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


���� �!" 

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

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

���
� -����
� �!��� �'./ 0�%� 1#�� 2(� �3 +������  �$% �� ��� 
����� �#�"4� �5� �� 
�*%� .�*� &�#6*/ �*'� �.*
 7�*�

 89� &'�()� ��#� ���!���� 
�:� 1��';� �� <'�� &'�()� �� +�# =3 ����� �
��  %� 1�� >�?�� .
 %� 1��� �@� �A�.� # 
�#�� =� B�� �� �"�C &�#6/ �&�#6/ �'� �� ����� ���!DEEE )��F*� -��: �� �3 ��� ����� 
�*!��� �� 

���� G�HA�� &�#6/ .��� 1��� +������ ���3 ���� &�#6/ �!I��J <' 1�� �
�A�K
L�% ��4DMNO  *'�P
 DMQD ��+����*�MRS
DQ �
�% #1������ ���T �3  %� ������ +��#� ��4��,U �� 
V' �� ��� 1��� �3�% &�#6/ �'� �5� ���� �W���.

� 1�#��� &�#6/ X���4�A����3 Y�/ B�!� �� 41�@A9'� �� ��4���  �Z�3 L�A�3 &?�% )�K�)
���� I4����*� I#��*% [*���) 4
,���(���.

Y'�A� ���*3 ��93��� +�(�� &'�()� �� �3 ��� +�\�)EDD/EP=(�4��Z
�*% ��9*3� )ERE/EP=(�4-�� ��9*3� )EEO/EP=(#
+��)EM/EP=(������ >�% ���� �% �� 4��# =3  89� 
 %� �A)�' &'�()� +������ .�� �AVU�*3 ]�!� -��^ ���� �� ���DE+#�*V�� 

�!� ��#�
��� 4��#  ���� �.
��_`� �� ���� �� ]�W�� �'� ��"�) �3"�� 1��';� &'�()� ��4�:� 
� &��3 ����� �
�� +��� +�# ��@���� ��� 
���' "A� ���*�T �*?�

� �#������4�A9� -�!)� ���!� I4� �� +�� ��()� a8�
�� # +�A%���'(� &'# +���� �� �  8J����� # b�� +�(�� �'+�����*� �� 1#�*� �
���W�'������� �� �9
�,�� �
�� >�@�� +�# �3 cdee # >�� '� ���#() I %� �A\
�
'��� .�� ���� �� �.
 �*���� �� �"�C &�#6/ Y'�A�

 ���
� f�8���
�� ��� +�# =3 ����� �
��  89� I� ��,�\�/
��� ��� L�g9� (3��� 4 *,� �� +�*3��3 # �����*� +�����  �$% hZC 
���
� &��3
��� 4�� ������ +��,� �,� 4������� ��3.

�� �"�
 ��#�  :$��%&��� ��'�(& )*�
 +� ����, )���  #-� ���� .	�� ��/��'� ))0�� ��/1�� 2� )��$�$ ��/�� 2� )
��� 3� 4#5� 0�36 )*��.

ij'���� ���� k�����3)lL�g9� m
��(
c��'��A%� # n��A%�/ 1�V\�������_+��'� j����� jA���,� -���T # jV�(/ >��	 1�@\��� Ij 
o���� # n��A%�/ 1�V\��� j��	  g�� �p	_+��'� j����� jA���,� -���T # jV�(/ >��	 1�@\��� Ij 
q@\���  ���,� 1�V\��� ��A%� �� jA���,� -��T # jV�(/ >��	 1�+��,� j��� 



�������	
 ��� �� �
�	� ���� �� ���� ���� ���#�$�% #&�	� ����'�� &

����� (
��
��� �����
���� ( �!" ����� )������ ������	*+

()�*) 
�����*A� 1#��)DMNQ (��@�*�� I���*� G�*A3 �*���� �� #

� �9��
9'�� �+�# =r �'�
�A� �N�� +�����*� �r �� �:��
 

�C �� I���� 
� ���� >�*% #� �*,�� �*�� # b�� +�(�� �r

  %� +������ ��� # b�� �r.0���� �'�� +�(*�� �� �9'�W� ��
 +�\��# �r 
������� ��� # b��sREE I *%� �A\*�� �*' # >�� 
+�# =r +������ ��� # b�� +�(��tE�*��� 
*� �A\*�� ����� .

� # b�� �� �A�.� �'� 4;�� �� ��� ������A\*��  �%�9C I+��
 $A�� &'�()� 0��� ��	 �'�#� �� �,�� �A�r  ���F� #2�,�� �*�

4����� �A9� �?�A� �� Im�AH� 4��4�� -�*� 
�;�*K +�� 
+�A%����� 7�*: # �� �A\*�� 
��*��� 4�*� �*�'(� *�
��*� 

)I
�����DMNu .( 
*K �� +�# =*r ����� v' 
��A%����� ��'(�
�% -��: �� 
���� L#� L>�*	 �$A*�2
9*Z�� k�A9*'� �*� 
u *%� 
*!�8K +�# �*� ����*� v' 4�� ��'(� ����� .1#$*	 �*�

 ���**% �� +�# =*r w��**r v*' +�**� 4�A9*� L�*�AC�RSM

@
�%M��R+�# �� w��r v' ����� !�8K
 *%� �
�� +�*�� .

���*% �� 
r��*r ��*�U x��*H� �A8
�u�*� DR
@
�*% (*��
  %� �V�� 4�� y*'#�% �� 1��*ZA%�  �	 �� z�T # 
�����

 ;�**� +�**�{�� 
A'�**�C�**��� .)CormanIBakerILewit 
#Shiono  Ii||d (��'��� +�\� -�!
��� 
*��# =*r �r ��� 1�

 �� �
�� >�@�� -;$A*T� # +�r��r 4(P� 4��  �
��!� f�*��� 
�� f�8��� �� ��;�� ���% �
���� .��4��K �*rM/D�� �*:�� 

+�r��rR1�*� �
�A� =r +�# �� �r 4� �
�% �*���� -;�}*�� I
I
�9� # 
8F	u/MI4��AZ� -;$AT� �,�� �:�� t/M�*:�� 

# 4(P� 4��  �
��!�M/sN
*Ar�C �*�� �� ��T�� (�� �:�� 
��� �A��� .
��*r��r �� �*A�r �*,�� �*�� 
��� 1�,� ���{��

 �8K +�# �
�� >�@�� �� �r  %� 1��� �*�� �A*��� 
*!)I
*�����
DMNu.(

���� ����	
���
� ���� �� 
�� ��� �*��  �!*"# #  �$%
����� ����� ���� .W�W�� Y'�A�
X*%�� �*3 )RyanIDingI

Wang #XuIi||~(� �� �*� >�*?�� �V/ �,I3�*C 
+� �� 
��� � 1��';� #� &'�()� �� �3 4]*�!� -��^ # ����*� ��9*3� 

 89� ��� �� ����� *��# =3 
*� &'�(*)� +�����*� �� 
�*��' .
�!'
�����*� +�*�� �� 1�*�';� #� �*'� �� ���� �,���� ��� 4#

��# =3  89�
�!� f�8��� 
��� 4���� ���# .Y'�*A� ���{��
W�W��
X%�� �3 )Bobak#LeonIDOOO (<*U ��\3 ��

 � 1�*�';� #�  *5�� &'�()� �� �3  %� 1��� +�\� �� >�?��4
� ��93� � # ����4(*�� +�# =*3 ����*� �
�� ��T -�� ��93� 
� &'�()�
4��K �� ���' &'�()� �� �3RE�*A� �*� >�*�#�V�� 

� ��� �� 0!V�4� # ����� ��93� 4�*�T ��� �� -�� ��93� 
+�*���K� �*� +�# =3 ����� �
��OR*� �*:�� �0*����sD/D#

Dt/D %� 1��� ����� .)Ritz #YuIDOOO (K

��� <*' �*!
 �#�� =�
k�
 �,� �� �3 �@� �A�.� #�I�*���� >�?�� y�?�
 ��A)�'�� ������� ��
�����*� >�*% ���� �% �� �,�� +����� �3 4

��� �A\�� ��!� �R/R/
/
�� >� ��*�� 1��� ���3 ��93���
 ����� �� #4���� �3 +������*� >#� �*��� �*% �� 4��*!� �� 

�(�� �'� �� &�� �' # ���W� ���� ��� 1��� 1��';� +I=*3 B��� 
��#
��0����sM#MM *%� 1��*� �:�� .�'�*A�,� 1�#�*��

 �  9'� �}\� 
��(� 4���,� 
A���,� # 
��� +�U +��*,�
��**� 
���**
�� **% .**� +��**,� �,**� �z�**T  **�!J�� �**�
�

 #  T�*% # 1��';� a'��: ���# I
}�)��� -$}\� I
'��)��P�
 �5� �� 4�,� 0%����� 4����% 4���,*� +�*�� �� ��� 
���
�

  %� +�%�� �� >#� # L#� 4�� >�W� ��� +�,� b�(�)
����*%
 I��6�DMNQ .( �
�� >�@�� =r +�# G������ -���� �� ���� �� �.


 
����  �Z�r �� 1��'�  *�
��!� I�*���� # b�� &'�()� I�����
 4�����' -;$AT� # 
8F	 -�!'�" I��)I
��9*CDMNu (�� #

)�K
��'� +��,� �,� �� ��� 
���
� +#()� �#� &'�() &�#6/ 
�'��� >�?�� *%��� ��" �� I
����,�\*�/ �V\*� �*'� 
��*� 4

���� �_��� �� �A)�' �����3.

��� +	� 
*�#�� =*� B�*� �� �*"�C &�#6/
��*� �*@� �A*�.� .�*!���

 �*AZ� �� �*!� 1�*� �
�A� 1��� +������ ���r ���� &�#6/st
����� �� 4������ +MRSDQ�*�� �r  %� 1��� 4��� ���T �
�% 

 ��}% �*,�� �,*� �� 
WK�*�� 1�#�*�� �� 4�����*� +��#� �� 
���� �r  %� �A��� ���J +��,�41�@A9'� 
���*
� &?�% 4��

 1��� ������ #1�@A9'� �'� X%�� ��� 
���
� 1��*%�  8� �� ��
 %� .� �� ��T 4������ +��#� +��� �'� �4����� �� �#����*�8J 

4������ +��#� 4��  ����9�I��\*)�/4+�*T 4��*��� 4�*�
 I4�**��r I4�**'� I
**8�J  **)�� I
�'�r#�**�� -;$A**T� I+�$**r 


��T =r I
��� 4�� ����� 1��r 4��% ��H� ���� �� ���A	�I��
I *Z� k��#� +�*� ��� ����� 
AZ� -;$AT� +����� 1#$	



�����������	
 ��� �� �
�	� ���� �� ���� ���#�$�% #&�	� ����'�� &

����� )������ ������	*,����� (
��
��� ��� ��
���� ( �!" 

# 
AZ� 4������� # 
��� �%  Z� +�# =*r ����*� �
�� �W��%
 ��A���� (�� ��I�,�� 4������ ���{�� <��A\*�� # 1��*� 
'��J 

��ts�AZ� ����� �� 1��\r 1�\� ��*�.�����*� �*'� ��*:�) 4�*� 
������4�8J 
�� �A�3 M��8� L�% .��*� +�����*� �'� �� �*���

 ���� ���# (�� 4������� 1�� �AT��� L$AT� .
���� &�#6/ ����� � �r  %� 1��� 
������� �# 
)��F*� �#� 

��� ��C�� #� -��:4���� G�HA�� &�#6/ �!��� �� .�'� ��
 ���*!� �!
���DEEE  *)�� ���*J 
*%��� ���*� �*���� .�#� 
� 4��� ����� ��*� >�?�� 4� ��C�� #� -��: .4��*K �*� �*3

���4��A�� �� ����� �� 
���A%� M
*A
#� 
����� 
����� (r�� 
�� ��� DD�� G�HA�� 
)��F� -��: �� 
����� 
����� (r�� .

+�*�'�� ���*!� �� 0%��A� ����� =?C (r�� �� �� y�% 4�*�
 K �� 1�� >�?��
L�% ��4DMNO IDMQE IDMQD (r�� +� �� 

�� ���!� .A9�
 (r�� �� ��
��*' L�*% �% 
K �3 
������� �� 
# 1�� �
�A� 1�� �� �����T�� */ 4�*����!� >�*�� �*���� ��'. 

����� �*�,�  9*�
 �� 
)��F� -��: �� >�; 4�� ����� # ��,�
���'��� G�HA�� I1�� .

B�!*� 1�#��� &�#6/ X���R�A��*��3 41�@A9*'� ��*,U �� 
���
� &?�%
��� ��� �1�@A9'� ��4�K�) 
���� I4# ����*� I

[���) ��%4�� &�#6*/ ���*� +�����*� +����� �3 I��� ��,� 
��� +��#����4���A���  ��V% ]K��� �'� �.

��(�� �� �� 1��� 4��� 1����� �����  8� b�� ���� &�#6/ �'�
 �*� 
*� ��}\*� &H� �% �� �r  %� 1��� .>#� # L#� &*H�

 �*� 
}*�(/ w���� &H� �� �@\�#6/ X%�� �����  8� b��
 �� ���}� (r��.���*� ��@��*�� I�����  8� b�� >�% &H�

 **� 1�**�';� �� <**'�***:� 4�
I���**r ��9**r��� ���**� ��**� 
�A}U�r ]�!� -��^ # +�� I����*� ��9r� 4� I-�� ��9r� 4�

 ��DE�� �!� 
���� ��*:�) �� �� +#�*}�� st�*� 4�����*� �AZ� 
�H\� +��'�� >�*@�� ��� 1�� .�� &*H� �*'� ���**}� 4��*�

 �	�J �'�T� �#� ��
#� �'��� 4#� +��� I
�st����*� �*AZ� �4
���!� �� . 5�� ��@��*�� I+��'�� >�@�� �� +��� �'� �� y�%
�� A)�*'�� 4�*� 1��� ]*'�K �� �� 1�*�';� �� v'
1�@A9*'� �� 
��4�*��}� # �8*%��� �@\*�#6/ X%�� ��� 
���
� &?�% 

�'��*�.
(*3�� #� �*� �@\*�#6/ ��*A�� �*r ��*� 0*���� �'�� ��r �#�

 Z�3 L�*A�3  3�*� #  9'� X���  ��ZC �*!���� ��*�  *�

 )�3 -�	$K� �� ����
1�@A9'� ����� �� ��4���*
� &?�*% 

�� ��� ��#�  %�� +��,� �,� .%��� �� y/
�*'��� �H\*� 

1�@A9'� ���!� �r �,*� ��*% �� ��*� 
���*
� &?�*% 4�*�
 # ����� 
� �#��� +��,� �*�� ]K�*�� �� (*�� �*,�� �� 4���!�

 �� 
p!� 
AC # ��� 1�� aJ�# 
��}9� �*�T� 1�*� �*�U �� �,��
 ��� 1�'��� 4����� 1�� .��,U -�	$K� �� �,�� &�#6/ �'� �� �.


 [*���) # ����� I4���� I
�K�) 1�@A9'� 1��ZA*%� �*�,� 4��*%
  %� 1�� .1�#�**�� ��*�!� ��**5�� �*� �3  %� �3^ �� >�;

 �!' �5� ���� ]K���
WK��� 
���
� +�(�� �3 
��� 1��  8�
 �@\�#6/ I��� �*� �� 4�**A����r Y�*/ �#�*C �\*W� ]*'�K ��

 ��**�!� m**�AH� -�**,� �� �� 1�@A9**'��**3+�**���T �**� �# �**� 

�:� 4�� �U�raJ�# �H\*� 1�#��� �'� �� �*���.y�*%
 I�'��*�� 
��*%� +����T �*� �*� �A��� 
�:� 4�*� �U�r # ��

 ��� G�*HA�� ����  ��}% ��� +� k�%��� .��C�� �'� �� y/
\�#6/�@���4���A*%� 
-�*	$K� �*� �� 1��*�� 09*3 �� y*/

 �K���� ��
�g9����C�#4*����� (**r��� �*� &�#6/ ���� 

����� 
����� �*!���� 4��*�� �8r� ��,� # �'�,� I+�T vU�r

��3.�K���� ��
�g9� �� 1���� 093 �� y/ # *���� ���� ��
��**r �#� #
}**�(/ w���**� �**C�# +�**�r��r # ��
�g9**� �**� 

������"
# ��� �� 1��ZA%� �� 4��*� ��!**���� ��*��  8� ���)� 
�'�� 1�*�#�/ 1���*� # 
��*%� I+� 
'���*C�# �*�� k��� �*r 

 ��}% �,�� 1��*3  �����' I ��� ���J �*5� ���� 1�#��� �� 
## 
��*@'�� �� ��*��� 4�*� 1�*�#�/ x��*HA%� ]'�K �� y�%

 1��#�/ �� �!
�*��
A%�,) �# 4�*� ����� �� �*�,� X'��*� �*�
�� .�'� ��,� �� y/
A%�,) -��*: �*� �5����*� 4�� ����� I

���� G�HA�� 
)��F� .��*� y�*%4>#� # L#� &*H� �*��}� 
�� �!���� 
��@'�� �� ����� 4�� 1��#�/ �� �����  8� b��.


�:� 4�� 1��';� +�(�� �� f���� -�*	$K� 4�#� a��  ,�
 �� y/ �@\�#6/ I���>�?�� ����� (*r�� #� �*� I>�; 4�**� 
@

 ��*�  *�Z�3 L�*A�r  r�*� #  9*'� X���  ��ZC +����%
 -�	$K� �� ���� �!���� 1��  8� �*� 1�*�';� +�(�� �� f����

 1�@A9'� �� �5����� 4�*�������@��*��  '�,� �� I��#�  %�
 ��  5�� �� 1��';� �� <'4�:� 
+��� �� ��� �5����*� 4��

�!'
�AZ� �� �!� st������ 4�@\*�#6/ X%�� +��'�� >�@�� �� 
(*�� �����  8� b�� >�% &H� # �'��� �8%��� �*��V� �*� .

>�*@�� +�# k�*%��� +�����*� &�#6/ �'� ��  %� �3^ �� >�;



�������	
 ��� �� �
�	� ���� �� ���� ���� ���#�$�% #&�	� ����'�� &

����� (
��
��� �����
���� ( �!" ����� )������ ������	*-

�*�A)�� ���J 
%��� ���� �
�� �% +��� +�# ������A%� �� �
��
 ��� #�,�� +�# �*�� # +�# =*3 (*� 1��*� �*A�3 =*�� ��: �� 

1��� �A\�� %� (�21�� G�9�� 
!�8K ���.
,��-� 

1���� L#��)D(����� �� 
��# =r  89� �r ��� 
� +�\�4
�� �A�r ���r ��9r��� �3t>� 
*/ 
/ IOO/RStI>� 
*/ 
*/ 

QSu# >� 
/ 
/ O≥>� 
*/ 
*/ 1��*� 0*���� �*� I *%�R/QI
N/DMIN/Ds#O/ss�**��� 
**� �**:�� .+�**�U�**5C$� �**r 
**�  89**� ��**� 
1�**�';� +�(**�� &'�(**)� �**� 
**��# =**r 

���/ &'�()� ���r ��9r���  %� 1��3 �*3 �#.*?� +�*��� #4
���4
%���  *%� 0*��� �'� �'�� (�� ��#�)eii/e=P.(*��

4��K �'��W� �� �3O>� 
/ 
/ #���3��9*3��� ��*� �A\*��I

��# =r ��Ts/M*A�r �'��W� �� �A\�� ����� �� �t*/
>� 
*/ 

1��� %�.
1���� L#�� ]8K)c(4����� �� 
��# =r  89�  *5�� �*r 

�� �A�r ����� ��9r� 4�DEIOO/DOSDEIOO/sOSsE��;�� #
��ME
*� 
/ 
/  *%� 1��*� 0*���� �*� IR/DMIR/DMIR/DO#

s/sE %� .0���� �'� �� \*'�()� �*�#� v' 
�*
��  89*� �� 
\U �� +�# =r ����� 4�r �#.?� +���� # ���T 
� =�*'� (*�� 

��#���+�\*� 4��� 
*�!� ��*% ��  *%� 1���)ERE/EP =.(
(*�� 
*��# =r  89� ����� ��9r� 4� 1��';� &'�()� �� 
�!'

 �'��*W� �� 
��# =r ��T # ���' 
� &'�()�ME≥
*� 
*/ 
*/
u/D�� �A�r �'��W� �� �A\�� ����� DE
� 
/ 
/ 1��� %� .

�%���k1���*� L#�� )M(4����*� �� 
*��# =*r  89*� �*r
 �� �A�r -�� ��9r� 4� 1��';�sR
� 
/ 
/  %� 1��� Q/DD

4����*� �� # �:�� +� �'��*W� �rOO/tOSMR
*� 
*/ 
*/ 
 %� 1���M/DN# �*:�� �'��**W� ��RE≥
*� 
*/ 
*/ s/sE
�:�� 1��� %� .+��U +�(*�� &'�(*)� �� ��� 
� �5C$� �r 
;� &'�()� (�� 
��# =r  89� -�� ��9r� 4� 1��' �� �*��' 
*�
)�K
�3�#.?� +���� 4�'� (�� ��#� 
\*'�()� �*�'�� �� 1��*3
 %�)EEO/EP =.(

�3��7 8
�9
_:���;,�
 +� �</, 
 4#=� �,�
����& *�>�� ?/@�	 �(��' CO'�'9 *�3
� 3��
�%��� *�����, 3���AB��� 3� ��7 �� C; �C7 *�� 

��� ��T a�� ��# =3

CO 

(PPM) ���!�)�:��(���!�)�:��(���!�)�:��(
+���� Y'�A� 

t<DD)d/�(DDO)d/|i(DME)iee(
OO/R_ttR)~/io(sQt)o/��(MsO)iee(
OO/Q_uts)~/ic(sQO)o/�~(MMD)iee(

O≥st)|/cc(QD)i/~~(DER)iee(

EE/DOR= 
ND/DOR= 
Rt/DOR= 
sD/MOR= 

2
tχ = q~e/�

df =D
EDD/EP=

a�� DtN)~/id(QRM)s/QR(DEEE)iee(**** **** 

�3��7 8
�9�_:���;,�
 +� �</, 
 4#=� �,�
����& *�>�� ?/@�	 �(��' SO2'�'9 *�3
� 3��
��AB��� 3� ��7 �%��� *�����, 3� �� *��C; �C7 

��� ��T a�� 
��# =3 
SO2

(PPB) ���!�)�:��(���!�)�:��(���!�)�:��(
+���� Y'�A� 

DE<RD)d/io(MsQ)d/��(MNO)iee(
OO/DOSDERN)d/io(Muu)d/��(tsM)iee(
OO/sOSsEDR)d/i|(us)d/�e(NN)iee(
ME≥sD)c/ce(QM)�/~|(DEt)iee(

EE/DOR= 
EE/DOR= 
Ru/DOR= 
uM/DOR= 

uDO/M=
2
tχ
Ddf= 
ERE/EP=

a�� DtN)~/iq(QRM)o/�d(DEEE)iee(**** **** 



�������	
 ��� �� �
�	� ���� �� ���� ���� ���#�$�% #&�	� ����'�� &

����� )������ ������	*.����� (
��
��� ��� ��
���� ( �!" 

�3��7 8
�9�_:���;,�
 +� �</, 
 4#=� �,�
����& *�>�� ?/@�	 �(��' NO2'�'9 *�3
� 3��
��AB��� 3� ��7 �%��� *�����, 3� �� *��C; �C7 

��� ��T a�� ��# =3

NO2

(PPB) ���!�)�:��(���!�)�:��(��!� �)�:��(
+���� Y'�A� 

sR<RO)�/ii(tMO)c/��(tOQ)iee(
OO/tOSsRtD)o/i~(DOu)~/�c(sMN)iee(
RE≥sD)c/ce(QM)�/~|(DEt)iee(

EE/DOR= 
Ru/DOR= 
QQ/DOR= 

2
tχ = �~�/�
Ddf =
EEO/EP=

a�� DtN)~/iq(QRM)o/�d(DEEE)iee(__

�3��7 8
�9!_:���; �</, 
 4#=� �,�
����,�
 +�& *�>�� ?/@�	 �(��' O3'�'9 *�3
� 3��
��7 �%��� *�����, 3� ��AB��� 3� �� *��C; �C7 

��� ��T a�� ��# =3

O3

(PPB) ���!�)�:��(���!�)�:��(���!�)�:��(
+���� Y'�A� 

R<uN)e/io(tRE)e/�~(RDN)iee(
OO/O_RsO)o/cc(DED)~/~~(DME)iee(
DE≥MN)c/i�(Duu)�/�i(sEM)iee(

EE/DOR= 
OM/DOR= 
RE/DOR= 

2
tχ = d|e/q
idf =
EM/EP=

a�� DtN)~/iq(QRM)o/�d(DEEE)iee(**** *** 

�3��7 8
�9D_:���; *�>�� ?/@�	 *�
 �</, 
 4#=� �,�
���&�(��' PM10'�'9 *�3
� 3��
��AB��� 3� ��7 �%��� *�����, 3� �� *��C; �C7 

��� ��T a�� ��# =3

PM10 

µgr/m3)(���!�)�:��(���!�)�:��(���!�)�:��(
+���� Y'�A� 

tE<E)e(s)iee(s)iee(
OO/tO_tEE)e(MR)iee(MR)iee(
OO/RO_REsR)d/i~(DDQ)d/�c(DtM)iee(
OO/uOSuEsD)o/cc(NM)~/~~(Ot)iee(
NE≥OM)q/io(uEM)�/��(uOu)iee(

EE/DOR= 
Qt/NOR= 
ut/DEOR= 
NE/ROR= 

2
tχ = eei/e

df =D
P= OND/E

a�� DtN)~/iq(QRM)o/�d(DEEE)iee(*** *** 

��4��K �'��W� �� �3RE# 
*� 
/ 
/ =*r �*�T I�A\*�� �*'
�# ��8'�W� �
�� >�@�� 
�s���W� �r  %� 4����� �� �A\�� ����� 

';� �'� �� �A�r 1��sR
� 
/ 
/  %� 1��� .
1���*� L#��)q(�*'��4�*3  *%� +� +�� 1�*�';� ���*� ��

 �� �A�r �'��W� �� 
��# =r  89�R
� 
� 
/ DM�� # �*:�� 
�'��W�OO/OSR/
/
�
M/ss*�� �'��W� �� # �:��A\���
DE 
� 
/ 
/ s/DQ�:�� 1���  %� 0���� �'� �� &'�(*)� �*�

 +�*��� # ���' 
� &'�()� (�� 
��# =r  89� +�� 1��';� +�(��

 �3 �#.?�4��� 4+�\*� �� 4��� 
*�!� f�*8��� (*�� �*�#� 1���
 %�)EM/EP =.(
�!' 4����*� �� �
�� >�@�� 
��# =r ��T

 +�� +�(�� �rDE≥ %� 
� 
/ 
/ R/D4����*� �� �A\�� ����� 
;� �'� +�(�� �r  %� �� �A�r 1��'R
� 
/ 
/  %� 1���.

�� 1���� L#�� )R(� �5C$�
�*3 ��*� 
*��# =*r  89*�
 �� �
�� >�@�� &'�()� ]�!� -��^ &'�()�  %� �A)�' .��4��*K 

�A�r �'��W� �� �r ��tE#OO/tOStEA� �� >��#�}�� �0!}�
 �Z: 
��# =r  89� �'��W� �� I�:�� OO/ROSRE>�*�#�}�� 



�������	
 ��� �� �
�	� ���� �� ���� ���#�$�% #&�	� ����'�� &

����� (
��
��� �����
���� ( �!" ����� )������ ������	 */

 89� �'� 0!}� �A� ��R/DN�'��*W� �� I�*:�� OO/uOSuE
0!}� �A� �� >��#�}��M/ss4;�*� �'��W� �� 1�T;�� # �:�� 

NE ��# =3  89� 0!}� �A� �� >��#�}�� 
t/DM�:�� 1��*�
 %� .%��� ��
*��# =*3  89*� ��#� 
�*3 �#.*?� +�*���4

!� 7$AT�  *%� 1���*� +�\� �� 4��� 
� .�� 
*��# =*r �*�T
 �� �A}U�*r ]�!� -��^ �r 4�����DE+#�*}�� I�� �A\*�� RE
����� 
� 0!}� �A� �� >��#�}��Q/N����*� �� �A\*�� ����� 4
�� �A�r 1��';� �'� +�(�� �3  %�RE0!}� �A� �� >��#�}�� 

 %� .�'��*W� �� +�# &��*3 �*�T �*U �*��NE# >�*�#�V�� 
�A\�� I�A��� &��3  %� �V�
 �3 ��K �� 
�'��*W� &'�()� �� 

� �A\�� +�# &��3 ��T ��� �� ]�!� -��^
��� .

�%. (/%-� 	 01��
�� ]�W�� �'� ��"�) �� f�8��� "�*� 1�*�';� &'�()� ��4�*:� 


*� &��*3 ����� �
�� +��� +�# ��@���� ���
�*��' "�*� �*A)�'
 ;� &'�(**)� �**� �**3����� +�\**��**� 1�**�'4I���**3 ��9**3��� 

�4����� ��93� I�4# =3  89� +�� # -�� ��93� *��
(*��
&'�()� �
�*3 +���� Y'�A� ���' 4��*� #� 4*%��� 
(*�� �*�#� 

 %� 0��� �'� �'�� .&�#6*/ �*'� ��*"�) 0*���� �'� �� ��
� ���J ��'`� ���� 1�� �3^ 1��';� ��,U ����
��*�� .�*'� ��

A)�'I�A��*!
��� Y'�)Ritz #YuIDOOO(����  ,��\*� .�*,��
 �*3 �*���� �*A)�'  *%� �*?�A� �*'� �� (�� *�+�(*�� &'�(*)� �

*� �*��' 
� &'�()� (�� 
��# =r  89� ���r��9r��� �4��*K 
�� �A\�� �'��W� �� ��T �'� �rR/R>� 
/ 
/ M/D�A\�� ����� 

 %� 4����� �� �� �*A�r 1��';� �'�  5�� �r s/s*/>� 
*/ 

����.

���
� f�8��� ����� �� �"�C &�#6/ Y'�A� �� ���� ��
�*� ��*� 
+�# =3 ����� �
��  89�I� ��,�\�/ �@\�#6/ 
��3 ��5�� ��

 # ������ +�����  �$% hZC L�g9*� (3��� �,�� +������  *,� 
���
� &��3
��� 4�� ������ +��,� �,� 4������� ��3.�� #
$	� >�@�� �!"# >���
� ���\�  
��� >�	 >#(
 +�*�� x#�*T 

��*�� ���J ��3�� ���� L���� �� ������ .3�� �*!
��� �*'� �� *� 0
@A98�� # �@'�V' �� �� 1��';�
*%��� ���*� �*,�� ��� 
���*J 

 )�@� � ��,�\�/ �.
 
��*� �*���� �*'� �� 4� �*!
��� >�*?��
����.

�&2� 	 ���*� 
�� ���%��'�� +�*�3��3  3�*� >�*A�� # ��*�  *�Z�3 L�*A�3 

-�*	$K� �*��V�  *,� �� �3  9'� X���  ��ZC +����%
��V�� &�#6/ �'�4� ������: 4
� �V\� I��� �A��� ��� .

3���) 
����I���{'� .I-�*��� I��@��� .IL�*� I�9*�� .��*8�
+�*3��3 0*K 

+��**,� I�����**A� 1#�**� I+�9**�� :-���\**A��+�A9**��J .DMNQ -��Z**: I
sM#tD#sDE.

�9C�
I�'�J ��% .io~�.%���
���� ����	 ���!� #��+�����*� �
�� 
�� (3�� �� +�# =3���
��'�� 
+���� I���*�  *)�'��  *,� �*��� +�*'�/ 


%�����3
A���,� >��	 ���� 
V�(/ >��	 1�@\��� �� 
A*���,� -���T #

�,�+�.��Z: Ds#Du.

����%
��6� I=�5!
� �8	 .io~|.C��K 
�'��� L�� �
�*� 1��';� ��� 4
����� ���W� �'�%#4���
� �� b�(� +��,� �� 
 �%�9*C �*� �*�V� �*� ��*� 

��FAJ�4.��� ���� +�'�/ 4�A3�  )�'�� 4F*FH� 
X�*�� >�*�	 �A*�� �� 
� ��  9'�+��,�  9'� X��� >��	 1�@\��.��Z: t.
�����
I���,� .io~d.�:�� ���!�+������ 
��# =3 *%��� #
� 1��*/ 4

1�@\'�� �� +� �� ���� ����	 ��4L�% �� ���� >�T �,� DMNtI�*��� +�*'�/ 
���4%�����3 ����  )�'�� 
�� �*'.P� ��  *���,� >�*�	 �A*�� �� �*��� 

V�(/ >��	 1�@\���
A���,� - ���T #
+��,� .��Z: DsSQ.
Bobak, M., Leon, d. (1999). Pregnancy outcomes 

and outdoor air pollution. Occupational and 
Environmental Medicine. 56, PP: 539-543. 

Lewit, E.M., Baker, L.S., Corman, H., Shiono, P. 
(1995) The direct cost of low birth weight. Journal of 
Pediatrics. 5(1), PP: 680-689.  

Ritz, B., Yu, F. (1999). The effect of ambient carbon 
monoxide on low birth weight among children born in 
southern California between 1989 and 1993. 
Environmental Health Perspective. 107(1), PP: 17-25. 

Wang, X., Ding, H., Ryan, L., Xu, X. (1997) 
Association between air pollution and low birth weight. 
Environmental Health Perspective. 105(5), PP:514-520. 



VOL 16, NO 35, Autumn 2003                  JIN61 

OUTDOOR POLLUTION AND LOW BIRTH WEIGHT  
Bagher Zade, A. MS∗1 Oskouie, S.F.Ph.D2 Feizi, Z. MS3 Mahmoodi, M.Ph.D4

ABSTRACT 
Air pollution, as an environmental factor affects the health status and growth of the fetus, considering that the air 
pollutants have dramaticaly increased in Tehran, reviewing the effects of them on the health situation of infants, which 
are very vulnerable seems to be of great importance. Hence, a retrospective cohort study was conducted on 1000 
randomly selected newborns with gestational age of 28-42 weeks. Infants were assigned in two groups and compared 
based on their mother's areas of residency, during the third trimester of pregnancy. 
Findings showed that those mothers, who were the inhabitants of areas, where the level of particulate matters under 10 
microns (PM10) and carbon monoxide (CO), reported to be in reasonable level, consequently delivered babies with 
higher weight in comparison with those lived in areas in which two mentioned pollutants had a higher density. There 
were significant relationships between maternal exposure to (CO) and low birth weight (P=0.003) and also between 
maternal exposure to (PM10) and low birth weight (P=0.01). Moreover the relationships between birth weight and 
concentration of some gasses such as CO, SO2, NO2 and O3 were significantly meaningful and (P) values were 
respectively (0.011), (0.05), (0.009) and (0.03). 
Due to the fact that upon increase in the level of air pollutants such as CO, SO2 and NO2 low birth weight is to be 
anticipated. So mothers who work in polluted areas during their pregnancy are prone to this outcomes. Thus, a similar 
study is recommended to be conducted focusing on the birth weight of infants of mothers who work during pregnancy. 
Also responsible authorities should device some plans to diminish the level of air pollution. 
 
Key words: Air pollution, Low weight infants, Major air pollutants, CO, SO2,
NO2, O3, PM10. 
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