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Abstract  
Surfactants are considered as chemical combinations with many environmental impacts 
such as eutrophication, foam generation, and oxygen reduction. This experimental study 
is conducted to evaluate the removal of Sodium dodecyl benzene sulfonate (SDBS) 
using unipolar electro-flotation and electro coagulation system. The experimental set up 
was installed as a cubic shape with effective volume of 735 ml and stainless steel mono-
polar electrodes arranged in a horizontal fashion. Parameters evaluated individualy for 
the overall system optimization include: distance between electrodes (0.5-1.5 cm), 
surfactants initial concentration (50-1000 mg/L), pH (3-11), current density (0.5–1.5 A), 
and electric conductivity (950-3500 S/cmµ).  Results obtained during the 1 hr operation 
time showed that the optimum surfactant and COD removal efficiency were about 94 
and 90 percent, respectively. This optimum removal eficciencies were accomplished 
under the following condition: pH=8, distance between electrodes =1 cm, initial 
surfactant concentration = 750 mg/L, current density = 1 A, and EC = 1440 µS/cm . In 
addition, the energy consumption and anode dissolution were 45.03 kWh/kg and 1.04 
kg Fe/kg for SDBS removal, respectively. In conclusion, the results obtained in this 
study support the application of electro-flotation and electro coagulation as an 
appoperiate system for the removal of surfactants such as detergent. 

Keywords: Sodium Dodecyl Benzene Sulfonate (SDBS), Anionic Surfactant, Electro-
flotation, Electro- coagulation. 
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����� 
���6/���+ �3�6+
 �^ ��6�3 ���$;$9 ��F$^ N =� 4����= �� G� ��<[N $FU =� 4��$�� �j$C	 ]3�R� � YR� �R$��N *�R�� �

 5�� .����
 7�1C	 �P$���]3�PQ + v<" �3�.���	=M �+� � v�3 �� �R� ����`��R+ �#R�� $R+
�
 k��R+ ���$�M ���6/���
 �R$`	 kI" �� $j6�	 _@/	 /9 �� '
�`6+� 
��	 ��1��Q .�9 ��I�� �/� 6/�� 4=�+����9 k6�$+ =� '
�`6+�hnf �R1$	  R6$�

]	) HF�	 ���3
� 6/�� 	�9 �� ��= �L 
?�� :�8 =� �FjU HN � ('�9 4��� 5�� �
 .
�� ���� ���a ]3�PRQ ��Q 4�R3 6	�
 �3
� 6/�� 5$� �1a�� 	�9 ���� �  �  G,	f/e�Nf/c�6��+  6	���6/���+ �$��� �W1u *fe�Nceee�1$	 * 6$� �
 � � pH )n�N

cc(�/� 6/�� ��� 8 ��9 *f/e�Nf/c �	M �/� 6/�� ����3 ��fe �Nnfee �6��+  � :�;�=� V$	  6	 ��HN p��  R$[6	4
.�9 ��$\� � �+� � a�" Z��6� EFD 5� 6\� '�9 � ���6/���+ v<" �a�
COD �&�R+ HR� 7�RD �
M]��R	= �R� _R$N N

og/�n��e
��M � �9X�� 9 �
 �I$6� 5�� .pH ��  �� �o�6��+ H� �1a�� *���6/���R+ �$��� �W1u *�3
� 6/�� 5$�  6	  R�� �
 ��hfe �1$	 � ��
� �/� 6/�� ��� 8  �	M H� * 6$�cgge 	�6��+  � :�;�=� V$  6	 �R/� 6/�� ����R3 �R9 Ra�" 5R�� �
 .

 �� �	 42 �� ��#$	 X�� 9eye/gf'�9 v<" ���6V���+ � ��1$^  � �&�+ ��� �1$^7KC�� ��R�M 7
�R@	 eg/c� ��R1$^
 Z��6� .
�� '�9 v<" ���6V���+ � ��1$^  � 53M�3�.���	=M ���+
M'�	 �
5��]3�PQ �R� 
�
 ��R�� v<R" ���6/���R+

 ���$�Mv � A��	 $FU =� �9����I�� �/� 6/�� 4=�+����9 k6�$+ =� '
�`6+� ��  �<Q�+�.

�C " #�<D*��:F23Y(��� G�2�7�� �;�� Z*��"� &��� �Y��3Y7  ���2  G�Y��3Y7  �!��"�' G�2�*2� 

�1	�(2� 
-,#BG �0 ���07  ����(�i�� 7 4��	  ��
�C��	�� "��#$
�C ���U��D���=�� ���	�%=� �	 %�/#0�(���,=(Bhairi, 1997).

�7=��5  � �,`�0��	�����D�� -,#BG ���0 
��� �������	 =(���2 �����
	(�� ���� �� �  � D7� ����������Y %7�F 
�� ���	 -���(� ���j,

 -G�F(Smulders et al., 2007).
�B(7 ����Fg(�����C �]�HG������%=�'COD `���

�� �4��	��� ����� 	��(+�F  �D���# -�0�'��� ����
D���T

>7  ��/)����7=�8	������/�)������
�]�HG  �2 ��� ��
	(�7  (Beltran-Heredia et al., 2009).7 �	� ����� `�pH ��

�)$<	 ����� �]HG �V��C N�, 
�-0� �.(Pedrazzani et 
al., 2012) 

#BG ����0-, 4����BD�	 ���� ��������F ��(3�����P� 7 =�#���R�
!�8	 ��#R(R�� ��. �� ��[l� T�����F (��D�� '��"�2 =7d��2
R2��� 4���8	 �g ��� �	 ���U7(=�, 7� .(Cserhati et al., 2002, 

Scott and Jones, 2000) 
=0 -,#BG �0�0�7� _��� 3,�/D�0 ���� T � %��#�RF  ���
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�C�/�#$	 �(j,������C �[�k(�U�R, '(-�G� 'd�2 77 �� (�� 
	 %�/#0�(�i�� .����� 
�2�� �� %��	 
���C� 3��(����%=� 7 ��

 ���� ����C ��	  ����(�7 (Gu et al., 2017)>7  ���2��� . ����
,�F,�F(���� ���	 O[5  �j�	��� �2 �#G�F  ��. %�/#0� � �	 %=�

��	 
�	 �(�� ���� >7  �����#$D 7 ��I�,� ��0�D�#G/��!�0��
UV (Terechova et al., 2014)' ��  �#2�G����(���#R ���8#	 

(Mollaei et al., 2014)'�D�D �,, ���2��(� =��L ��% �� (Ncibi 

et al., 2015) 7=�����7�����)	(�U ���������IG�(������ 7�
(Ramprasad & Philip, 2014) .��2 % �� 

�0 7����#BD��B(�B(>7  �� �� 7���0���2 -0�
� JU�	����5 ��? ���D7�#BD� ��P�  � 6�L�2 �� �	 �� �(.���� 
	V�� (�2�U��	  � �RY��	  ��. �7�#BD� 7�(F������� D���T
 ��.����U���#BD��B(��
f̀ ����	) ��7�#BD� �Y ��#D7 ����
(

�6	���= �#BD��B(��
B<� =�2 7 =,��T	(���� ��7��G� �7=�� .
� ���	���(��6�	=�I	 ��I�,�(���
� p���	 ����	 (�	 =��� 7

	 7 -�b	 3� �/�(�#$D �(�� T��<�	(=����� .�� %7]��8	 
��D7 =��� '�����7 = R2� 7��g��� -8��!�8��6�#BD���B(
�� ��5 3 �C �� ��7�-*���B ����(	=,�� �� 7����  ���

���C(	=��K 7�6<��Y �P�(�D�� =	(�,�=���5 . ����C5
 ���  � 
�k7  3� � 7 p����	 =�	U �����	 %�����w9��0 ����U ��RY
(	 =,�� 7�6w9�0  � ��#Y T���<� �	(=���� >7  ��� xv�0 7
,B	�B(��U  7��	(=,�� (Matis & Peleka, 2010).

�	�-�C�(��
�� >7 �6D�� �0�=���F�2 ���/��- �
���0 �� 7  ���#2� ������V �.����-��� 7 %��=��,� 4���#�2��������F�

D7�#BD��-� �� %7]� .-0��
�  �=I	���R2��=�����.�=�,	
����2�v�-,��	(=,��� V� TB�����2��* ��(`��%=� ����D�(7

,=��	(O[�5 �  (�	 =���2 (Khelifa et al., 2005).�	��-��C�(
�0 7�� >7 ��#BD��B(0 �� -�R,��>7  �����0 7�'�

D���=��5 ���-*���B � 2 .-0� 6L�2 7(��0�=U���G�=�
�0 7�������5 %��=,� �� 3=� -�0� �#�R��7 �'��� ��� ���2 

��5 ���F �� w90 6L�2(���� � �Y�#�0� ��� 
_����G 3� �
��	(=����2 (Matis & Peleka, 2010).� �����/��)�  � >7  
��

�]HG ��75�, -�U�����-�0� %=�� %�/#0� ��� . 4�b	  ��� 
�,�7 �� B�� 740  ����� '(U�� �B�� 74�0  ����� 7


�S�K���� �� ��B�� 74��0  ����� ����7�#BD� �� %�/#��0� ����

	�D����	�(������O[5 J��'��7��=C �COD /)�  � � ��
�C �]HG��� ��%���2 > ���F %=� =�,� .(Wang et al., 2009; 

Ge et al., 2004; Baudequin et al., 2011) 
� +��?,� �� O=������ 
d�7g��Y ,� -,#BG ���0 O[��5���,�(

=��0 O���)	�Y���0� 7� _�3,�/D���0 ������ TW>7  �� %�/#��0� ���

���0 7����#BD����B(����7�#BD� 7�6���<	 �,�=��H �`���G
d	)=���(%=� � � ���9. 6� d(7�&�  �=I	 
#G��� �� �� �� 6

��#	� Y�	��G  � �P��	 
#G��F �j,  � � =� �� ���,� O��)	 ����
.��� 

�13�� � ��.� �!
�1�1��D 3�� 

0��  � %�/#0� � �	 _#R�d�7gY 
��RB�Y x�U(m]F TB� ��
9#R	 J�B	�T���� � s×s×W^ #,0(��#	 /	 _�?5 �� 7��=sZ^ 

	��(D�#.��� �
D����T��RB�Y �� %�/#��0�(m]��F ����
����� ��G  � ���2�=��� 
�7�#BD����(�� 4]#*���? �,(2���� T�C5 3 ���5 ������  � 7

	���dI	+7 ��� .�� ��j�	 ��0 7�� {���* �� ��#&� %�/#�0��
�#BD��B(F ��. %�8,����� ��7�#BD� �IG� 3 ��C(��#G�F ��j,  �

 ��� ��,� =H �`�G x�U �� ��7�#BD� .=� �� =��2 7 =�,� 3 ��C
� ��d�9. 6�(/#0� .=� %��� �j�	 ��G��d���7�#BD� '�	=,� 
�� �� �0 � 6�<	 3 �C �(�%��=,� ��~	���(��#	 =�� %�/#�0�.
_� �L�
��D��T��
�2�����7 = D�� ��=���C� d�I, =��2  �( �

�0 7���p��	 3� �� ���� 4)�� %�8, '� �C( � =�2 �2 ���
Y  � =,� 7 `���
V�  ��.���.

xY(0 �� ��  � %=�� +�?,� ��� � ��	 -��U��� N���,� 7 ��
�� ��� 2 3,�/D��0 ����� T��0� 7� _�=�0 (,��,� -,#BG �0 '�

)SDBD�� ( �� ��$#,� %=���`� ����� 
���  � .=d�7g�Y -�j�k
�� -,#BG �0 u, � 
���2� >7 �-�G�F +�?,� .(Sokoloff and 

Frigon, 1981, Adok et al., 2005) 
?�0 >7 �� �,��,  � -j�k d-0� E�� 
�� :Wr(��	 ��#�D

 �,��, �7�%=��2�=U "�. 6�^r(��	 ��#�D�=�� ��#$� .xv�0 
Wrr ���#�D 7�����	 u��, � 
�����2� 4����8	rr^/r' `���	 Wrr 

1 Sodium Dodecyl Benzene Sulfonate (SDBS) 
2 Acridine Orange 
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�#�D7���	 7 ���k 6�#0� =�0�^(��	 �G�H� �� �� 
S�D�� �#�D =��
�� 7�� 4���8	 �[U .=� %��� �B� �I�.� 6� 3=	 (
S��D��) (�`

 h�	 4��  � 
S�D�� =�� T�I	  � %=��2�=U "�.  �\|s �#	�,,
 4=	 �#	�#G7�#Bv0� %V#0� �Hach DR4000 %��=,� 
�� .=� ���F

 ��,��, d?��0 ����� (�`�� -�.� >7  -,#BG ���0 �7�5 ���
-j�k � (,��,� ��W/r�|/r(���	 +��F  �
������� '� �� ��#�D

�,��, �� '���kd�	�� .=,=� p�.  J0�	 _?5  � �0 T.�=5 �
  ��B�  � =�.=,=� > ��F 
�V,�	 3 �C �� u�#, 7

7 -j�k O[5 �	=,� COD �� p��9	 ���, =�C � J�R5 ��
�D��	 �=� ��08	 

)�(100
0C

)C0C(
R *

−
=

�2 ��  � 
C0�� -,#BG �0 ��D7� -j�kCOD 7C�� -,#BG ��0 -�j�k

COD �	� ��  � -0�(Khandegar and Saroha, 2013).
	�������,� ����G���)	({���)$	W2 J��R5 �����-���0 3�7����

2����	 ��2 %=�� O[�5 -,#BG �0 +�F��(�� =�,���QP�� ��������
U����[Y�����G��� �� '=�� �#��� =��p�D��	 X=� ��08	 

)�(SEC= UIt/(V (C0-C)) 

��  � �2U

�#D7-D7 JR5 �� 'I�U 3=����v	� JR5 �� 'td��2�7 ��	�
-�0 JR5 �� 'V�]HG _?5 ��#�D JR5 �� 7C07C-�j�k

�=#��(�&#,� 7(��	 JR5 �� (� ��#�D  � +��F -�0�.(Khandegar 

and Saroha, 2013).
 �=I	 �� (V#R� =,� ��G ���?� �?�#,  � 7 3���G 4]8,� ����	

) ��� G ��,. �� %�/#0� � �2 � �� � ��� (B��#BD� ���U ��D��	 
Z-0� ��08	 T�. ( 

)�(m= ItM/(F.z) 

�K 
��  ��D��	 
m'+�F JR5 �� %=� T5 ��G +�UI� ��� (B��#BD� ���U 3=�

 
1 Specific Energy Consumption (SEC) 

'�v	� JR5 ��t'��,P JR5 �� ��D7�#BD� �	� 3=	M(D��	 +�U
)��=Fe '(F�� ������ ��� �G -��PC/mol ����� 7z-��G�:

) ��G�=Fe(-0�.
d�	�� ) %V<�	�� �	�  � �X±X^�� (m���R�0 �U � �=�#

 ��D7� -j�k �$#,� �Wrr (��	 +�F � � �#�DG��C "��#$	 ��
�� '�V�=B� �� �7�#BD� 7� xv0 7 =� +?,� ���&� ��CG 
����  �j�	

���� '����D7� -��j�k "���#$	 �����I	 J������pH 7 (��B��#BD� �����U '
47=�U  � ��#	� Y (0 �� %�7=8	 .=,=� ���&� (B��#BD� -��=�W

0� %=� �S� �.-

��(6�1��#	� Y��	���V<((0 �� � �	 %�7=8	 7
Table 1. zExperimental parameters and their examined ranges 

Parameter Examined range 

Electrodes distances (cm) 0.5, 0.75, 1, 1.5
Detergent Concentration 

(mg/L)
50, 100, 250, 500, 750, 1000

pH 3, 6, 8, 11
Current density 0.5, 0.8, 1, 1.2, 1.43

)µS/cm(EC 943, 1440, 2468, 3504

�1�1P�];)�- � ��.� 

	�	 �����/#0� � ���
��  � %�d�7g�Y ���	�0 T��=��_7�0�����T
���� ) 3,�/D�0SDBS(�� =�D� �V�0 -2�� ���_�=�0 =����2 '
���� �` (��B��#BD� -��=��� 
�	Q���  ���j�	 76� =�����2 =���0� '+

 _��j�� ����� _�=0 =�R27 =��pH 3�	7�2 �� '%���U 3/D��0 '
£�	 -2�� �� 6� �/D�0 =�0� 7 %�I, 3/D�0 '_�0#Y�.=�� ���&�

 ��D,�COD >7  �� p�9	5220D (APHA, 2005) .=�� +�?,�
 ���	 .=� ��&� £�	 -2�� �� u, � 
�=��2�[l� ���Megatek 4=�	 

PM-3005D � � �	.-G�F  ��. %�/#0 
��� ��Q	�
�U���#BD��B(��l	 ���� '�R(IKA 4=	RH-

Bassic 2 ������ 4����8	 �����2 e����$	 'EC ���#	Martini 4=��	 
Mi805 %��=,� ���� (���#�D� -��=� ���F7�#	�#G7�#Bv0� Hach 

 4=	DR 4000 ����  �j�	��7 -j�k 
COD 7pH � �#	�?�D#(
Metrohm 4=	|}W ��	 �j�����
pH %�/#0� � �	.-G�F  ��. 

2 Sigma Aldrich 
3 Merck 
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T1HG, � I&�JK 
T1*1/-;;{), 	
W��;	%,;{�!��7J5�� 

�� ��  �j�	��
&� ��CG������
�	�� '���7�#BD��d��  �-�j�k
D7������ (��	 ��#�D  � +��F  �pH �����(�� ������ -��U����7

�� ��7�#BD� "�#$	 TC��G�=B��V=�� +�?,� ��2 �#,�u��� -�0�
TB� p�9	 %=	� ���7�	(=��.

Fig. 1. COD/COD0 vs time under different electrode distances 
45�*1-�R,COD  ��COD037/#	 ���7�#BD� ��CG  � ��D7� 

)mg/L ���[SDBS]=   'µs/cm ����EC=  'A�I=  7�pH= ( 

Fig. 2. C/C0 (Surfactant concentration to initial 
surfactant concentration ratio) vs time under different 

electrode distances 
45�"1 � ��D7� -j�k �� -,#BG �0 -j�k -�R, 

37/#	 ���7�#BD� ��CG 
)mg/L ���[SDBS]=   'µs/cm ����EC=  'A�I=  7�pH=(

p�9	 TB��'��  � O[5 =,7 �6TC��G �� ��<	�=B��V
O[���5 �	=���,�  7 ������COD T���C��G  ��/�'��/�'�7�/�

#,�0(���� ���#	 ��� ��J��� ��������/��'��/��'��/��7��/��
=C � �� xY��.���I7�/��'��/��'��/��7�/��=C � 

�� xY��� .���I���#, .�uTB��	 �<,(=�� l����3�� ���CG
� ��7�#BD�QP��,�=�L(��&, O[5 �	=,� (�� �=�, O[�5 =,7  7

� 7�
l���3�� R�� �U(�� .-0�� ����-��[F �� x�Y ��2��
.�����I T��C��G  � �2[��	 ���� ������J=��C � O[��5�/��'�/��'
�/��7�/��	 .=� %=�<	(���� #,��?��G� � -G�F�d���CG

 ��7�#BD� ����d���#,0(�#	 ��D��T��G��d#BD� ��CG 7 ���7�
�Q*��B<�  ��TV#R��7 �� �U�� � 7 %=��2=I��	 ���	(��
�� T��

 7 ���	 4I#,� 7 ��8������D�� ��=� � �	=�,�  '���7�#BD�  �
 ��CG�/�#,�0(��#	 d��2��#G -�0� �.(Zaidi et al., 2015, 

APHA, 2009) 
�i���
	 _2 TC��G  ������G� ��� ��U�� �� ���7�#BD��d �
�#BD� �����B(�7 7���D��T�0 7 ���	 J0�	 4I#,� +=��4 � 7

#,��?��5 7 =	U 3� � ��?� �� ��
N��.7 4��#5� =��2 7 =�,�
=Y�%=�U  � %���2 4)�� ����#BD���B(, �G��C ��� �7��I	�-�R 

(Akhondi et al., 2012, Phalakornkule et al., 2010).
� ����,�	���,� O�)	 ����7 � =�,� 4]8,� T��� ��� �7�
%=� �S� � .-0� 

�	 %=��<	 �2  �9,��(����'	 ���CG d��2 �� �� '���7�#BD� �
�� D���#BD� -	7I	 d�2 T�B(0�#,  � 7 _#R� � ��#D7 d�2 �?
��U6��#BD� ��B(-�P'	���,� O�)	 ����d�2�.-0� �#G 

�i���TB� �� �U�� � 
�	�=,� O�)	 ��� �	=,�   � ��O[�5
 TC��G  � 7 37/#	�/���#,0(�I� �#	�f�� .-�0� %���� -��P

�� (��#0�  �j�	 O[5 �	=,�  ����	 '-,#BG �0 =C ����� 

Fig. 3. Specific energy consumption vs different 
electrode distances under various removal efficiency 

45�T1l���3�� ��,� O�)	���7�#BD� ��CG JR5 ���37/#	
�����	=,�  ��O[5 "�#$	 

)mg/L ���[SDBS]= 'µs/cm ����EC=  'A�I=  7�pH=(
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Fig. 4. Anode dissolution vs different electrode distances 
under various removal efficiency 

45�[1BD� ��CG JR5 �� =,� 4]8,� 3����l� 37/#	 ���7�#
�	=,�  ���� O[5 "�#$	 �� 

)mg/L ���[SDBS]= 'µs/cm �a���EC=  'A�I=  7�pH=(

����,��G���)	(������T��C��G�/�'��/�'�7�/�#,��0(���#	 
�� ����� ����� J�/��� '�/���� '��� 7��� 2�-�0 3�7 ��

2 ������ %=� O[5 -,#BG �0 +�F�� #,  � .=�	� -�0���CG ��? ��
 � ����� �7�#BD��#,0(�� �#	 &� ���CG �������	 ��� �� ���7�#BD� �

����	�� �	����d.=� �$#,� � 

T1"1	%;), =K�J5��.� =p
q {;;/- 

	���d-j�k  � � ��D7���� -,#BG �0 "�#$	 ���  �j�	 ��� 

&�  �=I	����  � �� ���&� !�	 ��CG �����V, -��P � 7 ��7�#BD� � 

0 
#����#, �2 =� +?,� ��#	� Y ��u �TB�� ����7���S� �
-0� %=���� . 	 %=�<	 �2 �,�F(���  � -,#BG �0 O[5 =,7 

j�k�-����� 7��� 	��(�� +�F �D�#��� -�R, ����<	 �	� �
�=B��V-0� �� �� ������� -,#BG �0 O[5 �	=,�  �2X~/}s
7~\/}Z7 =��C �COD ���������/��7��/��=��C � �� x��Y

 -�[F|r.���� �I �i�� .=	� -0��-,#BG ��0 O[�5 �	=,�  

��� �������~s/}}7\}/}~7 =��C �COD ��� ���������/��7

��/��-�[F �� xY =C ���� .��.=�� %=��<	 ��I ��� %7]��
��G��#$D 7 �I�,� =� ��0�4��BD�	 �[�U '���7 -,#BG ��0�

�#$D ���B<�, %=� T�6��2 -,#BG �0 O[5 =,7  �� �(�	 =��K 
(Sengil & Ozacar, 2009) .� ����,����,� O�)	�4]�8,� 7

,���B�  � =�T�����7�������$#,���j�k ���D7� -���&� �����

Fig. 5. COD/COD0 vs time under different initial 
surfactant concentrations 

 45�c1-�R,COD  ��COD0D7��� �-j�k ��37/#	 D7���

)cm�d= 'µs/cm ����EC= 'A�I= 7�pH=(

Fig. 6. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio under different initial 

concentrations 
45�d1 � ��D7� -j�k �� -,#BG �0 -j�k -�R, 

-j�k ����D7� 37/#	 
)cm�d= 'µs/cm ����EC= 'A�I= 7�pH=(

�	 m0� �� -,#BG �0��)#.�  ����G� �� .-�0� %=�� ��S� ��d
	 -,#BG �0 -j�k���,� O�)	 �����	 d��2(�=��.��i���


	����,� O��)	 ����G��)	 =�,� 7(-�j�k  � ������ 7��� 
	��(+�F �D��#�2  � 7 ��<	 �#� �=I	 
���#,  � .���� ��U�� � �?

����&� -����0���,� O�)	�'��� (��	 ��#�D  � +��F ���������
D7� -j�k�&� ����� ����	���d�7gY �$#,� .=� 

T1T1{;;/-pH 	%;), 

#,��� uTB� p�9	 %=	� -0� ���7��.-0� 
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Fig. 7. Specific energy consumption vs surfactant 
concentration under different removal efficiencies 

 45�i1-,#BG �0 -j�k JR5 �� ���,� O�)	 3����l� 

�	=,�  ���� 37/#	 �� 

)cm�d= 'µs/cm ����EC= 'A�I= 7�pH=(

Fig. 8. Anode dissolution vs different electrode distances 
under different removal efficiencies 

45�f1l�-,#BG �0 -j�k JR5 �� =,� 4]8,� 3���� 
�	=,�  ���� 37/#	 �� 

)cm�d= 'µs/cm ����EC= 'A�I= 7�pH=(

Fig. 9. COD/COD0 vs. time under different initial pH 
45�#1-�R,COD  ��COD0D7��� �pH��37/#	 D7���

)cm�d= 'µs/cm ����EC= 'A�I= 7mg/L ��� [SDBS]=(

Fig. 10. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

initial pH 
45�*j1 � ��D7� -j�k �� -,#BG �0 -j�k -�R, 

pH ��D7� 37/#	 �� 
)cm�d= 'µs/cm ����EC= 'A�I= 7mg/L ��� [SDBS]=(

 �pH ����� ��'��G�.�  � O[�5 =���=�#�� ��I(�`�� �	=�,�  ��
D7 =� +?,�(�	���  �'��O[5 �	=,�  .=� =�2 =,7  
COD xY

����.����� �I�pH ���'�'�7������� �� �� ������ J�/��'
�/��'��/��7��/���i�� 7 =C ��O[�5 �	=,�  
SDBS 

���� ������ ��� ������� J��/��'��/��'��/��7��/��=��C �
��  � .=	� -0�pH���,�F "#$	 ����	���	��Y 7�����
���

 37��/#	-��0� ��R,B	 7����� ���I�,� _pH ��8	�!-��0� �#��R��7 .
���V<�7gY �,�F ��U7 "�#$	 �� � �  4���8	  � 
��� "��#$	

U�����G ��`� O[5 =,7  7 =��� %=��%���2 � D�� .=�,� �� ��#$D =���
Fe(OH)3�� ����� ��8	  � ��U 6� � �� ���B��� 7 !pH ���
��� "�#$	�	 .� �� -�%��=,� 7 ��� ��5 ���D�� ��=�,����� �pH 
-0� �#R��7l� �� �U�� � .��3��pH ��G  � �	� �� -�R,��� 7 =��

0 ��(R,B	�_��� '%=� % ��QP��pH �	 �  O[�5  �(�� �����
��G��=���0 7���U�����2 �(Adjeroud et al., 2015) 

� ����,���,� O�)	�, =,� O�)	 7���� ��0 ��  ��j�	(
�����)#.� !�TB�  � ����7��%=� %��� �<, .=,� 

p�� #,�	 'TC5 u���,� O�)	 ���� �pH ���R� ��F,�F� 
��<	�=B��V-�0� O[�5 �	=�,�  .COD  �pH ����'�'�7
�� ���� ������ ��� ������� J�/��'�/��'�/��7�/��=��C � 7

�� ������ -,#BG �0 O[5 �	=,� �/��'�/��'�/��7�/��
�� =�� =C ���.���� �I #,  � .=	� -0��O[5 �	=,�  �? COD 

#BG �0 7� � -,pH ������� ����i�� 7 ��`� '�	 
�O�)	 ��� 
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Fig. 11. Specific energy consumption vs pH under 
different removal efficiencies 

45�**1JR5 �� ���,� O�)	 3����l�pH ���� 37/#	 ��
�	=,�  O[5 "�#$	 �� 

)cm�d= 'µs/cm ����EC= 'A�I= 7mg/L ��� [SDBS]=(

Fig. 12. Anode dissolution vs pH under different 
removal efficiencies 

45�*"�� =,� 4]8,� 3����l�JR5pH �	=,�  ���� 37/#	 ��
O[5 "�#$	 

)cm*d= �µs/cm *[[jEC= �A*I= �mg/L icj [SDBS]=(

��,����� -�R,pH �����7���#�2 -�0� .pH �&,(��� =���
 �� d�2�7��� 6pH ���'�'�7���������� ����� J�'�/�'

�/�7��/��#,  � .�����	=,�  �� �U�� � �? ��7 ��<	 O[5
, +=��j�� �� ��_pH ����(� �����)��i�� 7 (�`� �	=,�  
�

� 'O[5���  �=I	 
&� -D5 ������.=� �#G�F �j,  � �� 

T1[1	%;), $5&7J5�� :�&76 P(� {;;/- 

�� � �  �j�	��(�QP��(���#�D� ���U 3=� ��G ����0 7�� =��
�#BD��B'(u�Y �U 3=���#BD� ��B(�0 �� � ��	 37�/#	( ���.

#, .-G�F�l� u��3��COD �� -j�k 7���� � JT��� ��� ��7
�� %=� %��� �<, #, .-0��	 �<, u(O[�5 =�C � =����COD 

�U 3=��  ����������/�'�/�'�'�/�7�/����� ��v	� ������ J
� ������/��'�/��'��'�/��7�/��-�j�k O[�5 =C � 7
SDBS ��� ��� �� �� ������ J�/��'�/��'�/��'�/��7�/��

-�[F �� xY��.���I�i�� .-0��-�[F �� xY 
��.�� � �I
� �	 O[5COD �	=�,�  '�/��'�/��'�/��'�/��7�/��

�� =C � .=	� -0� 	 �j5]	(3=��  � O[�5 �	=�,�  ��2 ����
�U�����7�/���, �v	���� 6�=B��V-0� �i�� 7�xY 
��

-�[F��.���U 3=��  � O[5 ��, �I �������'�/�7�/�
I� �� ��`� �v	����� .-0� ���2  ���(O[�5 ���,SDBS ��� D���T

��G��D�� d�=�����Fe3+7  ���I#�R	 =,��f� ��� �U 3=�� �� �
�#BD��B(�� .-0� �#R��7 � 3 �������G� �� ��V��U 3=�� d���
�#BD��B'(��#$D ������#�<������4��BD�	 
#*�=�,� +�� ��� ���

Fig. 13. COD/COD0 vs time under different current 
densities 

45�*Ta-�R,COD  ��COD0D7��� ����U 3=� ��
37/#	 D7���

)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(

Fig. 14. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

current densities 
 45�*[1 � ��D7� -j�k �� -,#BG �0 -j�k -�R, 

���U 3=� ��D7� 37/#	 �� 
)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(
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SDBS 8	 ������ 4��8	 !(D�� �� �	 =(#,  � 7 ������	=�,�  ��?
G� O[5���	d(�=� .(Zodi et al., 2013) ���,� O��)	  ����,�

G�)	 �`�G 7( �T��� �����7�������I	���)#.� ��R�7
�U 3=�� �$#,� ���#BD� ���B(&��%=��<	 .-�0� %=�� ��S� � ���

	(	 �2 ������,� O�)	 ����O[�5 �	=,�   ������� =�C ��
���I	���/�'�7�/����� ���v	� ������ ������� J����/��'��7��

-�0 3�7���K 2 ���	 -,#BG �0 +�F��(D� .=��� ��� T��
=�,7 
��G��	 �  d�2 7 d(���G� ��� �����-��R, O[�5 �	=�,�  d���

����G� ��� ���	���U 3=��� d����#BD� ����B(���  � .��� -���R,�3=
U��������	 ��`��F 7 %=��2 =I��	 ���	 ��� D���=�R���  ��

Fig. 15. Specific energy consumption vs current density 
under various removal efficiency 

45�*c1���U 3=� JR5 �� ���,� O�)	 3����l� 37/#	 ��
�	=,�  ���� O[5 "�#$	 �� 

)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(

Fig . 16. Anode dissolution vs current density under 
various removal efficiencies 

45�*d1���� (B��#BD� ���U 3=� JR5 �� =,� 4]8,� ����	
�	=,�  -,#BG �0 O[5 "�#$	 �� 

)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(

e]#��*� =��,7  ���� �7���#BD� w9��0 �� ����F h7���* 7 -��0� �����	
	 6�2 %=��2=I��	(2=��7��0 7������ _�� 3 ��C , ��	� �� �
�0 O[5 JU�	���� �� �(	��� .(Sengil and Ozacar, 2009, 

Zodi et al., 2013) 3=� �[D �U���#BD��B(�� �v	� �	(�����
��� ���U�� ���� ���#��<�
�	=��,�  O[��5 7����, ��D7�,( ���� ����, 
�� �����  �=I	 &�����$#,� ��2.

T1c1�(! {;;/-	%;), $5&7J5�� =& 

	���d�=�  � ��-���#BD��B(�� "�#$	 ��  ��j�	 ���  �=�I	 

&��0 
#��� �V, -�P � ���	� Y ���#, .=� +?,� ��#����� u-�0� 

TB� p�9	 %=	� ����7��.-0� 

Fig . 17. COD/COD0 vs time under different electric 
conductivities 

45�*i1-�R,COD  ��COD0D7��� �(B��#BD� -��=� ��37/#	 D7���

)cm�d= 'A�I= '�pH= 7mg/L ��� [SDBS]=(

Fig . 18. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

electric conductivities 
45�*f1#BG �0 -j�k -�R, � ��D7� -j�k �� -, 

(B��#BD� -��=� ��D7� 37/#	 �� 
)cm�d= 'A�I= '�pH= 7mg/L ��� [SDBS]=(
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��7�G��������2�=JU�	 ��G���=�� d��#BD� -��B((�	 ���� .
��� 	 �j5]	 �2  ��(-��[F �� x�Y '������.���	=�,�  ��I

 O[��5COD �=���  ���#BD� -���B(��� '���� '���� 7���� 
	���,P �� x����7��� ��� ��� �� ������ J��/��'��/��'��/��'

��/��7 =C � -j�k O[5 �	=,� SDBS ������� J����������
��/��'��/��'��/��7��/��=C � ��.=	� -0� ��i���

 ���.���=��#�� ���I(��=���  � O[��5 =��,7 ��#BD� -���B (���� 

����,P ��� x����7����	 � -���0��#�<���-��� .�9	p��#,���� u
��G��dNaCl #,  � 7��=� �?��#BD� -��B'(���G� O[�5 =�,7 �d

d�	��  �  #G  
�� .-G� %=� > ��F ��, �V�� ���V<�7gY ��
 -0�.(Aoudj et al., 2015, Khemis et al., 2006, Daous and 

El- Shazly, 2012) 
	���d%��� �<, � ,	� =,�(-�j�k �2NaCl &� =�5 ������� ���*

	(��G� � O[5 �	=,�  '=0 ��=� d��#BD� -�B(��G��	 d(�=��
��G� xv0 7� �=�I	 dNaCl ���&�  �=�I	 �� d�d��2 J��0 ���

	 O[5 �	=,� (����.(Aoudj et al., 2015, Bensadok et al., 
2008) 
��  �j�	 �����=� 
��#BD� -�B(&��, ��� �� �0 �� ��� �(	�����

��,� O�)	�4]�8,� 7��  � =�,�(��G���� =�� ������ ���	 6�� 
�)#.��-0� p�9	 .T�� ����7���=����#BD� -��B(��QP��
I#R	���,� O�)	 �� _�� � ��� �� ���,� �2�G�)	(���G� ��d
�=���#BD� -�B(��	 d�2 3=�(���7��G� ��2 ?,� �� .=�NaCl 

�U 3=�  � �#D7 d�2 J�0��#BD� ��B(��� -��P �D��d��2 T
��� 37I	(	(#,  � '�������,� O��)	 �?��� ��2UI  J�0�#	

	(, =���	 d�2 �(�.=� ���������2 ��, =���	 �(�R2� =��,����=
+�G 7 =,�� ��=��,	 ��2 4�G �����������2�v �� �,��� �� -(�

�R2����� �  �]�HG ����2 ==�, 7� ���U7.(Belkacem et al., 
2008, Kobya et al., 2006, Daneshvar et al. 2006, Alam 

and Shang 2016) 
	 ' ����, 7� �� �U�� �����,� O��)	 ���� �S/cm¤���� 

�� -�R,��� (#,�0 ��� x����7����	 ��#	 �R��4���	 7 ��#�2  
��/��%=�� O[�5 -,#�G ��0 +�F����K ��� -�0 3�7���K  �

 O[5 �	=,� ��D5  � %��� =C �(�  � �2��I	 
�=��  �  �=�-
�#BD����B(��� (#,��0 ���� x����7�����	 ���#	 ��� ���������/��

%=� O[5 -,#�G �0 +�F���K �� -�0 3�7���K ��i�� .-�0��

	��)	 ������ O���  � 
��=��#BD� -�B(���� �� x����7���	 

Fig . 19. Specific energy consumption vs electric 
conductivity under different removal efficiencies 

 45�*#1(B��#BD� -��=� JR5 �� ���,� O�)	 3����l� ��
�	=,�  ���� 37/#	 O[5 "�#$	 �� 

)cm�d= 'A�I= '�pH= 7mg/L ��� [SDBS]=(

(#,0 �#	 � p�9	 T��� ���R���0 �� ��#�2  ���I	 ���=�� ��-
�#BD��B(�=�� '%=�� ��#/F J�D9	 ��� ��U�� � .-0���#BD� -��B(

���� (#,�0 ��� x����7���	 ��#	 O[�5 �	=�,�  ����=�C �
COD 7��/��=C �SDBS -�[F �� xY��.��O��)	 7 �I
��,��rZ/\^%=�� O[5 -,#�G �0 +�F���K �� -�0 3�7���K 

G�)	 
�� 7(r\/W2�2 �� +�F���%=�� O[�5 -,#BG ��0 +�F��
�� &�  �=I	 ������.=� �$#,� �� 

Fig . 20. Anode dissolution vs electric conductivity 
under different removal efficiencies 

45�"j1JR5 �� =,� 4]8,� ����	-��=� ���� (B��#BD�
�	=,�  -,#BG �0 O[5 "�#$	 �� 

)cm�d= 'A�I= '�pH= 7mg/L ��� [SDBS]=(

B1	�;JK '7;8 
#, �� �U�� ���� u� -0� -��[F �� x�Y '%=�	��.���	=�,�  '��I

 O[5COD ���  � -,#BG �0 7�&� !�T	�� �� �� #,�0 6(��#	
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'-,#BG �0pH �� �������'���U ��v	� 6���#BD� ���B('���� 
(#,0 �� x����7���	 �#	 �=���#BD� -�B(����� �� ��� J��/��7

�� 0 =C ��#, .=�	 �<, u(7 ���7�#BD� ��CG �#	� Y 7� =���
pH�#�2�� 
QP���G �� �  ���#��� =� ��i�� .=,�����G� �� 
���	� d

D7�#BD��� ���� .��&,  �=I	 �I(�.� -,#BG �0�	 ��� %=,� �� ���

�$� � �=,#0���� �� ���890()mg/L �/�	 ((#,  � .=0 ���?
 �� %�/#0��0 7�� >7 ��#BD��B(	(�� =,��� ����� �� >7  6

�0 7 O9�,� T�. '
��9	��� �/)�  �j�	��C �RY ����� ��%=�
F  ��. %�/#0� � �	�.�� 

References 
Adak, A., Pal, A. & Bandyopadhyay, M. 2005. Spectrophotometric determination of anionic surfactants in 

wastewater using acridine orange, Indian Journal of Chemical Technology, 12(2), 145-148. 
Adjeroud, N., Dahmoune, F., Merzouk, B., Leclerc, J.P. & Madani, K. 2015. Improvement of 

electrocoagulation–electroflotation treatment of effluent by Addition of Opuntia ficusindica pad juice. 
Separation and Purification Technology, 144, 168-176. 

Akhondi, A., Khodadadi Darban, A. & Ganjidoust, H. 2012. The effectiveness of electrocoagulation process for 
the removal of cadmium from water, Journal of Water and Wastewater, 23 (2), 86-93.  )In Persian(

Alam, R. & Shang, J.Q. 2016. Electrochemical model of electro-flotation. Journal of Water Process 
Engineering, 12, 78-88. 

Aoudj, S., Khelifa, A., Drouiche, N. & Hecini, M. 2015. Development of an integrated electro-coagulation–
flotation for semiconductor wastewater treatment. Desalination and Water Treatment, 55(6), 1422-1432. 

Aoudj, S., Khelifa, A., Drouiche, N., Belkada, R. & Miroud, D. 2015. Simultaneous removal of chromium (VI) 
and fluoride by electrocoagulation–electroflotation: Application of a hybrid Fe-Al anode. Chemical 
Engineering Journal, 267, 153-162. 

APHA. 2005. Standard methods for the examination of water and wastewater, USA: Washington, DC. 
 Bhairi, S.M., 1997. Detergents: A guide to the properties and uses of detergents in biological systems, CA: 

Calbiochem-Novabiochem International. Doc. No. CB0068-0892. 
Beltrán-Heredia, J., Sánchez-Martín, J. & Solera-Hernández, C. 2009. Removal of sodium dodecyl benzene 

sulfonate from water by means of a new tannin-based coagulant: Optimisation studies through design of 
experiments. Chemical Engineering Journal, 153(1), 56-61. 

Baudequin, C., Couallier, E., Rakib, M., Deguerry, I., Severac, R. & Pabon, M. 2011. Purification of firefighting 
water containing a fluorinated surfactant by reverse osmosis coupled to electrocoagulation–filtration. 
Separation and Purification Technology, 76(3), 275-282. 

Bensadok, K.S., Benammar, S., Lapicque, F. & Nezzal, G. 2008. Electrocoagulation of cutting oil emulsions 
using aluminium plate electrodes. Journal of Hazardous Materials, 152(1), 423-430. 

Belkacem, M., Khodir, M. & Abdelkrim, S. 2008. Treatment characteristics of textile wastewater and removal of 
heavy metals using the electroflotation technique. Desalination, 228(1-3), 245-254. 

Cserháti, T., Forgács, E. & Oros, G. 2002. Biological activity and environmental impact of anionic surfactants. 
Environment International, 28(5), 337-348. 

Chen, G. 2004. Electrochemical technologies in wastewater treatment. Separation and Purification Technology,
38(1), 11-41. 

Daous, M.A. & El-Shazly, A.H. 2012. Enhancing the performance of a batch electrocoagulation reactor for 
chromium reduction using gas sparging. International Journal of Electrochemical Science, 7, 3513-3526. 

Daneshvar, N., Oladegaragoze, A. & Djafarzadeh, N. 2006. Decolorization of basic dye solutions by 
electrocoagulation: An investigation of the effect of operational parameters. Journal of Hazardous Materials, 
129(1), 116-122. 

Gu, D., Gao, S., Jiang, T. & Wang, B. 2017. Solar-mediated thermo-electrochemical oxidation of sodium 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

S�� 	 ��.� �2������ dx.doi.org/10.22093/wwj.2017.72005.2316 
65

�� 	
�� ����� �Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 29, No. 3, 2018 

dodecyl benzene sulfonate by modulating the effective oxidation potential and pathway for green remediation 
of wastewater. Scientific Reports, doi: io.1038/srep44683. 

Ge, J., Qu, J., Lei, P. & Liu, H. 2004. New bipolar electrocoagulation–electroflotation process for the treatment 
of laundry wastewater. Separation and Purification Technology, 36(1), 33-39. 

Khelifa, A., Moulay, S. & Naceur, A.W. 2005. Treatment of metal finishing effluents by the electroflotation 
technique. Desalination, 181(1-3), 27-33. 

Khandegar, V. & Saroha, A.K. 2013. Electrochemical treatment of textile effluent containing Acid Red 131 dye. 
Journal of Hazardous, Toxic, and Radioactive Waste, 18(1), 38-44. 

Khemis, M., Leclerc, J.P., Tanguy, G., Valentin, G. & Lapicque, F. 2006. Treatment of industrial liquid wastes 
by electrocoagulation: Experimental investigations and an overall interpretation model. Chemical 
Engineering Science, 61(11), 3602-3609. 

Kobya, M., Demirbas, E., Can, O.T. & Bayramoglu, M. 2006. Treatment of levafix orange textile dye solution 
by electrocoagulation. Journal of Hazardous Materials, 132(2), 183-188. 

Mollaei, J., Mortazavi, S.B. & Jafari, A.J. 2014. Removal of sodium dodecylbenzene sulfonate by moving bed 
biofilm reactor, using synthetic media. Journal of Health Scope, 3(3), doi:io. 17795/jhealth scope-16721. 

Matis, K.A. & Peleka, E.N. 2010. Alternative flotation techniques for wastewater treatment: Focus on 
electroflotation. Separation Science and Technology, 45(16), 2465-2474. 

Ncibi, M.C., Gaspard, S. & Sillanpää, M. 2015. As-synthesized multi-walled carbon nanotubes for the removal 
of ionic and non-ionic surfactants. Journal of Hazardous Materials, 286, 195-203. 

Pedrazzani, R., Ceretti, E., Zerbini, I., Casale, R., Gozio, E., Bertanza, G., et al. 2012. Biodegradability, toxicity 
and mutagenicity of detergents: integrated experimental evaluations. Ecotoxicology and Environmental 
Safety, 84, 274-281. 

Phalakornkule, C., Polgumhang, S., Tongdaung, W., Karakat, B. & Nuyut, T. 2010. Electrocoagulation of blue 
reactive, red disperse and mixed dyes, and application in treating textile effluent. Journal of Environmental 
Management, 91(4), 918-926. 

Ramprasad, C. & Philip, L. 2016. Surfactants and personal care products removal in pilot scale horizontal and 
vertical flow constructed wetlands while treating greywater. Chemical Engineering Journal, 284, 458-468. 

Sokoloff, R.L. & Frigon, R.P. 1981. Rapid spectrophotometric assay of dodecyl sulfate using acridine orange. 
Analytical Biochemistry, 118(1), 138-141. 

Smulders, E., Von Rybinski, W., Sung, E., Rähse, W., Steber, J., Wiebel, F. et al. 2007. Laundry detergents,
USA: Wiley & VCH Verlag GmbH & Co. KGaA. 

Scott, M.J. & Jones, M.N. 2000. The biodegradation of surfactants in the environment. Biochimica et Biophysica 
Acta (BBA)-Biomembranes, 1508(1), 235-251. 

Şengil, İ.A. & Özacar, M. 2009. The decolorization of CI Reactive Black 5 in aqueous solution by 
electrocoagulation using sacrificial iron electrodes. Journal of Hazardous Materials, 161(2), 1369-1376. 

Terechova, E.L., Zhang, G., Chen, J., Sosnina, N.A. & Yang, F. 2014. Combined chemical coagulation–
flocculation/ultraviolet photolysis treatment for anionic surfactants in laundry wastewater. Journal of 
Environmental Chemical Engineering, 2(4), 2111-2119. 

Wang, C.T., Chou, W.L. & Kuo, Y.M. 2009. Removal of COD from laundry wastewater by 
electrocoagulation/electroflotation. Journal of Hazardous Materials, 164(1), 81-86. 

Zaidi, S., Chaabane, T., Sivasankar, V., Darchen, A., Maachi, R. & Msagati, T.A.M. 2015. Electro-coagulation 
coupled electro-flotation process: Feasible choice in doxycycline removal from pharmaceutical effluents. 
Arabian Journal of Chemistry.<http://dx.doi.org/10.1016/j.arabjc.2015.06.009> 

Zodi, S., Merzouk, B., Potier, O., Lapicque, F. & Leclerc, J.P. 2013. Direct red 81 dye removal by a continuous 
flow electrocoagulation/flotation reactor. Separation and Purification Technology, 108, 215-222. 

www.SID.ir

www.SID.ir

