK 	
 E������ ���	
#��
- /�m#�� %
��
� ��=

=��-�
� &� 	��d����0��H� (
2?�� �� e/ . 0# 
-
���+��
&� 0��H� �
HK ��?#�
- 0# 	�Y� ��
���L  � 	
< B�	R

 @1� �� p
=
<2 �����?� ��� %�� es� � �= ���� 	� �+� �� 	
�j r�	 
# es� ��� 0��H��
-  � l�- 	
 E����

 �
&?�� c��KICP-MS (��Perkin elmer ��� 	��� F<
�+
� )Standard method by code number of D 

4698-92, Amr et al., 2016 (�	� �T
� FY�E�@ )As(��
� ���� )Cd() F1
 � �Co() ���� �Cr() e� �Cu( �

) >-�Fe() C&� �Mn(� ��M� )Ni() ��� �Pb( �	 �� )Zn( ���������� ���� .�=�
- #0F��1
�� �� �����C �0��H-

�
- ��� �� ��
J?�� 
# 	
 E���� 	�CD�SPSS. 16 CUK �	��+0�NK��M 
2� .�?D�� 	��d+0* ��&�
�> 
-�?��	
/�  �	��

$� � 0$1
O���	��  `O� 	� >���� %���� �� ��
J?�� 
# 
��� X_?<�5 ��� �
U�� �T	�+�0�2� .
-� ��K+" �
��� 

 
# 0$1
O� 	� 
-�?��	
/��
J?�� %�� r�	 ���-� ��� 	� 0�T
D e�� 	�CD�Arc GIS 9.3 ��K�l .���= r�	 >+�  �#

0O2� 
K 0�T
D e�� a
�� � HWK�> 0# .F��B	
 ��+�&� %��-�� #��?� �C� 0#+@�K+> 0��H� %�� �
S?<� � 
-

0��H� 0# �?H�
-�+ 0�T
D 	� 0� F��� #��?� .��	�� 	��d  



  

  

  

  

137  ----------------------------  � ���	
 !"#� $�%&' ()!*� +�	 �,��� �,-. /%&%0	,- 123 
4�25�6...  

 

  
 @0�1 :�A4��8 �%4�% B�-%*����" �CD�5� ���E���)*  �!� ��6�F. :" � %
���	
&�  

  

HI�� �(��� *�
���C?$� ��4�  

����5 �)�4,J HI�� )IPI(  

�$HUK ����1� ;<
=1 �� V+�$K >�&� C�D �j ����1� ;<
= c��?� 	��2�02 ! a_� 0� 0# � ��= ��#

��a_� .���� l� M�
= ����1� �
-(IPI <1) c��?� �(1<IPI<2)  �
+� � (IPI >2)�� V+�$K) ����Chen et al., 

2010 .(���1� ;<
=� )PI(�$K G ! �+V �� 	� %� FY�E 0# 	
 E���� 0��H� 	� 0!�#�� �S� FY�E F *��0 

���=
#. ) ������D��� ��
O�� 01
2� 	� ;<
= >+� 0 �
N� b+
?� 0Z�	� 0# 0L�K 
#1403 ���# ;<
= >+� b+
?� �� (

;<
= 0 �
N� .F�� ���� 	���K ~���U� � F�� ��= ��
J?�� 
U+� 	� �&+� �
-  

  

 HI��) ���% �)�4,J M��NINPI( 

��H� ����1� "�
L ;<
=2 ) 01�
$� a
�� �#10��H� �
&?*+� �- ���# � (�� 0 �
N� �	���# ����)Yang et al., 

2010:(  

)1 (  ���� � ����	
�������	��
� 

 01�
$� >+� 	�NIPI  ���H� ����1� ;<
=PIave  ��S� ����1� ;<
= >�&�
��PImax  ;<
= %�C�� >+�?��#

 �S� ����1�i 0 �
N� ;<
= 	��2� a
�� �# C�� ����1� %�C�� .F�� 	� ��=5 0# ����1� a_� (��L B	�T

)1�� 	��d (.���� 

                                                      
1 Integrated pollution index (IPI) 
2 Integrated Nemerow Pollution Index (INPI) 



  

  

  

  

138   -------------------  �� �	
����� ������  ����14 ����� �43� ����� 1 ���� �1404  

 
 O�/N1) ���% �)�4,J M��N HI�� �" �)�4,J P4&$ :NIPI(  

NIPI  �)�4,J Q&$  

NIPI < 0.7  ���1� ��E  

0.7≤ NIPI <1  ���1���E 
? *�  

1≤ NIPI <2  ���1� �H�  

2≤ NIPI <3  c��?�  

3≤ NIPI  �+�=  

  

� HI��6RD <4,4=�6R P.S��/� )MRI(1  

;<
= 	+@* A�1���+@ ^_T���= &� B�C�D�> <��~�� ���1� B
$1
O� 	�� 	
 E���� � p
< 0# G!
� 	� ��S<

 @�<)(Kamani et al., 2017 � ��
J?�����=	 ;<
= .+@* A�1���+@ ^_T� ��=� BQ�
$� �� ��
J?�� 
#+� 

� 0 �
N����=:  

)2 (  ���� � �� × ���  

)3 (  ��� � ∑ ��������  

	� �+> BQ�
$� mEr  	�?�
D	+@* A�1���+@  ��S� �-MRI 	+@* A�1���+@ ^_T� ���=EF �E 	�?�
D ���=

�S� �-  �Tr H� 	�?�
D�F ��#� +@ ��# %� 	��2� 0� F�� ��
�� ��
����� ��	��@ � ���� �e���M� ����� 

 C&��	 �� 0#K�K�] 30 �10 �5 �5 �5 � �2 �1  �1 $K��> F�� ��= )Hakanson, 1980(	 .+@* A�1���+@ ^_T� -

 ��= 	��2� a
�� �#mEr  �MRI 0# B	�T) (��L2 (02 !�#� �� ��=Duodu et al., 2016)(.   

  

 O�/N2 �" R6<4,4=� RD6� P4&$ :) R6<4,4=� RD6� �4?=�( U�$�mErP.S� R6<4,4=� RD6� HI�� � () �/�MRI(  

mEr MRI  R6<4,4=� RD6� Q&$  

mEr< 40 MRI < 150  l�  

40≤mEr<80 150≤ MRI <300  c��?�  

80≤mEr<160  300≤ MRI <600  M#
d0L�K  

160≤mEr<320  600≤ MRI  �
+�  

320≤ mEr    �
+� ���<  

  

) �V?���%� W��' HI��Igeo(2 

) �&?=
 �� >��� ;<
= 	
# >�1�� ���#Igeo) �1�� c��K (19690# �$# 0# %� �� � �= �D�$� ( 	� ���?*� 	�!

) FD�� 	��d ��
J?�� �	�� 
/�	� 	� >�&� �T
� B
$1
O�Muller, 1969 �� ��
J?�� 
# �&?=
 �� >��� ;<
= .(

) 0O#�	4�� 0 �
N� (:��=  

)4 (  � !" �  $%&�[ ()
�.+,)]  

                                                      
1 Modified Ecological Risk Index (MRI)  
2 Geoaccumulation Index 
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