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�����  

�����: ���	
� ��
��� ��� �	�  ��� ���� ���� ����  !"#10PM  %5/2PM ��'()��  �*� �+  ,�	-� !./  0�!� ,�	"� �+ +*1*� 2*3*4�  ��
+*3 . ���.
 �+���-
 ��'()�� �+ ���� ���� 6��*4 ,7 ��!8�9� % 	/ �".4 ��  �+ �� :�*; �
��%� �<% �� =4	� �
��%� ��  +!>� =(�?@  �!3 ��

A"B� �
*# ��� =�  !C@ �� 	�+!# =3����� �	D�. 

��	 
�:  �3 ��
��� ��� +*3 =E"F*4 % =��G� ��*F .�
*-
  �+  ��+!36 =
�I� J"4�-()"@ ��*F �3 =
��� K�(9� 68�G� �+ % ��'()�� -  M�N
� =
���
	/ .�
*-
  �3 �*�  �� �
*-
 O()"@ J� ��"@% 	/ �(>!# �-P �3�<  ��+!3 .�
*-
  ���� ����  ��+!3Total suspended particles )TSP(  %

10PM  =3+ �310 	/ M�N
� �"�� S�@ ��  !(� J� T�E4�� �+ % �G"<+ �+ !("
 .���	
�  �!3   !"# ���� ����5/2PM �� �
*-
 O()"@  �3 0.N�  ��+!3
,*�I"@ =3+ % L/min 2 �+�E(@� 	/ .,�"3 U�I� !(� �+ M!#%!I"� ���� ��*F �3 % 	/ ,�% V*�9�  0
*�@ !(@� !(�">  %� �	/ 6-1 ���� ���� 

	/ .�
*-
 6W*� �+ +�3 X�% �Y!@ % �3*8� 	F�+ ���+ ���	
�  ��+!3 ,7 �"'
�"� %  !"# 	/ �Z[ �� . �!3 �)��G� ���� �+ ���� ���� ��'()��  �� 
K�(9� X%� �� One way ANOVA %  �!3 �""�4 ��3�� �"3 ��!"\(� �� U�!W ='()Z-� Pearson �+�E(@� 	/. 

��

� 
�: �
*-
 ]*8 �+  ���� �"'
�"�  ��+!3 ��� ���� ����10PM % 5/2PM  U"4!4 �3µg/m3 52/1418 ± 94/1220 �56/217 ± 79/524  %
6/193 ± 386 +*3 . ���� �"'
�"� ��� ���� ����10PM % 5/2PM  U"4!4 �37/4 �72/7  %16 +*3 +��	
�(@� !�+�G� !3�!3 . ��*F �3 �.1�*� ,�0"�

�	D�b7 ���  �!3 =
��� =
�% �"'
�"�  U"4!4 �3 ��872/50 �87/21  %08/16 µg/m3   *@ �� �	/ �""�4  ��+��	
�(@� �� �� 	�7 �@+ �3
,����@ �"��c !Z(��  �� +*3 !4 .=D�� V�Z4�� �*�  ��+ % +�3 X�% �Y!@ �3 ���� ���� �"3  �/�	
 +*1%  ��+)05/0 > P(�  V�Z4�� �3*8� �3 ���

=D��  �/�+ +*1% ��+)05/0 ≤ P( . �"3 ='()Z-�5/2PM  %10PM �3 �� ���� ���� �3  U"4!474/0  =r % 78/0  =r 	�7 �@+ �3. 

����� ����: �(>�� �"GB4 ��� �� �F�P  �� ��P?� �3�< ,��� ��  +�!>� �� �@� ��� !'
�"3 ��'()�� �+ ��  � ,�I� ��  !./ 2*3*4�  ��   ��
	
��+ =(/�	.3 �?Ie� �3 ?(3�  �!3 =�b�3 �")
�(c �	D()� !G()� ,7 �3 J�+0
 .=� !�
 �3  =
�3�"; ���e�  ���+ ��  +�!>� % �+�"c ��!3�Y �� 	@�

e"3 2�-4 ,��� �"
+ �3 �	D()��
*-
 ,��� �3 �Z)
 !( 	D/�3 �.1�*� ���� ���� �� =�b�3 !�+�G� �3 ���
��� ��� �+  ��+!3.  

���� ����� �
�: ,�	-� ��.1�*� ,�0"� �2*3*4� ��'()�� ����� ����  
  

�����: H�5; ���� �
�	�I ��J��2�� <��I�2� �K"��� 
��L ����:�"����� � ���I !)�<�EMN � ��+N.  ��	
� �
��� ���� ���� ������)5/2PM �10PM 

  TSP ("�#$%&� �' �( �� )*��+� ��	
�   ��,-. /�*0 1+�+2� /	��� /�. �. .��A� %�B
 ������  !,@� 1391 P8 )7 :(1254 -1245.  

�>���+ �
�G�: 12/5/1391  �
�G� X!�gc: 25/8/1391  
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 �� � �3��� �; L� T�	 U�(5� �	 <L���� '��� �"��� ��

 D(5�� L� 
��E(�� !	 %��� �'/ L� ���
 V�:��  T"��:� !@�(


 �
�� W�X�  � Y"+�  ��+2- Z�
 � Z2;)1( . ��� ��

!	�N <��	 %��� L� <��[� ���M  !
�L�� '��23  \��
 !	 �"�N

�+	+ � L� <��� ],(^�  <��� Z&�� Z�
 � Z2; <�3

�� 
��E(�� ���� . �� �� ��N+  Z	�I '��L '��:�5� �� H"� L�


�.(5"� H"� �� �+	+ � ��B(
� !	 �3 �
��#� . �	 !@�(
 ��


��"_/  Y,M� ���` '+a <�E52 � <�3 �� b���(�� Z	�I

��(53 ��2  .
��"_/ c+
 H"� �	 !�N�+�  ��@"� !	 �@�� �3

 '+d23 ��2  e�M� �� ���:� <��	 �(����	 ���f�^�

 �� ZX�� ���:� � 
���* H"�	�- �
�.(5"� �� ��(5� H"�:�5�

�� '�	��& g��f�  �+�)2( .
L��
� <��	 �3�+�� �&�	 ��  <���

���� �� Y,M� ���` �	�"L�� �
�.(5"� !	 \+	�� H  D(5�� <�3

 !	 P��� 
�� %�@
� �
���� ������  ��+2- Z�
 � Z2;

!
+�  h�+"+�
 ��
�� �"�3��� �� !� <�)3( '��) �)4(H�)�	 � 

)5( D,��(�� �)6( �
A�: ����5,3 �)7( +��+  �)8( �

�(��+�"��� )9(�F.
�+� � )10( 6+k� � )1(  Z	�I ���` '����

.(5"� �� b���(��
� ��� 
�� ����	 <��� ��lI <�3 .

Y���   �� b���(�� Z	�I ���` �B,X ����	 <��	 ���
� <�3


�.(5"� �� !� ��� 
�� %�@
� <��� �+	+ � <�3  !	 '�+ 

Y���   ���� �� 
�� %�@
� <�3)11(  <�)�� �)12( ��� 
���� .  


L��
� �� �� �+3 �� �+N+� Y,M� ���` <���  '��� �5"�	


L��
� �� !�N�+� �� ��� ����m
 n�& 
��"_/ o	��� L� �pq(� <�

 '���� ����	 ��N ��: �5E�  
����� <�+3 �<��:


��"_/ �� ����	 b���(�� Z	�I <�3  �+�)13( . �� H"� L�

 !�N�+� '���� !,��� !	 �+3 ���+)/ L� ���
 �(����	 ���p�

I �	�"L�� ��+� ��L/ <�+3 '/ �� !� �()�; !	 �m5
 <��: ���

��  ���+)/ ����	 �� !� ��a P��� ����	 Z	�I �(�	 �����

�2
 ���+� �[�� �� ��L/ <�+3 
��"_/ �	 �MI�� !�N�+� '�+   <�3

��� '��
 �� �+3 . �B,X !	 ���� 
���� <��: !�N�+� 
>��

 �� �r^�� '��L �� ��: !� s^�� ���� V" �� 
��"_/

�� �� !	 '/ ��	 .  

<� �Z� Y,M� ���` ��<� ����+� ��5  � '>��(�
 ��5��  


��"_/ '�+�- !	 'L�  �+3 ��E�� ����	 ��N s&�� <�3

�� !(&��� �
+� .
��"_/ �."� �Z� Y,M� ���` �N !	  �� �3

�
��� ���I <L�� L�: .�B,X �� Y,M� ���` �+N�  L� � _�	 <�3

 �+3 W�����
 ��E�� �,t� Z,- L� ��" '�+�- !	 ����
�(�� �;

�� �� !	 P��� 
�� !(&��� �3�+�� !23 �� <��� 
���

 Z	�I Y,M� ���` �B,X �3��� 'A� �[�� �� !� <�+f

�� L�@� �; L� � _�	 b���(��  ���	)13 ,1(.  o	��� !	 !N+  �	

 '��"� <�3��� �."� �" '��23 ��� �� 6�; !	 �  ��(�� ��


L��
� <��	 
�.(5"� �� b���(�� Z	�I Y,M� ���` <���  <�3

 ��N� 6�; �� �" 
�� ��N� �
���� Y���  <��� �+	+ �

��� 
��
 U���� .  

�	 !N+  !	 !� H"� �+	+ � <�3 !� <��� L+�3 L� Z�"�L�� 

!	 '�+�- &+�� 
��E(�� ��  ����) Y���  H"� <��N� '��L ��

 L�224  ���; �+N+� <��� �+	+ �200  � �,�v�L�� �+	+ �

�
�+	 L+�L�� !��	(� T�* ���	  �� !� �B,X ���`  �� Y,M�


�.(5"�  �"���� �	 H"�:�5� � ��� _�	 <��� �+	+ � <�3

��(53 !�N�+� Y,M� ���` L� �"_�	. Y���  ���� �	  <�3

���� Y,M� ���` �	 ��2  
�� U��  �_A(&� !	 �@�� �
�+ 

 
F"� !	 ���
��	 � �f�^� <��X w��()� �D�/ '+a �5E� 

 ���� �M(5� � ��5; ���:� ��)2( .
L��
� �� H"� L�  <���


�.(5"� �� b���(�� Z	�I Y,M� ���` �
����  <���� <�3

  ��� <���J ��� V" '��23 ��� �,t� '���� �� ��(5� �	 �

!(:�" ����  ���` �	 ��2  L� <���+,N <��	 Y���  H"� <�3

 '/ L� ���
 �(����	 ���f�^� !@�(
 �� � b���(�� Z	�I Y,M�

x�f �("�"�� y��t !��
�	 ���� <�"�.   

  
-#� �.  

)
4�5 '�+� �
���  

!�;�
 ��+� �Y���  H"� ����	 
�.(5"� <�3 �+	+ � <��� 

)�;�� �& (��(5� �� '�	��& <�3 WM��� L� '���� <���� 

��� '��23 �+	 .%��� '���� �'���� �,t� ��� ��� � D@; 

Z2; � Z�
 ������ U��: � ��)�M: <�3 �
�	��&  
����� ��

��"L '/ ���. �� !@�(
 ���M  H"�	�- 
���* � H"�:�5� Z&�� 

<��� ���5	 ��� �25I H"� �� ��_�	. !
�"�* �+	+ � <�3 
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'��� <��� �� '��23 �+N� �����
 !�,	 
�.(5"� <���� <�3 

�� <��(	� '�	��& <�3 WM��� L� H"� '���� ��(5� �
�� . !	

Z�)� H�23 '��� <�3 !
+2
 <����	 ��+t !	 Z�� 1 

w�^(
� �"���.  

6 � 7�85� ���  

 ��� %�@
� �E�t+  ��+t !	 !� �Ml�� !M)�l� H"� ��

!
+2
 <����	 ��+t !	 V� �2(5�� �
���- �
��L %�@
� �� .

 � �
���� ���3��� !	 !N+  �	 H"�:�5� V�* '��L ��(	� ��

U��: ��,	 L� T��*  H��M  
�.(5"� �3 �� ��(5� <�3

�"��� .!
+2
 %�- !	 !N+  �	  �3 �� '���23 <����	6  
�.(5"�

!
+2
 D(5�� ���M  �"����� Z�)� !	  U�� L� �<����	

�
��� V� �2(5��- 	 �
��L �"����� H"� �	 !m,X <��

�"��� 
��E(�� .!
+2
 <����	 �� !23 <�3L�� %�@
� !(E3  ��

)'��L � '��� !
+2
 <����	 ��+t !	 �:��r   L� 
��E(�� �	

w�^(
� ���-� 6��N ��.( <��	 ��)�
/ <���/ ��(	� �	 
��E(�� L� 

���/ �E�t+  !	 ]�t+  z"�(
 �� !(&���*. K{� <��	 

!5"��� '���� �B,X �� 
�.(5"� <�3 ],(^� U�� L�  

One way ANOVA 
��E(�� �� .H��d23 <��	 H��M  

!l	�� H�	 �3��$(� L� W"�J  �.(5m23Pearson 
��E(��  ��

� '���� ��M� <��� 05/0  P ≤�� !(:�� �B
 ��.  

6 � ����  

<��	 ��(	� �� H��M  
����� �B,X Y,M� ���` � �� !@�(
 

�	� !
+2
  <����	 ���a T�* '+�L/ %�@
� �� .<��	 
L��
� <��� 

�B,X ���` L� D(5�� V" !
+2
 <����	 Z	�I Z2;  U�� �

'L� 
��E(�� �@�� �"���. !
+2
 <��	  Z	�I ���` <����	

 b���(��5/2 '����� L� '+,���  <�,:  

)BGI Inc.,Waltham,MA( �	� � 2 �(�) �	 !��I� ��N � 

g#; ���` �(���	 L� 5/2PM 
��E(��  ��)11( .K* ���` L� 

�#� L� '+,��� <�� �(,�: o2N <��/ ��.  '���� !� H"� <��	

 ��+� 
��@�� b���(�� Z	�I Y,M� ���` �	 ���:� !�N�+�

 
�.(5"� �� H��� ���:� �5E�  c�E �� �� '+,��� <����

 �+	+ �)H��L yl� L� <�(� V" c�E �� (�� 
��� ���I .

'���23 �+f !	 H��d23 10PM  �Z� ���` �	 �	� 10 �(�) 

�	 
L��
� !��I� �� <��� .  
!
+2
 '��L ���  <����	60 �� w�^(
� !��I� . ��+� �(,�:


��E(�� '��� V" �(,�:  ��)+3)
�
����.
 (���(�A* ���I  
  

  
 /0�1 :��23��
 $4,� $�*�� ��.  ��
 �	 56(� "
�7 ��
	� 5�,�8.  
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�� 
��� .<��	 T�� �+3 L� |2*  �	�(�)�2���:�"�( Z	�I 

Z2; �	 ��,	�I D�B�  �	� � >���  ��@�)Skc Inc.( 
��E(�� 

�"��� .<��	 <���+,N L� L��	 <�l& !
+2
 <����	 �	 
��E(�� 

L� V"  �(�� ��)Skc Inc.( � '��L z�� �'�"�N |2* ZmI � 

�M	 L� �3 <�� !
+2
 <����	 
L��
� <��� �� .K{� !
+2
 <�3 

�����	 
�� ��N H��M  ����� ���` Y,M� !	 
�.�"��L/ 

���+)/ <�+3 
���
�� �����	 Z�(�� �"��� .  

<��	 w#N �	+f� L� yl� �(,�: !� �� �5
�+  �	 'L� 

�(,�: � ��mX � ��� o2N 
�� <�� '/ ��#���pq  ����	  �(,�:

 !f+	��) �lI �	 \+,^� <�)+,� �(��mm 37  Z^,^  
L��
� �

8/0 �(������( ZmI � �M	 L� !
+2
 <����	 <��	 ��� 24 �-�� 

�� Z&�� �+ ����� � �� 
��� ���I K{� 'L� �"���.  �B,X

�� !m���� �"L !l	�� L� 
��E(�� �	 ���` . !l	�� H"� ��C 

 �WM�� �(� �	 %������� W5; �	 Y,M� ���` �B,X �.
��	

1W  � �(,�: !�)�� 'L�2W  � �(,�: !"+
�p 'L�V  W5; �	m3 

��� <�+m- <�+3 D@; . ����: !	 !N+  �	 <�+m- <�+3 D@;

�"��� y��r  ����
�(�� <��� ���: � ���� <���.  

V

WW
C 12610

−×=  

��� � �	+f� �� oJ+� !
+2
 <����	 �	 
��E(�� L� +�� - 

�(���.�3  �)�(�@"�)Testoterm, Germany( � �-�� 

UL� ��	 �	 
��E(�� L� �(�+2
/ )4201Utron, AM-( 


L��
� �� <��� .�3 %��� 3 ��	 �� '��L !
+2
 <����	 ����  �   

��+(� '/ �3 �mp ��.  

  

$3��� �. 

H�.
��� g���
� � ���M� �B,X ���` Y,M� Z	�I  b���(��

5/2PM �10PM Z� Y,M� ���` �)TSP   

 �"Total suspended particles(� �-�� UL� ���	 !N�� 

����; � '���� �	+f� �� 6+f !
+2
 <����	 !	 x�� 6��N 1 

�� ���	 . 6��N �� !� !
+� '�231 ���+2
 � 1  !B;A�

��  �����5  H�.
��� <���� �+	+ � 
�.(5"�10PM  �TSP 

�
�+	 Y���  �f 
��/ ��� !	 Z� H�.
��� L� �(2� . ��� 

 
�.(5"� V")2S ( Z� H�.
��� L� T�	 H�.
���10PM 

���� . Y,M� ���` <��	5/2PM  
�.(5"� ��1S  �2S  <����

 H�.
��� <���� 
�.(5"� !� �Z� H�.
��� L� �(��	 H�.
���

�/ ��� !	 ����� 
�.(5"� V" �� � Z� H�.
��� L� �(2� 
�

�+	 Z� H�.
��� ����� �	��	 .�� 
�3��� !� �+f '�23  ��+�

 Y,M� ���` <��N� !23 H�.
���)TSP �10PM  �5/2PM (

 
�.(5"� ��2S �+	 Z� H�.
��� L� �(��	.  

 b���(�� Z	�I Y,M� ���` �	 !�N�+� '���� !M)�l� H"� ��

 �� ����	 �"L 6�� L� 
��E(�� �	)13(.  

ik
k

m

k
iki TCE ∑∑

= =

=
1 1  

�� �"H !l	�� Ei ��'�� !�N�+� ��:< µg-h/m3� Cik 

�B,X 
L��
� b���(�� Z	�I ���`  ��+� ���� �� 
�� <���

 � �B
Tik  <�{� !f+	�� ���� �� ��: !� ��� �
��L ���

�� ��� . �Z� Y,M� ���` <��	 <��: !�N�+� '����10PM  �

5/2PM  W� �  !	µg-h/m3 94/1220 �µg-h/m3 79/524   

:#�) 1 :;��3� �6<  ��.�3�
��= �'�>*8 ���?��
��
 ��@�� ��  

�'�>*8 ���?  

��A3�  

 ��2����± ���(� B
���
  /�
�� �C<
�� 

 ��������	  010/6 ± 20/30  00/23 00/50 

	�� ��� ���� )m/s(  860/0 ± 07/1  00/0 00/4 

�����  !�	 )0C(  400/5 ± 60/28  00/16 00/36 

5/2PM )gr/m3µ(  600/193 ± 00/386  00/0 00/845 

Total suspended particles )gr/m3µ(  523/1418 ± 94/1220  00/281 00/13877 

10PM )gr/m3µ(  560/217 ± 79/524  06/364  28/860  
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 �
	*��1 : ��2����(Total suspended particles) TSP �10PM  #5/2PM F�0'8 $   

 ��23��
 $�*�� ��. ��
	�   

  

µg-h/m3 386 ��/ ��� !	 . ���+2
 ���� �	2  H"�(��	

 oJ+� �� ��	 UL� �-�� � ����; !N�� ��	+f� �t��

!
+2
  
�.(5"� �� W� �  !	 <����	1 )50 �t��( �2  �6   

)36 �+�5,� !N�� ( �1 )4 !�
�p �� �(� (���� �+N�.  

 <���"�* '���� !@�(
 �� � ��� � �	+f� ���	 UL� �-��

 '���� �	 !� ��(53 ������+3 D�� Z��+- <�E52 � �"���


��"_/ T����* �
��� ��pq  <�E52 � <�3 . �.(5m23 W"�J

Pearson H�	 
��� <�3 !	 ��� 
��/ H�	 �� �(����* �-�� 

UL� ��	 � �B,X ���` Z	�I b���(�� '��
 ��� !� 

m23�.(5 ��+�M� H�	 H"� �� ��$(� �+N�  ����)1/0-  =r(�   

��� L� ~��) <���/ H"� �.(5m23 ��M� ��� �+m
 )05/0 P >.( 

H��d23 �.(5m23 �B,X ���` Z	�I b���(�� �	 �	+f� 

�	��	 )4/0-  =r (�+	 � H"� �.(5m23 L� ~��) <���/ ��M� ��� 

�+	 )01/0 < P(.  

 H"�(��	 !� ��� '��
 z"�(
 Z� Y,M� ���` �B,X

)TSP( �10PM  �5/2PM  
�.(5"� �� 
��+232S �+	 .z"�(
 

<�3��)�
/ <���/ �� n+r& !5"��� H�.
��� �3��$(� �� 6 


�.(5"� !
+2
 <����	 '��
 ��� !� H�.
��� <�3�(����* ��+� 

����	 )��	+f� �-�� ���	 !N�� � ����; �B,X ���` 

Y,M� (�� 
�.(5"� �3 ���E  ��M� <��� �� �	 D3 '��
 �
��
.  

  

  
 �
	*��2 :��
��
 �*) ��.�3�
��= ���(� B
���
 # ��2���� ��23��
 �	 ��� ���@ $�*�� ��. ��
	�   
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 H�	 �.(5m2310PM  � Z� Y,M� ���` �	10PM  �	

5/2PM �� ����	 ���:��� ��+t !	 . ���+2
 !	 !N+  �	3 �

 H�	10PM  �	5/2PM ���� �+N� �.(5m23   

)49/0  =r( . ��: oI�� ��6/23  L� �t��10PM  �.
��	

5/2PM  �.(5m23 '���� ��� ����10PM  Y,M� ���` �	

 �+	 _�	 �m5
 !	 Z�)78/0  =r.(  ���+2
 �� !� �+f '�234 

�� ���� 
�3��� Z	�I \�m 5/2PM Z� Y,M� ���` �	   

 �.(5m23 <����74/0  =r ��� .  

  
G�   

 �m5
 �J�; !M)�l� ��5/2PM !	 Z� Y,M� ���` �3371/0 

��/ ��� !	 . H"��	��	71/33  Z� Y,M� ���` �t��)TSP (

 
����� ��5/2PM ���� ���I . !M)�l� ��Kulkarni  �Patil 

 �m5
5PM  �	��	 Z� Y,M� ���` !	385/0 !� ��/ ��� !	  

  

  
 �
	*��3 :-�
�  :��  ��  ��*���@�10PM  � 5/2PM  #Total suspended particles) TSP(  

  

  
 �
	*��4 :-�
�  :��  ��  ��*���@�5/2PM  � Total suspended particles) TSP(  

   

y =  0/1415x + 302/16

R² = 0/236

y =1/9479 x + 82/81

R² =  0/6047
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 ���� �
�+^23 �J�; !M)�l� z"�(
 �	)13( . !� H"� !	 !N+  �	

5PM  ���`5 �� Z��� �� �(2� � '�����  Z	�I K* ��+�

 L� �+�#� !M)�l� �� 
��/ ��� !	 �m5
 !� ��� !�N+ 

���	 �(���	 �2� �J�; !M)�l� �� 
��/ ��� !	 �m5
 . �lI

o2N Y,M� ���`  
�.(�� L� !� �()�; �� �(,�: <�� 
�� <��/

!
+2
 ��E�� '��	 <��	 � �+� 
��E(�� ��"L D@; �	 ����	  <�+3

 ���I 
��E(�� ��+� ��L/  �����10  ��� �(2� �" '�����

)10PM .( ���� �	 '��"� �,� ����
�(�� !� H"� !	 !N+  �	

10PM 
L��
� ���� 
�� H"��   <���5/2PM  �10PM 

�� �B
 !	 <���J ��� . !M)�l�Brook  ��� '��
 '����23 �

 !�44  �� Z� Y,M� ���` �t��10PM �� Z���  �3� � �	 !

���� �
�+^23 �J�; !M)�l� z"�(
 )14( .  

 �Z� Y,M� ���` H�.
���10PM  �5/2PM  ��� 6+f ��


L��
�  W� �  !	 <���94/1220 �79/524  �386  %�������

�+	 �+3 WM�� �(� �	 . L�@� �; �	 Z� Y,M� ���` �B,X ���

 ��L/ <�+3 ����
�(��)260 WM�� �(� �	 %������ ( !5"���

 �m"��  
��"_/ H"� �B,X ��+�7/4  �+	 L�@� �; �	��	 �

 Y,M� ���` H�.
���10PM  ���;5/3  L�@� �; L� � _�	 �	��	

 �+	 ����
�(��)µg/m3 150 .(��� H�.
24  Y,M� ���` !(-��

5/2PM  �
��N �����	 '��L�� <+� L�)µg/m3 50 ( �

 
��(� �_�"� �5"L ���� ���E; '��L�� ����
�(��

)µg/m3 24 (�� %A-� . �B,X H�.
��� �J�; !M)�l� ��

 Y,M� ���`5/2PM  ��m"�� 72/7  '��L�� ����
�(�� �	��	

 � �
��N �����	16  �5"L ���� '��L�� ����
�(�� �	��	

�+	 
��(� �_�"� . '��L �J�; !M)�l� �� !� H"� !	 !N+  �	

!
+2
  L� �(2� <����	24 �2
 D��(5� ��+	 �-��  z"�(
 '�+ 

'+2�3� �	 �� !M)�l� H"� L� Zt�; ��E�� <�3����
�(�� �" �3 

 H�.
��� ���� �	 !� ��L/ <�+324  H"��  !
_�� !(-��

�+2
 !5"��� ��
�� .  


��� ���  !�N�+� '���� �.
��	 !M)�l� H"� L� Zt�; <�3

 ZI��; !� ���	 ��"�:�5� <��	60  �� �� L�� �3 L� !��I�


�.(5"�  �� 6�$(�� �" � ��/ � �:� Z�)� !	 �" �+	+ � <�3

!	 ��� <���� '���� g��f�  ��2  �� Y,M� ���` �	 <+�


��(53 .�
L� H�.
��� �"�	 H"��	��	- �
��L )TWA �"  

Time weighted average ( '/ <��	 �+� !m���� �3  

)13� 11( .�
L� H�.
��� !M)�l� H"� ��-  !�N�+� '���� �
��L

 �Z� Y,M� ���` <��	 <��:10PM  �5/2PM  W� �  !	

872/50 �87/21  �08/16  %������� ��� !	 WM�� �(� �	

��/ . H�.
��� �	 
��/ ��� !	 �"���� �)�; H"� ��24  !(-��

 Y,M� ���`5/2PM  �
��N �����	 '��L�� <+� L�  

)µg/m3 50 ( �5"L ���� ���E; '��L�� ����
�(�� �

 
��(� �_�"�)µg/m3 24 (�+	 �3�+& !5"��� Z	�I .  

�
_+f '��L ��� <��	 !� <���:�  L� � 60 �I� �� !�

�+	+ � �	 ��:�5� <��	 L��  �3 !	 ��	 �" �;�� �& <�3


�.(5"� �� �,�)� �� �� !	 �+	+ � <�3  �"���� �	 ��
�	

�� ��3�+& !�N�+� Y,M� ���` L� <� _�	 . �+� e�: ���

 <�{� Y,M� ���` L� �I�: �l��� �� �� L�� !��	 ��: !�

�� �� ����  �	 <��: !�N�+� '���� !� �E� '�+  Y,M� ���`

 <+� L� 
�� %A-� ����
�(�� � L�@� 
����� ��

'��L�� H�	 <�3 ���� ���I �,,2)� . ��: !� �+� e�: ���

 L�� ��	��)23 �-�� ( ZI��; H�.
��� �	 ���� �� ��

µg/m3 20  ���` L�5/2PM �� <�{�  ���)11( '���� �

 �� <��: !�N�+�µg /m3 25/36 �+	 �3�+& . L� ����� H"�

 �5"L ���� ���E; '��L�� <+� L� 
�� H��M  ����
�(��

 <+� L� 
�� H��M  ����
�(�� L� � �(��	 
��(� �_�"�

�+	 �3�+& �(2� �����	 �
��N '��L�� .  

 �B,X ��+(� ���� �� 
�� %�@
� Y���  ��5/2PM  �	��	

414 ���$  !���� � WM�� �(� �	 %������� '/ ��397 �   

431  �+	 WM�� �(� �	 %�������)11 .( !M)�l� ��Kulkarni  �

Patil b���(�� Z	�I Y,M� ���` H�.
��� 5PM   

322 	 !� �+	 WM�� �(� �	 %�������!  
��/ ��� !	 H�.
���

��� V"��
 ���5	 !M)�l� H"� �� )13(. !M)�l� ��  

 Nerquaye-Tetteh �� Y,M� ���` �B,X�'  <�3 g��f�

 
����� �� '�	��&1200 -600  WM�� �(� �	 %�������

 �� U����)15.(  z"�(
 '����23 � <���2N !M)�l� �� ���;

 '���� � �+3 ����; !N�� H�	 D��(5� �l& \�m �� �+N� L�

 Y,M� ���` �B,X �+	)001/0 P ≤( . �!�l�� <�+3 ���&

�+3 <_�	 ����; !N�� � ���
��	 � �+3 �	+f� �+m2�  
��23
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  �+N� �	q Z��+- L� ��� H"� 
����� �� �(M�t D�B- ��5��

 '���5d� ��� �� �+3 ���+)/ '�+	 _�	 
+�)�	 �� �:�M�)16( .  

 �+3 �	+f� � ���` �B,X H�	 ���  �J�; !M)�l� ��

��M� \�m ��  �� 
�3��� <���)01/0 P ≤( P T"��:� �	 ��M"

 b���(�� Z	�I Y,M� ���` '���� �	+f��� T3�� �"�: .

��" L� Z"_� T"��:� �B,X ���` �� �+3 
�����* '�� 

��@� ���` !  H��
 
�� <�� x+l�  ���)11( .H"��	��	 

�� '�+  H��a !@�(
 <��� �+2
 !� �� <�+3 w+f�� �m5
 

!	 ��MJ� �	�(:/ � �(2� �	+f� �	 ���(
� ��@� ���` Z	�I 

b���(�� L� yl� �� T3�� H��L �	�" .H��d23 !  ����
 

�(��	 ���` Y,M� �� �+3 !	 Z�)� H�.�� '�� �  �� �p� 

�	+f� w#N �� b�E � �(:� )18 �17(. !M)�l�  �
��� '��
 �3

!�  c�E �� �� Y,M� ���` �B,X5 -3  <��	 !� <�(�


L��
� �� 
��E(�� �+3 ���` ��+(� <���  ��+(� �	 �+�

�� ���E(� �5E�  
����� �� Y,M� ���` �	��.  �B
 !	

��  ��� !�
����� �� Y,M� ���` �B,X  �  �5E�  <  

20  <�+3 �� �+N+� ���` L� �(��	 �	��	 �	 c�E ��5 -3  <�(�

��� )19� 11( . ���` �	 !�N�+� !	 !� ��� <���J H"��	��	


�.(5"� �� �+N+� Y,M�  '�+�- !	 �;�� ���� �+	+ � <�3

	 �"���� �	 ���:� !�N�+� D�� om�� V" 
��"_/ c+
 H"� <_�

�+� !N+ .  

  

$M�3� ���@  

!(:�"  �� !�,�
 �"��� T�
 ��23� Y���  H"� L� Zt�; <�3

'��23 ��� �� b���(�� Z	�I Y,M� ���` ���(
� ��� '��
 �� .

�� H"� L�  !� <���:� �Y,M� ���` �(����	 ���p� !	 !N+  �	

	��& �� �� �+& !
�L�� ��I�� L� ��^	�' �� g�t �3 ����� 

�� <��2�	 �&�	 L��	 �B
 L� ��
�+   <�3�5E�  D(5�� 

W��/ ����	 � �"#* .Y���  �."� � !M)�l� H"� !a��� <�3 

�	 �3�+�� �."� �� 
�� %�@
�  Z	�I Y,M� ���` ���(
� ��23�

  !�,�
 �"��� L� b���(��q	 �  �)� ����� ��� !��3 6�;  !
+�

!M)�l� 	 !� ��� 
��
 U���� <� !+f �	�"L�� !	 o��N �

�
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Rate of Suspended Particulate Distribution (PM2.5, PM10 and TSP) in 
Hamadan Main Intercity Bus Stations and Its Exposure Rate 

 
Edris Hoseinzadeh1, Mohammad Reza Samarghandy2, 

Farshid Ghorbani Shahna3, Ghodratollah Roshanaei4, Javad Jafari5 

 

Abstract 
Background: The objective of this study was to measure the total suspended particulate (TSP), PM10 and 
PM 2.5 air particulates in the selected intercity bus stations located in the central square of Hamadan, to 
review the distribution concentration of the air particulates content and to evaluate its possible health risk 
to the people who spent little time of their daily time in those places. 
Methods: This was a descriptive and cross-sectional study. Sampling was done systematically in six bus 
stations at different time intervals. A portable air sampler, sampled air at 10 liters per minute for 
suspended particulates (TSP and PM10) measured at 1 meter height above the ground. For measuring PM2.5 
after the cyclone, fine particles were collected at a flow rate of 2 liters per minute onto a filter. The 
suspended particulate was collected on 47 mm mixed cellulose ester (MCE) membrane filters, which must 
be weighed pre and post-exposure to determine the concentrations in micrograms/cubic meter. 
Temperature, humidity and wind speed was measured at the sampling locations, and their averages were 
recorded. To analyze the data, we used statistical analysis Pearson correlation coefficient using SPSS 
software to study the correlation between the concentration variation of the particulate distribution and 
humidity, temperature and wind speed as well. 
Findings: The results obtained for TSP, PM10 and PM2.5 during the sampling period were 1220.9 ± 1418.5, 
524.7 ± 217.5 and 386 ± 193.6 µg/m3, respectively. Exposure to these pollutants as time weighted average were 
50.872, 21.87 and 16.08 µg /m3, respectively that were lower than the standards set by the accredited 
organizations. There was no significant relationship between the concentration variation of the suspended 
particulate and wind speed and air temperature (P > 0.05); however, there was a significant relationship 
between the concentration variation of the suspended particulate and humidity (P < 0.05). PM2.5 and PM10 with 
total suspended particles had correlation coefficient of r2 = 0.74 and r2 = 0.78, respectively. 
Conclusion: Results of this study illustrated that there were particular concerns regarding potential human 
health impacts for people who spend considerable time at intercity bus stations or close to them. 
Pedestrians and unofficial business employees are expected to be exposed to high concentrations of 
suspended particulate pollution because of longer contact time that applied in this study. 
Key words: Suspended Particulate Matter, Intercity Bus station, Exposure, Hamadan 
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