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� ��D$4 �5� �!�" �$9.  
��� %�1��  
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#O�� �	��
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���� 
�$<�4	 �0�	��.  =�	 !�

&" 
#O�� +#," �	�9 L	 
�$<�4	 $� �L	 
$%�4� ���.  !�51" ��
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��#� �'Y" b� L	 �$��A R"	!P !�51" �� �! =�	  �	20 


���� 
�$<�4	 &%��4 c�!'� 
$%�4� L	 
V� ���#O . 
$%�4� L	

 :#7�0" �r	�TPhockek  .
"5000 0�%�	 �D$4 �	�� �$�


L	
�	 
� 
�$<�4	 	�9 �$��A !� �'1� �5�C ��#� . 
$%�4� =�	

��� L$4!$��P Q�! $�  $9)Photoionization detector  $�

PID (���;� �$"';9 6!�W ��  �$��	 	! R�14 � �!	���

&" 
9� . 
$%�4� !$� �,W &4!�� !�51" �� ��NO	Phockek 

$� Q�! $� ���;� ��	
V� �#|�" �9 �	�� R��� &�	����$"��� L

��V�  �	)FID  $�Flame ionization detector ( '#�


L	
�	  L	 UW$� }�$�� $� 

"P �4� �� }�$�� �� 
� ��#�

��� ��$�" :#7�0" �r	�T 
$%�4�.  

5�6����+ 7�08� �98�9:  

 �V�	 &�Y��d	 &4!�� �	��UV-C  !� &N0� ���g! �

 �5�C �	�9 �$��A L	 �'1� ��'��ppm 80 � �$��A !� �'1

 
1�	�� e�V" !� ��	
" !�g �� �!���P! ��!� L	 �!�N� �	�9

uv/o3 ���� !	�T . X��Y" �$9
W!� �#dw� &4!�� !�51" ��

 ���g!)70 �60 �50 �40  �40  
W!�< ( ]n� &%��%m !�

 �$"L @#��� �� !���P! :�� �� �A�� $� �	�9 �$��A L	 �'1�

 =#� &�$9
�$")162 �81 �27  �14 �#�$d ( e�V" !� �	��

 
1�	�� $� �'1� ��#�!	�Tuv/o3 
� :9	�� . �V�	 R�$� !	
7"

UV-C  b� �!���P! '��" !� y"[ ���� ��$d �� �A�� $�

 �	'#" �� � �O$�w/cm2µ 1950 ���.  

	�9 y;( ��"$��! 

��1#l;�	   

�^7" fP ��$�  

p��D  

��#9 
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 =���� �5� !� $� ���;� :��5  � ���g! �#|�" �	�� �O$�4 

 �V�	 R�$"LP ����" �9 �	�� �
�$" �$"L �!�"UV-C L$� �

� �L	 uv/o3  @#��� ��20  
� ����� �5� !� �!�"  

)60  =20  ×3 .( L	 ����" �9 !	��� !$� �4 �� �A�� $�

�;� :�� ��$�� !� �6$��$"LP ��180  �N4$," R�$"LP �!�"


���� .
�	� ��!� L	 i(  $� �!$"P 6$�3g	 ����#l"$� �� $9

��� L	 
�$<�4	  !	'�	SPSS  �Y0�16   

)Chicago IL �Inc SPSS �Version 16 ( ��#�!$� �� �

 ���g �4 i�$�!	� U#�,� ��"LP)Three- way ANOVA 

 $�Three- way analysis of variance (�� '#O$�P � 
��

���� !	�T _,� �!�" � ��	!	 &^D �$9!	��;� @O$T !� }�$��.  

  

�)3�% �  

 !	��;� !�1  �V�	 �#dw�UV-C  !� 	�9 �$��A L	 �'1� ]n� !�

 
1�	��uv/o3  
�	� �$�� &N0� ���g! X��Y" ���$7" �	��

�4	 

� . ��$� �	�9 !$� L	 ����" =�	 !�ppm 80  �'1�

�$"L 6
" �	��  �$914 �27 �81  �162  �#�$d) �� �A�� $�

!���P! �� ���!� �	�9 &�� ( R�$� e�V" !�UV-C  !	�T

���� . �V�	 �d	 	�9 �$��A !� ��A�" ���g! ���$7" �##|� $�

UV ���g! !� �'1� ]n� ��  !	�T &4!�� �!�" X��Y" �$9

���� . R�	'�	 $� ��4	 	
#( !��n" !	��;� L	 �� �!�g �$;9

� ���g! $� &N060  &�Y��d	 
W!�UV-C  �'1� ]n� !�

&" ���VW �#4 �	!	� 
�$�  L	 R#� ���g! !� �60  L	 
W!�

�4	 

� ��4$� �P �#dw� . �1#�� &N0� ���g! !�60  
W!�


1�	�� !� �'1� ]n� �$"
�	! uv/o3  !�a� ��
�UV-C   

)7 
W!� ( !�a� $� �UV-C )2/13
W!� (��� . ��"LP

Tukey � �	� �$�� �V�	 R�$� =#� �UV  X��Y" ���$7" �

&1V" 6�$<� ���g!  �!	� ��A� �!	�)002/0 < P .( !	��;� !�2 

 �V�	 R�$� �$"L �#dw�UV-C 	�9 �$��A L	 �'1� ]n� !�  !�

 
1�	��uv/o3 �4	 ����� !	�T &4!�� �!�" . �� �!�g �$;9

&" �$�� !��n" !	��;�  �V�	 $�  $;� �$"L �m �9 �
9�

 R�	'�	&" �$�L '#� �'1� ]n� =#%�$#" �
�$� ��� . ��"LP

Tukey  R�$� =#� '#�UV-C  X��Y" �$9
�$" �$"L �

&1V" 6�$<�  �	� �$�� 	! �!	�)001/0 < P.(  

 !� X��Y" �$9
�$" �$"L �	�� &N0� ���g! �#dw� }�$��

�� $� �'1� 

1�[P ��$� �	�9 ��#�!	�T e�V" 
1�	uv/o3 

 !	��;� !�3 �4	 

� �$#� . �5�3" �� �!�g �$;9

&"  �'1� ]n� !	
7" =����#� ����)2/13 
W!� ( �� z���"

 ���g!60  R1�	� �$"L � 
W!�162 &" �#�$d 
�$� .��  

  

  
��4�,� 1 : �5�� ��671UV-C  �8%��3 �4 ��  9�%�� &� 9:8. ;<= �4uv/o3 �%4��
 ���. -.�/� >�)?
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 ��4�,�2:  �5�� ��671UV-C �4  �8%��3 �4 ��  9�%�� &� 9:8. ;<=uv/o3 >�)?
 �� ���
 9�
& ���.  

  

  
 ��4�,�3:  �8%��3 �4 ��  9�%�� &� 9:8. ;<= �4 -.�/� >�)?
 �%4��
 ��671uv/o3   

>�)?
 �� ���
 9�
& ���.  

 !� �&N0� ���g! � R1�	� �$"L �#|�" �� �9 R�	'�	 &�!$N�

 
1�	�� !� �'1� ]n� �	'#" �$7�!	uv/o3 
��� �d/" 
�	 . ��"LP

 �� �� ��Tukey  �$"L �$9�#|�" =#� �� �4	 
�	� �$��

	! �'1� ]n� �	'#" � &N0� ���g! �
�$"&1V" �^�  �!	�

 �!	� ��A�)05/0 < P(. 

 �V�	 �#dw�UV-C  �� �A�� $� 	�9 �$��A L	 �'1� ]n� !�

 !	��;� !� &N0� ���g! � R1�	� �$"L �#|�" ��4  
�	� �$��

�4	 

� . ���g �4 i�$�!	� '#O$�P ��"LPANOVA  �$��

 R�$� �$9�#|�" =#� �� �	�UV-C �$"L � &N0� ���g! �

1V" �^�	! R1�	�&  �!	� ��A� �!	�)001/0 < P.(  
   

00/25  

00/20  

00/15  
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00/0  

00/162            00/81              00/27               00/14 
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 ��4�,�4:  �5�� ��671UV-C A8+�� 9�
& �. ���1 �. ��  9�%�� &� 9:8. ;<= �4 �B*� -.�/� �  

  
CD.  

 � fP !� ����� 6!�W �VO$^" =�
1m !� �� =�	 �� �A�� $�

 �V�	 f3B$�UV-C  L	 &D�� ��'�� @N4 �� �4	 ��0�	��



1�[P  ��� $9)14-12( !�51" �� R9�\( =�	 ��#�� !� �

 �#dw� &4!��UV-C  !� 	�9 �$��A L	 �'1� ]n� ��

���g! 
� �$��	 X��Y" �$9 . !	��;� L	 �� �!�g �$;91 

 
1�	�� !� ��4	 	
#(uv/o3  �V�	 !�a� !� ���g! R�	'�	 $�

UV-C  L	 �'1� ]n� �	'#"7  L	 R#� �� 
W!�13  
W!�

� ��$� R�	'�	  =#� �	�9 ���g! !�50  &O	60  �
W!�

���� 6!�W �'1� ]n� =����#� . �V�	 !�a� &�!$N� ��

UV-C  ���g! $� &�	�9 !� �L	 L$� !$1� !�60-50  
W!�

�4	 ���	� 	�9 L	 !	�� 

1�[P =�	 ]n� !� 	! �#dw� =����#� .

 ��"LP �1#"L =#;9 !�Tukey  R�$� �$9�#|�" =#� '#�UV �

� &N0� ���g!  �^�	! 	�9 �$��A L	 �'1� ]n� �	'#"

&1V"  �	� �$�� 	! �!	�)002/0 < P .( =�	 !�a� &�!$N� ��

 L	 �'1� �5�C �	'#" R9$� @N4 :9 !$1� !� �#|�" ��

�4	 

� 	�9 �$��A .R9�\( L	 &D�� !� $9  �4	 

� �	�1�

 �V�	 ��UV-C &"  ��
� $� 
�	��6  	! =r�O�� 6	!$Y� 
W!�

	�9 �$��A !� 
9� R9$� . !	
7" =�	 �	�� �� &��[� L	 &��

 �V�	 +4�� =r�O�� ]n�UV-C 
��� ��^"  L$� 
#O�� �
�	

 R�$� �d	 !� �L	UV-C �4	 
��� . &D�� !� =#1�;9

 !� R<1� Z	!�$" �V�	 �� �4	 

� ��^" '#� 6$VO$^"

 
��
,"UV-C &"  � ���� 	�9 !� �L	 L$� 
#O�� _�$� 
�	��

A�� $� L$� =�	&" ��T 

11�
#0�	 b� �� =�	 �� �  �
�$�

&" !	�� &OP 6$N#��� ��'�� _�$�  ���)15-10.(  

 .�g �fP !� =��3��N�! ��'�� �	�� ���%�� c#7,� !�

p�"  ����� !	�T R�$"LP �!�" R<1� Z	!�$" �V�	 X��Y" �$9

p�" .�g �d	 !� 
�$" =�	 ��'�� =����#� �� �4	  �$9

 �� z���"UV-C 	 �$<�	 �4	 
�$��)13 .(Yang  �	!$�;9 �

 x�� R<1� Z	!�$" �V�	 R�$� L	 
�$<�4	 $�C  L	 
�$<�4	 ��
� �

��0�	�� &�0#O$�$� ���� �#9  $� 
�	12  �5�C L	 
W!�

 
19� R9$� S�$" +#," !� 	! .�"$��L	!$()12 .(Ushichico 

 �	!$�;9 �) L	 U7� ��Hirahara �	!$�;9 � ( &4!�� �	��

;#T$� ]n�
��� ��;4 

�$  Z	!�$" �V�	 L	 j$D � fP !� R�
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��� 
�$<�4	 R<1�  
�	)14 .( �� �	� �$�� �$�P c#7,� }�$��

 �V�	 ��#�!$� ��UV-C  ��;4 L	 &D�� ��'�� !� ����� �d	

�!	� . =�	 L	 UW$� }�$�� =#1�;9 � ��� 6$VO$^" x�;�" L	

&" �c#7,� S;A =�	 �� �	�� �$" �V�	 �� 
#4! �
1� R<1� Z	!

 
��
," !�UV-C&" '#� &�$�1� �� ��D �  �#W$D 
�	��



1�[P L	 &D�� ��'��  ���	� 	! !	�� &OP 6$N#��� ��;A L	 $9


�$� .+#," !� �� &"$%19 �V�	 =�	 ��kD ��  � S�$" �$9

&" ���� ����� !$� �� &�$� ���g! $� &�	�9 $�  �d	 
�	��



1�[P ��! �� ����#� &N��Y�  $9
�$� ���	�.  

&" �� 	! &��[� ��'�� R7� �	�� 
�	��  �V�	 &�
11�

UV-C  :9 6$V�V�� ��$4 �� �N0�  ���;��� ��D 
���

 �V�	 ��!$�" ��P �o��	 ���� [$� �� 
�3�UV-C  !�

 6[�$V" cNg U#0��!
#9 .$���	! � �L	 
#O�� 
1�	��1  �2 

&"  
�$�)5 �2.(  

UV + O3  →  O2 + •O                                        )1(  
•O + H2O →  2 •OH                                          )2(  

 �$"
�	! R�	'�	 U#O� &��g L	uv/o3  ���g! R�	'�	 $�

 $�60 &" 	! 
W!�  +�	�! $� �	��3  $�5 ��;� �#0<� . �$;9

 6[�$V" L	 �� �!�g3  $�5  !�a� ��4	 	
#(H2O  �� $�

R1�	� U#�0� �� 
�3� �	�9 !� ���g! &�!$N�  '#� ��D �$9

&" �	
#0�	 �� &^#," !� 
�	��  �#5� &�$9O3  �UV  ��A�

.$���	! 
#O�� w�1" ��!	�  .$V� �$9•OH &" ���.  

H2O + O3 + UV →  H2O2 + O2                         )3(  

H2O2 + UV →  2 •OH                                       )4(  

H2O2 + 2O3 →  2•OH                                        )5(  

.$���	!  

� 
#O�� �$9•OH  �•O R1�	� &g  �$96  �7 

&" �'1� ��'�� _�$� ��� .  

O + Benzen →  CO2 + H2O + intermediates   )6(  

OH + Benzen →  CO2 + H2O + intermediates )7(  

&" ��$�� !�  �V�	 !�a� �� ��� �	�1� �	��UV-C  !�

 
	�;9 @4$1" ���g! $� �m �$1m �!	�� 

1�[P ��$� �	�9

&" �
�$� �A�� U�$T &N��Y� �d	 
�	��  !	�� &OP 6$N#��� �� �	


�$� ���	� . �	�� �'1� ]n� �$"
�	! R9$� ��kD !�

 �[$� ���g! ���$7"60  �5� !$�M	 =#1m �	��� 
�$� �
W!�

���P! UD	� �$a� �
� ��;" U#O� �� �� ��� � fP !$Y� L	 !

 .$���	! �$9!���$� ���#� U�$;� ��#�� !�)•OH  �•O ( ��

.��O�" &" �$<�	 fP �$9  ��$��� �$9
��#( �� �N0� �� 
��	


1�09 !	�!�D�� ���;� �$�,�4	 L	 �&�'1�.  

 �V�	 R�$� �$"L 6
" �#dw� &�$�L!	UV-C  &%��%m ��

 !	��;� !� 	�9 �$��A L	 �'1� ]n�2 	 

� U#�,��4 . �$;9

.��O�" 
�$" �$"L �m �9 ��4	 	
#( !	��;� L	 �� �!�g  �$9

&�[�g �
1�	�� R1�	� e�V" !� �'1�  �	'#" ��4	 

� ��

�4	 
��� ���#� '#� �'1� ]n� .&" 

�
( =�	 U#O�  
�	��

 &�� '#� R1�	� �$��	 �$"L 6
" R�	'�	 �� 
�$� =#1m


	! L	 �%�� ��� ]n� �$"
�	! R�	'�	 �$9 !� !	�� &OP 6$N#

�4	 
1�	�� =�	 .&" �"	 =�	 U#O�  �
� :9	�� �g$D �� 
�	��

 �$9!���$� $� 

1�[P ��#�!	�T e�V" !� �	�� ���#� �W��


�$� 

11�
#0�	 . R1�	� �$"L �#dw� �� ��
V�" 6$7#7,� !�

:�0#4 �$"
�	! ��  �4	 

� 
#�w� �����#( ��#4	
#0�	 �$9

)7 �6 .(�� &�9�\( !�  � �L	 L	 
�$<�4	 $� =r�O�� ]n� �	��

ft$A  R1�	� �$"L R�	'�	 ��4	 

"P U;� �� &,^4 �$9

 R�	'�	 �� ��1"50  ��#4	
#0�	 
1�	�� �$"
�	! 
W!�

 �4	 

� �����#()5 .( '#� �B$� �VO$^" L	 

"P �4� �� }�$��

 e�V" !� �$"L ��#NV� �� $� �
�$" �$"L R�	'�	 $� �� �	� �$��

!	�T �$9!���$� L	 b� �9 $� 

1�[P ��#�UV  �uv/o3  ��u��

&" Z$7�!	 '#� �'1� ]n� �	'#" 
�$� . ��"LPTukey  �$�� '#�

 	�9 L	 �'1� ]n� 
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Effect of UV-C Radiation on Benzene Removal Rates from Humid 
Airflow in UV/O3 Process 

 
Rajab Rashidi1, Seyed Gholamreza Moussavi2, Ali Khavanin3 

 

Abstract 
Background: Benzene is one of the most widely used volatile organic compounds showing severely 
adverse effects on human health. Removing benzene from the airflow or controlling its amounts, is one of 
the issues put to discussion in the field of environmental engineering. The objective of this study was to 
examine the efficacy of the Ultraviolet-C (UV-C) radiations on removing benzene from the airflow under 
conditions of varying humidity and reaction time in the UV/O3 process. 

Methods: This was an experimental study which was performed on a laboratory scale. The testing and 
measurement system included an air pump, an injection pump, a mixing chamber, a rotameter, an ozone 
generator, a heater, an impinger, and a steel reactor with 45 cm long, and with a net volume of 1.35 L in 
which a 15-watt UV-C lamp with a wavelength of 254 nm was placed. Different concentrations of 
benzene were continuously exposed to the UV/O3 process under varying conditions of reaction time and 
humidity. The concentrations of benzene before and after exposure to the treatment process were 
measured taking aforementioned factors into account. The data were analyzed using descriptive and 
inferential statistics and three-way ANOVA test. 

Findings: The results demonstrated that increasing the humidity levels up to 60% led to an increase in the 
efficacy of UV-C in the removal of benzene, while this efficacy decreased at humidity levels above 60%. 
Additionally, the findings indicated that increasing the reaction time can lead to the highest benzene 
removal rates in the presence of humidity (13.2%, P < 0.001). 

Conclusion: Given the improvement in the efficacy of benzene removal as a result of the simultaneous 
use of UV and humidity, and the effects of increased reaction times in a process involving the 
simultaneous use of the UV rays and relative humidity, it can be concluded that the use of UV-C rays in 
an airflow containing humidity levels of 50% to 60% can have a positive potentiating effect on the 
efficacy. 
Key words: Benzene, Relative Humidity, Ultraviolet Rays 
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