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Abstract  
Contamination of water with petroleum compounds is a serious environmental problem in Iran. Old fuel storage 
tanks, gasoline stations, and oil refineries are the main sources of gasoline leakage into water resources. In this 
study, the batch adsorption technique was used to investigate adsorption of petroleum compounds (gasoline) on 
granular activated carbon. Experiments showed that the adsorption capacity of activated carbon is a function of 
pH, temperature, and H2O2 concentration in solution. Maximum adsorption of petroleum compounds was 
obtained at pH of 8. Adsorption of petroleum compounds was increased by decreasing temperature (due to 
decreasing van der Waals forces between the adsorbent and the adsorbate) and H2O2 concentration in solution 
(due to the decrease in the initial concentration of the adsorbate by oxidation) . In this experiment, the maximum 
equilibrium capacity of granular activated carbon was 129.05 mg COD/g GAC at pH 8 and at an ambient 
temperature of 10˚C. The experimental adsorption data were fitted to the Freundlich and Langmuir adsorption 
model. The correlation coefficients calculated indicate that the Freundlich model was best fitted. Also, the 
regression analysis was used with a correlation coefficient of 0.981 to develop a model for describing the 
relationship between absorption variation in equilibrium state, pH, temperature, and H2O2. On the whole, the 
correlation coefficient calculated by the proposed model was found to be higher than Freundlich’s. 
 
Keywords: Granular Activated Carbon, Adsorption, Gasoline, Contaminated Water, Isotherm,  
 Hydrogen Peroxide.
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������� /������ ���T�
 =���3�	 ����	i]/bp=pH �+ �
 ^q/y�

�>�� �����0 �T�
 :���	p]/q���	+ /�
.pH ���8� :�,���
 �� �;
pH��	 ¢; ���0��a /0�� m��	 sens ionTM3:!���� �

�& ��� &�.

��8� ��� 1
��	!+ ��� �
 �	
 ��$��# }�� ���	Bv80RI ��<�\	
 [�8	 ���0��ao�,� /��C ���\	 !� � �) ��)�
 *r���� ; � �����( 

ip �T�
 ����\	 ��� *
��8� �D��M� ����� ���	 ����0��� /0��� 
:
�W���)�.

����1.���-  ��(# &$� 
�3R�@	 5
� �
 :
�W��� ���� � ��$ !� �QP [��> 5  3$ ���� :�)

/�� .� :��
��) 
��	 =� 	��� � �� �� ����� �
 :
�W��� 
��	 ?���
 �) ���) �#$�	 �� �@O	 �+ .!� 1
�	!+ �; �
_pp �+ �� R �� 	 

����
 :
�R+pH :
�W��� �B� 
��	 *r��� ; � ����( /B�� ��)�
���\	 ��=_����
 ���3D 5���� S��& �D��M� ��B� 
���	 ���	
 �
 ��

�

�& .:
��\	 [��  x$pH ��3R�@	 5
� �
 :
�W��� 
��	 _��$ ]�
����8� ��� �R��8E� ���;�	
 :
��\	 ��;Zp��$ ip��P�
 2� ���� 

3 Merck 
4 American Standard Testing Method 
5 Hach 
6 Memmert 
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�0C�<

��P0�C)��$'%(

&P0)�
'���(

��	 ��)�� .���g�B�� �
 %� � *r���� ; � �����(p=ii/i�^^/^
�� 	 ���8� �� �� R �
 S�& ��

�& �D�M� �; .��3R�@	 5�
� �
 � �����(

 �� *r��� ; [��> [��  x$ ����� ��B�	 �P�$ �� ��3D 5��� �QP
 �~��P �@�� ��� ��� :��) �Q�P ��W� 
��	 *� ��� ��� S�A�� ��

 ��3
� G����3D 5��� =�) :
�W���.
���8� �	��+ �� *�) :
�	+ !� c( �; ��� ���x	 *%8; �8� ��h

������8� !� � ���) :
! �; *��	! �
 ��; ����8� V����	 ���; ���
���
�

�& ./B��COD ����8� � ��� ��; ����� c���D� e�� !� :
�W���j

���a �� K��@	 ��	 
��������5220 D:!���� �) �� &]Zq.[
/�R�G �; ���� =1
�	!+ 5
� �
 ��� ����8� ���� C) �(A, B 

�

�& :
�W��� .���8� !� ��� �
 ��� :
��R+ �+ � �~��P ����G �;
 ��W� 
��	)���A(��� �@O	 �+ :��8; �� �~�P 6	�) �,

 ��� =

��B�	:!���� �R�8�G� /I� *�% 	 �� & 
��	 *Y ��� !� � �
� 8 �) 
!� �� ��3D 5��� �;�) *���E)���B(����8� 6	�)�0+ ��� ����;

 �� ��3D 5��� �>�D ��W� 
��	 �� :
�R+ �+ :!����� ��B�	 ����O	 ��� &
 1;�� �R�8�G�COD)1;���� �� �#$ ��C� �:����P ��� �Q�P ��


 � ���8� ���\	 ?��  ���� �
*� ��� (��� 1
��	!+ S��A�� 5 �G �

 �;�) ���8� *���E)���C(�	�)��.

���� ��� ��P�$ �� 1
�	!+ V���	 6G��	 �
 ����O	 ���D ���;
 ��� � �
 
�P�	 :��
9+ /B��(Ca)��	�P ��!��	 !� :
�W��� �� �


�

�& 5  3$ ��� � )6�)Z.(�
 N8A$ ���O	 �	�P ��!��	 5
� �

 W$ �� ����� ��� � � R�� /B�� 6M�(C0):!���� ���O	 !� �
 :�) �� &

���8� ��� ��;(CA) A�� ���T [(CA-C0)�	 ���)����O	 � �����
B������� �
��� /�WT �� ��B� �
 �����D�&�) ���� :�/.?��� !� 

7D+%��3R�@	 
��	 ��� � � $�8) �
�<$ 
)S�P ��!��	 ���� :
�W��� 
��	 ����� �AG(


�� ����� ��� � !� �P��0 ���O	 �,
C0-CC�	 ��� �)��CC����O	 
:!���� /B�� ���8� �
 :�) �� & ���� ��;C/��� ./�B�� ����O	

:!���� ���8� �
 :�) �� & ��� ��;B���� � �
 � R�$ ���O	 �,�� � 

1 Magnet stirrer 
2 Closed reflux 

(CB)���3D 5��� L��$ :�) �QP /B�� ���O	 �(CF)=��� *����E
 [��#E:�) |�\R �
����/�� .

)Z(� R�$ +�
���� n�P��0 n�
��� =��� � �
 N8A$ 

5
������ :
)j((CA-C0) (V/t) = (0)  (V/t) - (C0-CC) (V/t)-                   

(CF) (V/t)+(CB) (V/t) , CF=CB+CC-CA
��� � �
 �,

 ?�� !� �;�) ���8� �>�D ��; ����>�� �
! �@���

/��:
)i(Ca= C0 - CF

S��P ��� ��� S��P ���!��	 5�D��& ��B� �
 ��� �� $�$ 5
� �� �
:��
9+ ��� � �
 �;�� �
! �@��� �	 /�
 �
+:

)l(q.m = (C0 - Ca) V ,

[(C0-Ca)V]/m =q

�a�@��� 5
� �
:
m=�~�P S�P C0=����8� �
 :���
9+ �� R�� /�B�� Ca/�B�� 

=�Q�P 68E S�A�� !� �3� ��� � �
 
�P�	 :��
9+q:���
9+ S��P 
� �~�P S�P �G�� �
 :�) �QPV�	 ���8� �AG ��)�� .L�����b

��:���
9+ /B�� �#��\	 �
 ��O	 �#���\	 �
 � ����8� �
 ��;��qe

)�
�3$ /R�G �
 �QP / D�� (����> :
�W���� 
���	 �3R�@	 5
� �

��D�& ���.

9�K.��( J/� $
9�%��
pO* pH �(#� 
�)M C��3 ,T� �
M�� �� �#

pH ��g	 ���;��	���( !� ��
 ����� �Q�P ���
��D ������ 8�) ��� ��
�	 
�� .�� �3R�@	 5
� �
 ��C� ������ ��B�	pH �Q�P /� D�� ��� 

����
 ���3D 5��� �� �� �� ��W� 
��	 !� =��pH ���;_=^=q=y�]
���

�& :
�W����� .1
���	!+ !� ����G�	 5��
� �
=�
 ���	
 Z_���P�


����� 
��& ��) ���)��g,� /��C .������ 5�
� �
=1;��� 5
��I� � 
COD ���8� �
 ��� ��;C��pH ������_*�%� 	 ���_i/Z��T�
 

���	+ /�
 .�	 1;�� 5
� �� ����$ ���8� !� � �#$ 6 R
 �QP �
 � �;
 �I� ) :����

 ��� 
��	 5
� ��)�� ����8� ����G ?��� �� .5 ��'8;

 ��� �;�) ���8� *���E �� �@O	 �+ �
 ��3D 5��� ��FGB�P�	 
1
�%D�COD���8��
 �

�,� �;.

6�)bnVR�=��  x$ [COD ��
��
 �	�P ��!��	 !� :�	+ /�

 �
 �� ��#> 6G��	 �
 :�)pH 2��8$ *��	! ���G ��� V���	 ��;

 �	 *�I� �;
 .*�8; 5
� !� �� ���6}) ��	 :�;�I�	 

��&=5�
� �
 
���8� *��	! /)Q& !� c( ��3D 5��� �� ��W� [�# ��$ �;b/E��� 

:� �� �
�3$ �� ��� .[��# ��$ 5�
� �QP *�% 	 5 �'8; �
 _��O >
 
��� ���\� ��� :
�� ���O	 5
��I � 2�8$ /���^^��T�
 ?Q�G 

COD ��	 S��A�� [�	 5
� �
 *�% 	 5
��I � *���E �� 
�
Q�( .5�
�
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*�	! [�	 �
 ?QG *�% 	_�� �O >
 /�B�� *�%� 	 *
��� 9�� 6 R

 ���\	 5 � /B�� *�

��& *
�� 
�
! �A �� �
 � 1
�	!+ U��) �


 ��3D 5��� �@� ��	�)�� .2��8$ *��	! 1
�%D� ��=��
��8� � �) 
�� ��D�
 1;�� ���� /)Q& !� c( ��b�2��8$ *��	! !� /E��� 

�� ?QG *�% 	 5
��I �]y/qb�T�
 � �� .
6�)bn���
 ��3D 5��� �QP / D�� [��  x$ �/R�G �
 ��

�
�3$)qe(V���	 �

�O	 �
 ��pH �	 *�I� �;
 .5�D��& �B� �
 ��
����  x$ 5��
�[�
pH �
���3	 y=�� I�� � /��R�G �
 �Q��P �����O	 

�
�3$(qe)���� COD =mg COD/g of GAC p�/Zb]��/��

�	+ .��O	 5
��I� � � 5
���8� 5 �� [��  x$ *�% 	��5
%��� �Q�P 

�� ����� ��3D 5��� L��$p^/by�T�

�� .
[��;�I�	 6 R
 :��) ��a~ 1
��	!+ �
 ��; ����	 5�
� ��� *���$

 � 
�
 ��) [��T :
�W��� 
��	 ��W� :
�	 ���3
 [��# ��$ !� 5
%��
 ���	 6 �I��$ ��� $�W R+ � ��� $�	��+ 

���& .6	���) [���# ��$ 5��
�

��;��� ( 5���n5���� �
 �� *r��� ; �g�+ �
 �� ����; *r��� ;
 /�� 6<�	 ���

�� 5��� �
 � U�#)� � � .:�
�( *�) H�
%	 ��D h

��� �$��# ��$ 5 ��� 
��	 �
 ��� ����	! X�<�0 ��;���� ( 6	��)
 ����)�� ��I�� � *r����� ;)5
%���� �
 
���P�	 [���# ��$ :���8E (��

�	 �;
 .�	 :�
�( 5
� �
 
��P�	 [��# ��$ *�) :% ��
 �P�	 ����$
 ��� �� *r���� ; *�
 �!�� 
�!+ � :�

�& 5
%�� ��)�� ���)�
 :���8; 

]Zy.[
1;�� ��pH ���8� ����8� �
 *r���� ; *��
 /�B�� *�%� 	 =�;

 D�
 1
�%D� *+ �QP 6
�8$ � ��)�
 
��P�	 ��W� [�# ��$ �� /#��
 �W�	 ��� �� ���\	 (��� ��� 
��P�	 6 ������� ���3D ���g;��& ��

 �	 �W�	 ��� ����
 �� ��3D 5��� �@� ��)��=�	 1
�%D� ����
 ����
 *�% 	 !� ��3D 5��� �� :�) �QP *r��� ; *�
 -9�8�G� � $�$ 5
�

*��	 ���	 �Q�P ����� 
��P�	 ���; ��	 ���W� 
��;�� .1;��� 5�
�
 
1 Hyperconjugation 

*��	 .��) L��$ *r��� ; *�
 L��$ �QP ��; *�����8; �j�

 �����bpp_ /��D�& �����> ���P�$ 
����	 %�� � ]Z].[1
�%��D�pH �
 
���8� :��

�& ���\	 �
 � ����� ; *�
 /B�� 1
�%D� �� �A�	 �;

 ����> :��) :% ���
 ���W� [��# ��$ ��� /���>� �
 � ����� ; *�
 �
�	 
� &.��3D �� �� � ����� ; *�
 :�) :% ��
 ��W� [�# ��$!� �$

 � /�� ���	 ��W� 
��	 �� /��>� �
 ��8� �AG �� �P�$ ��3D ����$ �$
�����	! =��� $�$ 5��
� ���� ����� 6��8E ����pH ���� /���� �@
����) �
 

���R�	 ��� /#��� �Q�P *�%� 	 �����; 
��0 :% ��
 � � S�D �
 �;
  ���
 S�D �
 [�# ��$ �� �@
��) ��	 
��0 :% ���)��=��I� � /��� .

5���� L���$ ���W� [�# ��$ �QP / D�� *�% 	 5
��I � 5
������
 :% ���
 *�%� 	 5
���8� ����
 [��# ��$ ��� /��� �@
��) �
 ��3D

�)*L
��) 5
� �� ����; �
pH �����y���8� �
 ��	 ���W$� ���D� .
�,�;��8; 5 I� ( [��O O\$ �� �
��� 5
�
��
]Z^�bpnbb.[
�

[�3R�@	 ��#> �

�& {�I	 /�� :5���� L���$ 6��D �Q�P ��� 
�
 ��3DpH !� ��8� y���R�	 �� 
�0 :% ��
 � � S�D �
 �;=����; 

���R�	 �� /�� �@
��) !� ��I � �� �� :�) :% ��
 �; ��� ���3
pH 
!� ��I �Zp]bpnbb.[

9����(#� 
�)M C��3 ,T� �
M�� �$� �� ��� �
pO* �#
�� �B�	 :!���� ����
 ��3D 5��� L��$ 5
%�� �QP *�% 	 �� & �
 ��

 ���;�	
 !� =[��W�	 ��;�	
h�=hm=j��k������� ��P�
 
���&
���

�& :
�W����� .pH �����O	 �
 ���3R�@	 !� ����G�	 5��
� �
 t/����C 

�,� �) ��)�
 .*�% 	
��� COD �+ �� ��3R�@	 !� ��G�	 5
� �
 % �
 ��8� �
 6#> ��G�	 ����8;���� ��;B:!����� �W�T ����O	 =��� &

���

�& .�����8� �
 ���g�B�� ������� ���A �� ����� ����;C!� /��
��G 
lo/h���O	 �
 1;�� �T�
COD�� =�� I � /R�G �
 �� �#$ /�E


��
 ���8� ���\	 ?�� :���P �� �QP �
 �.

2 Shukla et al. 
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7D+��)VR�([��  x$COD �
 pH 2�8$ *�	! ��G �� V���	 ��; 
)�(�
�3$ /R�G �
 �QP [��  x$)qe(��G��COD �
pH V���	 ��; 
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6�)kn[��  x$ VR�COD *��	! ���G �� V���	 ��;�	
 �
 �� 
�	 *�I� 2�8$ �;
 .*�8; ��	 *�I�� 6��) 5
� �� ��� ��;
 ����O	 

COD�����8� ����	
 ���� �@
����) �
 ������� ���;h����P�
 2� ����� 
�	 :!���� ���O	 5
��8� =�)�� :��) �� & :
�
 X�<��0� 
��0 ��� �� 

/�� .�,

 *� � ��=�
�3$ *�	! �
 ���3
i/E��� �� I� � =�Q�P 
��	
 �
 �\@�Zp2� ��� �P�

�� .��*��

��& *
�� 9�� 6 R


 1
��	!+ U���) �
 �~��P �@�� � ����\	 5 � /B�� =5
��I� �
 ?QG *�	����COD ���8� �
 2�8$ *�	! [�	 �
 �;_������ �O >
 

]b/^y�
�T1
�%D� �� *�% 	 5
� �� 
�� =��) ��I� � 2�8$ *�	! 
*�% 	 �� ���Q	 *�	���� �
�3$ *�	! �
 �� ��\� ��]^/qb��T�
 

� ��.
6���)in�=�����
 ����3D 5����� �Q��P /�� D�� [����  x$ �
 ��

 �
�3$ /R�G)qe(���� ��COD �
��	 *�I� V���	 ��;�	
 ��;
 .
���O	 K O\$ 5
� �
�� I � �QP / D�� 5���� L���$ ���W� 
���	

 ��������
 �������3D ��)L
�������)�
C¦Zp�
������3$ /�����R�G �
 �(
mg COD/g GAC p_/Zb]�

�& 5  3$ .*�8; ��
��8� !� �����

�� �	[��  x$ /#�� �
+qe�������� 5
��I� � ��� 5
���8� /�R�G�
 
q_/p/��.

[��;�I	 *
�
 ����aQ	 ��	 �� ��	
 [��  x$ �� U��� ��� *���$
 /����
 "���	 �QP .��� [���T �
 ��� �\@�� �Q�P ���� ����

 ���	 �� �
� 8 ��) � ���
% D ���;
 .����� � !� ���)�� ����
% D �Q�P
 ����R�	 5 � cR������� V 3M �@�� ��� :����) �Q�P :
��	 ���;

 �I�#�P ���� � 1
�%�D� � �	
 5�D� 9�� �� �� � 5
� �� /�� �~�P
 �	 ����) ��G�� �� � :�

�& V 3M �R��R�	 �� $�$ 5
� �� � 
�)
 ��	 ����� 9�� ��	
 �
 �\@� �QP *�% 	 !� 

��&]bZ.[5�
� �


 �	
 1
�%D� �� % � �3R�@	=5��� L��$ 5
%�� �QP *�% 	 �
 1;�� 
��3D �	 �I� �� 
��0 [��O O\$ ��� �,�;��8; ����
 �
���� 5
� �� 

/�� ��)Q&.���	 ���8� *���E L���$ :��) S��A�� [�3R�@	 �� *��$

. #	��h��� �
bppq *� ��R�	� ����G �+ ��� ��� *�����8; �
��
����� =5���j���� �
Z]^y � 6��D ��� ��� ln� 6��D��� � 

/���D � �����&! L��$ :�) S�A�� [�3R�@	k���� �
hust ��� 
� 6�D ���j=ln
�8� :��)� 6�D���� �
 ]bp=bi�b�[.

9�9�
�)M C��3 $ 0q$��
2 �
�3#�6 0��@"2 ���S �
pO* ����� 
��,T� �
M�� �� 
�=/� 
�� $ ����� ��B�	f��; ��FG � C 5���� � *r���� ; � �����( *��	!

 �
 *r���� ; � �����( =���W� 
���	 �QP *�% 	 �� ���\	 �
 ��3D
 �

�O	p=ii/i�^^/^�� 	 ���8� �� �� R �
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)m(qe= x/m= (b.qmax.Ce)/(1+b.Ce)

)^(Ce/(x/m) = 1/(b.qmax) + (1/qmax)Ce
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 ��:
qe�R
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R2= 0.949 qe=a ce+b log pH+c log T
R2= 0.946 qe=a ce+b pH+c T
R2= 0.926 qe=a log ce+b log pH/ log T
R2= 0.926 log qe=a log ce+b log pH+c log T
R2= 0.926 qe=a log ce+b log pH+c log T
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