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Abstract  
Advanced oxidation processes are associated with the production of very active hydroxyle radicals with a high 
potential for oxidation of organic compounds. One such process is Fenton process which reacts with ferrous ions 
in acidic media to produce a hydroxyle radical. It is an oxidation-reduction reaction in which the metallic ion 
accepts the transfer of one electron. A variety of factors such as pH, temperature, reaction time, and ferrous and 
H2O2 concentrations may affect the efficiency of the method. In this study, synthetic solutions of anionic LAS 
and ABS both having wide household and industrial applications were obtained and  used to evaluate the 
efficiency of Fenton process in the removal and treatability of different concentrations of ferrous and H2O2 for a 
variety of contact times. Experiments were performed with different concentrations of H2O2 and ferrous iron at a 
constant pH of 3 in a jar test apparatus  adjusted at 200 rpm and for different contact times (20, 40, 60, and 80 
minutes). Results showed that increase in catalyst and oxidant concentrations increased removal efficiency. At a 
H2O2 concentration of 750 mg/l and a ferrous ion concentration of 130mg/l, 86% of LAS and ABS was removed 
in 80 minutes. Under these conditions, Fenton oxidation reduced the COD content of the ABS sample from 470 
mg/L to 187 mg/L. The BOD5/COD ratio improved by 0.225 for a concentration of 600 mg/L of H2O2 and 130 
mg/L of ferrous ion in 60 minuets. Measurements after the reaction revealed that pH reduced from 3 to 2.6 as a 
result of acidic intermediaries produced; this can be interesting for reaction control investigations. 
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���	 ����O	 � ��) �D��M�
���8� �;�
bpp ����) :
�
 ����> �O >
 �
 ��
 )����PZ(.!� c�(

 ���8� =*� ��� ��� S�A�� 
�� �� �;Z��z�0 ��	�� � �!���pH ��g�+ 
:
��\	 �
q�$y� �
�& � B�$ �
 *
�
 ����> /E��� �� !� �3� 

��	
_p����� �P�
 
��&=��� N�	 !� ���� 1��	!+ S�A�� ���; 
MBASj=COD=BOD5�/B�� 5  3$ H2O2:��) *�� � e�� ��

 ����� ����	 
���������� ������ �
Z]]y���	 /��)�
�� ���) ./��B��
 
���������� e�� ���� ����� �+ /���P�$
MBAS !� :
�W����� ���� �

��	��D��������8R� 5 a�(k��	 �
�#8Rb_l3$�
�& 5  .

$�� ��	I[�<���P :�,��
 ����*���D *� ��� �a� 
:�,��
 �O >
 �
 ��
 bpp 

*%8; c�P �&
��0 ����� �
 S��O	 1)�( �� 6 ��� cR 5 ��� 
���8� �AG Z�� R 

����:!���� ��� � �� �+ /�P�$
 /B�� �� & 
��������� e�� 

MBAS =���8� ��� 
�������� ���\	 !� ��; B�� :
���\	 �
 ���g�
j/��$b�� 	 ��� R �
 S�& �� g$ H��	 ���� �
 ��g�+ �Q�P �omj 

��	����:!���� 6}�) K���@	 *+ *� ����# R�a ���\�	 � ��) ��� &h
�
�& ��� ]by[.

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.5 1 1.5 2 2.5

,
T�

�[=n)�=
� ��
> ��  �E(

7D+%�*� ���# R�� ��\�	 ��B�	 ��:!���� /�P�$
 /B�� �� &
 H�	 ��� �
 ��� �+^_b����	�� 

1 PHIPPS and BIRD 2 Methylene Blue Active Substances 3 Perkin Elmer 4 Lambada 25 
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�
 1�	!+ =��) S�A�� �a ��; :����� ���0��	 6�	��E �������	 
H2O2�
 ���O	 5  3$COD 60��$ 
��8� �/�B�� !� ��I� � �� *+ 

�3>�� ���O	 
�
 *�I��]b][.!����� ��� S���>� �Q�R :� ���� ��( ��� &
��� ;r� ����( [���,�	�( ��� *� ����� $ K�� !� *pi/p���	�� 

� \<$� COD���8� �
 ;��
�& �.��a /��� � �M�$ ��� S!9 ��;
�� 	 �� R �
 S�&H2O2����� bq/p�� 	 �� R �
 S�&COD /��� .���

 V���	 ��g)�� �) �3� :!���� !� 6#> �� 8 �) ��;��	���( �� &=
H2O2�>�� :���	 ?QG

�& �a � $�$ 5� �� �����pH ���8� �
 �;y
� B�$)�=�c����8� ��; 
 �����	 e��( �
 ��� ���	
 �_p��P�
 
����� 
��& ����) :
�
 ����>.����8� �� g$ ����� K� O\$ 5�� �
 ���;

 �� 8 ���) �����	�D ����� [���WR����� *%����� 6��� �R� !� � �������
C12H25C6H4SO3Na /���) !� �R�<\	 ACROS ORGANIC  

���	+ ��) :
�W���� .c��� !� :
�W���� ��� S��� ��%�D� Excel ��%A$
���	+ 6 �\$� ���8� �& S�A�� �;/D.

o�J/�$ K.��( 
9�%��p# 0q$��
2 �
�r#�60��	M �	.#�M s.#��3 ��

��gR����Pb���$_�C� /��B�� *r����� ; � ���a��( ������ ?Q��G 
P�$
/��� �� �+ ���;LAS  �ABS ��	 *�I�� ��;
 .1�%�D� ���

 :��) S�A�� [�3R�@	 �,
 K��@	 *r��� ; � ����( /B��=*�%� 	 
�	 1�%D� �%A$ ��� ]ipnib[.���%A$ � ?QG ��� /�B�� �


Z_p�� 	 *r��� ; � ����( �� R �
 S�& ����8� ����� ���;LAS�
ABS �� � $�$]/iZ�i/ii/��� �T�
 ./�\$ ��� �$���T �
 

/B�� �
 /��C L��)q_p �� 	 =*r���� ; � �����( ��� R �
 S�&
 � /�P�$
 U���� ���� ?QG ��������3R�@	 5�� �
 :��) ��D�& ���

y_ �y/y^�	 �T�
 �)�� .���P K��@	_=*�	! �
 *���D ����D
yp �O >
 =/B�� q_p �� 	 �� R �
 S�& � *r���� ; � ��� �(Zip 

�� 	 �� R �
 S�& ���D 5;+=����O	 COD ����8� ����� �� ���;LAS  
�ABS ������� � $�$ _y�b/^b�T�
�	 1;�� �;
.

��g��)b�i�	 *�I� �;
����D ��D*�/#��� 1�%D� �E�� 
BOD5/COD �	 
�).6��) 2���� ��� �����D 5�� ��� i/#��� 
BOD5/COD !�_b/p����^b/p/���� ����D� 
���#g� 1�%��D� ����

 ��%A$ �
 ��<��	 ��r��R� � ��Q�( ����8� ����� ���;LAS ��
�	 *�I� �;
 .K��@	���P�=��*� ��� ��� *��	! �
 ^p��O >
 

����g�B�� ���� q_p�Zip ���� 	 ��& ������ ���� R �
 S�H2O2�Fe2+ =
��r�R� � �%A$ / ���> ABS �� �WT !�iq/p��	 1�%�D� ���� .

� %��� �3R�@	 �
 *����8;h�����	 /#�� LAS /H2O2���*����E
 /��� ���D�& ����> ������ 
���	 � ��@	 �g	 ��;��	���( !� ���

1 Sanz et al. 

�za��G �
 *� ��� ��� rm������p��/��� :��	+ /�
������; �

rm�����Z_!� 1 �]p!� �T�
 LAS �	 �%A$ 
�)]bq[.�
��

�3R�@	=� 5 �R �� ��) *�����8;j�$ fV����	 ���g�B�� � CH2O2

�Fe2+*����	! �
 V������	 �����; ?Q���G ������� *������D �������D !�
/�P�$
 ��� �+ ��;ABS �LAS ��/B��h��� 	 �� �� R �
 S�&

 �;�,I�	!+ L��) �
 �� 
 ��� � � ��G�	 ����D�*����D ���n
�� 
�O3��PAC ��
�a ����� .�� �����*�I�� :��	+ /��
 �
 ��a 
�


 *� ��� �a� �� g� L��) ���3 Fe2+ ������o�=H2O2������u��
pH ������k=?Q�G *�%�� 	LAS �ABS ��� ������� um���T�

���� :

/�� ]hm[.L��$ �,
 �3R�@	 �
 5 R �� ��) �D *���}8; ���� �
�� *���D ��! ��;+ �.M�D ��� �� 
�O3�� �� ���I	 � ��g�$�����

 ��) ��D�& .
�
 *�I�� ������D�� Cf�$ /�\$ *����D ���pH ��	
 =�
/#��H2O2��	 5�;+ �� ��)���5���g� pH ��� [����G ��P�
 �
� $�$k�k������ �P�
 �) �a~ 
��&]ii[.
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(��
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78+��/#�� 
�#g� *�	���� _b/p=BOD5/COD���8� ��;LAS 

/B�� �
mg/LZ_p*r��� ; � �a��( 
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(��
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�#�
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78+9�/#�� 
�#g� *�	���� _b/p=BOD5/COD���8� ��;LAS 

/B�� �
mg/Lq_p 

2 Sheng H. Lin et al. 
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9�����
>�*�3 �p# )FeSO4(
R��P��g b�$_�	 *�I� !� �; 5;+ /B�� �;
�B� �� R�$ 1�%�D� 


��A� ��B� !� �; � 6 ����� ; ���
�� 
��O3�� :���(=1;��� �
 
/�P�$
 /B�� �	 �� �� �+ ��;J/��� �C]ip[.����� 5�� *�I��

�	 �a �	�,�; �;
 ���D *�� /�B��Zp��� 	 ��� R �
 S��& =/��� 
���8� �
 ?QG ����� ��;LAS �g�$ ��	 �T�
 �)����$���T �
 

/B�� 1�%D� �� �� *�� ���D ���Zip ��� 	 ��� R �
 S��&=������ 
-�#�O$ ?QGbp1�%D� �T�
 �	��� .�3R�@	 �
 ����n� ���� �

*���}8;h�� �D ����a ��� �� ��� *���D �� �
 � W<�$ 1 �( *���E
 /�D�& S��A�� �,�� �.M�D � W<$=����� ( � ����� ���� � �
 !� 

��R+ ���� ���O	 �� /#�� !� � 
��	 *�� �a� ���O	 5  3$ ���� ����� 
:
�W����� ������	 *� ��� ���a�
�&���./��B�� �
 ������ ����� � �
 

H2O2������� k��� ���� 	 ���� R �
 S���&��R���	 /#����Fe2+/H2O2

����� h/����O	 COD !� hm�� �� sj� ��� 	 1;��a ��� R �
 S��&
/D�.�R��	 /#��� ���� ( ��� � �
 Fe2+/H2O2!� h/���� k/�

/)�
 1�%D�=����a 1�%�D� ��R� ?Q�G �COD /#��� 5�� �
 
I� :�;�I	�]kl[.

9�9��p# pH
�C� �3R�@	 5� �
pH ������ 
���	 :����) 
���	 ?QG ����� �� 

/D�,� ���>.�	� ���� ����8� S��8$ �
 *� ��� ��� 1���� ����� ��;
1������ !� ���3�=pH���
�& �����O	 5 �� 3$ .!� ���3� 
�
 *�I��� ������ 

=*� ��� ��� pH 
��G �� � 1;��o/j�	���.1;��� 5� ��)�� 
�� R�$ !����	 ���R+ 
����	 ���%A$ !� 6��T�G ���R+ ��;� ���� ����)��.�


:
��\	 5��g� V���	 [�3R�@	pH ���� *����D �����D !� :
�W��� 
knl*���E /�� :�)]b=]�iZ[.��E �3R�@	 �
 *�����8;� �
��+

 �
 *���D ����D �����pH V����	 ��; )_/Z=b=_/b=i=_/i�
�(
��	 *��! 5��� ���( � W<$ �
 /�D�& ����> ����� .�����

 
1 Young-okim et al. 

����	 
�
 *�I� 5�$ pH=i�	�)�� ]ip[.*
��� 9���pH ��E�� 
���& � R�$ � 5;+ [��� ; 6 }I$ �	 ��D ��; �E�� 
�0 �a 
�)

 N�� �%A$H2O2���}
�� � :��) �+ � *Y ��a� ��� OH•
��A� 
�8� 

�& .��I� � ���D *�� ����\	 1�� *�� �� �� 1�� �
 �	�

� /�����
 5 ���'8; ����}
�� �&�����a � ���a� [����> 1���� 5���
 /�� ��I � 6 �a��� ;=�%A$ /E�� *r���� ; � ��a��( ��C� ��� 

� �@� �� �	�P %� [��~Y��	 1�%D� ����
 �
�! :����.��;!�� 
�%A$ % � +�	 N��$ �� *�����.���G ��$ �;� ��� c��E ��� ��R� 

�����( �P�	*r��� ; � ����(�	���)]b[.

9�F�0��� �p# 1	r#$ 
R��P ��gb�$_��� *� ��� ���� *�	! �C� *�I�� �� �����D ������

�	 �;
 .!� *��	! 1�%�D� ��bp��� ��O >
 yp��O >
 =?Q�G ����� 
MBAS /��� ��)�
 1�%D� =��� *��	! �
 ��� �����bp��� ��O >

 /B��q_p �� 	 �� R �
 S�&H2O2=?Q�G ������ �/^Z��T�


�	 �)���!� /B�� 5 8; �
 �� �$��T �
H2O2*�	! �yp��O >
 
?QG �����=y/y^�	 �T�
 �)�� .�
 ����� ��� ��P�$ �� 5 �'8;

 /�B�� [�3R�@	 �z��_p��� 	 !� ��� R �
 S��&LAS ��%A$ �����
 ��r�R� �*��� /�� :�) S.E� 6�I	 =K�#� ����P�=*��	! ^p

�O >
 ��	 �;��D �� /B�� 5� �� *� �� �+=
� ��� *��	! 5�� �
 �Q�R
 �
 �I�;�� ���D *� � *r��� ; � ����( !� ����	 /B�� �� �P�$

 
��G]/q�/��P�$
 /�B�� �
 �T�
 ��	 :�;�I�	 

��& .*��	!

��	 /�B�� ��� �,���� *����D �����D �
 *� ��� ��a� ����� !� �

 
��
 :���9+ /B�� =*�� �a� =��% R�$�a .*� ��� ��a� ���z	 �����
 �� �
 6�D !� ��8a ��g�Bjm� �� 	 �� R �
 S�&��k���$ o���O >
 


��
 !��� � *���	! .��g�.��M�D ��I�� � ������9���� ���R+ ����� ����=*���	! 
*� ��� ��� [���T 5�� �
 ��a ��)�� /E��� 5��� /�� 5}8	

����	 V���	 6G��	 �
 ����D S�A�� /�� �$ ]y[.

$����?QG �T�
LAS  =ABS �COD�/#�� 
�#g� BOD5/COD*�	! �
1�a�� j�*���D ����D � C�$ /\$ �O >
 

�
�3#�60q$��
2 )��
> ��  �E s=
�(�z{ o{{ |{{ }z{ 

Fe2+ )�� R �
 S�& �� 	(�{ �o{ �{�o{ �{�o{ �{�o{ 

LAS )bpp�� R �
 S�& �� 	(ls/jks/okhu/jks/mujlo�

COD )�_q�� R �
 S�& �� 	(u/hk/hml/ljjt/hhl/klo/hlo/lh

BOD5/COD )_b/p(mju/�mks/�mk/�ml/�mkk/�mlo/�mkl/�moh/�

ABS )bpp�� R �
 S�& �� 	(t/ks/jlh/okjt/jlo/msk/jol/oh

COD )�qp�� R �
 S�& �� 	(o/jm/hso/lk/jjl/hkk/kol/hmj/lk

BOD5/COD ��lj/���mtm/��jt/�ho�/��ju/�jj/�

���� � ������ ���	 
���
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$��9�?QG �T�
LAS  �ABS COD,�/#�� 
�#g� BOD5/COD*�	! �
1�a�� l�*���D ����D � C�$ /\$ �O >
 

�
�3#�60q$��
2 )��
> ��  �E s=
�(�z{ o{{ |{{ }z{ 

Fe2+ )�� R �
 S�& �� 	(�{ �o{ �{�o{ �{�o{ �{�o{ 

LAS )bpp�� R �
 S�& �� 	(t/so/jss/us/lhjsu/ots/jtu/sl

COD )�_q�� R �
 S�& �� 	(k/km/huk/st/jms/hmu/kthso/lo

BOD5/COD )_b/p(mkh/�mku/�mkl/�mlu/�mko/�mlt/�mko/�ms/�

ABS )bpp�� R �
 S�& �� 	(t/sl/jsj/uljo/jtotj/kho/sm

COD )�qp�� R �
 S�& �� 	(o/lm/hus/st/jml/hoh/huhsls

BOD5/COD ��ll/���st/��kj/�htj/��kk/�ju/�

$��F�?QG �T�
LAS =ABS  COD, /#�� 
�#g� �BOD5/COD*�	! �
1�a�� o�*���D ����D � C�$ /\$ �O >
 

�
�3#�60q$��
2 )��
> ��  �E s=
�(%I~ ipp N~~ gI~ 

Fe2+ )�� R �
 S�& �� 	(�{ �o{ h� hk� �{ �o{ �{�o{ 

LAS )bpp�� R �
 S�& �� 	(l/ut/k�hho/ltu/jtu/sljuo/su

COD )�_q�� R �
 S�& �� 	(l/ljjt/uu/k�t/hou/lks/hto/mh

BOD5/COD )_b/p(mkl/�mku/�mko/�mm/�mkt/�mlm/�mkt/�muo/�

ABS )bpp�� R �
 S�& �� 	(h�j/kht/hhmhm/kjm/soh/kkm/th

COD )�qp�� R �
 S�& �� 	(t/mjjo/uo/kht/hsl/llj/huu/mk

BOD5/COD ��mt/��hkh/��lk/�jjl/��ll/�ks/�

$��I�?QG �T�
LAS =ABS  COD, /#�� 
�#g� �BOD5/COD*�	! �
1�a�� t�*���D ����D � C�$ /\$ �O >
 

�
�3#�60q$��
2 )�
> ��  �E s=
��(%I~ 9~~ N~~ gI~ 

Fe2+ )�� R �
 S�& �� 	(�{ �o{ �{�o{ �{�o{ �{�o{ 

LAS )bpp�� R �
 S�& �� 	(hhu/khs/hks/mjl/k�t/tht/khtm

COD )�_q�� R �
 S�& �� 	(u/sjlhjs/klj/hss/ltm/huj/mt

BOD5/COD )_b/p(ml/�mll/�mll/�mmm/�mlj/�mlt/�mkt/�ojh/�

ABS )bpp�� R �
 S�& �� 	(s/hhk/kkhmmkj/kko/tko/klt/to

COD )�qp�� R �
 S�& �� 	(to/jlk/hjj/kmu/hts/ltj/j�j/o�

BOD5/COD �hm/��t�/��hmj/��ll/�jou/�lo/�ls/�

F���
E ��
�( 

��	 ?QG �� :���) *����D ����D ���	 6�	��E � C��$ /�\$ !� ��W

 *��	! 5 ��';� :���9+ /�B�� =/�� R�$�� =*�� ��� /B�� ��8P
 �	 1���� ��)��.6�	�E ��� 5�� ��� ����
�� �� R�$ 1�%�D� /��E

 ��R+ :
�	 �� 1���� ����	 *�	! 5 �'8;� 6 ����� ;=������ �
 
	 ����DJ����; �C.:���� 
��\	 6	��E �,
 ��8P !� pH �	 �	
 �

�� S�E �C� �
 �� �)�����=� �#���	 ���� ��8� /�
 ����� �Q�R =�+
��)Q& [�3R�@	 2��� �� �g�+ 60��$ ?QG=� �	
 5��g� pH ����� 

���3R�@	 5��� S���A���
���D�& ���B� ���) �.������ 1�%��D� � ?Q��G 

�%A$ ���8� ��r�R� � ��Q( � ���� ��; ABS �LAS ����D !�
 *���D �A �� ��� ��
�& :
�W����*+=��	 ������ �
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