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V	
�	 -$�#��� $%�7� *7�� �S�	 ��#� UV-C 

 -
" �	��$� !��� �D$7732  �� 4	� ���#" ?/� ��


���� g�07 m��" ��;#��$7 .&0S� �R C#%�$#"  

�^ ];� h6"���� !	.  

+!�, !�� �� ���� +!�&  

 Z��D �@!� $� �'0� m�$" �#�� V	 T(99  ���� 
e!�

�3�B !� �'0� ��$� �	�9 �D$7 �	��  �!�" �$9

10 ( ~;( 	�;9 �� &%��7 o�!'� $%�7� V	


� �$<�7	 	�9 o�!'� . !� !	`��#uz� �$9��"	!$( �[�	! C�	 !�

�'0� �3�B �	'#"  �$"� � �'0� �$"� ��;@ V	 	�9 �$��@ !�

 &�� � �'0� o�!'� �	'#" � ��$u !$� C#� !� g�$"VR *#+"


� ����� �3� !� �#r�" 	�9 o�!'� ~;( . $� �� 4!�e C�
�

 �##r� $� � &%��7 ~;( $%�7� *7�� �'0� o�!'� �	'#" �##r�

�3�B ���"$��! V	 �$<�7	 $� 	�9 &�� � �'0� V	 k��\" �$9 !


���� �#�� 	�9 �$��@ . &�� �	'#" !� �$7�� ���� �9 ��dU	

�!	� �#uz� 	�9 �$��@ !� �'0� �3�B �	'#" �� 	�9 . �	��

 �3<+" O� V	 
0�bR �3�B ���;� ��$u � �$��@ g"	!R

 �#��� �� �	20  o�!'� $%�7� V	 
S� ��#U


���� �$<�7	 &%��7.  

  
! �"# �$� �% &%�'(�� %�� � �)*$�+, -(.��  
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 -
" �V	 
#U�� !��	��_ ���"$��! ��6�D	COG-OM  �D$7

 ~"b � !���	! ��/�	��UV  ]�� o�$["1 ���.  

  

��	��7	 � ]#�7	 T0@ V	 !���	!  -�a �� ]�� �	cm 45  �

 
#<" :�� $�35/1 QR i6"$� � ��#U  
� 
0�

 g<0� �	!�$" ~"b �
� O� !���	! '��" !�15  �� 4	�

 &�D	� �$�� V	 '�!	�� T0@ V	 �	


���� ?f� ���� 
� 	
@ !���	! . � ���!� �;/^ !�

� !� ���;� ��	��� ��@ �#� �� !���	! &@��D
� ����� �3.  

 �!$�� �$�� $� �V	 
#U�� !��	��_ V	 V$#� �!�" �V	 
#U�� �	��

ARDA 
���� �$<�7	 �/�	��.  C�	 !�

 
#U�� O�D �	�9 $� wU$D �=#/�	 !��� $� �V	 $%�7�

 ~;( O� V	 �V	 
#U�� �	�� V$#� �!�" �	�9 C#"z� �	��

 g�07 �	�� ��"$��! O� 	�;9

 �� �@�� $� ��� !�$^ $%�7� C�	

 
0� 
#U�� �V	. V	
�	 �	��  ��#�

 ��$�� !� � :#7$�( 
�
� Q`@ v�! V	 	�9 !� �V	 �3�B

 ~"b �
� O� ��#�!$� �� $�15  �	!�$" 4	�

254  Tl#�#� ���� �D$7 ��"��$�

��#� ���7 ��!� !� �� 
� :9	�� 
0�9 ��	��7	 �	  ]�� �	

��	� !	�^ '�!	�� T0@ V	


���� . !� ~"b &��$� �	�� ��#/�	� C#%�$#" g�07 �	��

]D	� �$��  �#�$� �� !� g<0� �	!�$" �S�	 �	'#" �!���	!

 ��e$� � ~"b ��!

!���	! (V	
�	 -$�#��� $%�7� *7��

 -
" �	��$� !��� �D$7


���� g�07 m��" ��;#��$7

cm2/µW 1950 �^ ];� h6"

-./0 +!�, !�� �� ���� +!�&

 Z��D �@!� $� �'0� m�$" �#�� V	 T(

Merck �3�B !� �'0� ��$� �	�9 �D$7 �	��

 �3�)ppm 80-10


� �$<�7	 	�9 o�!'�

�'0� �3�B �	'#"

 &�� � �'0� o�!'� �	'#" � ��$u !$� C#� !� g�$"VR *#+"


� ����� �3� !� �#r�" 	�9 o�!'� ~;(

 �##r� $� � &%��7 ~;( $%�7� *7�� �'0� o�!'� �	'#" �##r�

�3�B ���"$��! V	 �$<�7	 $� 	�9 &��


���� �#�� 	�9 �$��@

�!	� �#uz� 	�9 �$��@ !� �'0� �3�B �	'#" �� 	�9

 �3<+" O� V	 
0�bR �3�B ���;� ��$u � �$��@ g"	!R

��#� �6�D	  �#��� �� �	


���� �$<�7	 &%��7
  

 /0�1 :! �"# �$� �% &%�'(�� %�� � �)*$�+, -(.��
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 -
" �V	 
#U�� !��	��_ ���"$��! ��6�D	

ARDA  ~"b � !���	! ��/�	��

 -1�& � � ��2��%
��  

��	��7	 � ]#�7	 T0@ V	 !���	!

&�D	� �[^ cm 7  
#<" :�� $�

��� . g<0� �	!�$" ~"b �
� O� !���	! '��" !�

��#� !	
@ ��#7� ��  &�D	� �$�� V	 '�!	�� T0@ V	 �	


���� ?f� ���� 
� 	
@ !���	!

� !� ���;� ��	��� ��@ �#� �� !���	! &@��D

 ������!�  

 �!$�� �$�� $� �V	 
#U�� !��	��_ V	 V$#� �!�" �V	 
#U�� �	��

COG-OM  �D$7ARDA

 
#U�� O�D �	�9 $� wU$D �=#/�	 !��� $� �V	 $%�7�


�.  ~;( O� V	 �V	 
#U�� �	�� V$#� �!�" �	�9 C#"z� �	��

�� :#30� ]�$^ 	�9 o�!'�  g�07 �	�� ��"$��! O� 	�;9


���� �$<�7	 	�9 �$��@.  �� �@�� $� ��� !�$^ $%�7� C�	

 $� 	�9 o�!'� �	'#"gr/h 1 

 ��$�� !� � :#7$�( 
�
� Q`@ v�! V	 	�9 !� �V	 �3�B


� �$<�7	 ���"�
�. 

 �����UV-C  

 �S�	UV-C  ~"b �
� O� ��#�!$� �� $�

 &@�" -�a O� g<0�254

��#� ���7 ��!� !� �� 
� :9	�� 
0�9
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 �}	�^ $%�7� V	 	�9 �$��@ !� �'0� �3�B g�07 �	��

 :#5�/"5000 Phochek  �$<�7	 �$�/�%�	 !��� �D$7


����. ��� V$7!$��R v�! $� $%�7� C�	  $9)PID ( ��

���;� �$"';9 4!�e &" �$��	 	! g�07 � �!	��� 
9� . ��dU	

 $%�7� !$� �+e &7!�� �	��Phochek  ��#r�" �9 �	��

��S� g��� &�	����$"��� V$� v�! $� ���;� ��	
S�  �	

)FID (V	
�	 
���� ��#� . o��a C�	 V	 
"R �7� �� |�$��

5� :#5�/" �}	�^ $%�7� V	 ]e$� |�$�� $���� ��$�" i$d��.  

3��� 4�/5� � �	�6� ����� �"  

g�$"VR �#�� �g�$"VR ����" �9 �	��  $95  *�	�� !� !$�

 ��$u �$"� &9$%��$"VR)0C 25 -23(&d/� ���a! �  

45 -42 
� �$��	 ��9 ��V !� � 
e!�.  $� �!$"R 4$�6a	

��� V	 �$<�7	  !	'�	SPSS-WIN �\/�  16   

)version 16, SPSS Inc., Chicago, IL ( ��#�!$� �� �

 ��"VRThree way ANOVA 
���� '#U$�R . ?U$^ !� |�$��

���� !	�^ s+� �!�" � 
� ��	!	 &[D �$9!	��;� � -�	
@.  

  
�(2�$ �  

 �S�	 �#uz� &7!�� �	��UV-C  y�" -�a $�254  !� ��"��$�

 !���	! '��" !� ~"b ��	� !	�^ $� 	�9 �$��@ V	 �'0� W`�

) ]��1( ��3�B !� �'0� ��$� �	�9  !�a �� w\�" �$9

���� !	�^ �S�	 g�$� n�S" !� ��	
" . �S�	 g�$� �$"V 4
"

���� !	�^ &7!�� �!�" �'0� W`� !� . �##r� $� �"	 C�	 �	��

 V	 !���	! �� ���!� �	�9 �$��@ &��min/Lit 5 -5/0  $� �

C#� &�$9
�$" �$"V �!���	! :�� �� �@�� )162-14 �#�$u (

� �S�	 $� 
0�bR ��#�!	�^ n�S" !� �	�UV-C  :9	��


���� . $"� �$9��"	!$( C��	� �%� ��$u $� !$� V	 ����" C�	 !�

 C#�0C 25- 23  &d/� ���a! �45-42  &�	!$� �
e!�

UV-C �3�B ��  �'0� k��\" �$9)ppm 80-10 (

V	
�	  
� ��#�) !	��;� � -�
@1 .( �3�6" �� �!�a �$;9

&" �3�B �	�� �'0� W`� �	'#" �����  �R k��\" �$9

 ���	
�2  �S�	 &�!$d� �� F��� 
e!�UV-C  �#uz� &�$�0� ��

 �	� �$�� 	�9 �$��@ V	 �'0� W`� !� &�
�	)18 .(  

 V	 �$<�7	3O @ !� 	�9 �$��@ V	 �'0� W`� �	�� -�
1 

 �$9!	��;� �5-2 �7	 
� �	� �$�� . V	 ����" C�	 !�

 �#uz� &7!�� �	�� '#� g�$"VR3O �3�B ��'0� W`� !�  �$9

 �'0� k��\")ppm 80-10 ( !� 
� !$�	 �$9
�$" �$"V !�

 n�S"h/gr 4/0-2/0  $9�#r�" ��$7 C��	� �%� ��$u $� �V	

���� !	�^ . W`� �$"
�	! �� �	� �$�� |�$�� �	�� �'0�

�3�B  �$9ppm 80- 10  C#�11- 7 ��� 
e!� . g�	'�	 $�

 V	 
�$" �$"V14  ��162  �� W`� 
e!� '#� �#�$u14  
e!�


#7! . ��"VRTukey  �V	 �$9V�� y�V �#�� C#� �� �	� �$��

&0S" 4�$<�  �!	� ��@� �!	�)05/0 P <.(  

 &d#��� 
0�	�� &�	!$� |�$��3O/UV  !� �'0� W`� !�

 -�
@1  �$9!	��;� �5 -2 �7	 
� ��	!	 . V	 ����" C�	 !�

 �V	 k��\" �$9V�� V	 !$�)h/gr 4/0 -2/0 ( �S�	 	�;9 ��

UV-C 
� �$<�7	 . �$"
�	! �� !	`��#uz� �$9�#r�" ��$7


� ����� �3� !� ��$u :�/#7 . �� ��� �R V	 &�$� |�$��

 
0�	�� &�	!$�3O/UV  �	�� 	�9 �$��@ V	 �'0� W`� !�

�3�B  �$9ppm 80 -10  
�$" �$"V �� �@�� $�  

)162 -14 �#�$u ( C#�24 -15 �7	 
e!� . ��"VRTukey  �$��

�� C#� �� �	��$"V y�V �#  
0�	�� !� 
�$" �$93O/UV  

  
 3���1: �4$��2 �% 5647 89: �;�% �.$�� UV 
3O  �3O/UV =�(> �� ��� 5�+ �%  

 5+� +�%h/gr  0  2/0  3/0  4/0  

 ��� 5�+)����B(  !7�D 

UV 

!7�D 5��7 

UV 

!7�D 

UV 

!7�D 5��7 

UV 

!7�D 

UV 

!7�D 5��7 

UV 

!7�D 

UV 

!7�D 5��7 

UV 
14  0/0  0  0/15  0/7  0/17  6/8  9/19  3/11  

27  0/0  0  9/17  6/8  3/19  1/9  7/19  9/10  

81  5/1  0  6/19  3/9  7/20  4/10  4/20  6/12  

162  1/2  0  6/22  7/12  0/24  8/12  0/24  0/14  
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��%�E� 1 :=�(> �� ��� 5�+ �% 6�F�(2 �4$��2 �% 5647 89: 5�����  

  

  
 ��%�E�2 : ��� 5�+ �% 5647 89: 5�����14  5+� =�(> �� +�% ���7 ����B �4$��2 �%3O/UV   

  

  
 ��%�E�3 : ��� 5�+ �% 5647 89: 5�����27  �4$��2 �% 5+� =�(> �� +�% ���7 ����B3O/UV  

٠٠/٢  

۵٠/١  

٠٠/١  

۵٠/٠  

٠٠/٠ 

٠٠/١۶٠٠/١                ٠٠/٢٧               ٠٠/٨١                 ٢۴ 

٠٠/٢٠  

٠٠/١۵  

٠٠/١٠  

٠٠/۵  

٠٠/٠ 

۴٠٠/٠                 ٢٠/٠                   ٣٠/٠                    ٠/٠  
 *�� ��))gr/h( 

٠٠/٢٠  

٠٠/١۵  

٠٠/١٠  

٠٠/۵  

٠٠/٠ 

۴٠٠/٠                 ٢٠/٠                   ٣٠/٠                    ٠/٠  
 *�� ��))gr/h( 
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 ��%�E�4 : ��� 5�+ �% 5647 89: 5�����81  �4$��2 �% 5+� =�(> �� +�% ���7 ����B3O/UV  

  

  
 ��%�E�5 : ��� 5�+ �% 5647 89: 5�����162  �4$��2 �% 5+� =�(> �� +�% ���7 ����B3O/UV  

  

&0S" 4�$<�  �!	� ��@� �!	�)05/0 P < .( �7 �$"
�	! �/�$5"


0�	�� UV �3O  �3O/UV  !� 	�9 �$��@ V	 �'0� W`� !�

 -�
@1 �7	 
� �	� �$�� . -�
@ ���$5" V	 �� �!�a �$;9

�3�B �#�� �	�� ��7	 	
#(  &7!�� �!�" �$9)ppm 80 -10( �

 '#U���� 
0�	�� �� ����" W`� 
e!� C���;�)1/2 
e!� ( �

 
0�	�� �� ����" W`� 
e!� C����#�3O/UV  $�24 �� 
e!��.  

  
KL7  

 � '#U���� 
0�	�� &�	!$� �/�$5" ��@ �SU$[" C�	3O/UV  !�

���� 4!�e 	�9 �$��@ V	 �'0� W`� . �#uz� �"	 C�	 �	��

 
0�	��3O/UV �UV  �3O  !	�^ &7!�� �!�" &�$�0� ��

 !��`" �$9
0�	�� V	 O� �9 &�	!$� &��	! �� �	��� $� ����

�	� !	�^ �/�$5" �!�" �'0� W`� !� 	! .
0�bR W`�  �$9

v�! *7�� �'0� ��;@ V	 	�9 k��\"  k��\" �$9

o#5+� !� �����#( ��#7	
#/�	 �
0;�	�� �
�
@ �$9  �$9

O#0�� C�	 m#7�  ��@ !� 	! $9
0�bR -��0�  4$du	 	�9 �$9

 �7	 ���)23 �19 �18.(  

���$� �S�	 V	 �$<�7	 �� �	� �$�� �SU$[" C�	 �$9 UV   

٠٠/٢٠  

٠٠/١۵  

٠٠/١٠  

٠٠/۵  

٠٠/٠ 

٠٠/٢۵  

٠٠/٢٠  

٠٠/١۵  

٠٠/١٠  

٠٠/۵  

٠٠/٠ 

۴٠٠/٠                 ٢٠/٠                   ٣٠/٠                    ٠/٠  
 *�� ��))gr/h( 

۴٠٠/٠                     ٢٠/٠                    ٣٠/٠                    ٠/٠  
 *�� ��))gr/h( 
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&;� &�$�0� ��  	�9 �$��@ V	 �'0� W`� !� &�	
0P �#uz� 
�	��


�$� ���	� .�3�B g9�=( C�	 !�  �$"V !� �'0� k��\" �$9

 �S�	 g�$� n�S" !� k��\" �$9
�$"UV-C 	�^ � ���� !

 �� W`� �	'#" �5#^� O� V	 ���#� 
�$" �$"V g�	'�	 $� *5�

2 
#7! 
e!� . ��;@ V	 C#55+" ��$7Ao  �Lee  v!	'�

 V	 �$<�7	 �� 
���;�UV &;� &�$�0� ��  W`� !� 
�	��

?#���  
�$� �u." !	�� &UR �$9)18 .(&" m^	� !�  C#0P �	��

� !	
�$( �� �@�� $� �� ��;� �3� !$��	 &;�	 �$;�D$7 ���

 �_��	 ��'0�UV  :9 � C#�$( ����#��	 ]#U� �� :9 &�$�0� ��

v�! !� :� 
�$" �$"V ]#U� ��  C�/�� �	�� &�#"$0�� �$9

:�	 C#� 
��#( �/#� &�$� �f0� C�	 �$9 . C�/�� �	��

-$���	! �� �'0� &;�	 �$9
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Comparison of Photolysis Process and UV/O3 in Removing Benzene 
from Airflow 

 
Rajab Rashidi1, Seyed Gholamreza Mousavi2, Ali Khavanin3 

 

Abstract 
Background: Volatile organic compounds (VOCs) are among the main air pollutants which have 
destructive effects on the environment and human health. Considering the carcinogenic effects of some of 
these compounds including benzene, how to control and limit them is considered an important issue in 
environmental research. The aim of this study was to evaluate the use of the combined ultraviolet (UV)/O3 

method in the removal of benzene from the airflow. 

Methods: The present experimental study was conducted using laboratory methods. The laboratory 
equipment consisted of air pumps, injection pumps, mixing chamber, rotameter, ozone generator, and a 
steel reactor with 45 cm length and a usable volume of 1.35 liters in which a 15-watt UV-C diode with a 
wave length of 254 nm had been placed. Then, the different concentrations of benzene were continuously 
exposed to UV-C rays, different ozone doses, and simultaneous UV/O3 with varying reaction times (and 
considering the speed of the input airflow into the reactor). The concentration levels of benzene before and 
after the exposures were compared with each other and with the above-mentioned variables. The data were 
analyzed using descriptive and inferential statistics and by three-way ANOVA. 

Findings: Concentrations of benzene vapored with different values of 10, 20, 30, 50, and 80 ppm passed 
through the reactor and was exposed to UV-C rays, different ozone doses, and simultaneous UV/O3 in 
sequence. The findings demonstrated that UV alone can remove benzene from the airflow up to 2%. 
Ozone can remove 14% of benzene from the airflow, while the concurrent application of UV/O3 can 
reduce the benzene in the airflow by 24%. The three way ANOVA test showed that there was a significant 
relationship between the variables of ozone dose, UV rays, and UV/O3 in the one hand, and benzene 
removal rate from the airflow, on the other hand (P < 0.002). 

Conclusion: Given the small effect of UV alone in separating benzene from the airflow, it can be 
concluded that advanced osidation process (AOP) reactions which produce active radicals can be used in 
the filtration of benzene. The findings indicated that the removal rate of benzene during the simultaneous 
use of UV/O3 is much more considerable than during the use of either of them alone. Additionally, the 
analysis of variance test demonstrated that the simultaneous use of UV/O3 has a positive cumulative 
effect. 
Key words: Volatile Organic Compounds, Benzene, Ozone, Ultraviolet Radiation 
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