
 ����� ��	
�� 
�
��� ���� ������1400 ��� �9 ������ 2:257-278  

*:����� 	
����
 ����������	�
� 	��� 
��	
� ����� ��������� ������� ����� �	 ���� �
��	
� ��!���� �"# $%� �& �	
�� �	
�� '�(��  
  

:����� sina_dosty@yahoo.com   – �	�
 ��	�
 :05131892002  

��� ����	
� �
�� ����� �� �	� ���	�� ����� ��� ������ �����  �	  


���!� ��  
 

 ��� ��� �	
� �
�1����� ����� ���� � 2 ����� ���� ����3 � !����"�#$*4  

 
1  �	�������� �
����  ��!�� �"#$ ���%�  &
'( )*+, �	-%.�� ��
���� ��&%.�� � �
���� )*+, /	0�0�
 '1#� ���%� �2�#�.  

2  �	����"#$  ��!�� �
���� 2�#�� �2�#�
 �2�#��  &
'( )*+, �	-%.�� ��
���� ��&%.�� �����   
3  �	�������� �
����  ��!�� �"#$ �
���� /	0�0�
 '1#����� "  !��� �  &
'( )*+, �	-%.�� ��
���� ��&%.�� �4#56��7#1� .2�#��  

 4  �	!
�	1 ��!�� �
�� �
���� ����� ��1� �*9%.�� /	0�0�
 :� ��&%.�� ��
���� �	-%.�� *+, ) &
'( ���%�  ���%��#��.2  

  
"���� #$���� ���%� :11/11/1400+ "���� ,��-�: 17/03/1401 

  

01�23   

%�& # '���(���, 4�  &� �*;  $�*6< : � 	;#�==%.>1 />==?@� A�#
  4"#� :� #9!� " :�==
�� 2	==B.� C"� #�  �#D� �	E< :1 �==
	�

��C�	�2	F#==� :+�G 4� H+�D� C	; � 	; I*. "� 4"#� 2�'�� " �*;  $�*6< A�� J	5
�� A��@
 K�; 	� #==L	M :@6	N� A��#�	!� .�*==


.�
 )	9.� 2�#�
 �� O�	
 P�>(*Q.  

 # $���)#�!&: /	,>F� ����� �R+S  �,	==� ��!�T<C	;  ��	==
 UV	==
CO�NO2 �O3 �SO2�PM10  2	�4	==� 4� �W	XM  

���� �4 �B "  �1#
 Y#�!1 ��X�1 �*; ���� "  ZV� 2�#��  &
'( )*+, �	-% .�� 4� C�	��� C	;     #�  X�[*
 /	@6	N� \]�  .���#$

�R+S C"� ��!�T<  P==�>(*Q. :� >��� ���*� ���@
 A�� J	5
�� A��@
 ��G ��	�. �� ��^#$ )	9.� :�==B��" C	;#�_�� " UV	==
 C	;

T< P6	�	. C	;4"� ���@
 	� 2*V " :����!� -�B5�;  F	5!��� 2*�4< 4� UV	
 C	; 2*�#�( .���#$ ��	X���  NV 2*��#$� "  

'"+!,:!&  :1 ��� 2	===%. `�	�.A�� ��!�T< C	;PM10  "O3  P==�>(*Q. 4"#� 2�'�� 	� 	!@� :N��� 2	.4 " 2��#� �� 2*V " :�� .���� �*G" C���

 4"� ���@
 A��  -�==B5�; a��#==LT< 4�  ==
	. b	(	. C	;��!�C	;PM10  " O3   2��#� �� a�
#
 :� C�	��� 4"#� ���*� ���@
 	�

904/0 �882/0 �924/0 �931/0  2	.4 �� "856/0 �949/0  "976/0  "86/0 .�*�  

:9��.:C#�$  f5F ��!�T< A�� C���	!@� J	5
�� ���< �� � :� `�	�. C	;PM10  "O3   2	.4 " 2��#� �� 2*V " :�� P� >(*Q. 4"#� 	�

 %� ��!�T< CT	� 2�'�� :� :G*
 	� .���#$ ��;	PM10  "O3  /	���g�  �B�	� �	�.< 4�  
	.  �
���� C	;��	�( " �*; ��  " :.�#�-%�(

  6#�!1.�#�$ /�*[ �*1Z� ��!�T< "�  $�*6< h;	1 ��G ��  5�	!�  
 

: ���
- .!�
-   $�*6< ��*;:�� P�>(*Q. �4"#� 2�'��� 2*V P�>(*Q.  

  

   

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                             1 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�&� '�()*+, �-.� �	/�� �� 	*0 
12*34 �	/�� 5�� 6�78�	 
��.� �	.�8 �2 �*9 - 

258   ♦   ���� 	
���
 ���
�� ����� ��	 ���� ����� 2�  ����� 1400     

�1%��   

  &� 2�*!, :� �*;  $�*6<  .	�G i.	� /	
��'$ f5F #�

 ��>� C�#�  N��� �B�4 C	;�*�1	^ iB�� A�#���� 4�

  N��� �
���� ���, �j	B� �#�4 �� " ��
  ^#@� 2	B.�

  ,*!k� "  @�5F C	;�!�<#^ 4� C��@�� ���@
 ��*
 :1 ���

� #� l*+N�	. /�#E� 4"#� :� #9!� ��	�. �� " ��
 ��6*
 ��>

 � �B�4 ���� " 2	B.� �� 	;#�%.>1 4� C�	�B� �4"#�� .�*


  N��� �B�4 />&%� 	� 2	�G�G�*�:  ��� �� :1 �!�B;

 A�^#$ ��#g :9��. �� ���� �*; ��X�1 l*+N�	. ��@L" 	�.<

 C#�� m�'� C	;#�
 �� ��*6< C�*; n#@� �� 2��."#�


��� #�Z(	. l	!�G�2-1�� 2	�4	� p��'$ f5F #� . �
��

 .	�G  �"�M7  ���� �5B. �*;  $�*6< :� :.T	� m#� 2*�+��

 :1 ��� ��
90  :� :@�*
 Y	M �� C	;�*%1 �� 	�.< �[��

 � I*g"��.*�(3P�� .��!�T< A�#
 :1 �*; ��X�1 UV	
 C	;

 �2	B.� ��>� #�  �*+N�	. /�#E� �!.�*
 	; �#�4 �� " :�
��

��  �*�, �
���� C�#� C�G /�#NV � l*B �.*


C� �A�#1 ��B1*!� 4� �!
�	5,C� �2q"#��. ��B1� ��#$*$ ��B1�

24� " f+@� /��r5-4:�^	� 4� C�	�B� . :�^#$ )	9.� /	0�0�
 C	;

��!�T< A�� A�� J	5
�� 4�  1	M :�
Z$ /�*!� �� ��>� " 	;

:�
�� ��#^� �.�18-1 /	@6	N� 4� C�	�B� `�	�. A�!s�; .

�� i�q*6*����(� 4� C�	�B� " �*; A��	( ��X�1 A�� �5t� J	5


2	F#� �!.	�  �
���� l*+N�	. /�#E�C�	��� �	;  5+g C	;

 �� #�� " m#�  �M "  BX!
 Pj>, ���%."#� " P�< � g"#,

��*�. ���	
 �� 	�.	B.� �.�20-19 � #R. :� 	�� . #� #�Eu
 :1 ���

2	F#� I�*.� 4"#� " #�� " m#� A�#���� 4� 	;  �
���� /�#E�

��!�T< 	� :G�*��
	� �*; C	;22-20 /	
��'$ f5F .WHO 

 C�	��� 4� \( 2	�G #��#� �� #�� " m#� ��	, A��"� 2	F#�

" ���  g"#,  5+g C	;  #L	M Y	M ��12  " m#� �[��

 � ���� �5B. C�	��� A�� :� 2	�G #��#� �� 	;#�� #� .�*



	. #�� " m#� C�	�< C	;��"<#� �	�� Y	� �� 2	F#� 4�  

2030  4� h�� :�13,1 ���� �;�*V #X. 2*�+��3 Y#�!1 '1#� .

C�	��� 4� C#�-%�( " � )>,� 	&�#�< 	; �"�M �+, :1 ����

3/2  Y	� �� m#� 2*�+��2010  ��*� �*; A��	( ��X�1 4�  
	.

 Y	� :� �5B. Pg� A�� "1990  �"�M1/1  h��'^� #X. 2*�+��

��� :�
��23. :� .C*�2	F#� /	0�0�
  ++�6� A�� \.�q< :1 

 �"#$ C�'.	F#� �#�4 �� �� �*;  $�*6<1  C�#� �'.	F#� )

 ��� ��*�.  ^#@� (2	B.�24.  J	5
�� H+�D� /	@6	N� `�	�.

" �*;  $�*6< A�� P�0�B� 4"#�  :�� P�>(*Q.�� ��*�. ���	
 -

�.�30-22 .�	��)* +)�� 
,"- ��. +�. A�#���� 4�  &�

%� :� ���*� 2�#�� C	;#�%.>1 4�  V#�  N��� �B�4 />&

C*�. �� 	;#�
 A�� 2��."#�
 4� C�	�B�  $�.4 ��X�1 :1

 " �D��	( 2�*!, :� 2�#�
 #�
 .��� ���� ��#g #�E	
 ��


��*6< 4�  &� �#�4 �� 2�#�� #�
 A�#
 ��@�G#( C	;#�
 A�#


 � :�V	!
 2	�G� :� 4"� 2<  $�*6< 2�'�� " �*
 h��'^� 4"

C*�. :� ���� h��'^� Y	M �� C�#� ��  $�.4 ���#
 :1

  �
���� /	�	0� " 	�#^ �g	F ��D� 2< 2	!1	� 4� C�	�B�

��� ��*�. C#����
 ZV� "  +�N@
 :� �	y	. �� �*%133-31 #� .

 �� ���� C�*;  $�*6<  +[� ��6� ���
 )	9.� /	@6	N� �	��

 kD
 C	;"��*V 4� ��	X��� �#�
 A��  CT	� #�, 	�10  Y	�

 "�*�  $�!�T< ����.	��� "2 .���  �!.	�  +��*, A�!s�;

��6	@^ ����	. C*-6� C����-. ���#
 a�	!�	. C*-6� �	;

 " z��[  .	�� I>F� )�, ��V*� I*. �	;"��*V a�	!�	.

�	-���  -!;	�; )�, "  ��#� �1�	%� C	;2*.	g " ��Z$

 C#9� � ���#
 A�� ���%
 aG*��*
33 :� :G*
 	� �Z6 .

 � �	R�.� �*1Z� ���#
 :� >��� 2�'�� " m#� �	�< :1 �"�

C�	��� .��	� h��'^� Y	� :� Y	� #�
 A�� �� A�'� " �	M C	;

��!�T< J	5
�� ���;� :� :G*
 	� A��#�	!� 4"#� 2�'�� 	� �*; C	;

2	F#� I�*.� 2�#�
 #�
 � :G*
 " :!��4 A�� �� h;"{( �!�4	�.

#;  � �*;  $�*6< Y#�!1 :!��4 �� #�� 2	kkD�� #�%�� :y -

��!�T< �R+S 2�*� T	� :G*
 	� �Z6 .�
	� 4"#� ���*� ���@
 " 	;

 2�#�
 #�%.>1 �� 2	F#� �� /	@6	N� �*G" )�, A�!s�; "

 �:!��4 A�� A�� C�	�< J	5
��  ��#� K�; 	� #L	M h;"{(

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                             2 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   259 

��!�T<�� 	� 2�#�
 #�
 C�*; �	�@� C	; 4� I*. "� 4"#� 2�'

.�^#$ )	9.� 2�#�
 #�
 2	!1	� �� O�	
 2	F#�  

  

4�%5� ,
�  

:@6	N� #L	M :� /�*[  X�[*
- +�+�
 ��*� " :� �*F 

 +1 ��	
 "� hD� ���. :R�6 �R+S ����� ��!�T< `!( C�

 ��X�1 UV	
��	
 �*;CO �2NO �3O �2SO� 10PM #� �	�� 

����C	; �4��.�C#�$  :��*�(*
 :1�	-�B�� :�+1 ��  C	;

 ����� 4� �*� ��
 �5E 2�#�
 #�
 �� �*G*� �*;  $�*6< h9!�

 C�#� 2�#�
 C�*; ��X�1 Y#�!1 �1#
 " �B�4 ���� �1

 :@6	N� ��"�6 O�G :6	��	-�B�� ��@g*� .���#$ C�"< " 	;

 �&
 �� :@6	N� ��*� :0N!�1 "2  .��� ��
 ���� 2	%.��G 

�	5�,�  9!� ���� 	;4�  C	;�*�!;��	X���  .	�G 2	�4	� " �

���� :,*�9� 4� p"�D� /	,>F� 	;���#$ KZM:� � :&�*�. 

���� 4� 	�!
 �g��M :1 �
 ��	X���  ;	-�B�� C	;75  4� �[��

 �R+S #5�@�	. #��	0� .��� ��*� ��	
 �� #5�@�  �,	� �R+S

���� :,*�9� 4� ����.	��� ��!�T<.�
 7�	V 	; /	,>F� \]� 

��'^� )#. ��*
 ��!�T< #; Excel   " ���5
 ����.	��� �R+S :�

�
 :5�	�� b	( C�*; ����.	��� �	�� #� ��!�T< #; A�-.	��. 

��  A�#1 ��B1*!� C�#� ����.	��� A�� �%; �R+S P��'1	� 4�

 i� �R+S P��'1	� 4� 2q"#��. ��B1� C� " 24� C�#� " :�,	�

� C� " f+@� /��r C�#� " :�,	� �R+S ��*�� 4� �#$*$ ��B1

24  ��B1*!� �R+S h�	( ��G .��� ����#$ ��	X��� :�,	�

 Y*F �� A�#124  A�-.	�� �R+S �	� :� �,	�8  :�,	�

2< A�� 4� " ��
 :5�	�� A�!s�; ��
 l	D�.� :!�%�� �R+S 	;

��!�T< #�	� C�#� 4� ��
 OL" ����.	��� :� :G*
 	� '�. 4� 	;

	X���  ��	%� p"��R+S :B�	0� 	� \]� .���#$ �� C	;

 ���@
 2�#�� C�*;  $�*6< l*k� ����.	��� 	� ��
 ����.	���

  V#� �� p"� A�� .���#$ UD%� b	(	. C	;4"� ���*�

 C�	&�; 	� \]� .�*� :�^#$ ��#g ��	X��� ��*�  +5g /	@6	N�

  �
���� /	��V "  &
'( )*+, �	-%.�� �
���� �."	@�

� �2�#��  .	��� 4� h
*( ��
 fF	!� :� J*�#� /	,>F

�	-%.��  �
���� �."	@� 4"#� #��	0� \]� " ZV� :F*�#� C	;

�
 7�#D��� 2*V " :�� P�>(*Q..  " O�4*
 :5�	�� �*R!� :�

:[>V���� C�	�< C	; 4"#� " ��@�G ��*;  $�*6< C	;

P�>(*Q.��'^� )#. 4� :@6	N� ��*� C	; C	;Excel "SPSS 

 :DB.20 .���#$ ��	X���  :.	�6	� "  +k^ �:.	;	� ��+�
 ��G

����2*�4< 4� �*;  $�*6< /	,>F� " 	;T-Student   ��, i� 	�

.�
 ��	X��� ����.	��� ���*�. :���� �� �R+S  $�!1�#( C	;

��!�T<Y	� #��#� �� 2	F#� 4"#� ���*� ���@
 " 	; ��*� C	;

< 4� )"� hD� �� .���#$ P��#
 :@6	N�2*�4 i�#����	( C	;

 ��!�T< #; :.T	� "  +k^ �R+S A�-.	�� /"	X
 A��@
 ��G

C	; 2*�4< 4� .�
 ��	X���LSD   "Duncan  C�!� :5
� C�#�

��!�T<  +k^ �R+S A�-.	��  ��#� �*R!� :� ��	�. �� " 	;

 ���@
 	� 2*V " :�� P�>(*Q. 4"#� #��	0� ���@
 A�� J	5
��

	�	. C	;4"� C	;4"���!�T< 4�  
	. P6 ��X�1 UV	
 C	;

p"� 4� �*;2*�4< C	;  -�B5�; a�#L 2*y  F	5!��� C	;

�
 ��	X���  NV 2*��#$� :6�	@� "38-31. 

  

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                             3 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�&� '�()*+, �-.� �	/�� �� 	*0 
12*34 �	/�� 5�� 6�78�	 
��.� �	.�8 �2 �*9 - 

260   ♦   ���� 	
���
 ���
�� ����� ��	 ���� ����� 2�  ����� 1400     

  

6271: :@6	N� ��*� :0N!� 

  
6272:�	-�B�� ��@g*�2�#�
 #�
 C�*; ��X�1 h�	( C	;  

  

�9$����  

 1�
�:����;� 01<�=�  
 �	� #�>�? @ �7

�  ������ A���
� ��1B  

�� A�� :@6	N� �."� /�#��_
 ��!�T< C	; UV	
 ��*� 

:@6	N� ��#g �^#$ " `�	�. 2< �� �&
 1 	
 5  ��
 ���� 2	%.

 .��� � 2	%. h;"{( 4� �[	M `�	�. /�#��_
 �."� �;�

4�  
	. P6	�	. C	;4"� ���@
 10PM  "3O  ��*� ��"� Y*F ��

%��'^� C�."� C���� :@6	N� .��� ��*�    ��#� :9��. A�!s�;

 ��!�T<  +k^ /�#��_
 C*-6�10PM ��� 2	%.  :1 ��!�T< A��

���  �R+S i�( "� C����.  i�( i� �� C#-�� " 2	�B�	
 ��

 � |� 2	�B�4.�;�  .�
 ��;	%� �	�� �k^ �� ���0� A�#��1

:�^	� 4�  
	. P6	�	. C	;4"� ���@
 /�#��_
 ��� 2	%. 	;3O 

C���� C�*F :� ���*�  %��'^� C�."� :.T	� �R+S A�-.	�� :1

 4�ppb 46  4� h�� :� :@6	N� Y"� Y	� ��ppb 80   Y	� ��

 A�!s�; .����  .	�	( ���#$ UD%� �R+S  �,	� /�#��_


 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                             4 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   261 

 C"#�( :�	%� C*-6� i� 4� #�
 fF	!� )	�
 �� 24� " ��*�.

 :!�%��
�*V h�	
 #t1��M 2	�4 �� 24� �R+S #t1��M C��

)16-12  �*. #�Eu
 ��!;� 2	%. :1 �
 ��;	%� (#�W4��@�

 �R+S A�#��1 " A�#�%�� .��� ��!�T< A�� ��6*
 #� ��
�*V

3O  " (Y	� Y"� �	� h
) 2	�B�	
 �k^ :� J*�#� a�
#
 :�

�*� 2	�B�4. �R+S 2NO  �."� C���� :@6	N� ��"� Y*F ��

C�*F :� ��*�  .	�*."�  ������ Y	� :�  F :1 C�*@[ C�.

  %;	1 a�
 C���� #V< Y	� "�  F " ��	E �6	M :� \]� "

���� .��� ��*� C�!1 � 2	%.  +k^ /�#��_
 C	; C�#� �;�

 ��!�T<2NO  �k^ ��  &� :1 ���� �*G"  �R+S :!�%�� "�

2	�B�4 �� C#-�� " 2	�B�	
 |�  ��;�.  A�!s�; 4� \(

��+�
 ���� �,	� C*-6� " 	;  :1 �
 UD%� �R+S /�#��_


  �,	�2NO  ��� 2< 4� #E	�� " ��*�. ��@5
 i�^�#
 C*-6� 4�

C*�. :�)  ;	-�5[  �R+S :!�%�� "� :1 /	,	� ��10-9 

z5[(  /	,	�)  ;	$#k, "19-17(   �,	� �R+S C*-6� ��

 ��!�T< A�� � ��;	%� .�*
:.T	� A�-.	�� :1 ��� 2	%. `�	�. 

CO C�*F :� ���� h;	1 :� "�1  
	. P6	�	. C	;4"� ���@
 :

4� CO  �"�M 4�1/49  �"�M :� Y"� Y	� �� �[��1/4  �[��

 �g��M �`�	�. :� :G*
 	� .��� :�^	� h;	1  �	��.� Y	� ��

 :1 ��� 2	�B�4 �k^ " '��	( �k^ :� J*�#� �R+S h;	1

���  %�	�#$ ��	�" 4� ��	X��� 2<  +[� ��6� . A�!s�;

����( �*G" Y	��M�C ��" �{�" :� �#� Y*k^ �� �*;  -."

 � 2	�B�4 �R+S  5B. 2�*� ��	E C�#� C#-�� �+, �.�*


CO �� .�
	� Y*k^ A�� �R+S ��*� �� C#�_�� �."� 	�� 2SO 

C�*F :� ��
 ��;	%� :@6	N� ��"� Y*F �� �R+S i�( "� :1

����  G"#V �	�� #� .���#$ ��;	%� 	;��	
 2�*�. :�  $�	� 

C*-6� $�!1�#(   [	V C�#� 2SO �*k
 ��*�. i�( :�56�C	; 

A�� ��!�T< �� :��. )"� Y	� >�	1 �*�%� ���.  

  

6273: ) f+@� /��r ��!�T< �R+S :.�4"� /�#��_
 �."�  .	�4 C#� ���*�.��

��
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 6274 :�."�  .	�4 C#� ���*�. C� ��!�T< �R+S :.�4"� /�#��_
) 2q"#��. ��B1�ppb(  
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6276 : A�#1 ��B1*!� ��!�T< �R+S :.�4"� /�#��_
 �."�  .	�4 C#� ���*�.(ppm)  

  

  

 E
1F1 :��!�T< :.	�6	� �R+S A�-.	��Y	�  F �� UV	
 C	; ��#� ��*� C	;  

  

  

  

 

 

 �	  
 ��� ����	
� �
�� �����  

 2	!1	� A�� �� 2*V " :�� P�>(*Q. 4"#� �."� :���� ��

�
�^#$ ��#g  ��#� ��*� 2�#�
 #`�	�. .  P�>(*Q. ��� 2	%.

 � 2�#�
 2	!1	� A�� �� O�	
 2	F#� �#�4 �� 2*V " :�� �
	�

 �&
)4  "3.(  Y"��G1  "2  :�� P�>(*Q. :� >��� ���*� ���@


Y	�  F 2�#�
 #�
 2	!1	� A�� �� 2*V " �� :@6	N� ��*� C	;

 � 2	%.'�� `�	�. �	�� #� .�;� 2*V " :�� P�>(*Q. 4"#� 2�

Y	�  F 2	.4 " 2��#� �� .��� :�^	� h��'^� :@6	N� C	; :�

.�*� 2	.4 4� #�%�� 2��#� �� 4"#� 2�'��  +1 �*F  

  

�,$�  3PM µg/m  CO(ppb)  (ppb)2NO  (ppb)2SO  (ppb)3O  

1  89  24/7  2/78  5/62  1/46  

2  70  67/7  6/182  8/89  2/69  

3  67  7  4/90  2/55  3/51  

4  64  52/5  121  3/49  9/56  

5  82  5/4  119  9/38  3/79  

6  88  64/3  1/66  4/21  83  
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6277 :�."�  .	�4 C#� ���*�. C� ��!�T< �R+S :.�4"� /�#��_
) �#$*$ ��B1�ppb(  
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 6279 :2	F#� A�#
 O�	
 �[��2�#�
 A1	� 2	.4 A�� �� 	;
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 UV	
 A�� J	5
��  ��#� 4�  
	. b	(	. C	;

��!�T<�>(*Q. 4"#� ���*� ���@
 " �*; ��X�1 UV	
 C	; P

 2�#�
 2	!1	� A�� �� 2*V " :��  

   -�B5�; a��#L  .*��#$� /T�	@� "�!�T< A��� C	;

P�>(*Q. 4"#� ���*� ���@
 " �*; ��X�1 UV	
  2*V " :��

 Y"��G �� ��B!G i�&X
 :�3 	
 8 ��� ��
 :j��� . :G*
 	�

 C	;4"� ���@
 A��  �5t� :N��� �C�	�< ��+�
 " :�'9
 `�	�. :�

��!�T< 4�  
	. P6	�	.C	; 10PM  "3O P�>(*Q. 4"#� #��	0� 	� 

 " 2��#� �� 2*V " :�� ���@
 A�� A�!s�; .���#$ ��;	%� 2	.4

��!�T< 4�  
	. P6	�	. C	;4"� C	;2NO � 2SO " CO  ���@
 	�
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 E
1F2 :#�
 A1	� 2	.4 " 2��#� A�� �� 2*V " :�� P�>(*Q. 4"#� " I*�
 ���*� ���@
Y	� a�
#
 :� 2� ��#� ��*� C	;  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

E
1F3 :-�B5�; a��#L��!�T< b	(	. C	;4"� ���@
 A��  C	; 2��#� �� 2*V " :�� P�>(*Q. :� >��� 2�'�� " �*;  $�*6< UV	
  

  

  

  

  

  

 **�!�96�. �� CD� 01/0 ��2� ��� 
��       . *�!�96�. �� CD� 05/0 ��2� ���  .
��  

                      

E
1F4:  !( b	(	. C	;4"� ���@
 A��  -�B5�; a��#L��!�T< ` 2	.4 �� 2*V " :�� P�>(*Q. :� >��� 2�'�� " �*;  $�*6< UV	


  

  

  

  

  

  

  

 ** -�B5�; �� zN� 01/0  !@� ���                                                 .��� * -�B5�; �� zN� 05/0  !@� ��� ���  

�,$�  2��  ',� 3!4�� $����   '5 ) ',� 3!4�77� 8��779

 �& ��(�100000(���  

3�< 3!4�� $����   9�8�   3!4��3�<   '5 )

�(��  �&100000 (���  

1  2��#�  122 032/0 174 045/0 

2	.4  40 011/0 97 026/0 

2  2��#�  119 033/0 183 047/0 

2	.4  57 015/0 109 029/0 

3  2��#�  230 057/0 247 061/0 

2	.4  76 019/0 147 038/0 

4  2��#�  235 059/0 240 071/0 

2	.4  95 024/0 171 044/0 

5  2��#�  543 13/0 404 1/0 

2	.4  225 058/0 289 075/0 

6  2��#�  461 14/0 375 11/0 

2	.4  241 06/0 309 077/0 

=�>��?� 8��  

 

 10PM 2NO 3O 2SO CO 

 

 ',�  
2*�#�( a�#L  904/0(*)  104/0(**)  924/0 (**)  181/0(*)  816/0(*)  

C���  !@� zN�  013/0  845/0  008/0  731/0  068/0  

 3�< 

 

  

�#L2*�#�( a  882/0(*)  099/0(**)  931/0(**)  205/0  810/0(**)  

C���  !@� zN�  02/0  852/0  007/0  696/0  051/0  

=�>��?� 8��  10PM 2NO 3O 2SO CO 

 

  

',�  

2*�#�( a�#L  856/0(*)  147/0(**)  976/0(**)  204/0(*)  823/0(*)  

C���  !@� zN�  03/0  781/0  001/0  704/0  064/0  

3�< 

  

2*�#�( a�#L  949/0(**)  019/0(**)  860/0(*)  247/0(*)  712/0(**)  

C���  !@� zN�  004/0  972/0  028/0  637/0  112/0  
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 E
1F5: a��#L :6�	@�  .*��#$� J	5
�� UV	
 A�� ���@
 C	;4"� b	(	. `!( 4�  
	. ��!�T< UV	
  $�*6< �*; " 2�'�� ~>��� :� 2*V " :�� P�>(*Q. �� 

2��#�  

  

  

  

  

  

  

E
1F6 :J	5
��  .*��#$� �V /T�	@� Y*�#^ UV	
 A�� ���@
 C	;4"� b	(	. `!( 4�  
	. ��!�T< UV	
  $�*6< �*; " 2�'�� ~>��� :�  " :�� P�>(*Q.

2*V �� 2��#�  

  

E
1F7 :��!�T< `!( 4�  
	. b	(	. C	;4"� ���@
 UV	
 A�� J	5
��  .*��#$� :6�	@� a��#L  :� ~>��� 2�'�� " �*;  $�*6< UV	
2	.4 �� 2*V " :�� P�>(*Q.  

  

E
1F8 :� �V /T�	@� Y*�#^J	5
��  .*��#$ UV	
 A�� ���@
 C	;4"� b	(	. `!( 4�  
	. ��!�T< UV	
  $�*6< �*; " 2�'�� ~>��� :� 2*V " :�� P�>(*Q. �� 2	.4  

  

=�>��?� 8�� @,��A 10PM 2NO 3O 2SO CO 

',� 0B  68/128  965/249  959/179  445/366  005/437  

1B  421/10  450/0  33/20  523/0-  494/3-  

3�< 

  

0B  909/186  143/252  516/212  821/283  181/353  
1B 573/5  236/0  223/11  325/0-  901/1-  

I*.  10PM  2NO  3O  2SO  CO  

:��  42/68+10/128= Y 45/96+0/294= Y  33/95+20/179= Y  532/44-0/366= Y  494/0-3/437= Y  

2*V  573/9+5/186= Y  236/14+0/252= Y  223/516+11/212= Y  325/82-0/238= Y  901/18-1/353= Y  

=�>��?� 8�� @,��A 10PM 2NO 3O 2SO CO 

',� 0B  0008/49  724/97  385/67  036/136  262/198  

1B  88/4  316/0  635/10  285/0-  745/1-  

3�< 

  

0B  179/96  032/161  5/123  665/175  2/218  
1B  499/4  034/0  774/7  293/0-  254/1-  

8��  10PM  2NO  3O  2SO  CO  

',�  88/00+4/49= Y 316/72+0/97= Y  635/375+10/67= Y  285/36-0/136= Y  745/26-1/198= Y  

3�<  499/179+4/96= Y  034/03+0/161= Y  774/5+7/123= Y  293/66-0/175= Y  254/2-1/218= Y  
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 UV	
 C	; ��!�T< b	(	. C	;PM10 2��#� �� :�� P�>(*Q. 4"#�  .�"�#^ " 

  

 
���	I�2: ���� h!1�#( ���*�. ��!�T< b	(	. 4"� ���@
 UV	
 C	;PM10 �� P�>(*Q. 4"#�  .�"�#^ "2	.4 �� :  
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���	I�3 :���� h!1�#( ���*�.4"� ���@
 UV	
 C	; ��!�T< b	(	. C	; O32��#� �� :�� P�>(*Q. 4"#�  .�"�#^ "  

 
���	I�4 :���� h!1�#( ���*�. ��!�T< b	(	. 4"� ���@
 UV	
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J5�  

_
 �."�  ��#� " :@6	N� ̀ �	�.��!�T< :.	�6	� �R+S /�#�� -

 � 2	%. UV	
 C	;Y	�  F :1 �;� ��X�1 :@6	N� ��*� C	;

��!�T< #R. 4� 2�#�
 #�
 C�*;C� �A�#1 ��B1*!� C	; ��B1�

C� " 2q"#��. :1 ���  6	M �� A�� �:�^	� �*5�� �#$*$ ��B1�

��!�T< 4�  
	. P6	�	. C	;4"� #� ��"'^� 24� " f+@� /��r C	;

�
�� .��� � :@6	N� :1 ��*
 *.	���6	� " 2��	&�;  ��
 

2�*!, ��X�1 C�*; C	;#�
 m�'� �� C	;�*%1 �� Y	M 

:@�*
 " :@�*
 :�^	� )	9.� ��
 `�	�.  ��#�	; 2	%. ��� :1 �� 

#��#� �2	�G �."� 2�'�� C� ��B1� �#$*$ :� "� h;	1 ��*� 

C� ���� ��B1� 2q"#��. �� zN�  &��'. :� �.	������  .	�G 

��#g /��r ����� 2�*!@�  +&%� ���, �� )	�
 	��< " C	;#�
 

C	&�#�< A�
T �#N� ��� "  24� �� )	�
  �	�4�� 	;�� #��#� 

2	�G h�� 4� ���0� ����.	��� p��'$ ��
 ���39 . :9��.

��!�T< :1 ��� 2	%.   +k^ /�#��_
  ��#� �f+@� /��r C	;

C� "� 24� " 2q"#��. ��B1� ��  &� :1 �!�B;  �R+S :!�%��

 `�	�. �	�� #� .�;�  � |� 2	�B�4 �k^ �� C#-�� " 2	�B�	


 A�-.	�� A�� C���	!@� K>�V� :y#$� \.	���" 2*�4< 4� �[	M

 ��;	%� 2	�B�4 " '��	( Y*k^ �� f+@� /��r ��!�T< �R+S

 �. 2	!��F� �"�M 	� ��*
95%  � A�-.	�� �#1 2	�� 2�*


^ �� �R+S :� 	!� .��� ��*� �	�� �k^ 4� #�%�� 2	�B�	
 �k

A��  -�B5�; 2*�4< `�	�.  ��!�T< �R+S A�-.	��10PM  "

����2�#�
 #�%.>1�� :@6	N� ��*� C	�6	�  F  �	!
�*; C	; 

 ��#g#� ��!�T< A�� �R+S " p�	� 2�'�� A��  �*&@� J	5
��

p�	� A��#�	!� ���� � C�	�� C	;� :� h0. �!.�*
 ��  ��'

 ��!�T< �R+S h;	110PM  �+, .�!
	� :�
�� �k^ A�� ��

 � �� )#$ �k^ �� f+@� /��r �R+S :!�%�� I*g" ��6� :� 2�*


 " ��*1 ���#, �2	�B�#, C	;�#�[ �� C*G C����	(	. �*G"

 p4" ��*; ��*F� "  $�.�	� 2�'�� h;	1 � 6	B&%V �:��*�

2	�	�� ��� 4� ���
 �	��*%1 C	; C	; " 2	�B�#, " ��#,

 �� :!�%�� �*G" .�B.��  �N� C	��  -."��" #E� A�!s�;

 � Y	� �#� �k^ ��5g 4�  �	!
�*; ���#
 #E� �� �.�*


 A�-.	�� :!�%�� A�!s�; .�;� |� 	��  -."��" " �*; C����	(

C� " A�#1 ��B1*!� ��!�T< "� �R+S Y*k^�� �#$*$ ��B1�

:!��1 " ('��	( " 2	�B�4) �#�  .��� ���� |� �	�� �k^ �� 2<

 A�-.	�� A�� C���  !@� K>�V� ��� 2	%. \.	���" 2*�4< `�	�.

C� ��!�T< �R+S " '��	( �2	�B�	
 �k^ :� �� �#$*$ ��B1�

 �. ��;	%� 2	�B�4 2	!��F� �"�M) �*
95% A��  6" �(

�R+S A�-.	�� A�� K>�V� C	;CO  �k^ " �*^ �k^ :� ��

��� �*G" �	�� �R+S A�-.	�� A�#��1 " �CO  �k^ :� J*�#�

) ��� �	��05/0 Pvalue<�V*� K#k� h��'^� .( C	;

 �� :�+0. ��	�" �*
*� z��[ �#1�	1 )�, A�!s�; "  +�B^

 � l*B�� 4	$ A�� h��'^� ��T� 4� '�. �*; C�#� #E� .��#$

 :� �#� Y*k^ �� �*;  -."��" ����( �*G" Y	��M� A�!s�;

	�B�4 �{�" � 2  5B. 2�*� ��	E C�#� C#-�� �+, �.�*


�� A�#1��B1*!� �R+S .�
	� Y*k^ A�� �R+S A�#�%�� 

CO T	� �� :+QB� A�� �+, :1 ���� |� 2�#�
 C'1#� fF	!� ��

 � #�
 C'1#� hD� �� C#�
 i�^�#
 2�*��
	� ��< " �^� .

 ��!�T< :!�%�� ��&%
 �� #k, " z5[ ���"� �� :�+0. ��	�"

*!� �� :!�%�� �*G" .��� #E*� �*^ /	,	� �� A�#1 ��B1

 � Y	� �#� �k^�V*� K#k� h��'^� #E� #� �.�*
 C	;

 �	�#� ��5g 4�  �	!
�*; ���#
 �	!1 �� :�+0. ��	�" "  +�B^

 	� .�;� |� 	��  -."��" " �*; C����	( ��*; �	%^ h��'^�

2*�4< " \.	���" '�6	.< 4� ��	X��� C	;LSD "Duncan A�-.	�� �

C� ��!�T< �R+S 	� 2	�B�4 " 2	�B�	
 �k^ �� 2q"#��. ��B1�

 2	%. C���  !@� C�	�< K>�V� '��	( " �	�� �� 2< A�-.	��

 �) �;�05/0 Pvalue< 2	!��F� �"�M 	� " (95%  A�-.	��

 �k^ "� 4� #��1 '��	( " �	�� Y*k^ �� ��!�T< A�� �R+S

 � 2	�B�4 " 2	�B�	
6� .�
	��R+S �*G" �� �� :!�%�� C	;

 � Y	� �#� �k^�V*� #�%�� K#k� #E� #� �.�*
 C#�
 C	;

 4�  �	!
�*; ���#
 �	!1 �� :�+0. ��	�" " C#�
 4	$ �!.	�

 �� �� 	��  -."��" " �*; C����	( ��*; �	%^ h��'^� �	�#� ��5g

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            14 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   271 

 �k^ �� �R+S :!�%�� �*G" A�!s�; .�B.�� 2	�B�4 �k^

 � '�. )#$
h!1�" �+, :� �.�* h�	
 4�  
	.  �	���
 C	;

�
	� 24� 	� h!1�" " ��
�*V40 . �� ��!�T< A�� �R+S h;	1

 � �� �#
 Y	�
 	� :B�	0� �� l#S Y	�
 p4" �+, :� 2�*


�B.�� �#
 :� l#S �	� 24� �R+S /�#��_
 `�	�. �	�� #� .

Y	�  F��� ���� 2	%. ��  %��'^� �."� :@6	N� ��*� C	; .

 � 2	%. /	@6	N� `�	�. A�!s�; �*F :� 24� �R+S :1 �!;�

 Y	M �� 	("�� 4�  X+�D� fF	!� �� :�
Z$ :;� "� �� :��*�(

��� ��*� h��'^�42-412*�4< �	��#� A�!s�; .C	; LSD 

"Duncan  � �k^ �� 24� �R+S A�-.	�� ��#1 2	�� 2�*


�%�� 2	�B�4 �k^ �� " �	�� �k^ 4� #�%�� 2	�B�	
 �k^ 4� #

�	�  F 24� /�#��_
  ��#�  +1 �*F :� .��� ��*� '��	( C	;

 � 2	%. Y	� H+�D��	� �� ��!�T< A�� �R+S :1 �;� " 	;

4"� �	; :1 Y	� )#$ C	;Y	��M� A�#�%��  ��
�*V �*. h�	


 ���� �*G" � h��'^� ���� #�%�� �*; C	�� " 4�  &� .��	�

h!1�" )	9.� �#�� A�� ��T� �A�#1"���; 	� 24� ��6*
 C	;

��B1�C� �{�" :� " 2q"#��. C	; h�	
 " 2q"#��. ��B1�

h!1�" h��'^�) ��
�*V��� (24� ��6*
  �	���
*�^ C	;5 �� .

:@6	N�  +k^ /�#��_
  ��#� 2�*!, 	� �*(  ,#
 ��*
 :1 C�

��!�T< Y	� �� �*; C	;1388  ��^#$ )	9.� 2�#�
 #�%.>1 ��

:�^	�	; ��!�T< `!(  +k^ /�#��_
  ��#� 4� �[	M C UV	


��!�T< :1 ��� 2	%.C� C	;"#��. ��B1�q 24� " f+@� /��r �2

 �k^ �� C#-�� " 2	�B�	
 �k^ ��  &�  �R+S i�( "� C����

 � 2	�B�4�
	�43:�^	� #-�� 4� . ��� 2	%. f�0�
 4� �[	M C	;

T<"� �R+S A�-.	��  +k^ /�#��_
 C*-6� :1��!� *!� ��B1

C� " A�#1 �#$*$��B1� :��. �� :1 ��*�  �R+S i�( i� C����

Y	� )"�  � |� (�#� Y*k^)�;�43:@6	N� �� . ��*
 :1 C�

 UD%� ��^#$ /�*[ �#1 �*%1 *-��� #�
 �� b�	( " *G

��!�T< C�#� :1 ���#$ " 2q"#��. ��B1� C� �f+@� /��r C	;

#$ Y*k^ ��  �R+S :!�%�� "� 24� :!�%�� i� " Y	� �#� " )

��!�T< C�#�  �R+S �� �#$*$ ��B1� C� " A�#1 ��B1*!� C	;

 � |� 2	�B�4 �k^ #�V� :@6	N� 4� �[	M `�	�. 	� :1 �;�

��� ��*� 2�*D�;45-44. ��!�T< :.�4"� C*-6� :B�	0� C	;

Y	�  F �� UV	
 � 2	%. :@6	N� ��*� C	; :�; :1 �;�

��!�T<4� 'G :� 	;�R+S :!�%�� "� C���� 2 ��  &� :1 �.�

 �,	� �"�M7  	�8  |�  ;	$#k, /	,	� �� C#-�� " z5[

 � �� #k," z5[ ���"� �� :�+0. ��	�" ��< " �^� .�;�

��!�T< A�� :!�%�� ��&%
2	�4 A�� �� 	;��� #E*� 	;45�40 .

 2< ��G #��_
 " �	� H�@L �,#� "  �	��  -."��" A�!s�;

 �	9�� ��:!�%�� A���.#E*� 	; . :�T I	X
�� #-�� /�	5, :�

 � h;	1 )	-!; a
 �� J>�V� #�4 �� �*; C	; ��!�T< " ��	�

 � )�� :� :�T A��:9��. �� .�!�^�  h��'^� ��!�T< �R+S ���0�

 � � '�. �
� :� �*1 P�B. .��	���!�T< �.�*
 C*� :� �� 	;

��  $�*6< /�
 " ��"	�� #�
 '1#� �;� h��'^� . C*-6�  6"

��!�T< #�	� 	� /"	X�� 24� .��� 	;  �R+S /�#��_
 �."�

 " ��*�. ��@5
 *-6� i� 4� fF	!� :�+1 �� ��!�T< A��  �,	�

��
�*V �*. O%@%
 A�#�%�� 2	�4 �� 24� �R+S P��'1	� 

)/	,	� 12-16(  a
 /	,	� �� P; 2< :!��1 " ��;	%�

 ��!;� 2	%. :1 ��� ����#$ A�� ��6*
 �� ��
�*V �*. #�E	


 � ��!�T<�
	�h!1�" A�!s�; . '�. 24� ��6*
  �	���
*�^ C	;

�.#E*� 2< :!�%�� �*G" ��45 " \��" ��*
 :1  0�0�
 f�	N� .

 2�*!, :� �*; C	�� ���� )	9.� :� 	&�#�� �*%1 �� 2��	&�;

 ��!�T< A�� �R+S ��  �	!
�*; #E*� " P�� ��	, A�#����

�@
�
 A�46:@6	N� :�^	� .  �*(  ,#
.2	%   �R+S i�( :1 ���

��!�T< :.�4"� � |� �	$#k, " z5[ ���"� �� UV	
 C	;-

 4� 24� ��!�T<  �R+S :!�%�� :1 ���#$ UD%� A�!s�; ��;�

��!�T< #�	� �,	� �� " ��*�  !t�B� 	;15  � |��;�43 `�	�. .

:�^	� 	� f�0�
 A��@6	N� 4� �[	M C	; �*%1 �� b�	( " *G :

C*�. :� ���*� 2�*D�; �#1��!�T< C�#� :1 �f+@� /��r C	;

 i�( "� A�#1 ��B1*!� " 2q"#��. ��B1� C� ��#$*$ ��B1� C�

 �R+S :!�%�� 24� ��!�T< C�#� " )	-!; #k, " z5[ �� �R+S

��� ��*� #�W 4� �@� ��44 ��#�B$ �	�B� /�#E� �*;  $�*6< .

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            15 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�&� '�()*+, �-.� �	/�� �� 	*0 
12*34 �	/�� 5�� 6�78�	 
��.� �	.�8 �2 �*9 - 

272   ♦   ���� 	
���
 ���
�� ����� ��	 ���� ����� 2�  ����� 1400     

>� " O��*G #�2	B.� �� � C	G #� 	;P�� :1 ���Z$ 	�.< A�#


 " m#� 2�'�� h��'^� " A�'� " �	M l*+N�	. n��*, 4"#�

 �	M n��*,  ��#� #� 2*!1	
 '�. /	@6	N� ��#t1� .��� #��

 �� #�%�� " ��*� '1#��� 	�.	B.� ��>� #�  $�*6< A�'� "

��� ��
 )	9.� :�^#%�( C	;�*%150-47 `�	�. �	!��� :� . �[	M

 4�  
	. P6	�	. C	;4"� UV	
 :5�	�� " :@6	N� A�� 4�

��!�T<�	�@� C	; 10PM  �3O  UD%� P�>(*Q. 4"#� ���*� 	�

Y	�  F #����	( "� #; �."� ����#$ #�
 �� :@6	N� ��*� C	;

��!�T<  %��'^� �."� .��� ��*�  %��'^� 2�#�
 � 	; :� �.�*


:�+0. ��	�" ���@
 h��'^� ��6�  )�, ���@�G �
� 4�  
	.

 C	;"��*V 2�#1 7�	V ��� 4� " �0. " ��M 2	$"	. C4	�*.

2	^*F h��'^� A�!s�; " ��*�#^ fF	!� 4� :1 �	5S " �#$ C	;

 �� 2�#�� fF	!� #�%�� " ��
 �*%1 ���"  �#S l*!G " l*!G

 � ��#g #�E	
 ��
 "�  F :�^#$ /�*[ /	@6	N� .�
	� �;�

��� 2	%. #�V� :;� �
���� /�#F	D� �	$��� 4� :1 ��� �

��!�T< �#�4 �� /��r ��>� "  �*�, �  +[� C	; .�
	�

 :.T	� :1 ��� ��*�. ��"<#� �
����  .	�G 2	�4	�500000 

 #E� #� #X.G�*��:  ��4< C�*; �� �*G*� �#��*; f+@� /��r 	�

 � ���"4 m#� �	y��.*
51:�^	� A�!s�; . :@6	N� C	;

	%. #L	M 4�  
	. P6	�	. C	;4"� ���@
 UV	
 A�� :1 ��� 2

��!�T< C	;10PM " 3O  �� 2*V " :�� P�>(*Q. 4"#� #��	0� 	�

	!@� " �5t�  -�B5�; 2�#�
 #�
 2	!1	� ���� �*G" C���

 Y"��G)3  "4b#�%� :�^	� .( .� /	0�0�
 `�	�. 4� �[	M )	9

 	�.� H+�D� J	0. �� :�^#$2< 4�  1	M r :1 ��� f+@� /��

2	B.� ��>� #� �� l*+N�	. #�E	
 A�#�%�� �	k�V� �*V :� 	;

���� Y	� ��  !�y 2	00�� .�.�2007 :.*�. #�E	
O�G C	; C�"<

 C"� #� �� f+@� /��r 4� ��
DNA Y*+� :�� " q	^"#1	� C	;

 p*��.��� ��#g h�	�4< ��*� . /��r A�� :1 ��� 2	%. `�	�.

 a�#D
 :� ��	gDNA A�� Y*+� � 	;�
	�52 4�  V#� .

 A�� J	5
�� ����� /T	�� " A�y �	�6	��� �� #-�� /	@6	N�

 ���	
 H+�D� C	;�*%1 �� �� :�� P�>(*Q. " �*;  $�*6<

��*�.�.�38-36 2	!1	� C"� #� C"� #� :1 C#-�� :@6	N� �� .

 /��r �R+S A�� :1 ��� 2	%. ̀ �	�. �^#$ )	9.� 	&�#�< C*!�+��

 " f+@� " P�0�B� :N��� �6	�� A�� 2	!1	� �� :�� P�>(*Q.

���� �*G" C���	!@�53 :1 �
 ��	E A�!s�; .10PM  #�	� "

 :�
�Z$ #E� ��>� #� C�G /�*[ :� �#��*; '�� f+@� /��r

2	F#� I�*.� "  BX!
 C�	��� 4�  
	. m#� " h��'^� �� 	;

 �C*�. :� ��;� :1�G�*�: �'^� :� #9!� /��  .T*F h�

14 � :�� P�>(*Q. 4"#� �� C�[����#$54. :�^	� #-�� 4�C	; 

 b	(	. C	;4"� ���@
 A�� ���	!@� J	5
�� :� 2�*��� #�V� h;"{(

4�  
	. 10PM  2	.4 " 2��#� �� 2*V P�>(*Q. 4"#� 2�'�� 	�

 �+, h.��	&�; " �	
*6 :@6	N� :�^	� �	!��� :� .�*�. ��	
�

 2*V P�>(*Q. �	9��  +[� 4�  
	.10PM  2	!1	� 2	�� ��

 �� �*G*� f+@� /��r :� �k�� �'.	F#� /	5�1#
 �	;#�%.>1

	� " ��
 ��#^� 2*V 2	�#G ���" :1 ���  BX!
 C�*; DNA 

Y*+� ��h�G 4"#� :� #9!� ��	�. �� " a�1#
  .*V C	; -

 �  .q "  �"4*�"#1 C	;�*
55�	$�*� .  h.��	&�; "

Y*+�  �"4*�"#1 a��<C	;  �� A�^#$ ��#g 4�  
	.  .*V

 \�+( 2	!1�	1 "  B1	
 2	$�!.�� A�� �� �� �*;  $�*6< n#@�

 :1 ��� 2	%. 	�.< :@6	N� `�	�. .�.�*�. :@6	N��G�*�:  /��r 	�

A�#1"���; :� �k�� f+@�:0+M �!y i�
	�"�< C	; �,	� C�

 �� "  �"4*�"#1 a��< � �	06� i�.q*��� /�#��_
 �	9��

�� ��	�.C�	� �  .*V P�>(*Q. C	;�*
56  V#� A�!s�; .

���� 2	%. /	@6	N� P�>(*Q. �	9�� �+, 4� #-��  &� :1 �.�

4�  
	. 2*V �G�*�:  	�10PM  lZG ��^#W �	;#�%.>1 ��

 �*; �� �*G*� f+@� /��r :� �k�� �'.	F#� ��*�  �T	�  ��*(

 �C�	9!;	. �	9�� :� ��	g :&�*�. :� ��
	�1 C	; "  �"4*�"#

 #�%�� C�*;  $�*6< 	�  �	;#�
 2	!1	� A�� �� 2	F#� 4"#�

�!�B;57"23. :�^	� #-�� 4� � #L	M :@6	N� C	; :� 2�*


 A�� ���	!@� " �5t�  -�B5�;3O  :�� P�>(*Q. 4"#� #��	0� 	�

 :@6	N� `�	�. :� :G*
 	� .�*�. ��	
� 2*V "Huagui  "

 Y	� �� h.��	&�;2021 � J	5
�� 2�'�� " 24� ��!�T< A��  �5t

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            16 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   273 

C�*F :� ����#$ ��;	%� A�y �*%1 �� 2	.4 :�� 2	F#� 4"#� -

 #; h��'^� C�4� :� :1PPM 10  h��'^� :� #9!� 24� �R+S ��

57/4  :� �5B. 2	.4 :�� P�>(*Q. 4"#� 2�'�� �� C�[��

 � 	�.< A�-.	����#$58 :@6	N� `�	�. 	� #L	M :@6	N� :�^	� .

D�; �*1Z� � 2	%. :1 ��� 2�* #9!� 24� �R+S h��'^� �;�

 � 2	F#� 4"#� h��'^� :�:@6	N� �� .�*
 \&s.	�  "

2	F#� /�#E�  ��#� 2�*!, 	� h.��	&�; :�G�*� 4�  
	.  ��4

p*� C���� ��!�T< A�� :1 ��� 2	%. `�	�. 24� 	�  ��#�[ C	;

2	F#� ��B.	�(p*� ��  ��4 :�	%�  �R+S  M*N� �� 	; 	�

 UD%� A�!s�; .��� ��*6< C	;#�
 C�*; �� 24� �R+S

 2	F#� �� P�0�B�#�S " P�0�B� PB�.	&� "� f�#F 4� 24� :1 �


���� h0.  ��459. Y*+� C"� #� :1 C#-�� :@6	N� :�^	� C	;

 :1 �*�. ��	E �^#$ )	9.� 2	B.� Y	�+��(��G�*�: Y*+� A�� 	;

���>(*Q. /�#��_
 h��'^� �,	� 24� 	�Y*+� �� i H+�D� C	;

 � �*
60 � �� #�� A�� �+, . 24�  ��
*�� ���� :� 2�*


 � �	���
*�� 2*�����B1� f�#F 4� 24� �#�4 ���� �5B.

h!1�" f�#F 4� 	� " P�0�B� 2*�����B1�#( ��4< Y	&���� C	;

Y*+� a��< :� #9!� � 2	B.� �� P�>(*Q. " :�� C	;�*
62-

61��
 )	9.� /	0�0�
 .  ��Bg :1 ��� 2	%. �j*� P+�&��� ��

 :�T �� " �����  .	��
  BX!
 �	-��� :�  g	%!��� 24� PR,�

Y*+� lZG ��	�. �� " ��
 �M Y	�+��(� h
*( O�	� b4	.-

 �  .*V C	; � PB�.	&� "� f�#F 4� ��!�T< A�� .�*
 �.�*


��#$ 	;#�
 2	!1	� A�� �� 2*V 2	F#� :� #9!�.  A�6"�

PB�.	&� Y*5+$ ��  &�q*6*^�*� "  �	���
*�� /�#��_
 C	;

 ��6*
 #-�� PB�.	&� .���  ��'.< ��6	@^ zN� " '�#g

Y	&���� " ��B1�#(*� �2q"���; ��B1�#( 4� ��B1"���; C	;

���� �� ��
 lZG 24� :�'9
 f�#F 2*V �!.	� O�	� C	;

 �h!1�" 	� /T*k�� A�� .�
	�:� #9!� " ��6*
 :�*.	E C	; 

" l#y C	;���� 2*�����B1*(� MDA  ���#$63 C4 �� 2" .

Y	&���� #�Eu
 h.��	&�; " 24� :�'9
 4�  
	. ��B1"���; C	;

�� a�#D
 #� DNA  4� 24� :1 ��� 2	%. `�	�. .�.�*�.  ��#�

Y	&���� ��6*
 " P�0�B� f�#F � ��B1"���; C	; #9!� �.�*


a��< :� DNA Y*+� :�2	F#� " K�; C	; �*
 ��#^� ��  ��4
57 	� C�#^ :�G�*� zN� :1 �.�*�. )>,� ��*�	. " \��*� .

 �. �� A�#1 ��B1*!� ��!�T< �R+S 4� ��	X��� 	�  �*V :� 2�*


�4��.� A�#1 ��B1*!� C�*; ��X�1 C	;�*��.	� ��*
 ��
 C#�$

 A&�� C�#^ :�G�*� ����*�  V#� �� �#�4 ��*�. 2	�� ����

#�%�� �	�B� ��� �4��.� #��	0� 4� C	;�*��.	� ��*
 ��
 C#�$

 �  N����
	�64 � 2< ��T� 4�  &� .  +V�� O�	!� �*G" �.�*


.�
	� 4	$ K#k� �!.	� �R+S a+S� CO  4� 2	��V	� �V�� ��

 � #
�#^  G�	V �*N��"�50 ��  +V�� O5!� ��; #$�  �M .

� :� #9!� :1 �
	� :�
��. �*G" 2	��V	� �V��G�*� : C�#^

 .	�4 "  .	&� /�#��_
 ��6� :� ��*
 CO  O�4*
 )�, "

�	-�B�� �*G �� �V�*!&� 2	%. �	�"'6 �*; ��X�1 #� /�	R. C	;

�R+S ��!;� CO  �!�B�. �	V C#�
 :0N!� i� ��66-65 �� .

 /�#E� 	� :N��� �� :�^#$ /�*[ /	0�0�
 :� :G*
 	� I*�9�

� OL" :� :G*
 )�, ��*;  $�*6<  �
���� 2�#�
 #�
 �� �*G*

 � " A�'� " �	M C�	��� 2"'^� 4"� h��'^� aG*� �.�*


 ��#$ :@�	G #� C#�Z(	. 2�#5G C�	k�g� /��	BV ����
68-67 

 "16-6.  

  

A��� �K�9�  

 �P�+g� I*. � ^�#$*(*
 � �	�^�#_G ��@g*� ��T� :� 2�#�


��*6< �#�4 �� ��#
 a�	!�	. C*-6� " O�	![ '1#�
 A�#


 C*-6� �!.	�  +��*, #-�� C*� 4� .��� 2	�G C	;#�%.>1

��6	@^ ����	. a�	!�	. C����-. ���#
 a�	!�	. C*-6� �	;

 �1�	%� " z��[  .	�� I>F� )�, " �V*� I*. �	;"��*V

�	-���  -!;	�; )�, "  ��#� C	;2*.	g C#9� " ��Z$

��!�T< O�9
 " ���%
 aG*� 	; � #�
 zN� ���*
 '�6	.< .

��!�T< �R+S /�#��_
 �."�  ��#� `�	�. ��X�1 UV	
 C	;

Y	�  F ���*; � 2	%.  ��#� ��*� C	; ��X�1 :1 ��;�

Y	�  F �� 2�#�
 #�%.>1 C�*;  $�*6< #��_
 :� "� #�V� C	;

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            17 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�&� '�()*+, �-.� �	/�� �� 	*0 
12*34 �	/�� 5�� 6�78�	 
��.� �	.�8 �2 �*9 - 

274   ♦   ���� 	
���
 ���
�� ����� ��	 ���� ����� 2�  ����� 1400     

 :&!�� :� :G*
 	� ���� ��*� h;	1 2q"#��. �!.	�  �	;4	� h�(

h��'^� T	��M� 	�� ���� :�^	� ��!�T< �R+S �� ~	%!� 	� C	;

 #�-�%y /�#��_
 �,	�  6< 24� ��!�T< ��*� �� h��'^� "

 .��� ��
 2< �R+SC*�. :� C�*;  $�*6< ��X�1 ��!�< :1

 � h�(  ��� :� 2�#�
 #�
 �	�B� h��'^� :� #9!� :1 �"�

��!�T< �R+S �� ��!!1 2�#-.:�*.	E C	; .��#$ 24� �!.	� C�

 #1r 2	�	
 ��!�T< �R+S A�-.	�� �� h;	1 PS#�+, ���

�	-�B�� �1 �� A�#1��B1*!�Y	�  F �� 2�#�
 #�
 C	; C	;

 �. �:@6	N� ��*� A�� �&%� :1 �*�. 2	�� ��@F	g 	� 2�*


 fF	!� �� 4*!; �#�4 ���� ��
 �M ��!�T<'1#�C  :1 #�


"��*V P1�#
 A�#�%�� C���� A�� 4�  �T	� �R+S �!�B; 	;

T< /�*[ /	���g� :� ��	!, 	� Y	���  +, .���#$ ��;	%� ��!�

 2�#1 ��� 4� " �V*� K#k� h;	1 �*kV �� :�^#$

"��*V �R+S 2�'�� ��  %;	1 �."� ... " ��*�#^ C	;

 � ��;	%� A�#1 ��B1*!� b#��� O�	!� :1  �	9.< 4� .�*


 a+S� ��  N��� C�*;  $�*6< �	9�� �� ��  +[� P��

C	;#�%.>1 ���, 2	�G � ��� A�.�*g OL" A��#�	!� ��
	�

 ��	�" �{�" :�) ��!�T< ���G O�	!� 4�  V#� C�#� :.�#�-�D�

 � (C�*
*� :�+0.#�
 C�*; ��X�1 �*5�� :� #9!� �.�*
 	; -

��!�T< �R+S �b#��� O�	!� #� �">, .��#$ zN� �� �*; C	;

#1�	1 ���#
 �:�+0. ��	�" �*
*� I*. :� 	;#�
 I*. �2< �

  $�!.�� /��	, �i�^�#
 :��B.�� �	;"��*V ��  ^#k� �V*�

 C	;"��*V �!.	� b	( Cq*6*!&
 4� ��	X��� �:@�	G ��#^�

 �� �*5�� #-�� C*� 4� .�
�� �;�*V  -�B� C��#5�;

 M�#F #9!�  �*�, �0. " ��M :@�*
 A�!s�; " C#�
 C	;


 C�*;  $�*6< h;	1 " i�^�#
 :��B.�� h;	1 :� �*5�� " C#�

 #� .�
 �;�*V 	;#�
 2>1 A�!1	� A�� �� ��#^�  $�.4 ��X�1

2*�4< `�	�. �	�� 2*y  F	5!��� C	;a��#L  -�B5�; 

 NV 2*��#$� 2*�4< `�	�. " 2*�#�( :1 ���#$ ��;	%�  A��

4�  
	. P6	�	. C	;4"� ���@
 UV	
 10PM � 3O  4"#� ���*� 	�

� " 2	.4 �� 2*V " :�� P�>(*Q. J	5
�� 2�#�
 #�
 2��#

:@6	N� A�� `�	�. #-�� 4� .���� �*G" C���	!@�  � )�, :� 2�*


 A�� J	5
��2NO  � 2SO � CO  2	F#� " :�� P�>(*Q. 4"#� "

.�*�. ��	
� 2�#�
 #�
 2	!1	� �� 2*V  /�#E� :� :G*
 	� �Z6

 /	�N6 �	9�� " ��#^�  ��>� #� �*;  $�*6< 4�  
	. �	� 2	�4

k�g� " 2	1�*1 #� �*kV :� :@�	G #� #�Z(	. 2�#5G C�	

� �*�. p4*�< �2��!�6	��G�*:  I>F� ��*;  $�*6< ����( 	�

 �	%�.� O�	!� f�g� Y#�!1 "  �	�	!
 �K	X
 " f�g�  .	��

��!�T< 4� C#�$*+G " C#�
 '5� C	?^ :@�*
 ��*; C	;

!�	@� '1�#� #� f�g� /�	R. " Y#�!1 � @�5F O�	!� a�#D
  !^ :

�*
 " 	;"�*V" C#�
 �0. " ��M 2	$"	. C4	�*./:@ 

�!;#^  �	;�#5;�� #-�� 4� C4	� ��� � :1 h;	1 �� �.�*


.�
	� #E*� �*;  $�*6< /�#E�  

  

 A���L��M�  

2	$�!B�*. :6	0� �*V#� )4T �!.���� 4� C�	=&�;  �."	@�

 C	; ��	�M ��G :� ��%�  &
'( )*+, �	-%.��  %;"{(

 A��  6	� �1 	�  
	0�0�
 �#F920412  A�!s�; "� 2�#��

)#���  /	��V "  &
'( )*+, �	-%.��  �
���� �."	@�

 �2�#��  .	���  �
�����1#
 Y#�!1 ��X�1 C�*; #�
 2�#�
 

" ����� �1 ��=�� �=B�4 2	�=�� �#=�
 2#&%
 "  .����g 

�!�	�..  

 

References 

 Piraino F, Aina R, Palin L, Prato N, Sgorbati S, 
Santagostino A, et al. Air quality biomonitoring: 
assessment of air pollution genotoxicity in the Province of 

Novara (North Italy) by using Trifolium repens L and 
molecular markers. Sci Total Environ 2006; 372(1): 350-
59. Doi: 10.1016/j.scitotenv.2006.09.009 

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            18 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   275 

 World Bank. The cost of air pollution: strengthening the 
economic case for action. Washington, D.C.: World Bank 
Group, 2016. Doi: 10.1596/25013 

 
 WHO. Seven million premature deaths annually linked to 
air pollution. Geneva, World Health Organization: 2014 

 Crouse DL, Peters PA, Hystad P, Brook JR, van Donkelaar 
A, Martin RV, et al. Ambient PM2.5, O3, and NO2 
Exposures and Associations with Mortality over 16 Years 
of Follow-Up in the Canadian Census Health and 
Environment Cohort (CanCHEC). Environ Health 
Perspect. 2015;123(11):1180-6. 
doi.org/10.1289/ehp.1409276 

 WHO. Health aspect of air pollution with particulate 
matter, ozone and nitrogen dioxide. Bonn, Germany: 
World Health Organization; 2003 Jan 

 Bahrami Asl F, Kermani M, Aghaei M, Karimzadeh S, 
Salahshour Arian S, Shahsavani A, et al. Estimation of 
Diseases and Mortality Attributed to NO2 pollutant in five 
metropolises of Iran using AirQ model in 20112012. 
Majallahi Danishgahi Ulumi Pizishkii Mazandaran. 
2015;25(121):239-49. [In Persian] 

 Fallah j S, Kermani M, Aghaei M, Dolati M. Estimation 
the Number of Mortality Due to Cardiovascular and 
Respiratory disease, Attributed to pollutants O3, and NO2 
in the Air of Tehran. J Health Res Commun. 2016;1(4):1-
11. [In Persian] 

 Kermani M, Aghaei M, Bahramiasl F, Gholami M, Fallah 
Jokandan S, Dolati M, et al. Estimation of cardiovascular 
death, myocardial infarction and chronic obstructive 
pulmonary disease (COPD) attributed to SO2 exposure in 
six industrialized metropolises of Iran. RJMS. 
2016;23(145):12-21. [In Persian] 

 Kermani M, Aghaei M, Gholami M, Bahrami asl F, 
Karimzade SA, Falah S, et al. Estimation of Mortality 
Attributed to PM2.5 and CO Exposure in eight 
industrialized cities of Iran during 2011. Iran Occupa 
Health J. 2016;13(4):52-61. doi: 10.17795/jhealthscope-
38736. [In Persian] 

 Kermani M, Dowlati M, Jonidi Jafari A, Rezaei Kalantari 
R, Sadat Sakhaei F. Effect of Air Pollution on the 
Emergency Admissions of Cardiovascular and Respiratory 
Patients, Using the Air Quality Model: A Study in Tehran, 
2005-2014. HEDQ. 2016;1(3):137-46. Doi: 
10.15412/J.HDQ.09010304. [In Persian] 

 Kermani M, Dowlati M, Jonidi Jafari A, Rezaei Kalantari 
R. Estimation of Mortality, Acute Myocardial Infarction 
and Chronic Obstructive Pulmonary Disease due to 
Exposure to O3, NO2, and SO2 in Ambient Air in Tehran. 
Majallahi Danishgahi Ulumi Pizishkii Mazandaran. 
2016;26(138):96-107. [In Persian] 

 Kermani M, Dowlati M, jonidi jaffari A, Rezaei kalantari 
R. A Study on the Comparative Investigation of Air 
Quality Health Index (AQHI) and its application in Tehran 

as a Megacity since 2007 to 2014. JREH. 2016;1(4):275-
84. doi: 10.15412/J.HDQ.09010304. [In Persian] 

 kermani m, Dowlati M, Jonidi Jaffari A, Rezaei Kalantari 
R. Comparative Investigation of air quality Health in 
Tehran metropolis based on air quality index over a period 
of five years (2011-2015). J Health Res Commun. 
2016;2(1):28-36. [In Persian] 

 Kermani M, Fallah Jokandan S, Aghaei M, Bahrami Asl 
F, Karimzadeh S, Dowlati M. Estimation of the Number of 
Excess Hospitalizations Attributed to Sulfur Dioxide in 
Six Major Cities of Iran. Health Scope. 2016;5(4). Doi: 
10.17795/jhealthscope-38736. [In Persian] 

 Kermani M, fallah jokandan s, Aghaei M, dowlati M. 
Estimation of cardiovascular death, myocardial infarction 
and chronic obstructive pulmonary disease (COPD) 
attributed to PM and SO2 in the air of Tehran metropolis. 
JREH. 2016;2(2):116-26. [In Persian] 

 Motesaddi Zarandi S, Raei Shaktaie H, Yazdani Cheratee 
J, Hosseinzade F, Dowlati M. Evaluation of PM2.5 
Concentration and Determinant Parameters on its 
Distribution in Tehran’s Metro System in 2012. Majallahi 
Danishgahi Ulumi Pizishkii Mazandaran (JMUMS). 
2013;22(2):37-46. [In Persian] 

 Soleimani Z, Parhizgari N, Dehdari Rad H, Akhoond MR, 
Kermani M, Marzouni MB, et al. Normal and dusty days 
comparison of culturable indoor airborne bacteria in 
Ahvaz, Iran. Aerobiologia. 2015;31(2):127-41. Doi: 
10.1007/s10453-014-9352-4. [In Persian] 

 Marchwinska E, Wyrwal G, Dziubanek I, Hajok  M, Rusin 
K , Oleksiuk  A , Kubasiak M. The Impact of Air Pollution 
on Health, Economy, Environment and Agricultural 
Sources"2011;  ISBN 978-953-307-528-0. doi: 
10.5772/17906 

 WHO. Health Aspect of Air Pollution with Particulate 
Matter, Ozone and Nitrogen Dioxide . World Health 
Organization, Bonn, Germany; 2003  

 Cohen,A.J, Rose Alexander, H.,Ostro, B., Pandy, K.D., 
Kryzanowski,M.,Kunzail,N., et al,.The Global Burden of 
Disease Due to Outdoor Air Pollution. J Toxicol Environ 
Health A , 2005;Part A , 68:1-7. Doi: 
10.1080/15287390590936166 

  De Marco A, Proietti C, Anav A, Ciancarella L. Impacts 
of air pollution on human and ecosystem health, and 
implications for the National Emission Ceilings Directive: 
Insights from Italy, Environ Int, 2019;125:320-333. 
doi.org/10.1016/j.envint.2019.01.064 

 Tango T. Effect of air pollution on Lung Neoplasms: a 
Poisson regression model” based on vital statistics, 
Environ Health Perspect. 1994; 8:41–45. Doi: 
10.1289/ehp.94102s841 

 Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, 
Adair-Rohani H, et al. 2012. A comparative risk 
assessment of burden of disease and injury attributable to 
67 risk factors and risk factor clusters in 21 regions, 1990-

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            19 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�&� '�()*+, �-.� �	/�� �� 	*0 
12*34 �	/�� 5�� 6�78�	 
��.� �	.�8 �2 �*9 - 

276   ♦   ���� 	
���
 ���
�� ����� ��	 ���� ����� 2�  ����� 1400     

2010: A systematic analysis for the global burden of 
disease study 2010. Lancet 380:2224-2260. 

 Cancer IAfRo. Outdoor air pollution a leading envi-
ronmental cause of cancer deaths. Lyon/Geneva. 2013. 

  Myers R ,  BrauerM ,  Dummer T , Atkar-Khattra S,  Yee 
J , et al . High-Ambient Air Pollution Exposure Among 
Never Smokers Versus Ever Smokers With Lung Cancer. 
J Thorac Oncol . 2021 Nov;16(11):1850-1858.  doi: 
10.1016/j.jtho.2021.06.015. Epub 2021 Jul 10. doi: 
10.1016/j.jtho.2021.06.015. 

 Huang Y,  Zhu M , Ji M,  Fan J , Xie J,  WeiPollution 
X,  et al . Genetic Factors, and the Risk of Lung Cancer: A 
Prospective Study in the UK Biobank , , Am J Respir Crit 
Care Med. 2021 Oct 1;204(7):817-825. doi: 
10.1164/rccm.202011-4063OC.  

 WuX ,  Zhu  B ,  Zhou  J ,  Bi Y   ,  Xu S ,et al. The 
epidemiological trends in the burden of lung cancer 
attributable to PM exposure in China , BMC Public Health  
2021 Apr 15;21(1):737. doi: 10.1186/s12889-021-10765-
1. 

 Yue  S , Wang    Y,  Wang  J ,  Chen  J, Relationships 
between lung cancer incidences and air pollutants, Technol 
Health Care  2017 Jul 20;25(S1):411-422. doi: 
10.3233/THC-171344. 

 Guo Y , Zeng H,  Zheng R ,  Li S,  Barnett AG, ,  et al . 
The association between lung cancer incidence and 
ambient air pollution in China: A spatiotemporal analysis,  
Environ Res . 2016 Jan;144(Pt A):60-65. 
doi:10.1016/j.envres.2015.11.004.  

 WHO. Ambient (outdoor) air pollution in cities database. 
Geneva, World Health Organization; 2014. 

 Hadei M, Hashemi Nazari SS, Yarahmadi M, Kermani M, 
Farhadi M, Shahsavani A. Estimation of Gender Specific 
Lung Neoplasms Deaths due to Exposure to PM2.5 in 10 
Cities of Iran During 2013 - 2016: A Modeling Approach. 
Int J Cancer Manag. 2017;In Press(In Press):e10235. Doi: 
10.5812/ijcm.10235 

 Hadei M, Nazari SSH, Yarahmadi E, Kermani M, 
Yarahmadi M, Naghdali Z, et al. Estimation of Lung 
Neoplasms mortality attributed to long-term exposure to 
(PM2.5) in Iranian cities during 2015-2016; an AirQ+ 
modeling. J Air Pollution Health. 2017;2(1). [In Persian] 

 Shahbazi HB, Mahdi; Afshin, Hossein; Hosseini, Vahid. 
Tehran’s air pollution emission inventory for the year 
2013- Volume II: mobile sources [In Persian]. Tehran, 
Iran: Tehran Air Quality Control Company; 2015. Report 
No.: QM/94/04/03/(U)/0. [In Persian] 

 Hadei M, Hopke PK, Nazari SSH, Yarahmadi M, 
Shahsavani A, Alipour MR. Estimation of Mortality and 
Hospital Admissions Attributed to Criteria Air Pollutants 
in Tehran Metropolis, Iran (2013–2016). Aerosol Air Qual 
Res. 2017;17:2474-81. Doi: 10.4209/aaqr.2017.04.0128. 
[In Persian] 

 Yarahmadi M, Hadei M, Nazari SSH, Conti GO, Alipour 
MR, Ferrante M, et al. Mortality assessment attributed to 
long-term exposure to fine particles in ambient air of the 
megacity of Tehran, Iran. Environ Sci Pollut Res Int. 
2018;25(14):14254-62. Doi: 10.1007/s11356-018-1680-4. 
[In Persian] 

 Barbone F., Bovenzi M., Cavallieri F., Stanta G. Air 
pollution and Lung Neoplasms in Trieste, Italy, Am. J. 
Epidemiol. 1995; 141: 1161–1169. Doi: 
0.1093/oxfordjournals.aje.a117389 

 Liang H, Deng J, Luo T, Luo H, Wu X, Ye Y, Wang S, Li 
F, Wu K, Lin C. Chromatin Accessibility Reveals 
Potential Prognostic Value of the Peak Set Associated with 
Smoking History in Patients with Lung Adenocarcinoma, 
Cold Spring Harbor Laboratory, ESMO Open. 2020;31 
.doi.org/10.1016/j.annonc.2020.10.366 

 Bates DV. Adverse health impact of air pollution: 
continuting problems. Scand J work Environment Health 
1995; 21;405-411. Doi: 10.5271/sjweh.55 

 Baldasano JM, Valera E, Jiménez P. Air quality data from 
large cities. Science of The Total Environment. 
2003;307(1–3):141-165. doi: 10.1016/S0048-
9697(02)00537-5 

 Mamtimin B, Meixner FX. Air pollution and 
meteorological processes in the growing dryland city of 
Urumqi (Xinjiang, China). Science of The Total 
Environment. 2011;409(7):1277-1290. doi: 
10.1016/j.scitotenv.2010.12.010  

 Matyssek R, Innes JL. Ozone a risk factor for trees and 
forests in Europe?  Forest Growth Responses to the 
Pollution Climate of the 21st Century:Springer; 1999. p. 
199-226. 

 Hjellbrekke A-G, Solberg S. Ozone measurements 2000. 
NORWEGIAN INSTITUTE; 2002.18ReportNo.: 
EMEP/CCC-Report 5/2002. 

 Shariepour, Z. Seasonal and daily variation of air 
pollutants and their relation to meteorological parameters. 
Physics zamin va Space 2010 ;35:119-137[In Persian] 

 Jo WK, Park JH. Characteristics of roadside air pollution 
in Korean metropolitan city (Daegu) over last 5 to 6 years: 
Temporal variations, standard exceedances, dependence   
and    on meteorological conditions. Chemosphere. 
2005;59:1557-73. . Doi: 10.1016/j 

 Gratani, L., and Varone, L., 2005, Daily and seasonal 
variation of CO2 in the city of Rome in relationship with 
the traffic volume, Atmos. Environ., 39, 2619-2624. 
DOI:10.1016/j.atmosenv.2005.01.013 

 Wise, E. K., and Comrie, A. C., 2005, Meteorologically 
adjusted urban air quality trends in the  Southwestern 
United States, Atmos. Environ., 39, 2969-2980. 

  Prüss-Üstün A, Corvalán C. Preventing disease through 
healthy environments. Towards an estimate of the 

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            20 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


�	��:�0 - �*) ;�, .<=	 
�> 

  ������� ���
�� 
	
��� �، ��	 ���� ����� 2�  ����� 1400   ♦   277 

environmental burden of disease. 2010; WHO Library 
Cataloguing-in-Publication Data, ISBN 92 4 159382 2. 

 Loomis D, Grosse Y, Lauby-Secretan B, Gissassi FE, 
Bouvard V, Benbrahim- Tallaa L, et al. The 
Carcinogenicity of outdoor air pollution. Lancet Oncol 
2013; 14(13):1262-63 

 doi: 10.1016/s1470-2045(13)70487 

 Peters A, Paticulate matter and heart disease: Evidence 
from epidemiological studies, Toxicol Appl Pharmacol 
2005; 1(207):477-80. doi: 10.1016/j.taap.2005.04.030 

 Hua NP, Kobayashi F, Iwasaka Y, Shi GY, Naganuma T. 
Detailed identification of desert-originated bacteria carried 
by Asian dust storms to Japan, Aerobiologia 2007; 
23(4):291-8.Colls J. Air pollution. 2th Ed. Taylor & 
Francis Inc. 2003 

 Ziqiang M, Quanxi Z. Damage effects of dust storm PM2.5 
on DNA in alveolar macrophages and lung cells of rats, 
Food Chem Toxicol (2007); 45(8):1368-1374. doi: 
10.1016/j.fct.2007.01.014 

 Keller JE ., Howe HL., Risk factors for Lung Neoplasms 
among nonsmoking IIinois residents. Environ Health 
Perspect .1993; 60: 1-11. Doi: 10.1006/enrs.1993.1001 

 Houthuijs D, Breugelmans O, Hoek G, Vaskovi E, 
Mihalikova E, Pastuszka JS, et al. PM10 and PM2.5 
concentrations in Central and Eastren Europe: results from 
the Cesar study. Atmos Environ 2001; 35(15); 2757-71. 

  Lewtas J. Airborne carcinogens. pharmacol toxicol 
.1993;72: 55-83. Doi: 10.1111/j.1600-
0773.1993.tb01670.x 

 Burgas S., Cakman G., Karahalil B. Chorosomal damage 
in peripheral blood lymphocytes of traffic policemen  and 
taxi drivers exposed to urban air 
pollution.Chemosphere.2002:47: 57-64. Doi: 
10.1016/S0045-6535(01)00185-0 

 Van der Zee J.,Dubbleman TM., The role of hydroxyl 
radicals in the degradation of DNA , Free Radic Res1987; 
2: 279-288. doi: 10.3109/10715768709065292 

 Huagui G , Jiemin L  , Jing W. Ambient Ozone, PM 1 and 
Female Lung Cancer Incidence in 436 Chinese Counties . 

Int J Environ Res Public Health. 2021 Oct 2;18(19):10386. 
doi: 10.3390/ijerph181910386. doi: 
10.3390/ijerph181910386. 

 Monchaux G., Morlier J.P., Morin M., Rochefort P., and 
Maximilien R. CO-Carcinogenic  Effects  In Rats  of 
Combined  Exposure to Radon and Ozone. Environ Int, 
1996(22).S909S915,19. Doi: 10.1016/S0160-
4120(96)00201-2 

 Borek, C.; Ong, A.; Cleaver, J.E. DNA damage from 
ozone and radiation in human epithelial cells. Toxicol Ind 
Health 1988;;4: 547-553. Doi: 
10.1177/074823378800400413 

 Mustafa MG., Biochemical Basis of ozone toxicity, Free 
Radical Biol. Med.,1990;9:245-265. Doi: 10.1016/0891-
5849(90)90035-H 

 Victorin K. Review of the genotoxicity of ozone, Mutat 
Res/Reviews in Genetic Toxicology, 1992;227:221-238. 
doi.org/10.1016/0165-1110(92)90045-B 

 Steinberg JJ., Glesson LJ., Gill L., The photobiology of 
ozone-induce damage, Arch Environ Health 1990;45: 
80—87. Doi: 10.1080/00039896.1990.9935930 

 Morris RD, Naumova EN. Carbon monoxide and hospital 
admissions for congestive heart failure: evidence of an 
increased effect at low temperatures. Environ Health 
Persp. 1998;106(10):649. Doi: 10.1289/ehp.98106649 

 US.EPA .Air Quality Criteria for carbon monoxide. 
(1991); EPA/600/8-90/045F.availab from NTIS. 

 U.S.EPA. Air Quality Criteria for carbon monoxide. 
(1991); EPA/600/P-99/001 

 Soleimani Z, Parhizgari N, Dehdari Rad H, Akhoond MR, 
Kermani M, . Normal and dusty days comparison of 
culturable indoor airborne bacteria in Ahvaz, Iran. 
Aerobiologia (2015); 31:127–141. 

 Kermani M, Dowlati M, Jonidi Ja`fari A, Rezaei Kalantari 
R, Sadat Sakhaei F. Effect of Air Pollution on the 
Emergency Admissions of Cardiovascular and Respiratory 
Patients, Using the Air Quality Model: A Study in Tehran, 
2005-2014. HDQ. 2016; 1(3):137-46. 
Doi:10.15412/J.HDQ.09010304  

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.9

.2
.2

57
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                            21 / 22

http://dx.doi.org/10.61186/jehe.9.2.257
https://jehe.abzums.ac.ir/article-1-927-en.html


Journal of Environmental Health Engineering, February 2022; Vol. 9, No. 2: 257-278 

Journal of Environmental Health Engineering  

http://jehe.abzums.ac.ir 

Investigating the Relationship Between Air Pollution and the 

Incidence Rate of Lung and Hematologic Neoplasms in Tehran 

 
 *4, Sina Dousti3, Mohammad Noori Sepehr2, Ahmad Jonidi Jafari1Ali Asghar Najafpoor  

 
alth, Social Professor of Environmental Health Engineering, Department of Occupational and Environmental Health, School of He1

Determinants of Health Research Center, Mashhad University of Medical Sciences, Mashhad, Iran  
Professor of Environmental Health Engineering, Department of Environmental Health Engineering, Center for Environmental 2

Health Technology, School of Health, Iran University of Medical Sciences, Tehran, Iran 
Professor of Environmental Health Engineering Department of Environmental Health, School of Health Research Center for  3

Health, Safety and Environment Alborz University of Medical Sciences   
.n Environmental Health Engineering, School of Health, Mashhad University of medical Sciences, Mashhad, IranMSc i4 

 

Received: 31 January. 2022; Accepted: 7 June. 2022  

 
 

 

ABSTRACT 
 

Background: Air pollution in large cities is one of the main difficulties that have harmful effects on 

humans and cause various diseases including cancers. So, present study with aim of determination the 

relation between air pollution and Incidence rate of two most common cancer in Tehran were 

performed. 

 Methods: at first, hourly data of pollutants including of CO, NO2, O3, SO2, PM10 were  taken  from  

the  environmental  protection  agency  Tehran  and  Air  Quality  Control  Company and Archived 

documents of Disease data were acquired from Iran University of Medical Sciences .Then, descriptive 

studies were performed on criteria air pollutants and dependent variable  .  Finally, inferential tests such 

as Pearson correlation coefficient and linear regression were used to determine the relationship between 

air pollution and the incidence rate of Lung and Hematologic Neoplasms. 

Results: Results showed there was significant relationship between PM10/O3 and incidence rate of 

Lung and Hematologic Neoplasms among men and women. The correlation of coefficients between 

PM10 and O3 with Number of cases of disease in men  and women were 0.904, 0.882, 0.924, 0.931, 

0.856, 0.949, 0.976, 0.860 respectively. 

Conclusion: According to the results, there were positive relationship between PM10/O3 and 

incidence rate of Lung and Hematologic Neoplasms among men and women. Due to the high level of 

ozone and airborne particles and their health consequences, Continuous and further prevention and 

control measures should be developed to alleviate the situation of the two air pollutants. 
 

Keywords: Air pollution, Incidence rate, Lung Neoplasms, Hematologic Neoplasms 
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