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��-�MN  
O��-P 
5	"�"� ��#9� Q���� R�S '� &?#�T� 5�<

�"< 	� &%��U � 5	�:� O��-� &� ��#T�  �7#V �1 �"�

��-�MN W�� '� 5	��,�  X"BU �� �< �4 '� �M�� R#D� 8�	Y

&� �	������� ����.  8�	Y Z�"�� �'���� ��,� R#D� W��0002/0 

 ��500 &� ������  ����)1.(  �� '� �>1 \C �� 8�	Y

 (����)micron 10Particle matter less than   ��

10PM(  '� �>1 \C �� 8�	Y �5/2  (����  

)micron 5/2 Particle matter less than  ��5/2PM (

&� ]� QU�� �� &9�>$ 	"S �� �-��"�  8�^� � �--1 Y"?� �<

 ��	��%� !�� &��6� � �	 &�"#\���)2.(   

�D_�\� �< `�a�	� &-D� 5	�� W�� 5	�>�� 5�< &,?-� � 

(��� �	 �"< 	� ��	 8�	Y �� 0�>�  �����)3 .( R#D� 8�	Y

&�  Q��"$ 	�9��� 5�� &a��-� Q�� �-��"�5	�>��  �@�� �� �'

5�1�� ��-�MN �#��� W��� � ��"� �<  �� &�4�	 �� �"< 5�<

]��� b�>$� &� Y"?� ��	 5�< �--1 .Z"�� 5	�>�� 5�< 

(�>�U�� QU�� 	� �a�� 0	��� 
8�	��� � ��� (��� 5�< 

	� &�">$ (��� c	��� 	��,� W1��� W�� W�-1�� ��� ��� .

�d"� �e �� �� ��?�1 5�"< QU�� (�>�U�� � Q�_� �� W� �1

��3� (��' 5���' 	� ���� 5�< QU�� (�>�U�� 5f� 

&� &� ��><� �� 	��,� 
�--1 
���� &_� �D_�\� 5�< &1��� 	� 

�-��' ��?�1 5�"< QU�� (�>�U�� 8	"P ��3�  ���)4(. 

�D_�\�  &,?-� 86��� �1 ����� (��� &��g"_"���� � 5�<

��"?$ '� &��� �>�� 5�< �^h� ��� 8�� �� &����	

Q��iN &� �1 �-�,< (���	�>�� 5�"< 	� �"d"� 5�<  �-��"�

!�����	����� 	����� 5�� &#��$ (�"-$ �� �-��� �<. 

 �D_�\�Wilson &-D� `�a�	� �1 ��� (��� (�	��>< �  	��

��-�MN W��  �	�� �"d� (���	�>�� �� W�Dd�� ���D� � �"< 5�<

)5 .( 	� (�99�� ]�� �1 ����� (��� j�"� � �,��3 
]���

 '�6 l� '� �P	�  '� ]�� 
�<290000  	� W��� ������

 �� �a�� =�N 86>4 ("�#�� =�� '� ]�� � *�?S�

��-�MN  ��� �"< 5�<)6 .( �D_�\� 	�Zhong  (�	��>< �

&-D� `�a�	� �Dd�� ���D� W�� 5	��  �� *�?S� (���--1

>4 ^� 	� (���	�>�� (���� �7� &��<���	�  �� � =�N 86

 � ('� �7#V 
��"S	 
8	�4 �d	� 
��?< '�	 
QB3 
(g_N

5/2PM  ���� �"d�)7.(   

Fischer ��-�MN �7#V �"U R�9�� 	� (�	��>< �  5�<

(����U &����� 	� �	 QU�� � m	�U 5�"<  � n�3��   5�<

�'���� !���,�N 	� n�3�� =1 ���">� 5�� .��� (��� (��N o�

 �7#V �1 ���10PM 
5/2PM  �2NO  QU�� 5�"< 	�

���U  n�3��   RS�-� 5�<20-15  RS�-� '� ���� �P	�

 ��� ��� =1)8 .(Matson  ������ 	� �	 8�	Y01/0  ��1 

 � 5�� RS�-� 	� m	�U � QU�� 5�"< 	� �	 (����

�'���� 5��-������� 5�<	"�1 &�����	 �">� 5��. o���� 

&-D� `�a�	� �1 ��� (��� 5� R�9��  8�	Y �7#V W�� 5	��

���� �"d� m	�U � QU�� 5�"< 	� . �a,� W�-p><

Indoor/Outdoor )I/O ( ������ 	�8/0-5/0  �1 �"�

(���  �"� (�>�U�� QU�� 5�"< 	� q��-� ��"�� ��-<�)9 .(  

 �1 &�<�@  '� r�<Gemenetzis  !�:�� (�	��>< �

a,� W��D� 
����� &�d �7#V �10PM  �5/2PM  	�

061 ��%����'N 
0	� 5�< (��� � �<  &�� 	� s#�T� 5�<

��%���� '� �"� (��"� 5�< .(��� 	� �a,� W��  (N 	� �1 &��<

(��� '� �>1 
�"� ��� !6$� Z"->� 	�%�� (���1  ��'N 5�<

 �"� 	�%�� (���1 5��)10 .(Wang  �7#V (�	��>< �

10PM  �5/2PM  (���	�>�� 	��e m	�U � QU�� ���� 	� �	

�'���� (��,��� &S 	� W�e �@%��"� ���">� 5�� . (��N �D_�\�

 (���� �1 ��� (���5/2PM  �	������� '� (���	�>�� QU�� 	�
United states environmental protection agency 

)USEPA (�"� ���� . W�� W�-p><10PM  �5/2PM  � QU��

>�� m	�U&-D� `�a�	� (���	�  �� ���� 	��)11 .(  

 ]<�@  	�Fromme  t��"� �� 0	��� 	� (�	��>< �

 �7#V �1 ��� (��� ��"4 �10PM  �5/2PM  QU�� 5�"< 	�

061  W�� &_� 
��� (��,�' '� �>1 (��,��� 	� 0	� 5�<

 ��� ��1 5��  &>�9�,� �\��	 '� (��,�' 	� �\��	)12 .(

Hoek �	 (�	��>< � 	� �	 8�	Y &�d �7#V � ���D� �\�

 	�C &�	� �	"� &�� �	� 	"�1 	��e 	� m	�U � QU�� 5�"<

����� .(N o����  8�	Y ���D� &%�,a>< � `�a�	� �1 ��� (��� �<

 �� QU�� 5�"< 	� �"d"� 8�	Y &�d �7#V `�a�	� '� �>1  
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Chen  �Zhao 8�	Y `�a�	� &���'	� 5��  m	�U 5�"< 	�

 �a,� '� QU�� �I/O  Y"?� 	"�1�3 �)Penetration rate( 

���">� ���?��� .c�	 �� �,��9�  �1 ��� (��� < c�	 ��

 � m	�U 5�"< 	� 8�	Y &%�,a>< � `�a�	� (��� (��� &����"�

�-���� �	 QU�� . Y"?� 	"�1�3 c�	 '� ���?��� �"d� W�� ��

 &��	R�C� ���� W�>T� 5�� � r��� R�S '� 8�	Y Y"?� (

&� QU�� 5�"< �� �3�-� �  ����)14 .( W�-p><Franck  �

 �� 6��� (���� �1 ����� (��� �"U �D_�\� 	� (�	��><

5	�>��  8�	Y ���D� �� &>�9�,� `�a�	� (�1�"1 	� &,?-� 5�<

���� (��N b��� QU�� 5�"< 	� �"d"� . ��� (��� (��N o����

 \C �� 8�	Y �1 6��� 	� �^h� W����� 
(���� n� '� �>1

5	�>�� ��  ���� �	 (�1�"1 &,?-� 5�<)15.(  

�D_�\� �1 5	"S (�>< 5�<  uT�� &��g"_"���� �

&� m	�U 5�"< 	� R#D� 8�	Y 
���">�  � &�T� 8�^� �-��"�

��	��%� (�,�� &��6� .=�� m	�U 5�"< 	� �"d"� 8�	Y  W��

	� 8�	Y ]���3� Q��$ ���� QU�� &� ��,� 5�< � �-��� 

 '� ]�� ��3�90-85  5�<�v3 QU�� 	� �	 �"U �C� '� �P	�

&� ��,� ���	�� . 	� R#D� 8�	Y W�� `�a�	� W�3�� W����-�

&� ��><� �� 	��,� QU�� � m	�U 5�"< ���� . &���� ��Dw�

 �"d"� R#D� 8�	Y x��_ '� X"BU �� '��� 5�"< &��"_N

 �� �1 �"< 	���>$ (�"-$ &� �� W�� 	� &��"_N W��  
����

�,�� ����"  &,1 �. � ��� (���	�>�� QU�� 5�"< ��?�1

&� ��><� ���4 	��,� (�	�>�� ��6� ���� . W�� 	� �	 W�� '�

8�	Y �7#V `�a�	� R�9��10PM  �5/2PM  �� m	�U 5�"< 	�

 '��� y3�4 (���	�>�� QU�� 5�"< (��' 8�� *"S 	�

��">�  5	������� W��D�.  

  

"#	 ��  

 �D_�\� W��D\9� �� '� '��� y3�4 &�'"�N (���	�>�� 	� &

 ���	YN ��1390 �� !�:�� .��">� ��?< 8	"P �� 5	���  �� 5�

�3� 8	"P ]T� < 5�� 	�� . �� y3�4 (���	�>�� z�T���

��">� ��%�,�� (�"-$ �9\-� 	� (N 	�9��� Q�_� �� 5	���  5�

  �"� 5�� ��N � �3	 5M�� =1�� �� n�3�� . `�9�

��">� &4�d ]T� Q��� (���	�>�� QU�� 	� 5	��� ]T� 


 (��' ]T� 
(��	 � z�B$� ]T� 
(�>��'1  (��' ]T� �2 

�"� .Q�� W�� z�T��� {6� ��">� 5�� �<  ��><� 5	��� �

 ����,4]T� 5M��  �� �	���� R�S '� � 	"1�� 5�<

W�_�+,� �3� 8	"P ���� ������ 0�-�	�1 � (���	�>��.   

��"�� b��� (���	�>�� 5�< 	� *"S �	�� ��">� 5	��� �� 

8	"P &D�aS 8	"P &� �3�.  Q1 ���D� �D_�\� W�� 	�

��">� O>d ��_��N 5�� �1 &��<  
�� 5	�N144  �1 �"� ��">�

 Q��� ]T� < 5��24 �"� ��">� .��">�  �#��� �� 5	���

� ��%��Aerosol mass monitor  *��331  �U��

SIBATA �� !�:�� W �g .�'���� 5��  5�� ��%���3/1  ��

�� ���� 	�C 	�>�� &,?-� ��4�� 	� W��' |\� '� �M�� .

��">� '� j  ��%���  �7#V 	�1�"U 	"S �� �"< '� 5	���

 8�	Y10PM  �5/2PM &� (��� �	 ���.  

 W�� `�a�	� &�	� 5�� 5�"< 	� R#D� 8�	Y �7#V

 	� R#D� 8�	Y �7#V 
(N m	�U 5�"< � (���	�>�� QU��

�'���� ��� (��' (�>< 	� ��� m	�U 5�"< ���� 5�� . Q��

��">� 
m	�U 5�"< 	� 5	��� ��  �"� (���	�>�� !�� .Q�� 

��">� 5	��� 	� 5�"< m	�U �� �d"� �� 5�<	��D� j��gN 

�}�?4 ���� �,�' � �����]�� 8	"P � '� 20 �� �#P�3 

'� 
(����U � �U	� O��-� ��_"� &��"_N �-��� ]1��� � 15 

�� �#P�3 ��  	� W��' '� !�� (���	�>�� W��D� ����. 

 m	�U � QU�� 	� R#D� 8�	Y �7#V �,��9� �� W����-�

 (���	�>�� QU�� �� m	�U 5�"< '� 8�	Y Y"?� 
(���	�>��

�� &�	� .  

 jf�����  �7#V �� ���N ��� �� 5�<24  8�	Y ��$��

5�<�">-<	 �� R#D� Environmental protection agency 

)EPA ( �World health organization )WHO ( �,��9�

����. ]T� 	� R#D� 8�	Y �7#V �,��9� 5��  s#�T� 5�<

 ("�'N '� (���	�>�� m	�U 5�"< R#D� 8�	Y �� (���	�>��

 ��_��N 5	��NOne Way ANOVA �� ���?��� .���� �<  �	��

!�  	��3�SPSS  �T,�5/11 )version 11.5, SPSS Inc., 

Chicago, IL( � �� �	"� �:��� � #���Q 3� 	�C 5	��N� 

)05/0 < P(.  
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� R#D� 8�	Y �7#V W�%���� �,��9�]T� 5�"< 	  5�<

� s#�T�� *��d 	� m	�U 5�"< � (���	�>1 ��� ��� ��	�N .

 W�%����24  �7#V ��$��10PM 
5/2PM �  

Total suspended particle )TSP( 	�  (��' ]T�2  ��

 ��� q���0875/36 
1125/4  �6/52  ��_ � !�����

�"� .�7#V W�� �1 ����� (��� o���� W��  (��' ]T� 	� �<2 

]T� ��� �� �a,�  �<��� �M�� . W�%���� �7#V �,��9�

10PM 
5/2PM  �TSP ]T� 5�� &� �	 s#�T� 5�<  �� (�"�

�">� �P6U �' 8	"P.  

 (��	 � z�B$� ]T�<  (�>��' ]T�< &4�d ]T�  < 

 (��' ]T�1  <  (��' ]T�2  

 W�%���� QC��4 � ~1��424  �7#V ��$��10PM  	�

]T�  q��� �� (���	�>�� s#�T� 5�<0875/36  �

0125/5 �"� ��_ � !����� .�"< ��?�1 uU��   

)Indoor air quality( !� '� ���?��� �� 	��3�  

Air quality index calculator �� �a���� . uU�� o����

 	� (���	�>�� QU�� 5�"< &?�12/95 ]T� �P	�  5�<

 '� �>1 ���9� s#�T�50 ��� (��� �	 . 5�"< &?�1 ��Dw�

 5�� QU��10PM  	� �93 � �� �	�N� z"U8/4  �P	�

��">�  (��' ]T� �� 	� ��� ����� 5�<1  (��' ]T� �2 

 '� ���� ���9�50 ��� (��� �	 . QU�� 5�"< &?�1 ��Dw�

 5��10PM ]T� W�� 	� �� &���'	� ��"�� �< . �"d� W�� ��

m	�U 5�� &?�1 ��Dw�  5�� (���	�>��10PM  	�75 

��� 5�� =_���� ���� �P	�  � ��� (��� �	 0�,4 5�<

 	� �9333/8 ��">� �P	� �"� z"U ���� ��� ����� 5�<.  

 W�%���� QC��4 � ~1��424  �7#V ��$��5/2PM  	�

 q��� �� (���	�>�� QU�� 5�"<1125/4  �7292/1 

�"� ��_ � !�����. � (��� o���� �"< &?�1 uU�� �1 ��

 	�100 ��">� �	�"� �P	�  !�>� 	� ��� ����� 5�<

(���  �>1 ���9� (���	�>�� m	�U � QU�� �D_�\� �	"� 5�<

 '�50 ���� . (���	�>�� '� m	�U � QU�� 5�"< &?�1 ��Dw�

 x��_ '�5/2PM ���� �	�N� z"U. 

 � m	�U 5�"< 	� R#D� 8�	Y W�� `�a�	� ]:-� 5��

�"<]T� QU�� 5  &%�,a>< '� (���	�>�� 5�<Pearson 

�� ���?��� .0��� W�� � &-D� �\��	  5�� 5	��10PM  �

5/2PM  (��' ]T� QU�� 5�"< � m	�U 5�"< 	�1  (���	�>��

��N ��� �� y3�4 )05/0 > P ((��� �1  	����� Oa-� ��-<�

 8�	Y (�,��10PM  �5/2PM  (���	�>�� m	�U � QU�� 	�

�"� . �\��	 �e ��5/2PM  �� m	�U 5�"< 	�5/2PM  ]T�

 (��' ]T� � &4�d2 &-D� �\��	  ��� (��� �	 5	��  

)05/0 > P( W�� `�a�	� &_� 
10PM � m	�U 5�"< 	�  5�"<

 (��' ]T� QU��2 &-D� 0"�D� �\��	 ��� (��� �	 5	�� .

W�� W�-p>< 10PM  � m	�U 5�"<10PM 5�"<  ]T�

&-D� 0"�D� �\��	 &4�d  ���� �"d� 5	��)001/0 > P( .  

 5�"< 	� 8�	Y �7#V W�%���� �,��9�24  	� ��$��

]T� ("�'N '� ���?��� �� (���	�>�� s#�T� 5�< One 

sample t  �	������� ���9� ��WHO  �USEPA �� !�:��.  

  
 '#�(1:  *�+, -�.���24 01� ��
� 	� 2+� 3�	4 !$���  ��$�	�5�� �� 6	�7 ��
� # ��$�	�5�� 8+$1 ���  

!�
5� 9� �	����  *�+, -�.��� *
10PM 

(µg/m3) 

*�+, -�.��� **
5/2PM 

(µg/m3)  

*�+, -�.��� †TSP 

(µg/m3)  
 ���� ���1  0000/29  9208/3  8375/40  

���� ��� 2  0875/36  1125/4  6000/52  

���� � ����� ���  9042/28  5750/3  1667/39  

������ ���  4875/24  1458/3  8250/33  

����� ���  0125/5  7292/1  7250/6  

�� !���"� #��$ %�&'  1875/94  5125/8  4708/128  
* PM١٠ = Particle matter less than١٠  micron ** PM ۵/٢  = Particle matter less than  

۵/٢  micron 

TSP = Total suspended particle †  
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 '#�(2 : �&���10PM  #5/2PM 9� 	� !�
5� ��� *5>� 	� �	���� ��$�	�5�� 8+$1 ���  

!�
5� 9� �	����  *�+, -�.��� *
10PM 

(µg/m3) 
 	��� ?�����10PM  

*�+, -�.��� **
5/2PM  

(µg/m3) 
 	��� ?�����5/2PM  

 ���� ���1  0000/29  51268/10  9208/3  38971/1  

���� ��� 2  0875/36  14949/13  1125/4  8247/0  

���� � ����� ���  9042/28  45842/10  5750/3  87426/0  

������ ���  4875/24  47115/8  1458/3  60379/0  

����� ���  0125/5  99176/4  7292/1  62796/0  

�� !���"� #��$ %�&'  1875/94  61481/29  5125/8  78541/2  
* PM١٠: Particle matter less than١٠  micron ** PM ۵/٢ : Particle matter less than  

۵/٢  micron 

  

 W�%���� �1 ��� (��� o����10PM ]T� ��#1 5�"< 	�  5�<

&-D� 	"S �� (���	�>��  �	������� 	��9� '� �>1 5	��24 

 ��$��WHO )50 qD�� �� � !����� ( �"�  

)001/0 > P .( �"d� W�� ��10PM  m	�U 5�"<44  �4��

 5	��N 7� '� r6�U� W�� �1 �"� �	������� 	��9� '� �M��

&-D�  �"� 	��)001/0 > P( .�7#V �,��9�  5�<10PM  ��

� �	������24  ��$��USEPA )150 qD�� �� � !�����( 

�'���� ���9� ��#1 �1 ��� (��� ]T� 5�"< 	� ��� 5��  5�<

&-D� 	"S �� m	�U 5�"< � (���	�>�� s#�T�  '� �>1 5	��

 ���"� �	������� 	��9�)001/0 > P) ( *��d2 .( �7#V W�%����

5/2PM (��� !�>� 	� ��">� 5�<  �	������� 	��9� �� ��� 5	���

24  ��$��WHO  �USEPA ��� �� �1 q25  �35 

 �� �,��9� 
�"� qD�� �� � !�����) *��d2 ( `�9� ��#1 �

&-D� r6�U� �	������� �� ����� (��� �	 5	�� )001/0 > P.(  

  

@��  

����]T� 	� &��"_N (  �"a� (�,�� (���	�>�� s#�T� 5�<

 5�,� (�	�>�� Z"� 
�T� ���D� �7� &��<	"�1�3 O��� �

(���� � Q-�  ���D� 
��� �"� ��"�� .]T� ��"��  5�<

 Q-�  � (�	�>�� ���46P �� � &D�aS 8	"P �� 5�,�

�"� .   (����U 	�-1 	� (���	�>�� W�3� 	�C Q�_� ��

 
&�"P &��"_N (���� (�"� M�� � M�� ��� �� � n�3��

�:-  � 	� (�1 '�� �� 8	��a� �>1 &� �< �� . (�><

�� 
�� �	��� ���  �1 5	"S7� '� &��"_N (���� W��� 

10PM  �5/2PM  (��' ]T� �� `"��2 �"� . �T� ���D�

&�M"S 
����  (�<�>< ���� ��� � 5�,� (��' (�"� �

 ]T� W�� 	� &��"_N (���� (�"� M�� &#P� Q��"$ '� 	�>��

]T� ��� �� �a,� �"� �< .7� '� &��"_N (���� W��>1 

10PM  �5/2PM  �"� &4�d ]T� � (�>��' ]T� �� `"��

]T� 	� ��"�� (���� (�"� &3�1 � q��-� %���� �  5�<

�"� �S"��.  

 5�"< &?�1 ��Dw� �1 ��� (��� w�4 �D_�\� �e ��

 5�� �"< ��?�1 uU�� x��_ '� (���	�>�� '� m	�U � QU��

5/2PM  5�� uU�� W�� &_� 
�"� z"U10PM  (���� ��

2/95  �P	� (��' ]T� �� 	� � ��� (��� �	 z"U ����1  �

2 �� &���'	� ��"�� QU�� 5�"< &?�1 ��Dw�. 

 m	�U 5�"< �� (���	�>�� QU�� 5�"< �a,� W�%����

I/O  *��d 	�3 ��� ��� �P6U . �a,� QC��4 � ~1��4

I/O  5��10PM 595/5  �053/0  �� `"�� q��� �� �1 �"�

 (��' ]T�2 � &4�d ]T� ��" . W�� 	� �1 	"S (�><

&� ��<��� *��d  �a,� 
�"�I/O ]T� !�>� 	�  �	"� 5�<

 W�%���� � =>��1�� ���9� 5�� �D_�\�10PM  �5/2PM  '�

�"� �>1 n� . =>�-�� ���9� 5�� �a,� W�� *�4 W�� ��10PM  �

5/2PM �'���� ��� (��� �	 n� '� ���� ���$� ��� 5�� . W�%����

 �a,�I/O � 5�10PM  �5/2PM ]T� QU�� 5�"<  s#�T� 5�<

 q��� �� (���	�>��41/1  �61/0 �"� . (�	��>< � &��w	 �D_�\�

 (��� (�1�"1 (���	�>�� 	� �a,�I/O  5��10PM  �5/2PM  ��

 q���896/0  �01/1  ���	�N ��� �� �	)2 .( �a,� W�� 5��

10PM  �D_�\� 	�Wang   (�	��>< � (���� W�e 	�33/0  (��� �	

��� )11( .'� �a,� W�� (�"� �M��  	� n�  
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 '#�(3 : *A>�I/O  -�.��� # �5&BC� ��5��� �&��� ����

10PM # 5/2PM 01� 	� D%�E ��$�	�5�� 8+$1 ���  

!�
5� 9� �	����  �	�F G7�H  
I/O 

*
10PM  **

5/2PM  

 ���� ���1  

(�")"*  167/4  2860/1  

(��+,�*  3474/0  6030/0  

-".��"*  3078/0  4606/0  

���� ��� 2  

(�")"*  595/5  3810/1  

(��+,�*  458/0  4040/0  

-".��"*  383/0  4831/0  

���� � ����� ���  

(�")"*  140/4  0000/1  

(��+,�*  323/0  3311/0  

-".��"*  307/0  4200/0  

������ ���  

(�")"*  07/3  0000/1  

(��+,�*  301/0  4370/0  

-".��"*  260/0  3700/0  

����� ���  

(�")"*  190/1  4760/0  

(��+,�*  167/0  2120/0  

-".��"*  053/0  2030/0  
* PM١٠ = Particle matter less than١٠  micron 
** PM ۵/٢  = Particle matter less than  ۵/٢  micron 

  

 �D_�\� W��(���  	� �"< *��a� � ��"�� (���� (�"� W���  ��-<�

 QU��]T� ��� 	"1�� ���� 	� (���	�>�� 5�<.  

  

!I�$� ���J  

���� �� �d"� �� &� R�9�� W�� '� ���N ��� �� 5�<  (�"�

�:��� W�-e &-D� `�a�	� �1 �">� 5��  8�	Y �7#V W�� 5	��

 � ���� �"d� (���	�>�� QU�� 5�"< � m	�U 5�"< 	� R#D�

(��� �"� (���	�>�� QU�� �� 8�	Y W�� Y"?� ��-<� . �	 W�� '�

(���	�>�� 5��  
�-�3� 	�C ���   RS�-� 	� �1 &��<

��� =�,�� '� 5��  (���� ]<�1 	� ��"�� q��-� 5�<

&� ^+� (���	�>�� QU�� 5�"< &��"_N ���� .  

 
	�� # �KLM����  

 !"#$ ��%���� &�<�@  ����D� &_�� ���>4 �� R�9�� W��

 �	�>� �S (�"-$ ��� '��� &��� 4423  !�:�� ��

���	 . ���>�>P 5	��>< '� W�-p>< y3�4 (���	�>�� *�>1

=�	�� �	 ���.  

References  
1. Doshman Fana Yazdi F. Air monitoring in the work place. 1st ed. Tehran, Iran: Andisheh Rafie Publication; 2008. 

[In Persian]. 
2. Rezaee S, Naddafee K, Nabizadeh R, Yunesian M, Jabbari H, Rezaee M. The relationship between the 

concentration of suspended particles in the indoor air of the Tehran children hospital in Tehran and outdoor air. 
Proceedings of the 12th National Conference of Environmental Health; 2009 Nov 1-2; Tehran, Iran; 2009.  
[In Persian]. 

3. Amir Biegi H, Ahmadi Asora A. Health measures to combat air pollution (environmental and Industrial). Tehran, 
Iran: Andisheh Rafie Publication; 2007. [In Persian]. 

4. Collier L, Balows A, Sussman M. Microbiology and Microbial infections. 9th ed. London, UK: Arnold; 1998. 
5. Wilson AM, Salloway JC, Wake CP, Kelly T. Air pollution and the demand for hospital services: a review. 

Environ Int 2004; 30(8): 1109-18. 
6. Künzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P, et al. Public-health impact of outdoor and 

traffic-related air pollution: a European assessment. Lancet 2000; 356(9232): 795-801. 
7. Zhong W, Levin L, Reponen T, Hershey GK, Adhikari A, Shukla R, et al. Analysis of short-term influences of 

ambient aeroallergens on pediatric asthma hospital visits. Sci Total Environ 2006; 370(-3): 330-6. 
8. Fischer PH, Hoek G, Van Reeuwijk H, Briggs DJ, Lebret E, Van Wijnen JH, et al. Traffic-related differences in 

outdoor and indoor concentrations of particles and volatile organic compounds in Amsterdam. Atmospheric 
Environment 2000; 34(22): 3713-22. 

9. Matson U. Indoor and outdoor concentrations of ultrafine particles in some Scandinavian rural and urban areas. 
Science of the Total Environment 2005; 343(1-3): 169-76. 

10. Gemenetzis P, Moussas P, Arditsoglou A, Samara C. Mass concentration and elemental composition of indoor 
PM2.5 and PM10 in University rooms in Thessaloniki, northern Greece. Atmospheric Environment 2006; 40(17): 
3195-206. 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

��� 	
 ���  ��	 ����  
 

 

1354  �#:���6� !�7� 8�9�9��/< *��=�� / �	�>�=�?< /�@��  ����1391  

  

www.mui.ac.ir 

11. Wang X, Bi X, Sheng G, Fu J. Hospital indoor PM10/PM2.5 and associated trace elements in Guangzhou, China. 
Science of the Total Environment 2006; 366(1): 124-35. 

12. Fromme H, Twardella D, Dietrich S, Heitmann D, Schierl R, Liebl B, et al. Particulate matter in the indoor air of 
classrooms-exploratory results from Munich and surrounding area. Atmospheric Environment 2007; 41(4): 854-66. 

13. Hoek G, Kos G, Harrison R, de Hartog J, Meliefste K, ten Brink H, et al. Indoor-outdoor relationships of particle 
number and mass in four European cities. Atmospheric Environment 2008; 42(1): 156-69. 

14. Chen C, Zhao B. Review of relationship between indoor and outdoor particles: I/O ratio, infiltration factor and 
penetration factor. Atmospheric Environment 2011; 45(2): 275-88. 

15. Franck U, Herbarth O, Roder S, Schlink U, Borte M, Diez U, et al. Respiratory effects of indoor particles in 
young children are size dependent. Sci Total Environ 2011; 409(9): 1621-31. 

 
 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

 

 "%�J�
 @	�l.  )�	�m5� 2 

 

 
1- Assistant Professor, Department of Environmental Health, School of Public Health Nutrition, Shiraz University of Medical Sciences, Shiraz, 
Iran (Corresponding Author) Email: mandehghani@yahoo.com 
2- Department of Environmental Health, School of Public Health Nutrition, Shiraz University of Medical Sciences, Shiraz, Iran 
3- Assistant Professor, Department of Occupational Health, School of Public Health Nutrition, Shiraz University of Medical Sciences, Shiraz, Iran 
 

��6� !�7� 8�9�9�� �#:�/< *��=�� / �	�>�=�?< /�@��  ����1391  1355 

  

www.mui.ac.ir  

A Study of the Relationship between Indoor and Outdoor Particle 
Concentrations in Hafez Hospital in Shiraz, Iran 

 
Mansoureh Dehghani1, Azam Saeedi Aboueshaghi2, Zahra Zamanian3 

 

Abstract 
Background: The concentration of aerosols in the atmosphere has increased in recent years. These particles 
can adversely affect human health. Studies show that indoor air quality is affected by outdoor air. Moreover, 
people spend a significant portion of their time indoors, and few studies have been done in this area. Therefore, 
the purpose of this study was to measure the concentration of outdoor and indoor suspended particles in Hafez 
Hospital, Shiraz, Iran, and determine the relationship between these parameters. 

Methods: A cross-sectional study was done in Hafez Educational Hospital in Shiraz from October to 
November 2011. Sampling was done twice a week. The outdoor and indoor air sampling was conducted in 
each ward of the hospital. 144 samples were collected for analysis; including 24 samples for each ward of 
the hospital and also for outdoor air. Sampling was performed by using a sampler Aerosol Mass Monitor 
(Model GT-331, Japan) to measure the particle concentrations of PM10 and PM2.5. To compare the 
concentration of indoor suspended particles in different wards of the hospital with outdoor particles, one-
way ANOVA was used. Then, the data were analyzed using SPSS version 11.5. The results obtained were 
compared with 24-hour particulate matter concentrations of EPA and WHO guidelines. 

Findings: Results showed that indoor and outdoor air quality of the hospital in terms of air quality index 
for PM2.5 is in a good condition. The air quality index for PM10 for the indoor air showed that 95.2% of 
wards were in good condition, and two obstetric wards were in average condition. Status of outdoor air 
quality for PM10 is unhealthy for sensitive groups in 75% of samples. To assess the relationship between 
suspended particles in outdoor and indoor air of hospital wards, Pearson correlation was used. 
Accordingly a significant relationship was observed in PM10 and PM2.5 of outdoor and indoor air of a 
number of hospital wards (P > 0.05). 

Conclusion: The average ratio of PM10 and PM2.5 of indoor to outdoor air (I/O) were, respectively, 1.41 
and 6.10, which indicated the low ventilation and air exchange within the wards. The results also showed 
that there is a significant relationship between the concentration of suspended particles in the indoor air 
and outdoor air. This represented a penetration of outdoor particles into the indoor air of hospital wards. 
Thus, for hospitals that are located in high traffic areas, utilizing appropriate ventilation systems within the 
hospital is effective in reducing air pollution. 

Key words: Hafez Hospital, Shiraz, Particulate Matter, Outdoor Air, Indoor Air 
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