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Ferrosilicon is used in the production of steel and cast iron as a modifier. The 

most important pollutants in the ferrosilicon industry are particulate matter 

(PM2.5 and PM10) and dust, carbon monoxide (CO), carbon dioxide (CO2), 

nitrogen oxides (NOx), and sulfur oxides (SOx). The purpose of this study was to 

investigate the environmental status of air pollution in Iran's ferroalloy industry 

by examining air pollutant control equipment. Iran's ferroalloy factory with a 

production capacity of 60 thousand tons of ferrosilicon is located in Lorestan 

province and air pollutants were measured in the years 2020 and 2021. The 

exhaust gases and dust were measured with the XL 350 and Westech portable 

particle detectors and environmental particulate matter with the Dust Trak 8520, 

respectively. The data analysis was done using SPSS and Excel software. So that 

the normality of the data was reviewed using the Kolmogorov-Smirnov test and 

the average of the data was compared with the pollution standards using the one-

sample t-test. The results showed that all measured parameters of flue gases, dust, 

and ambient particulate matter PM2.5 and PM10 during the studied years 2020 

and 2021 were according to the standard and there was no polluted air in the 

factory. Having suitable environmental equipment, including U-shaped pipes to 

cool the transfer smoke-containing gases from the furnace area to the dust 

collection hall (Baghouse), a cyclone separator for dust removal and the 

collection of particle matter (PM), and bag filters in the dust collection hall 

(Baghouse) have been used for collecting particle matter (PM) and filtering dust. 

Also, the green space, with more than 60% of the factory space, has played a very 

influential role in reducing the air pollution of the factory. 
Cite this article: Mehrjo, F., Baghkhanipour, M., & Alam, A. (2023). Investigating air pollution caused by the ferrosilicon 

industry (Case study: Iran Ferroalloy Factory, Lorestan). Journal of Natural Environmental Hazards, 12(37), 117-132. 
DOI: 10.22111/jneh.2023.43635.1923 

 

                               © Farzad Mehrjo                                     Publisher: University of Sistan and Baluchestan 

                              DOI: 10.22111/jneh.2023.43635.1923 

 

                                                      
* Corresponding Author Email: Elmotosee@iust.ac.ir 



 

��� ����� 	
��
� �� ��������� ������ ���� 12 ����� �37 � �"�1402  

  

����� ��	
�� �	
� ���� ���� ���� ������ ��	� ��
���)� ��� ��! :


�����#� �$%&�� (&�(��
  

%&�"� ��'�(1* �*��+�, �,�-.����    �%
1 ����� /��1 

1 .����� � 	
��� 
���� � ������ ����� � ��� ���� �! �"�#$� � ���%��� ('$()� �*�)%$ )  

  

�0�1� ���2��  �.�34  

 :�0�1� 6%*,�
��� "-�.�  

  

��789 ��8:(�: 16/07/1401 

 :;8��8� 98��713/03/1402  

��789 <
8=�  :30/03/1402  

  

�>�� :?.��@ ?�
   

#���6�6)6�� 78%�*�  ��$


�6��9� :��;< =-�#6�� �>�� 


;# .  

#���6�6)6� -$� �!6* � �!�?9#� �*��� @A�� ��$�� "B �*C � !7$�,  !$D��� E� .  %��= 78%�*�  ��
 ���%F 

-$�6* #��� �*���6�6)6� �,  ��$� ) G��� H��I "BPM2.5  �PM10�
E�: ���;< � !�: � (� )�$ $�6* 

) =B��CO! �(�  6)��* ) =B��CO2)�� �(6�
*�  6�J��9 )NOx� ( )��6�
*� $:!�: )SOx ���D� (

� E� K*
 .!��%= #��B "�-�L�, �M�6� N�6O  %E9), :!$-8, �$
� -8��� " �P���6J� �%��� #��B �B, 

�Q�6H�
 78 �*��� '�9��%�*�  ��
 -8��� " �P��� .�#� �!$B �$
6J� �%��� ��R �B6� -$�6* 60  =���



#���6�6)6� 78 � �!$B FS�� ��9#�- ��9#� �!%�*�  ��
 ! �$
� '�#  ��
 1399  �1400 �E�* �  6:��  .* *D

��� "B 	�!�! E� ,U��P ��;< � !�: � �
E�:6V ���9#! �B  ��
 XL 350   WB���� H��I 	Q�# �

WestechL6N� G��� H��I �,  ���9#! �BDust Trak 8520  �E�* �  6:�� 
Q� XY# .* *D%"  �

�N�6W �!�!  �
 �B �!�?9#� E� Z�   ��
��
�� SPSS  �Excel "B .* *D Z�Q �   ��$[ #��B "�,  �!$B '��� 

�!�!  �
 �B �!�?9#� E� �$�E8 K��:$\-$� -6\#�K$ � �.� �%") �6� �6= �!�!  �
 �B ��
!��* �9#� :!$-8,  �B

 �$�E8 E� �!�?9#�t �9  .���: H�$� " $\  ^�%_ ��\� "� * !�! ��� , �
�9������ �E�* �  6:��  �*D

�
E�: W��D� U��P, ! E�	�!� N� G��� H��I � ��;< � !�: �6L, PM2.5  �PM10 [ �!, 

'�#  ��
  "�-�L� !�$�1399  �1400 
 � �!$B !��* �9#� G;[6` :!$-8 " $:,  !$U� " �P��� �! �$


�Q� =9D�! .�#� "9D�* 6H�
 N�6O  %E9), "-$- "�\U E� V#���  ��
 U ��B WaD�  !�! �!�� ^�P

-�.9 �, ��b� � �\)S E� �
E�:��$ :��;< =-�# 	cB "B6�� # �*����*U6 $�a, ��B� :��;<6��  �

F\U ��8� � � G��� H��I6�
�9�� �6")  �� :��;< =-�# �!6� ��B� F\U  ���8 � � H��I6�9�  �!$B ��;< �!��

�d\
 .�#�6= �>�� a�� �B 
;#6W B6	  E�60 �>� E� *��!� �P���)B 	.  �" 6�� �ef��  	
�� �!

:!$-8, �$
� P���" � �#� "9D�!.  

��ABC� : �c<�B ,!�E�� ,$U���, �� ,��� ,�B��*\N� ,�$�6�) .1402#��B .(, :!$-8, �$
� D� , #��� ���� E�6�6X !�$� "�-�L�)�-8��� " �P��� :6J� 

�%���� N� H��[�c� .(��9#�-6O ;[6�, ,12)37,( 132 -117. DOI: 10.22111/jneh.2023.43635.1923  

  

                     ��9)C$�B � ��9)6# ���� �! :�D� ©  �c<�B �B��*\N� �*$U��� !�E��, �$��� �6� ���.  

                                                      
*  - $U��� !�E�� )'$()� �*�)%$ (  Email: Elmotosee@iust.ac.ir  



  

  

  

  

118   -------------------  �� ��	
���
� �

���  ����12 ����� �37 	�� �1402  

 

��.1�  

�
J�6-8��� "B ��$�� ��
J�6-8 ���b =
8 �B �;)  ,%7�B E� ^% �% *�C �j�� ��%! *� �� �
���� �Z��� ��6)6�6# 

�*;6-$� � ��6< k%��� ,�* $D .�8�
 "B ��$�� , !�
����
 �J�6-8 �! !7$� ���B !$;�B �l�$P "B ��%� Z�aN9#� 

�,��� ����.� � ,:!�$P �	%�# �!�?9#� ,�* $D .���� =
8 � !7$� K�j� �*��� ,��� ,� J�6-8����*D�B 

=%��B��B *6-$� J�6-8��� m�;��� ,������� �B *6-$� !7$� !��! .��
J�6-8��� ,��� *����;� E� �Z������ �
����$a6�6# 

��6)6�6#��� �
������� �Wa6 ��� ��*;6-$���� �Z$6 �96���� =9)� ���� � Z$%!� �����. �! '�b �M�b *6-$� 

�6)6�6#��� �! J�6-8��� F%��� �! �6 ! �B �!�?9#� E� n�� ��$���
 o$S ,a%�9a-�1 *6-$� ,��6)6�6#��� .* $D 

�J�6-8 E� =
8 � �6)6�6# �#� "� =6B 15 �� 90 *��! �6)6�6# !��! .J�6-8 �6)6�6#��� �! ���� !7$� � "9c%�-

��: "B ��$�� ��6)���!E � ^% q
U �J�6-8 �! *6-$� !7$� � �*C "B ��$�� @A�� �*��� ,� �!�?9#�!!�: "� �! 

*�%8�� r�I "��M� ,�$S�b) !$D2 �6:�$  �3 �2013���)%�
 s4  �����a\
 �2014 .(  

�! =%� �9#�� ,:!$-8 �$
 E� =%�9\�� Wt�)� O6N�,9)%E =%� ��\D "B F%��� ,��*%��) * ��5  �����a\
 �2018 s

,\%��6  �����a\
 �2019�*�%78 "�\U E� .(,� �6)6�6#��� *6-$� ���� �! �*D *6-$� ��$
 ��
 "B ��$� H��I

) G���PM2.5  �PM10 �( ��
E�: ���;< � !�: H��I) =B�� *6)�$ $�CO�! �() =B�� *6)��CO2��
*6)�� �( 

�J��96  )NOx (� ��
*6)�� !�:$: )SOx .!�� ���D� () G��� H��IPM2.5  �PM10"6�c� Wb��� �! v��*\� ( � 

��6PI�E�# !�$�  �"6-�� WN� "B "6-�� !�$� '�.9 �$�! " �P��� �! ���*��  �� '�.9 � !�$� "6-�� "B *�%8�� ���$� ���$� 

r�I���6: *�%8�� �"6?j� *�%8�� "9c%��	%7�� � ��: !�P�!�� �"9)B � �!�� '�B�<'$jN� �*�B ,� *6-$�$D .* 

��� =%�� �*�%78 �$
 ,D�   E��6-��� *b�� *6-$� �6)6�6#��� H��I � ��;< !$U$� �! !�! �*6-$� E� ��$��
 ,� -

.*�D�B "9;-� �B "U$� "B w$  *�%8�� *6-$� �6)6�6#��� � �!�?9#� E� '�<Ex�# � �^� '�\9b� ���9 � ��%!�.� 
6C�  E� 

��
*6)�� �J��96  )NOx (� ��
*6)�� !�:$: )SOx (!$U� .!��! H��I G��� *6-$� �! �*D ")6� ��
�9�6��� "� 

"B �$[ �a6�6#��a6� ���Q� �*6��  ,��!$D V�<� "� ���B �!�?9#� "B ��$�� �!�� �*����� =9B �  "B �$y�� �!�?9#� �! 

F%��� ��\6# � �=9B F%��� E$)  � �^6���# F%��� w�$ � � �\6�� � ,%�6\6D ��
!�B��� ��%! "9P��� ,�* $D .

��%! �*�%78 ,-�\9b� !$U$� �! !�! ,U��P H��;� �#� E� =B��*6)�$ $� )CO( "� "B �$[ ,�� 70 *��! �
E�: 

��  �! �6)6�6#��� *6-$� ����W6a�� ,�,� � *
!q�6b� G%�[ E� * �$� �*�����
 �6\P � �
!��9a-�  ��9�� =B��

�! E�: ���9 � '�\9b� =6�d\
 .!$D*6)�� !�:$: )SO2 G%�[ E� ( q�6b� �*�����
*6)�� � �
 �J��96  )NOx E� (

$P !$U� z��9b� G%�[���) �D�! *
�7 ���a\
 � ��2017, �$Q �� s8  �����a\
 �2020#��$t�# s�6��*9  �����a\
 �

2021.(   

                                                      
1- Electric Arc Furnace 
2- Haque 
3- Norgate 
4- Hycnar 
5- Faridi 
6- Karimi 
7- Kero 
8- Panjwani 
9- Saevarsdottir 



  

  

  

  

119   ----------------------------   �	!� "�#$%� �#&' ��(�  �	) *�+, -�
.
/...  

 

G6.N� "�\U E�,� "�-�L� =%� �B O;��� ���%� �! "9��: H�$� ��
�8 E� ,P�B "B ��$�{�6< .!�� ���D� �
 � =%*-�

) ����a\
1380 (#��B, ��M%V 78 ���9 �%�
*�� D�  �$
, ��� E�%F D6�\,% ����� �!�*N� �!  ���S ,#��B !�$� ��

 � * !�!� � w$ 6��
 -$�6H�* � � " �P��� �
 " 7�#6��
 -$�6* 78 " 7�#%�*��
 � ��M%V ���9 �  �
%^  H�Q �P��� E�

*D ";#�N�) ����a\
 � ,%A��S8 .1394 ���S ,#��B !�$� �� ����� ��\6# " �P��� E� ,D�  �$
 ,:!$-8 ,B�%E�� (

 "� * *6#� "Q69  =%� "B � * !�!�"C�: �y�< �:�!�;<�  �!,P�B  E��#' �
 	6B   E�*b!� ��!$B !��* �9#� �,-  �!

$\Q�w $�,��� �y�< �;<� �P�,U  �O6N�  ��B�$jcl  �!�#' 92 $;SWB�S' E��,B�% ��!. �*6D� ����a\
 � !��

)1397 ('*� E�#� � ";#�N� � ���9 �%^) 78%�*��
� �$
� D� , !7$� F\9Q� E�  "B � * !�! ���S ,#��B !�$� ��

 "� * *6#� "Q69  =%�B6�9�%= !����� � ���:��� �* ��! ���S ���9 � �LP �! "�, *�D�B. $# E�� !%�� -! "B6W 

!
 %^ �
�9#�� �!$B� M��� �! �
��� �!�*N� "B K��[�, B$�U, �#%�� ���#6= �%= !�.� |��� �! �
�9#��%� 

E%!�� 78 E�%�*� �
 �, *�D�B. ,\%��) ����a\
 � $-E$S1400 (E��%B�, N� G��� H��I6L, PM10  �PM2.5  n�� �B

� }P�D6?6� �$
 �! �� 9��� F\9Q�, #6��\ �����  "� *�9��: "Q69  � * !�! ���S ,#��B !�$� ���M�6� �6?6� 

� �B �$
6� �6=  �y�<2/106 ,�6�V�a��9� �B Z�: # ���� �!6��\ ".;[ �! �����*�B� ��B �-�#� � ��
��:� 

 "9��: ���S o�)b.�#�  

G6.N� "�\U E�,� 
6  "�-�L� =%� �B O;��� ���%� E� ~��P �! "9��: H�$� ��
"B ��$� �8 E� ,P�B.!�� ���D� �
 

��, �$Q 1 =)-�� �2 )2013( ,-*� ���B 	6� ,�6B � 	%�
�� ��! z��9b� � W6a�� NOx �! ��$� ��
 o$S 

,a%�9a-� !�$� �!�?9#� ���B *6-$� �6)6�6#��� � !�! ���S ,#��B !�$� �� �6)6�6#���  � *  "� * !�! ���9 � NOx 

�! Z���
 �!�?9#� E� !�$� Z�P r$[�� �! ")%�.� �B �!�?9#� E� !�$� Z�P ^�P 	
�� ,� ����a\
 � ��� .*B�%

)2015F%E$� ( �E�* � ���9 � H��I E� F%��� J�6-8��� O#$� (�6)6�6#��� � 
����$a6�6#) "B�M �6: ���� =6%�� 

H��I *�9) �$� "� * !�� ,#��B �� ,a%�9a-� �*D *6-$� G��� �! ��$
 ,�P�! 
���� *6-$� �� �J�$-�9� ,%�#��D 

!���%�  .*���3 ) ����a\
 �2019( r�U =B�� �! ^\ ��
 ��$�� "B �� r��� ,D�� ���B r�U CO2 E� w�$ � 

��
E�: 	�!�! m$B�� "B *6-$� z�B � ��
*�%8�� 7�B �J� � �B ,9��� !�� ,#��B �� �6)6�6#��� *6-$� �! � * 

^% �,#��B !�$� n�� "� *�9��%�! ������ =%
�%�U ,9B�S� �*������*6�� ���B r�U CO2 �! o�6.� W��� ���B 

*6-$� �B �6)6�6#��� K*
 ���%E�B  �J� ��#�. x �J4 ) ����a\
 �2022 (� H�jc��6
%a, D �6\6�,%  ���9 �

 H��I�� ���� G���  �!F%��� !7$� � =
8  "� * *6#� "Q69  =%� "B � * !�! ���S ,#��B !�$� =6C �! �� ���9 � W��$�

-�$� �!, -�
 , " �P����
� E�#!7$��� =
8 ��c�E�#� ^� �E�#�  E� H��I �E�* � � �!$B1/0  ��716  �9���a6�

*�9)
. 

��� E� �$
 ,:!$-8O6N� Wt�)� =%��,� ��\D "B �6)6�6#��� �*��� *6-$� F%��� ,9)%E =%� H���
-� E� ,a% � !��

�*�%78 �6�M� ,#��B F%���
�*�%78 =%� 	
�� � �$
 ��,� �
=%� E� .*D�B,#��B "�-�L� =%� E� K*
 ��� �6�M� 

                                                      
1- Panjwani 
2- Olsen 
3- Nygard 
4- Zhang 



  

  

  

  

120  -------------------  �� ��	
���
� �

���  ����12 ����� �37 	�� �1402  

 
O6N�,9)%E ,:!$-8 ��$
 ����  �B 
��\� �B X6�6#��� ���%� J�6-8��� " �P��� �*��� '�9�� H�
6�Q� ,#��B �B

�*�%78,�  �$
 ��
.*D�B   

�����
 =�� ��
  

��0�D� ��%� �1DA�:  

 " �P���=�f� ��D ,B�< r$�U �\)S �! ���%� J�6-8����9�$�6� � ��9#�- ��9#� �! � E� ��9#��D FB�$� E� !�B8 20 

�!�U � E� �  WaD �! .�#� �*D FS�� ����1  ��9#� �� E� ��D "B �;)  ���%� J�6-8��� " �P��� ,%�6����U �6�S$�

 ���%� � ��9#�-���  �B " �P��� =%� .�#� �*D �!�! K*
 �*6-$ �6)6�6#��� "B ��$�� ,a% E� ,���=%�� !�$� "6-�� 

�!�;
�� F%��� !7$� � �*C �! '�# 1365 �! ,�6�E "B �b�)� 70 ��9a
 #��X6 *D � H�6�\� ���U� E�� '�� 

�8 �! =\�B  ���1372 v�\#� !�$� ���B���!�B ���S ���:. �! '�b �M�b " �P��� �B *6-$� " �6-�# 60 =���

 

�6)6�6#��� � 20 =���

 �!$� �a6�6#��a6� �B "# ��$� =%�9:�
B �*���*6-$� � �*����!�� �6)6�6#��� �! ���%� � 

�6#8 r�< �#� .,a% " �P��� =%� E� =%�9:�
B �*���*6-$� �6)6�6#��� �! ���U ,�*D�B "B � �$[ ,;%�.� 60 *��! 

E� H�*6-$� "�$\Q� �! ��
��E�B ,�P�! "M�� � ,.B�� "B 	6B E� 25 �$�� E� "�\U �"6��� ���\-8 ��6-�9%� �^C 

�") ��� ��� $% ���9)B�� �*�
 ��9)��� � ��6< �!�� ,�.!$D   

  
 E3�1 : �8��(��F& :��G%�H��8� >��0I��( �*�J��@  

�'�.*�?��K �.A8LI:�%
 ?�
  

%78�*���
 E�: W��D �$
,U��P ��;< � !�: � �
 	�!�! E� � H��I G��� ,L6N� "B "� ����%� J�6-8��� " �P��� �!  

 H�$�O6N� ����R�!$P _%�9 ^% ��� "# �
 ��!$B ,9)%E"B) ��B'�# ���B (,�j� H�$� ��
1399  �1400  �B

o�#� OB�$M ��
!��* �9#� � O6N�,9)%E ���E�# �R�?b O6N��E�* � �)%E�D�!�B !�*�� .* *D ��6: ���B �


E�:�
 ,U��P ��;< � !�: �  �
 E� 	�!�! E�3  ��$� "� *D Z�Q � ��$�1  ����!2 ��$� � ,U��P ��
2  �3  �


 ����! Z�*�3 �D�!�B !�*�� =6�d\
 .* !$B ,U��P �! ,L6N� G��� H��I ��
8  �6�S$� "� �!$B " �P��� E� "L. 

�8 WaD �! �
2 " $\  �D�!�B ���E .�#� �*D �!�! ��� E�: ��
,U��P ��;< � !�: � �
 	�!�! E� � H��I G��� 
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 '�# ���B ,L6N�1399 ) ���B Wj� ���C �!17 ���;%!��) ��9)B�� �(���20 ) 
6%�� �(���!�!��28 ��B8 � (���

) ��9)�E13 =\�B '�# � (���1400 ) ���B Wj� ���C �! 
6 18 ) ��9)B�� �(���!�!�P14 ) 
6%�� �(����$%��D24 

��B8(��� ) ��9)�E �18 " $\  (���*�?#� �B 	�!�! E� ,U��P ��;< � !�: � �
E�: .* *D ���!�B!�*b E�Q� ���9 � 

�*�%78 ��
 �$
 �!  �%�#) F%�����
*b��  (!��! ��U ���: =%� �! ���%� J�6-8��� " �P��� "� *6-$� * �� �
 �B ,9���

V%$j� o�#� �B '�# �!) �-�! "�� 1395�! ( !�$� =66�� *b E�Q� ��
!��* �9#� ,U��P E� " �P���  �
� 

��:��� ��
 "B ,9��� !����6� ���E�# �R�?b O6N��)%E � "B !��9#� �!�� )15 (�$ �S �$N  ��6:$�U E� ,:!$-8 

�$
 r$j� 1374  ���%� J�6-8��� " �P��� ���B) * *D ")%�.��9#� o�#� �B "U�! !��* 1 B��B ��;< � !�: H��I ���B �

 �Bmg/Nm3100  ��
E�: �SO2 �B �B��B ppm 280 �NOx  �B �B��Bppm 390  �CO  �B �B��Bppm 560 =6�d\
 .(

�E�* � �%!�.� �*D ��6: ,L6N� G��� H��I �B!��* �9#� �6?6� ��$
 !�E8 G;L�� �B ��
!��* �9#� ���E�# O6N� -

 ���B) �)%EPM2.5  �B �B��Bµg/m3 35  �PM10  �B �B��Bµg/m3 150.* *D ")%�.� (  

M0� - �
'�K? &��J� '� ;@���: ��
E�: ,U��P 	�!�! E��
 �B !��* �9#� ASTMD-6522-EPACTM-030  � �B

���9#! _�#E�:  XL 350 E� ���D $9)�1 �E�* � =%� .* *%!�: ��6:���9#! O#$� ���D �* E�# �N� O%��D 

!��* �9#� )��! - ���� - �B$[� (O#$� �
�*��6#� E�: �B l$�P 7�B �6y�� � ��;6-�� �,* !�: � "B H�$� ���!�� 

O#$� :*�%�\ ,�
� ���D �! ���%� ��;6-�� �,!$D. =6�d\
 W;S E� �
 �E�* ��6:� ���9#! "B H�$�  ���!$PZ�*S� 

"B ���!$P �!���?�  �
�$)�#�,*%�\ . =%� ���9#! ��
E�: ,U��P 	�!�! E��
 �� E�  WN� " $\ ���!�B  "�6#� "B

r��� �B W\N� ,%��!  7�B)1300 "U�! ,9 �#!��: (O#$� �\� "B �\# ��
��)b !$U$� ���9#! �! 	a� �!�� � 

�
 ��)b E�: l$jc� "B �� !$P �t��S �!�! � �!����
 �8 �� W6�N� ,� .*%�\ WN� " $\ ��!�B� �! 96�S$�, E� 

��9 �� 	�!�! �!$B "� :*6\P, � $ �E,% !$U� "9D�*  � 	�!�! "B H�$� �6.9)� *D�B "B .��
6� �! �B��B �LS 

	�!�! E� ��9 �� �8 =6t�� �*�8 � �! �B��B �LS 	�!�! E� �*9B�� 	�!�! )WN� !���� =� "B 	�!�! ( 6
 ��7�B 

"9�� � " $\ ��!�B� H�$� ���:. 	�!�! w�?��� �
E�: !��� WN� E� �
3/34 " $\  WN� w�?��� � �9� WN� E� ���!�B

 E�: !���3/31 .�#� �!$B �9�  

O - ��K � ���+ &��J� '� ;@���:  � !�:��;< ,U��P 	�!�! E��
 �B !��* �9#�  �
%�9096 O#$� � ���9#! 

	Q�# H��I WB���� `9#�2 �P�# �$�� ��9)�� � "B n�� �E�,Q�# � "B  H�$� ^69���
%� ��E�*  .* *D ��6:�! 

=%� n�� �*9B� O#$� �:7 �9%!3 �
�9������ "6-�� W��D ���! ����� ���# E�: U��P, � �B$[� ";#�N� * *D .

=6�d\
 �LS 	�!�! 
6  " �:�*U �E�* � :6�� *D .XY# �B "U$� "B �
�9������ "B �#!  �*�8� OB��� �!$U$� ��
6� 

�Qb E�:  !�$�6�E� �E�* � 'E�  � !�*�� m�.  " $\ ��!�B� )�B o�#� !��* �9#� *9�4 =66�� (*D .���9#!  �:7 �9%!'E�  

V#��� ��U Vj  ��� r��� � 
6  "���� m�.  �B ��� �LS ,�P�! 	�!�! � ���E ZE7 ��U " $\ ���!�B �� �B 

o�#� !��* �9#� *9� =66�� ,�*%�\  .X� E� �8 �)� �� ,B�%5 E� �9)6# �E�* ���6: Z�Q � �*D � ����9#! 'E�  

                                                      
1- Testo 
2- Westech 
3- Data Loger 
4- EPA Method 1 
5- Leak Test 
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V#��� ��U Vj  ��� r��� � 
6  "���� m�.  �B ��� �LS ,�P�! 	�!�! � ���E ZE7 ��U " $\ ���!�B �� �B 

o�#� !��* �9#� =66�� ,�*%�\  XY# .�9�6� =%E$� �*D �� �B� r��� Vj  � r��� "B �\� � H�.��9� �8 W��D 

#6�6�a  'J� �Q�6Y\%� Wj9� *%!�:� �! �%��  ���9#! =D�� � E� WN� " $\ ��!�B� �Qb �6��, E� �$
 O#$� 

���9#! �! ���E =6�� �E�* � ���B" $\  ��;< � !�: ��6:*D ���!�B.   

P - ���Q R��� ���D�: H��I G��� ,L6N� �B  !��* �9#�BS-EN-12341 	Q�# ���9#! �B "� H��I G��� 

,L6N�Dust Trak 8520  E� ���D ,)�1 �E�* �!�a�\� .* *D ��6: ���9#! "B  H�$� , E� � �t��S �6.9)� 

,�9;� �B n�� '�#�� ��
$��� ��
6- �!$B "� H��I G��� �$
 )PM2.5  �PM10 �� (!�$�  	Q�#�!�! ���S � �E�* �-

��6: "B n�� 	
�� r�U "�D� �9B H�$� ���%�� .�! =%� n�� ���9#! �! �6�S$� V#��� � v�N6U�� ,\� ��7�B 

E� �L#  =6�E)w�?��� �!  5/1 ��9� E� �L# =6�E "9��:���S (� 'E� ��
 m$B�� )5/2  �10 ���a6� (�B ��� 

���9#! Vj  * *D. XY# �B "U$� "B �6�S$� �WN� �$�� ���9#! �6y�� *D .W;S E� Z�Q � " $\ ��!�B� 

�$6#��;6-�� ���9#! *D Z�Q � .��U =%� ��� ���9#! �� �! �L# .��, ���S �!�! XY# �?� �9�6�2 �� �B ��� ���9#! 

Vj  �!�� � ���9#! "B H�$� ���!$P Z�*S� "B ��;6-�� �*D �,*%�\  =%� .W\� 10 ��30  "6 �e"B '$[  .*6��Q �

"d ��C !*� 	%�\  �!�! �*D 001/0- � 001/0 +�� ���  *
! �$6#��;6-�� Z�Q � "9��%�� �#�. *�B E�  ��;6-��

�!�� ����9#! " $\ ���!�B �!   ���E}c�� Z�Q �   �*D� �B "U$� "B �6�B�S ����9#! ��
6� H��I O#$9� G��� 

!$U$� �! ��$
 O6N� �! *b�� �Qb )Z�:��a6� �B  (V�a��9�";#�N� �  E� ��%$j� .* *D "t���WN� ��
" $\  -

 ���!�BE� ���9)%���
 �E�* ���6:  W��D �8 K��[� � " �P��� �! �*D8  E�) �D�!�B "L. A  ��H WaD �! (2  ��� 

.�#� �*D �!�!   

  

 E3�2E�� : ?�
�*%�* ?����,'� ��SBT8�?�
 �'�.*�?��K  ?��, �.����Q R��� ) �D���PM2.5  �PM10(  

� - W�78� � ��7�E �����
 :X� E� �E�* ��!�! ��6:�*�%78 ��
�$
 ��
 ,[ '�#��
 !�$� �"�-�L�  W6�N� � "%
Q�

�!�! �B �
�!�?9#� Z�  E� ��
��
��SPSS  �J��22 � Excel "B .* *D Z�Q � "� ��$[#��B, �!�! �!$B '��� �
 �B 

                                                      
1- Tsi  
2- Zero filter 
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�!�?9#� E� �$�E8 K��:$\-$� -6\#�K$ �1�!�! =6� �6� ")%�.� � E� �!�?9#� �B ,:!$-8 ��
!��* �9#� �B �
 �$�E8t  ^�

" $\ 2 Z�  O6N� �! ��
��SPSS .���: H�$�  

�B(�8 �
? R�1�7  

;@��� '� �&��J ���+ � ��K � �
'�K:   

 _%�9  E� ,U��P ��
E�:	�!�! �P���'�# ���B ���%� J�6-8��� "  ��
1399  �1400 '�*U �! ��
1  �2  ��� 

d\
 �#� *D �!�!WaD �! ��;< � !�: _%�9  =6� ��
3  �4 .�#� �*D �!�! ���    

 X�.&1:  Y8�B*�J��@ ;@��� '� �&��J ?�
'�K �* X�C) Z8�B30� [%G :J%C �, H��8� >��0I��(1399(  

��'H *%�*�?����,   E���*%�* ����,?  CO2 
%  

CO 
ppm  

NO 
ppm 

NO2 
ppm  

SO2 
ppm  

H2S  
ppm  ;@��� '�K ?��� 

���;%!����� 

 ��$�1  ,U��P1  1/2  19  9  5/0  12  0  142  

 ��$�1  ,U��P2  9/1  25  14  4/0  15  0  139  

 ��$�2  ,U��P1  7/1  22  18  1/2  7  1  117  

 ��$�2  ,U��P2  8/0  20  19  4/2  8  1  114  

 ��$�2  ,U��P3  9/0  30  16  1/2  10  1  109  

 ��$�3  ,U��P1  1/1  19  17  2  12  1  114  

 ��$�3  ,U��P2  6/1  21  17  4/2  12  1  112  

 ��$�3  ,U��P3  7/1  34  19  8/1  8  1  117  

���!�!��  

  

 ��$�2  ,U��P1  6/0  10  6  3/0  4  0  118  

 ��$�2  ,U��P2  9/0  10  4  6/0  7  0  114  

 ��$�2  ,U��P3  1/2  7  2/10  4/1  3  0  109  

 ��$�3  ,U��P1  2/0  12  5  9/0  4  0  121  

 ��$�3  ,U��P2  1/0  7  9  8/0  5  0  115  

 ��$�3  ,U��P3  3/0  8  8  8  3  0  128  

��B8���  

  

 ��$�2  ,U��P1  6/1  15  9  2/1  4  1  109 

 ��$�2  ,U��P2  4/1  8  7  3/1  7  1  107  

 ��$�2  ,U��P3  7/0  6  11  3/2  7  0  112  

 ��$�3  ,U��P1  3/0  8  10  3/1  9  0  121  

 ��$�3  ,U��P2  5/0  12  9  1  9  0  116  

 ��$�3  ,U��P3  1/1  10  6  3/0  8  1  114  

\�B=���  

 ��$�2  ,U��P1  9/0  9  6  4/0  6  0  101  

 ��$�2  ,U��P2  1  6  4  8/0  9  0  114  

��$� 2  ,U��P3  5/0  10  9  7/1  9  0  104  

 ��$�3  ,U��P1  2/0  12  7  8/1  5  0  109  

 ��$�3  ,U��P2  3/0  11  10  1/2  12  1  106  

 ��$�3  ,U��P3  1/0  8  8  5/1  10  1  99  

  

                                                      
1 Kolmogorov-Smirnov 
2 One Sample t-Tset 
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 X�.&2 : Y8�B*�J��@ ;@��� '� �&��J ?�
'�K X�C) Z8�B30� [%G :J%C �, H��8� >��0I��( �*1400(  

��'H *%�*�?����,   E���*%�* ����,?  CO2 
%  

CO 
ppm  

NO 
ppm 

NO2 
ppm  

SO2 
ppm  

H2S  
ppm  ;@��� '�K ?��� 

���!�!�P 

 ��$�1  ,U��P1  6/1  11  17  2/1  6  0  157  

 ��$�1  ,U��P2  2  16  12  7/0  10  0  151  

 ��$�2  ,U��P1  6/2  19  14  5/1  4  0  125  

 ��$�2  ,U��P2  1  17  12  3/1  4  0  127  

 ��$�2  ,U��P3  7/0  25  18  4/2  8  0  114  

 ��$�3  ,U��P1  2/0  17  11  9/0  10  0  131  

 ��$�3  ,U��P2  8/0  18  10  1  9  0  128  

 ��$�3  ,U��P3  1/1  24  20  6/1  11  0  129  

����$%��D  

  

 ��$�2  ,U��P1  1/2  15  12  9/0  6  0  116  

 ��$�2  ,U��P2  6/0  11  9  6/0  6  0  111  

 ��$�2  ,U��P3  1  19  10  6/0  9  0  104  

 ��$�3  ,U��P1  0  14  8  4/0  6  0  119  

 ��$�3  ,U��P2  1/0  16  7  3/0  5  0  115  

 ��$�3  ,U��P3  0  19  10  4/0  4  0  114  

�B8����  

 ��$�1  ,U��P1  2  15  15  9/0  8  0  148  

 ��$�1  ,U��P2  8/1  21  8  4/0  12  0  159  

 ��$�2  ,U��P1  7/2  12  19  9/1  8  0  138  

 ��$�2  ,U��P2  4/0  18  11  9/0  10  0  140  

 ��$�2  ,U��P3  7/0  26  16  1/1  11  0  136  

 ��$�3  ,U��P1  0  20  6  0  8  0  127  

 ��$�3  ,U��P2  0  20  6  0  8  0  127  

 ��$�3  ,U��P3  0  15  6  0  6  0  133  

?#�����*  

 ��$�1  ,U��P1  1/2  21  11  4/0  4  0  130  

 ��$�1  ,U��P2  3/2  16  5  1/0  9  0  134  

 ��$�2  ,U��P1  2/2  18  14  3/1  10  0  125  

 ��$�2  ,U��P2  7/0  22  9  7/0  7  0  128  

 ��$�2  ,U��P3  2/0  23  14  6/1  6  0  121  

 ��$�3  ,U��P1  0  15  11  2/1  3  0  104  

 ��$�3  ,U��P2  0  15  18  7/1  1  0  101  

 ��$�3  ,U��P3  0  11  9  7/0  0  0  114 
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 E3�3 : Y8�B* ���+ � ��K�J��@ ;@��� '� �&��J X�C) H��8� >��0I��( �*1399(  

  

  

 E3�4 : Y8�B*�J��@ ;@��� '� �&��J ���+ � ��K X�C) H��8� >��0I��( �*1400(   

  

�D��� R��� ���Q:  

�%!�.� H��66�� H��I G��� ,L6N� )PM2.5  �PM10'�# ���B ���%� J�6-8��� " �P��� ���B ( ��
1399  �1400  �!

WaD ��
5  �6  .�#� �*D �!�! ���   
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 E3�5 : Y8�B*�J��@ �D��� R��� ���Q X�C) H��8� >��0I��( �*1399(  

  

  

 E3�6 : Y8�B*�J��@ �D��� R��� ���Q X�C) H��8� >��0I��( �*1400(  

H%�'I�
? _��K%�0%@ -�C��_%*�  �t �*%�* Z7:  

�!�! �!$B '���  ,#��BE�: ��
,U��P ��;< � !�: � �
 H��I � 	�!�! E� G���  �$�E8 E� �!�?9#� �B ,L6N�

K��:$\-$�- ���6\[� �L# �B K$ �6\#�95 Z�  E� �!�?9#� �B *��! ��
��SPSS  �J��22  �8 _%�9  � ���: H�$�

 '�*U �!3  �$�E8 =%� �! .�#� �*D �!�! ���  ��*.� �:�Sig ,���)�9�6B (���! E� ,��� �L#���! 05/0  �*D�B

�8  ��:�!�! ��$� �! � *�9)
 '���  �
,  "� �9\� E�05/0 �!�! �*D�B   '���  �
69)*� ���6�)1  �����a\
 �2019( .

�%!�.� "a�%� "B "U$� �B "�  Sig ,���)�!�! ,��\� ���B (���!,��� �L# E� �9:�
B �
 ���!05/0  �*�
! ���  ��!$B

�!�! �!$B '��� ,� �
 .*D�B  

                                                      
1- Mishra 
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 _%�9  =6�d\
�!�! =6� �6� ")%�.� �$�E8 E� �!�?9#� �B ,:!$-8 ��
!��* �9#� �B �
t  ���6\[� �L# �! " $\  ^�95 

 '�*U �! *��!4  .�#� �*D �!�! ���  �$�E8t  ��E " $\  ^�, � ���S �!�?9#� !�$�,:6!�  "�%^  "���U E� " $\ 

 ����!%� � �,
�$P6� �6� �6=  �B �� �8%^ �� � '$\�� �-�b%_ !��* �9#�  =%� H�M��?� "�\U E� .�6�� ")%�.�

�!�! �!$B '���  ��$�E8,� �
�8 '���  F%E$� "� *D�BK��:$\-$� �$�E8 E� �!�?9#� �B �
- �L# �B K$ �6\#�

 ���6\[�95  '�*U) *D Z�Q � *��!3�!�! �%!�.� =6� �6� G6.N� =%� �! .(E�: ��
,U��P ��;< � !�: � �
  E�

I � 	�!�!H�� G���  |�� �$�E8 =%� �! .*D ")%�.� Z�*� �
 ,:!$-8 ��
!��* �9#� �B ,L6N�H0  ��B��B ���B ��

=6� �6� |�� � !��* �9#� ��*.� �B �
�9����� ��
H1 ���B �� =6� �6� ��B��B�  �y  �! !��* �9#� ��*.� �B �
�9����� ��


 =6B �%8 "� *D "9P�!�� w$M$� =%� ,#��B "B � "9��:=6� �6�,��� KA9P� n�� �! ��
 .�6P �% !��! !$U� ���!

 ��*.� "� ,��$� �! "�Sig ,���) (���!%� E� W��b,��� �L# E� �9\� �$�E8 = ���!05/0 ,� X� �*D�B ��$�

� "� ���: "Q69 ���8 H��?� ���,B ��!6= � �!6� �6= �S��,  (�9�����)|��?� � (,:!$-8 !��* �9#�) !��! !$U� 

�� �6-)1  �����a\
 �2019.( �8 !��* �9#� =6� �6� E� �
�9����� ,��\� =6� �6� "a�%� "B "U$� �B ��*.� � �!$B �9\� �


Sig ,���)�8 ���B (���!) ��*.� �
000/0,��� �L# E� �9\� � ( ���!05/0  |�� ��- ��!$BH0 �8 ,��\� ���B !� �


=6� �6� =6B � *D *
�$P�8 ��
 �
,��� KA9P� .!��! !$U� ��! 

 X�.&3���� H�%, X���* �C��, : H%�'I �C%7 �
_��K%�0%@-�C��_%*�  

�8��1�  �*%�* ��.�7  `�S*���  ����� _���*�  

 H%�'I_��K%�0%@-�C��_%*�  

���I  
 ?��'I �&��

)df(  

Sig  

�A��)(?��� 

SO2 56  53/7  92/2  091/0  55 200/0  

NOx  56  33/12  87/4  119/0 55  051/0 

CO  56  87/15  28/6  113/0  55  077/0  

^�P ��;< � !�:  56  38/79  97/7  026/0 56 200/0  

r$[�� ��;< � !�:  56  98/59  56/5  088/0 56  200/0 

PM2.5 64  79/19  99/5  066/0 62  200/0 

PM10  64  14/25  49/8  050/0 62  200/0  

 X�.&4 H%�'I ����I :t ���� `�S*��� �T8�1� ?��,�
 �K�%0I ?�
���.*�BC� �,  

�8��1�  �.� t 
 ?��'I �&��

)df(  

Sig 

�A��)(?���  
 '� _2BJ�

`�S*���  
`8�B�@  `8�B	�,  

 `�S*���

�A��  

SO2  06/691 -  55  000/0  47/272 -  26/273 -  68/271 -  280  

NOx  50/575 -  55  000/0  67/377 -  94/378 -  35/378 -  390  

CO  20/642 -  55  000/0  13/544 -  83/545 -  43/542 -  560  

^�P ��;< � !�:  19/19 -  55  000/0  62/20 -  77/22 -  47/18 -  100  

r$[�� ��;< � !�:  83/53 -  55  000/0  02/40 -  51/41 -  53/38 -  100  

PM2.5  54/19 -  63  000/0  02/15 -  56/16 -  49/13 -  35  

PM10  14/112 -  63  000/0  54/124 -  76/126 -  32/122 -  150  

                                                      
1- Lianga 
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a�, 

 ��;< � !�: H��I � �
E�: _%�9  ,��\��9#� o�#� �B !$U� �
�9����� =%� l$jP �! ,:!$-8 " $: `6
 � �!$B !��* 

 "� .�#� "9D�* �$�E8 t  ")%�.� ���B " $\  ^��6� �6= ��;< � !�: H��I � �
E�: �8 ,:!$-8 ��
!��* �9#� �B 
6  ��


.!�� �B�e �� w$M$� =%�  ")%�.� ���B=%�9�6B '�# ,��\� �! ^�P ��;< � !�: ��*.��E�* � ��
 �B �B��B ��6:

mg/Nm3 8/99  ��$� �!1  ,U��P2 ���;%!�� �! '�# ���1399  WaD)2 ��*.� =%�9\� � (mg/Nm3 1/58  �!

 ��$�3  ,U��P2 =\�B �! '�# ���1399  WaD)2 �! r$[�� ��;< � !�: ��*.� =%�9�6B =6�d\
 .�#� �!$B (

�# ,��\�'�E�* � ��
 �B �B��B ��6:mg/Nm3 1/74  ��$� �!3  ,U��P1 ���;%!�� �! '�# ���1399  WaD)2 � (

 ��*.� =%�9\�mg/Nm3 6/47  ��$� �!3  ,U��P2 =\�B �! '�# ���1399  WaD)2 w$M$� =%� W%7! .�#� �!$B (

,� ��x�6Y� �\)S E� !�! '�.9 � ,�� '� �� �9)6# �!$B H��?9� "B ��$� ��$� �Y�! "d%�! �!�� "9)B � E�B � �


�\)S E� ,P�B �! "� �!�! �;)  ��$� ��
1 ,� �9)6# =%� ,:!$#�� *
�D.�6D�B 

 ���9)%� ,��\� �!� ��
�E�* '�# ���B �*D ��6: ��
1399  �1400�E�* � �%!�.� � ,L6N� G��� H��I �*D ��6:

)PM2.5  �PM10 .�#� �!$B !��* �9#� E�Q� *b E� �9\� ( "� �$�E8t  ")%�.� ���B " $\  ^��6� �6=  G��� H��I

) ,L6N�PM2.5  �PM10�8 ,:!$-8 ��
!��* �9#� �B (.!�� �B�e �� w$M$� =%� 
6  ��
   ��*.� =%�9\�H��I G��� 

 ,L6N�PM2.5 '�# ,��\� �!�E�* � ��
 ��6:�B��B  �Bµg/m3 11  �!���9)%� ��
H \�B)= '�# ���1399 � (G 

 ���!�!�P)1400%�9�6B � ( �B �B��B ��*.� =µg/m3 34  ���9)%� �!H  '�# ���!�!�P �!1400 d\
 .�#� �!$B =6�

 ��*.� =%�9\�H��I G���  ,L6N�PM10 '�# ,��\� �!�E�* � ��
 �B �B��B ��6:µg/m3 14 ���9)%� �! ��
H 

 '�# ���!�!��)1399 ?#� � '�# ���*�1400 � (G  '�# ���!�!�P)1400%�9�6B � ( �B �B��B ��*.� =µg/m3 54  �!

 ���9)%�B  '�# ���!�!�P �!1399  .�#� �!$B���9)%� ,��\� �!� ��
�E�* '�# ���B �*D ��6: ��
1399  �

1400�E�* � �%!�.� �) ,L6N� G��� H��I �*D ��6:PM2.5  �PM10 ,:!$-8 `6
 � �!$B !��* �9#� E�Q� *b E� �9\� (

'�# =%� �! H��I =%� ���B,� "� *�  �*
��� ���%� J�6-8��� " �P��� �! �
 =%� �! ,L6N� G��� H��I �y�< ��$�

'�#.!�� ,B�%E�� '$;S WB�S �� �
 "�-�L� �!���9� "B��� ��1 �C$� ��2 )2017�6e�� ( *6-$� �P��� "  J�6-8���

%�$c6�=3 �B �� "6#�� �$�� �! FS�� ��
U� O6N�� F��$U � �)%E , �) !�� ,B�%E��"%
Q� "� *  � W6�N� �!�!��
 

	%�� ,��\9U� � ,9D�*�B ���  !�! "� X� E� w��D *6-$�  �! J�6-8����P��� " %�$c6� J�6-8����= !�*�� E��B ���\6B 

�! =6B �6�\U ���D 	%�
�� WB�S ,�U$�  "9D�!`6
 "� !�! ���  "�-�L� =%� _%�9  "� ,��$� �! ��#� " $:

�E�* � ��
�9����� ���B ,:!$-8 " �P��� �*D ��6: J�6-8��� .*�  �*
��� ���%�  

 �! " �P��� J�6-8��� ���%� ��# '�9�� ���B H�
6�Q� � "6?j� H��I E� !�! (�
E�: ���b) ,U��P ;��"6  �*D .�#� 

=%� H�
6�Q� O6N�9)%E '�9�� ���B ,�*�%78��
 W��D �$
 "-$-��
 U ���B WaD ^�P �!��  ���b ,-�.9 � !�!

��6:��;< =-�# 	cB "B ��$� �\)S E� �
E�: �*����*U ,
��9#! , $�a6# ���B ��6:��;< � F\U ���8 H��I G��� 

�! �E�#�*U) �
E�: ^% , $�a6# n�� ,a6 �a� , ��U �#� �B �E�#�*U "� �!�?9#� E� ���6  
%�: E� 
��� W��b 

E� 	P�C Z�Q � '�6# ,�.!$D *B=% H�$� "� ��%�U E�: W��b ��;< E� ��*U ,%7�B " *B �$�a6# "� " �$9#��� 

                                                      
1- Petrov 
2- Movchan 
3- Tikhvin 
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WaD �!$B � "B ^% m��c� }S�  ,�9�� ,� �!$D !��� �$�a6# �*%!�: � "B   K�[=6%�� ��%�U ,�H��I .*B�% ��;< 

X� E� o�\� �B ��*U �$�a6# � �*U �*D E� ��%�U ��E�: O#$� ���6  	 ��: "B �\)S =6%�� �$�a6# n
%� 

�!�� � E� �\)S G%�[ ,U��P E� �$�a6# ~��P ,� =6-�
) * $D1  �����a\
 �2012( � 5748 �9�6� ")6� ��

")6� ��
�9�6�)F\U ���B '��*9� �����B � H��I ���8 �9�6� �!�� ��;< !$U$� �! ,� �!�?9#� E�:.!$D �! =%� 

�9)6# "6�c� ��;< E� ")6��
 E� G%�[ "-$-,%�
 "B n�� G%�
� ��$
 �!��� �  "B H�$� *�\D$
 � �B �! �y  =9��: 

KA9P� ���� !$U$� �! "y?N� '�\�� ,�"6�c� � !$D ��;< E� �L# ")6� H�$� ,���
�9�6� =%� .!�6:  H��I

^C$� �! !�*b ���a6� �� �B ���* ��  E� 	6B99 �*U *��! ,���� ��) *���2 �2019�! �(( =-�# �6:��;<  �
 �! "�)

 !�*�� "B =-�#14  ��\���Y��� �
 "� ��\���Y��� !*�121 ")6� �9�6� !*�� (!��! �� ��$��
 ���B �*U �!�� H��I 

��6)B 
%� ,�")6� ��
�9�6� .*D�B�%*� �9�6� w$  E� ��3 ,� ") ����8 X�U "� *D�B w$  E� �
 ,� oA:�;%�� � *D�B

 =6B ���!200  ,-�260 ,9 �# "U�!!��: ,� W\N� �� � *6?� �\� .*������� �
�9�6� =%� ,%10 ,� '�#.*D�B  "�

"�-�L� �!X-� 
6  "B��� ��4 ���a\
 �) �2010")6� ���b �6:��;< =-�# Vj  �B (^% � ,%��< �9�6� ��
 ^�P 

�*��� "-$- ���b��
 U  �! WaD^)�6B�6�C J�6-8��� " �P���5 �9)6# "6#�� �! '�9�� !�!  !$;�B �� ��$�

r�U W��D "� * *6�cB �ef� ��cB � ����: *6-$� �*D �! !$
 �9�6� ���$� �!�� H��I E� ��%�U E�: � "B WS�*b 

�* �#� ���9 � ��
E�: " �c�:�� "B  �B "� �!$B $U�
 "�-�L� =%� _%�9 .�#� "9D�! , �$P W\� �E�#�*U H��I 

��A� �B ^\� "B �?b O6N���)%E E� KA�� �!$� �a6�6#��a6� "B ���\
 !�! ��6:$�U �!�� � '$jN� ,; �U �� 

"� ����! nE�� �!�j9S� ��6)B ,%7�B ,�*D�B � ��
!�B��� ,9��� WB�S  �U$�, �� ���! ,��*D�B *6-$� ,� �! .*%�\ 

"�-�L���\b� O#$� ��6 ) ����a\
 �2020H��I ( ��6)B 
%� �� �a6�6#��a6� "B ��$�� �*������� "� ,� �$��* �! 

��>� =6B H��I ��\6# ���S �6: 9��: ���S ,#��B !�$� **� ,%� �$� �a6�6#��a6� �!$� "� WB�S ,�U$� �! ,�%
�%�U 

,t
U ��\6# �! =9B � !$;�B l�$P ,a6 �a� � Z��! !$B ���! �� .�! =-�# ��6:��;< !�! ���b ��;< X� E� �$;� E� 

�$�a6#�
 � ��
�9�6� ")6��� � K�b H��I � ��;< �8 E� !�! ���! ")6��
 ~��P �*%!�: � "B �\# �7�B =-�# 

���b �!�� � H�.;[ E� 7�B � "d%�! E���
 !$U$� �! =%��7�B �\)S =-�# ~��P ,�.!$D ,B! !�! ,U��P E� ��$� 

1 �! !�*b 206 ��

 V�a��9� �! ���# �! O%��D '$\�� �!$B � *%�B ����! ���! !�*b 550 "U�! ,9 �#!��: 

���B .*D�B ^�P �!�� � '�.9 � �8 "B =-�# ��6:��;< �! !*� =� =%� !�! �� "B =-�# W.9�� � ,B! �8 �� "B !�*b 

325 ��

 V�a��9� �! ���# �! O%��D '$\�� ,�.* �#� �! =-�# ��6:��;< ��$� ���! E�: �! Z���
 ��� 

"y?N� �
�9�6� �9\� E� 250 "U�! ,9 �#!��: .�#� �!$B ,B! !�! ,U��P �! �
 Z�*� E� ��$� �
� 2 � 3 �! !�*b 

150 ��

 V�a��9� �! ���# �! O%��D '���  �!$B � *%�B ����! !�*b ���! 550 "U�! ,9 �#!��: �*D�B ���B "� 

^�P �!�� � '�.9 � �8 "B '�# �6:��;< 2 !*� =-�# "B �� !�! =%� =� W.9�� � ,B! �8 �� "B !�*b 236650 

V�a��9� �! ���# O%��D �! '���  �* �#� � �! =-�# ��6:��;< ��$� ���! E�: �! Z���
 ��� "y?N� �
�9�6� 

                                                      
1- Hualin 
2- Kanaoka 
3- Filter media 
4- Els 
5- Chelyabinsk 
6- Rahman 
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�9\� E� 350 "U�! ,9 �#!��: ��\
 .�#� �!$B"-$- �*D }c�� "� �$[ �*��� ^�P ��
U W��D WaD ^% ��# 

"-$- � �P��
 �!$\� *�9)
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")6� ��
�9�6� ,�\%� !�a�\� � �*D �6:��;< =-�# 	cB "B ��$� �\)S E� �
E�: ���b �#� �!�� �
��� �� ��
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�=%��B��B ��
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 �! W\N� �*�%78��
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��%� J�6-8���,:!$-8 	
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;# � 
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��>� 
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