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ABSTRACT 

 

Background and Objectives: Air pollution is one of the most important environmental problems in 

large cities. Aromatic hydrocarbons as volatile organic compounds (VOCs) have been listed in 

Hazardous Air Pollutants (HAPs) by Environmental Protection Agencies (EPA). The aim of this 

study is Passive sampling and determination of aromatic hydrocarbons (AHs) toluene, xylene and 

ethylbenzene using activated carbon fabric in ambient air of Tehran 

Methods: Activated carbon fabric (ACF) was used as adsorbent for adsorption of aromatic 

hydrocarbons. The chemical specifications of activated carbon fabric such as specific surface area and 

pores volume were determined by nitrogen adsorption isotherm (BET method), the microscopic 

images by scanning electron microscopy (SEM) and surface functional groups by X-ray Photoelectron 

Spectroscopy (XPS). Air sampling was achieved by passive samplers equipped with activated carbon 

fabric in cylindrical holders at 8 different stations of Tehran. Gas chromatography mass spectrometry 

(GC-MS) was used for determination of Toluene, Ethylbenzene, and Xylene after extraction in 

CH2Cl2. 

Results: The results showed activated carbon fabric is an efficient adsorbent for passive sampling of 

aromatic hydrocarbons and at different stations the concentrations of Toluene, Ethylbenzene, and 

Xylenes were determined. The results indicated that Javadiyeh station (Region 17) and Imam 

Khomeini station (Region 10) were polluted than other stations, whereas at Chitgar station (Region 

22), Sattari station (Region 5) and Tehran pars station (Region 8) had lower concentrations of AHs. 

The good correlation between carbon monoxide and aromatic hydrocarbons concentrations in each 

sampling station showed they have similar source of emission (cars). The concentration of these 

pollutants is influenced by topography, wind direction and speed and the number of car passing 

through different stations. 

Conclusion: As the concentrations of aromatic hydrocarbons in ambient air are low using AFC in 

passive sampler is an efficient method for sampling and adsorption of AHs and then their 

determination. For this purpose it is necessary to exist special functional groups and especially oxygen 

containing fuctional groups on the surface of carbon fabric. 
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    �2�6�� ��2��5 -2� .' F��� -� #�� $�� 	"�� 10�* =C���

��	�022. 

 


�� � �����"  

 !��� ����� @A�B �C�� � D*�����  

���5 �$�������? #C�� 9:� ( H�C  =2P3P�  -2��/�-

�' ����� K5�� T�, ��6�� ��0 $� ^(" BET  $� �	O��� 5

 ����	Autosorb Quantachrome (  ���25  �2�"�5  "�72� 

����� K5�� T�, $� ����	 ����(����  �2�(���6�  �2�5(" 

)SEM (T�� Philips XL30  �	O�2��  �20 -25 . "�2s��  -2�6:� 

�/�0 9:� ����� K5��  T2�, $�  {2�[  "2��  �(���6��2��, 

-�220� a22� � )XPS(
 T�22� Thermofisher Scientific K-

Alpha  �0 �	O���.   

  

 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.6

.2
.1

97
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

08
 ]

 

                             4 / 16

http://dx.doi.org/10.29252/jehe.6.2.197
https://jehe.abzums.ac.ir/article-1-614-fa.html


�%�F��� �� U8� �C& C 3��%.
 ��L>.�M �
 N&�� �
.7 3�.
 ����C�3.�$ -
.78���)3�) 9�/��8�( �-1&'&/ -�+�� 8 0�/� �5
 �% 3�&) .	� 	/��. 

200    �    -�	�
  !��"# $%��"
 ���
  &��'
�1397 ،  ,��! -./! 0�%2        

 ������ ����  

���5 -��/�  �"�	�25  <2�����  
W2���("@ $�  -2��/�  "�	�25 

T�,��Y �	O��� �023 .-��/� "�	�5 T�,��Y =�0 W   -����2�� 

�3*��3��� -5 J�:  5/2 ������� ( }O�"� 6 �������  	�25  -2� 

-�3� c�:� ���� �@ #��  T	2�� (  "�2�4 	�$@  ��2'  W�2�� 

��0 	�5 ."��G� 1/0 Q�? ����� K5�� T�,  -25 ���2�4  \X2� 

�("�5 W   ��2�5  �"�2�  =��2��  "��2J �	�	  ��20 ( "	  %2�( 

-������ #���� �0 )=�01 .( ���25  -2��/�  
�"�	�25  W2 �' $� 

-��/� 5'"�	� -5 <�� W  -�O' )22-15  �25@  �2� 1396 ("	 

�u, 	�$@ ( "	 Z[�� {3�P� ����� -� =&� "��G��� ��@ "	 

=�0 2 ��� �	�	 ��0 
#�� "��J #,�?  .  

 

���� -�(��%�"  

"	 � * -��/� �"�	�5
 W �' $� -��/� 2' "	  -2���  �2' 

�����;* � $ ��� "��J -�,�? (  -25  ��2� �$@  2G���= (  2� 

��$ .�6�@ "	 TnP  �"����� �0 .���5  �$��2�� ��2�?  �2/� 

K5��("��' �2'  W2���("@ $� ^("  �,��?��2�(��  �$2?-

{222�[ ��222� �222��� (Gas chromatography–mass 

spectrometry (GC-MS)) �	O��� �0 .=�J $� .�6�@ W �' $� 

-��/�' 5 1 �3�����6  T;2C �	  �2��(�3�  ���P�2��  2 	�?� .

"��G� 30 ���6(���� =��� <��� -5 ����4 	"������  �237�	  -25 

W �' $� -��/�' -,~�  ��20 (  a�2�  -25  ���2�	 GC-MS 

Z ".� � 	�?42 .Q��?���(���'  <�����	"������ $�  Z2 ".� 

<����� 
K>�6�� K3 �$ ( =��� �.�5 -5 F���� 5  #2s3Y  �2' 

ppm  9/18
 18 ( 6/15 "	 �	 222��(�3�� -2225 ���222/' 30 

���6(���� =��� <��� -5  ���2�4  	"����2��  a2* $�  Z2 ".�  -25 

����	 #��5 ����@ . #�2��  #C2��  �2 $  W2�*  W2 �' $� 

��.�� 	"�� �s� -5 #C�� � $ W�* 	"������ �37�	
  K�2��� 

����� ��.�� �' W  $� K � <����� "	 -��/� 	�5 .5 �	O��� $� 

��&���'  ���2�����6� (  W2/� $�  -2s,C  �2���  ���2�	
 

��.�� #s3Y 
K>�6�� ��"� 
K3 �$ �"* ( �� K3 �$ ( =���  �.2�5 

-��&� � 	�? .% ��0 ����	 �,��?���(�� �$? ���5 .�6�@ 

-��/�' -5  c�20  �2 $  	�25 :$�  ���2�	  �,��?��2�(��  �$2? 

#��0 Varian  T�� CP-3800 ( .���  -25  ���2�  �";�*2� 

VF-5ms ( �[T 60 ��� 5 �:J �37�	 25/0 �3�� �2�� (   �2:J 

��"7 39/0 ������ ( #�P~ H3�,  K�2� 25/0  �2��(���� 

�	O��� �0 .$�"�0@ FID "	 ��	 250 -�"	 ����	��? ( 

H���� Z ".� Spiltless 5 � �� $? 1 �3�� �2��6  �25  -2G�J	 ( 

��.�� Z ".� 1 ���6(����  �	O�2��  �20 . ���25  Q2���  2�@.�6 $� 

-���5 � �	 �	O���  �20  -2� "	 �@  �2�	  � ��2�5�  ���2� 40 

-�"	 ����	��? -5 <�� 4 -G�J	 	�5  -2�  25  F�20 8  -2�"	 

����	��? �5 -G�J	 � ��	 250 -�"	 ���� 	��2?  B25  �	�25 

���0 .}�� ����	 ( % ��0 ���� �$���� (  .�62�@  �2��� 

����	 GC-MS "	 T(�� 1 ^"�.? �0� #��.  

=&� "��G��� -��/� �2'  \X2�  ��2���  K5�2�  T2�, "	 

Z[�� {3�P�  ���2�� (  ���2� �  1��2� �2'  �?	�26@  ��2' 

W 	.� -5 =&� "��G��� W �' $� -��/� 2' "	  T(�2� 2 �	"(@ 

��0 #��.  

 

 
  

 +>/1: -��/� W��/0T�, K5�� \X� ���/' -5 T�,��Y �"�	�5  
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 ���B1: 0 ( ����	 <_P�� ����	 ���� .�6�@ ( �$���� ���� % ��GC-MS  <����� .�6�@ ���5K5��("��'W���("@ �' 

 :���� ��� .? $� "�0@Aligent 5973 network  

��(���6� �����.���  :��  8���  

.�6�@(��:J "�L :���� "  

 :�����.���  �b���70 #6( �(���6�  

 :���� ��� {�[ 8���230 ���� -�"	�?	�  

 :���� ��� {�[ F:J150 ���� -�"		��?  

  

 :1 �* Q��500-40  �C�(�/�� Q��  

  

  

 :T;C ��7�40/2 -G�J	 

 :�$? �,��?���(��Agilent 6890  

 :���� }��HP-1 

 :���� T�[30 ���  

 :���� �37�	 �:J25/0 �3�����  

 :���� H3�, #�P~50/0 ���(����  

 :Z ".� H����splitless )250  -�"	���� :Z ".� #��� 
(	��?

)1:20(  

 :���� �(@35 ���� -�"	) 	��?3  ( (�	 K � "	 �"����� -G�J	

 F�0 5 a��5 ���� -�"	 -5 -G�J	 �5 	��?200 ���� -�"	 	��?

 �	 K � "	 ( ���510 .��/5 -G�J	  

 :Z ".� H�C1 ���6(����  

  

 
+>/ 2: -�G� Z[�� {3�P� �"�	��0 ( ���� ��' 1��� �?	�6� ���' ����� ( =&� "��G��� -��/� �'"�	�5 T�,��Y #��  �$��2�� ��2�?  ���5��("�2�' 

W���("@ "	 ���' .�����  

  

� 	22G� k7220 �?	�226@ ��22' )��.22�� K5����22������ ( 

2.5PM "	 =22���, ��22�$ {223�P� )22-15 �225@ 1396 ($� 

# � T���� #�O�� ���' �����  ���P�2��  
�2 	�? ' K�2�n/ 

K5��("��'�' W���("@ ) 
K>�26��  �"2* (  2��  
K23 �$  �2�"� 


K3 �$ =��� �.�5 (5  �	O�2�� $� ^(" GC-MS $�  -2��/� �2' 

\X� ���P��� � 	�?. ��.�� <����� W���("@ �$���� ��2�? 

��0 5 �	�	�'  ��25��  -25  � 	2G�  K5����2������ ( 2.5PM 

-� G� �0 .���"� � 	G�  k720  26@�?	�  ��2' (  <2����� 

W���("@ <"�_5 W��/0 H�" �0 .Q$B -5 9�~�� #�� -� 

"	 -3�, ���$ 
"��]�  k720  �?	�26@  ��2'  ���25  �2u�5 

���� �' ^"�.? ����  #2�� ) K5����2������  ���25  -2G:�� 

�"�� ( - 	��� ( 2.5PM  ���5-G:�� 	5@��� ( Q�� ���/7(
 

K ��5�5 	���� ���� �' $� 8 =&�  -25 6  =2&�  1'2�  -2�,  

#��.  
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���B 2: =&� "��G��� -��/��"�	�5 T�,��Y ( ���� ��' 1 * ���' W 	.� -5 =&� "��J ���? �@' "	 ��0 ����� ���5 �$�������? <�����  K5��("�2�'-

�' W���("@. 

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

U"������   -G:�� E��3?8  

�_��6(  ����� �����	-  -G:��6  

�"��  W��* -  -G:��5  

����L  -/�L m��0 -  -G:��22  

	5@ Qs�   -G:��7  

	5@���  9�, ����� -  -G:��9  

���/7 Q��   -G:�� �"�	��010  

- 	���  #�;� m"* -  -G:��17  

  

���*�"  

� D*��C��  ���� !��� �����  

 � @;B -�(��%���� !��� ����� ,F����� @;B��  

 � �� .�6�@ BET �(" �5    T2�, K5�2� ��2��� 	�	 �2��
 

-��/� �) ( 9:� \X� 961   Q�2? �25 85�� ���   �23� H2�C 


<��OC 587/0 ���� �5 Q�? F��� ��� (%����  <��OC �:J

4/2  ������#�	 -5   K�2�n/' .��@   -25 -2��� 25  -2G�[  ��2�5

 ( \]� "�	�/� 
m*� @�(�]   =�20 "	 -2� �b(���� $? \3 

 T(� }�� Q��(. � -5�� 
#�� ��0 �	�	 ���/��B�� �� �205 

-� ��5� �������  ��OC(.�#�� F��� 25.  
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 +>/4 :H(� � ������(�� �(���6�� T�, K5�� -��/� ��5(" -��� ��0/�?".5 5�   ({6�)mµ500  (\) 
mµ2 

  

    ��I��� �IJ��� �I����>(� K�>���>�� �*��L$

���� !���  

(_� � ������(�� �(���6� T2�, K5�� -��/� ��5(" � 

-��� ��0/�?".5 5�  =�0 "	 {3�P� �'4   ��20 �	�	 ���

#��  =�0 $� 
4 �� ��'�� �5�7 -5 ({6�)   H���2� -2� 	�0

�7� �	�* ( �"�    =�20 .#2�� ��20 �OC -L"* -�6(� "4 

�� ��� �" z�6� Q���� .�� (\).�'	  

  

�II$�< ,���>(��II$�� �C�II� MII�N �II/�  OII>*�

���� !��� �����  

#��      {2�[ $� 
T2�, K5�2� ��2��� 9:� �/�0 -�6:�

��� ���* �(���6����, � -�0�.�0 �	O��� a� �   �23� K���

 =�0 "	 T�, K5�� �����5��'	 ��� 
 ��2J W�* (	 � 1sC 

 (1sO  "	 F���� -5285  (533    �2� #26( �(�2��6�   -2� �205

      �(" �25 �)�2��� ( K5�2� �	2 $ "��2G� "�uC ���'	 ���

  .#�� -��/� 9:�  

  

0.00E+00

1.00E+05

2.00E+05

3.00E+05

4.00E+05

5.00E+05

6.00E+05

7.00E+05

8.00E+05

01002003004005006007008009001000110012001300

C
o
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n

ts
 /

 s

Binding Energy (eV)

C

O

  
  

 +>/5:  �(���6����, �"�� {�[���* a� � .T�, K5�� �����  
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���� ��"���% 1��� � ���� 	�������� ����� 

,��.$ M)�P� QN��� ��  

��.�� #s3Y <����� W���("@ )
K>�6�� �"* ( �� 
K3 �$ 

��"� K3 �$ ( =��� �.�5 (���P��� ��0 $� ����� \X�  K5�2� 

T�, )-5 ��$� 1/0 Q�2? ("	  -32�,  ��2�$  "��]2� "	  #2�' 

-G:�� ����� "	  T(�2� 3 (  =�20 6  �2�� �	�	  ��20  #2�� .

� �� ��� ���'	  \X2�  �G�2�� "	  -2G:�� 17 ) -2 	��� (( 

-G:�� 10 )Q�� ���/7(
 K ����5 "��G� <�����  W2���("@ �" 

-5 ^	�7  \]2�  �	�2�  #2��
 "	  �62C -2�  -2�  -2G:�� 22 

)����L(
  -2G:�� 5 ) �"�2� ((   -2G:��8 ) U"2������( ��"�	 

K ��/� ��.�� <����� W���("@ \]� ��0 ���05 .K ��5�5 

������ -���� #,�? -� -� % ��0 �,��?�*��  ���2�� (  	��2�� 

�("	�7 
�"��4 #s3Y ��� B@' �" #&� ��S� "��J ��.�'	  

  

���*R% H�S���$ !�� T�S$�� �������� � ��" ��"

Q)�� H��A � !���  

�	�	�'  <2�����  ��2� B@ �2'  ��2'  -25  ���2/'  #2��J�� 

���?"��J ���� ��' 1��� �?	�6@  ��2' "	  -32�,  ��2�$ 

22-15 �225@ 1396 $� # 22� #��220 T�22��� #22�O�� ���22' 

���222��26 ���P�222�� ��2220 #222�� ( �222��"� (	 ��222� B@ 

K5���������� ( 2.5PM 5  <2�����  W2���("@  \]2�  ��20 

%��� ����� K5�� T�, "	 Z[�� {3�P� "	 =�0 �'7 ( 

8 �	"(@ ��0 #�� . =�07 ��� ��
�'	  �5�27 ���"�  K�25 

K5���������� ^"�.? ��0 $� ���� ��'  {23�P�  1��2� 

�?	�6@ ��' ( <�����  W2���("@  ���P�2��  ��20 $�  \X2� 

����� K5�� T�, $� -3/�  
K>�26��  �"2* (  2��  
K23 �$  �2�"� 


K3 �$ =��� �.�5 	��( 	"�	.  

 ���B3 :
K3 �$ ��"� 
K3 �$ �� ( �"* 
K>�6�� #s3Y ��.�� /�� ( �.�5 =����@ � 	G� }� ��$� -5 '1/0����� -G:�� #�' "	 T�, K5�� ����� Q�?. 

����� �������!�  ,-�	�)  

(/!01!2��)  

,4'�5 
%� 1 ��
+  

(/!01!2��)  

,4'�5 �)��  

(/!01!2��)  

�67� ��)�  

(/!01!2��)  

8��9�  

(/!01!2��)  

:�
;��!()  5/3 ± 3/14  6/1 ± 3/8  2/1 ± 3/3  8/0 ± 3/3  2/29  

!< �	1  2/2 ± 1/18  8/1 ± 8/9  9/0 ± 1/4  2/1 ± 8/3  8/35  

��
%=  6/2± 5/15  4/2 ± 9/10  3/1 ± 8/4  2/1 ± 1/4  3/35  

!$%�>  7/2 ± 8/13  1/2 ± 5/12  7/1 ± 7/5  1/1 ± 7/4  7/36  

�
�? /
@�  4/3 ± 8/20  7/2 ± 4/15  4/1 ± 8/6  7/1 ± 7/5  7/48  

�
�?!(�  3/2 ± 1/24  2/3 ± 5/21  5/1 ± 7/9  9/0 ± 1/8  4/63  

�7��A /
��  6/2 ± 5/36  7/2 ± 3/22  6/1 ± 8/9  3/1 ± 4/8  77  

�'���B  3/3 ± 8/44  9/2 ± 4/41  3/2 ± 2/18  6/1 ± 9/16  3/121  

 

  

  

 ���B4 :����� {3�P� Z[�� $� �"��4 ("	�7 	����25. 

C�
7�  :�
;��!()  !< �	1  ��
%=  !$%�>  �
�? /
@�  �
�?!(�  �7��A /
��  �'���B  

	���� ("	�7  57469  62309  52694  32242  44647  179342  42419  95346  
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