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Abstract  
Pharmaceuticals and micro pollutions have been regularly flushing into water resources 
through municipal and industrial wastewater plants. This problem therefore, needs more 
attention. Conventional water and wastewater treatment plants couldn’t eliminate these 
pollutions and it needs advanced treatment, otherwise humans and animals’ health 
would be in danger by them. Advanced oxidation processes have the ability of removal 
of Pharmaceuticals like Carbamazepine. And in this study, Carbamazepine removal has 
been examined through Electrochemical Peroxidation process at optimum pH (e.g. 
pH=3), also other effective operation conditions include contact time, current density, 
hydrogen peroxide and proportion of iron to hydrogen peroxide have been optimized 
through surface response method by Design Expert software. After experiments was 
completed, results have been analyzed and correlation coefficient of 94 percent 
computed, and proportion of iron to hydrogen peroxide has been identified as the most 
effective parameter in Carbamazepine removal. To achieve a removal more than 90%, 
13 solutions have been predicted by different operation conditions. The best scenario 
with 98% desirability, was 67.5 minutes contact time, 26 mM hydrogen peroxide 
concentration, 14.75 mA current density and 0.002 proportion of iron to hydrogen 
peroxide. 

Keywords: Advanced Oxidation, Electrochemical Peroxidation, Carbamazepine, Emerging 
Pollutant. 



dx.doi.org/10.22093/wwj.2018.98099.2491 40

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

مقاله پژوهشي

و فاضلاب، دوره 39-48، صفحه:3، شماره30مجله آب

��� & �
��$)� C0 5�+ >L��� F
* �( 8 �/���(*�L ��
*�� 3��� HMB 
#
 1( 
HMB N���� ,/�5 

@Wn�_3,G0\% D�?�p _*��q�$ ��#Q 0�5�_.

=> �2)�#,�� )���� 5��AO6� � 78 5�B���  ,79:�� � 78�&
#,;E 
�' 5�/��� ��2��*O,� ,�����#��� 


�)#5��E (4
GE�m_tizghadam@sbu.ac.ir 
C>
���� N��2? N)����O6��&
#,;E )���� 5��A ,79:�� � 78O,79:�� � 78 

6� � 78 5�B��� �&
#,;E �' 5�/��� ��2��*O,� ,�����#��� 

������)�/�/
�
����	�/�/
�(

#( #)��� 8�� #( 9�:*� ;��( :+ ����4( 6�+7� ��/ �*02 
��P�.*D >)S��� .>��#T*� ��.U .>���� �"�+*�#�"'
1!&� ?����)�AV�
F Q'( *% O�F.*�*%(*V �+'(�� /�*� MW�  ��5% 'MW� X+�
" 
.*� "

�267*- ' 23  �8��9)��(Y�=��.Doi: 10.22093/wwj.2018.98099.2491  

����� 
� *��$�� ]9 � �@�U a 6�� ��'���?L 
�� '���?L� /$	 � ��]��� 4�3 IJK�� E� D =� IL A���	 �� �3 �6@�TU � 4 ]T9 4�3
5�� �� �8�N �� .�+� �6��� \��#�� �$b�N �� ���R a�� =�  6�$� ���� IJK�� � IL 4�3 �T	 '
�b6+� 7���6	 4�3 �T���*��T/	�

'���?L ��� 5�� c<" ����� 5�� ���� *
���� 
�8� �3 �.�
  a�� .�T���
 �� TV ��
�T�L � T@	 �
 '�T�= ��
�8�	 �$bT�N 4�T3
 5T�� �
 .�T���
 �� 5$S=�T	����� �T���	 �����
 
��	 c<" ������N �6� �$S ��$+��$��� ����	 IJK�� �6� �$S \3�`TS a�� =�

 �
 ���$;$9 ��$+��$��� SpH ��$]�m��
 *��T	=  G�T	 4�T3 6	���S �T� �3�.���	=L e16�	 s�� 9 ��$T��� S *��T� 8 �6$T�
 5$S=�T��	��� c<T" 4� T� *'�T9 
TU�" jQT+ W+�S a�� \��	=L �"� D =� �� �2���$3 �$��� S �� 53L �F�� � �2���$3

 �.6�F;3 Z� K �� X��6� #$���L =� :S .�9 '
�b6+�w|�U�
 �9 ���	 �2���T$3 �$T��� S �� 53L �F��*5� N��<T� $GpN
 
�6�	 
	�& �+��� �L =� :S �d3 � Z$N N d3 T� � ��T� 8 �6$���
 �� �2���$3 �$��� S �� 53L �F�� \�� �$T��� S \�T�

d3 � � �2���$3 �$��� S �� 53L �F�� �� �2���$3 �T��� �  T� ��  $GpTN 5� 6�$� �2���$3 �$��� S �� 53L �F�� �� ��	= \��
\$S �
 .����
 5$S=���	��� c<" 4?�� c<" �� ���$6+
 ��$�wo*�U�
 gm�T� �T� 
��
 
�T8� eT16�	 �TQ$C	 s�� 9 �� ���"

 c<" �� ���$6+
 4� � ��$]� s�� 9 .�+� ��M�� 
��V  ^� 
��	 s�� 9 �� �8�Nwor�;N ��	= �
 �U�
h/vk�T^1[ � �T�$V

 �2���$3 �$��� Snv�1$	�?�	 �2���$3 �$��� S �� 53L �F�� �oon/o��� 8 �6$���
 �kh/g|�1$	 ��  �	L 
�T;6&� �T$1��V

wq �+� ���$6+
 
��V �U�
.

 G�; ��	����	:B8��9�3 �������7����0-�$  �2�S� J:�3%���
��T J������?;�8I6� �������7T��3 J

�/	�0+� 
)-(-J��>�� ���� ��-(�) �9�1f��6M����� ��O) i�� Q 
� ���� �

�1M��	(�
 ��6���,(�� ��
� 6 B�) ����� - �
�	-(�) ���� B����� �
() ����7T���	 ����  ��1,� �=��	� () )���7�� T-������ ��������� O . 

o+�1����, ��=��1� !	��� )��� .�� �1o+� �� � �;Z�O - �� �
������� �������2�1� ����%\� &����" 1F ����-(�) )����� 
� �(�1���� -

)Michael et al., 2013(�D)���2� Y��5�� !��	��� �1o��+� E���5 . 
9�1f
�=��� !1	� -M���� )-(- 
� ��4 - >��� ����,)-( ��� -
()��U� ��6 ?, �� %1� �( M��%�� �D��
 ���)
����� -��� &�12) )��\�� 

=���-�V� >������ () ������ �x��6M����() () �( ����-(�) G����1� �
�1(�
����� H� ��)
�	 -������ �� �� ���;�	  �I� ��� ����< 



�* X�%
���*��? +#���  5 �� �$K...dx.doi.org/10.22093/wwj.2018.98099.2491 41

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

������)Mirzaei et al., 2017(.>- D ��� ��o8��� �
����-(�) ()
�� �����6����1�
 �
 ��������;��Z�O 6�9?��	 6� ���� ��

���1���� -��< () �, =O�� ��.��� ��� .��� ��� ��7�� �� .����
J��>�� ���� ����� )(�- �;Z�O i� Q 
���)�� !�	��� �1o+� 6

)-(- 
� �;�Z�OM���� ) �� �����, � 1D��87.(Arbabi et al., 

2017).
����-(�) G����1� � 03��< �� ���N-( �������8
7 
� ���o8��� �

 O������� ���M�1	��1 46��O I1 T)���� 6M��� �3�7 6T��@O .� �� 
o+� - s��@� %
	��1�
� :��  �� .)(�) )��7- �����2�1N-( ��� 


� >)�o�	� �� ����� ����@� - ���%� ��(�)M���)-�9� �( �������� .
o��+��1��������2�1 ���� &��12)HR���1G�  ) ���8
5  ��� ����-(�) )�����

�L�1��D(�- �1 ��� ��o+� ()  H �� .�O( .1� 
� Y5�� �1�� H� M��
M� ����  H���� M�����U - >�����1=���.�;��Z�O �1o��+� ()6������ O

 ������ O  ��	 �� =��� ��O I14 M�1	��1���) �(��� �� .=�	� ()
���-(�) )���� ��O �I14 M�1	��1��� ���� O6����1�-a;���� 03�<

������&�V���  �B�) 
�O �� �
�O 
� -�
��)��� .(Brillas et al., 

2009, Michael et al., 2013.
G����1� � �1o��+� �� ��� ��O ��I14 M�1��	��1��� ������ O ���2� 

%\���34��� 6�����=O� ����6)���� ���( ���1%)���� 6� 6���-(�)
���1
1� G��1� � �14 - �2� �1o+� )��� �
	 �2� >)�o�	� ��)�� 

)��� ��	�� T-���� ������� O  � M� �o�� G� H� 
� ��.(Majidi et 

al., 2015) .
���� O .�� �4  �� ���T����)�( ��12�� =�	-) M- ���2� )�
� ����

����- 34� � (���	�=	&1���-(�1� T����)�( .OH�2��1>���� ���
M�1	��1��� &1����4 �/g(�1�� =2-����- 3�4� -��������  �1F

 - >���� ������- )(�- ���2� G����1� � ���� =5 ��	 ���� - >)����M����� �(
!� ������x.

L�� 
�  ��.����- �����12�� ���  �\�� ��� ����� - ������ 
� &1�x-(�1� T���)�(������6���M���� ��� ��� - �O M��� �����- 

M�-(�1� �1�x� 4 6(M����O))��
� >(���� .��� () . ����� O ��� ���
������ O ���1
1���- ��2� M���� =��	� ����� Fe	�h -H�O����� M�����5

() .����� >���x� - >���x��1<� .�� (�3�D 1HR� �8�'� &��5 ����-6
)�(�T�� ���&1��-(�1� =	� ��2� >)��� ��%\� !�	 ��`���)��� 

1 Organic Matter (OM) 

)Majidi et al., 2015(.�������� O 
� �(�1��� ���4 M���O ����-
�� M���O- ��2� ����� ��O I14 M�1	��1�=	� M���
 =��3D ��� ��� 6

- &1
����1��>�� ����.(Brillas et al., 2009, Yazdanbakhsh et 

al., 2012)  .
��x�- ���w��{�� M�I� �( M���O- ��2� - M���O ���� O .��) 

)w(•++ → OH+OH+FeOH+Fe -3
22

2

)z(•+++ → 2
2

22
3 HO+H+FeOH+Fe

){(OHOM-OxidizedOMOH 2+→+•

��-n��4 ����� 
�)����)(���� () ������� ����-(�) )����� 03��<
.O- 4������ 6�����O�8��) -��������� O 
� >)�o���	� ���� .14
������(��

M
� 6M���O 6M���O- ��2� ����� ��O I14 M�1	��1��� M
� 6��
 �� ��

 >� ��
�UV 6UV/TiO26UV/H2O2/O3.���� () .=��	� >���� E���\��

 ��12�� �� ������ O)�(�T��� ��� 7 
� j�8��� )�
� ���8
 OH�6O�6
−•

2O-•
2HO6��� �����2�1� ��%\� &��" 1F - ��-(�) )��� G(��'

 03< f19� 
� - ��%\� L1V��� 1F - L1V�����)��� 
� .UV 6O�6
H�O�6TiO�&��� ��� j�8��� ����(-%12���� >� 
� �� .�� M�� -

� � ) o�� �� - ��1� � ��12�� �)�(�T��� ��� >)�o��	� )�
� ������� )
.(Alalm et al., 2015, Arzate-Salgado et al., 2016, De la 
Cruz et al., 2013, Michael et al., 2013, Nasuhoglu et al., 

2012.

M�1����	��1�x� 4 N-( 
� >)�o�����	� ������ M�(������
� - �����12
�- ��2����1
1g03�< M�%1� COD -NH3- N��� �( !�1� ��}-

z� )�
� N(�%D �'()>���(Liu et al., 2012).

 1��D 03< %1� M�(��
� -��-��� ���'()�$���'()

 N-( ���� �( �;��Z�O 
� :1���	(� ECP  >)���
� N(�%��D ����� 

(Gutiérrez et al., 2010) .
��� .14
�����(�� ���-(�) >)��� 03< ��-n4 .�� () 
� >)�o��	�

 ���1
1��- ��2� M�1�	��1��� 4 ���� O )(��� ��	( � .=�O D (� �"
 ������ O 
� >���� ����O D � ���1
1���- ��2� M�1��	��1��� 4 ������ O
 () �� =	� M���O ���1
1� ���� O �� M���O M�1	��1��� 4 :1	;�

�� M�-(�1� �1��� 4 M� M��� - �O��Z� T��89� ��� L1V���� G(�'

 
2 Electrochemical Peroxidation (EPC) 



WTZ�O��
�S [�\(��� O�]�?  �
Q ��6� Odx.doi.org/10.22093/wwj.2018.98099.2491 

42

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

���� )- ����2� 
� .���� ���� T���89� )(�- >������ ������ " .���� �)����
)Brillas et al., 2009 .��� ������ .( ��-n�4 M��I� )�) N-( ��� 

03�< =�18��" ��7��� &��" M�%1� �� ���1
1�- ��2� M�1	��1��� 4
.)(�) �( .14
����(�� 

e/;�� � ��#� �!
���BI���
� s�1V� ()  Z�< ��-n4�� E�\�� ��18� . ���
������ 

���
� () ��) �4 6���I�� �1�� >�BI��) �;Z�O - �� ���7 >�BI
 .14
�����(�� �-(�) ����
� .��� E�\�� (��	��5 �1�� �	���� - ��O

 *��8, ��� s��12�7 =� � 
�����1�� ��'() ���.���-(�) >)���
 �2����2�� T���� O ���� .14
������(��C��H��N�O�2����2�� M
- 6

g�/gr� � () M� =12;< 6T��  � E D ��/`� ��12 () E D �81�
 p ' �Z �-(�) :� -=	�.

G�8����4 ��
����B��I�)(���� ��	( �����@� � &���� 
�����7 
����84�D��8����� )���@��  ���12 :��� L��\<mm`r� mm×`�� 
mm×`�� --��< �g�� �1�8�21 �� ����
� T��89� =�C8F ���`�

�18�E D () �12 &�< M�%�1�  ����<)�/`�E �D ��81�()( ��12-
�(�)�-))- ��2� ��� -���� 
���7 .�� �� ������ .���)- ��2��
.�� ��)�@�� mm`mm ×�� mm ×`g� ��0�� �R�1.M��� .��� 
)(�� �1
� O������� 41	��1M��- ��2�1
1���� ��E��\�� �����- 

`-g)(�� >)�o�	� (� " ���O D.
�� (�C�� >
����� D�1 .��� M�%�1� �)(�- >��� 6T��89� ��� E �7 
��2���)-  &�" -�@� 
���
���>
���� � 1D ��.� ���C��1LG��� 
 7���M� ��2������-��	( �������2- O ��+���������	 
�������3X�����
)�\1T��� DAZHENG,DC Power ps-305 d , 0-5 (A) , 0-30 

(V) >)�o�	� ��.i�
5 D(� " �1 � �� )- ���2� ()T��89� -e?�	 
s�
�  �)- ��2� ��T�89���� �1!� �  �� g���81� -  ���mm ��
mm× g�.)�� pH �1���-(�1� -:�� 8� �1�	� ��� T��89� L���	

 L1C�� � � =� � =,�	�() .�pH ���18" ���H�O��� =5 �	
%\���>�� ��� 03< M�����( -G��� ��� ����� O 
� M� S- �, &�12)

�� ���� -) .�� &���� �O Q 
� 6���� ��� ���1O ^ ��	 ��� ���1O ^
1� =5 	�� q�o�� � �I ��	( &1�I� �� - ��O�FeOH�S- �, -

��� j"��� ���� O - ��O�� ���� 03< M�����( f19� 
� .�� .)���
 ()pH &1��I� %1� .1��4 ���FeOH�h �1���� 4 M�-(��1� ��� ���

�� ����- T���)�( �12�� (��V� ���� Y5�� 6��) &1���-(�1� ���
 ���� 03< M�����( �\1�� () - >�� ��� ��� .����� &�12) .1�
�pH 

����
� E�
� () f19�  ��� � ��r.��� ���O D  �C� () ��� ���(�4�
M��
 s�
� )`���gy� (�V1")6=�C8F 2�������� 41���1M�-(� 

)�����M�� 7 ��1���) - ()r����1�8� ��� (��M���5 X��1��� �
&V��� ()�e?	 -M������( 03�< .14
�����(�� ��� M����5 X�� �1 
K	�4 ��E � (�%O� <� Q���
�����`����`��� >)�) -
�89� �1&
E �� (�%�O��Central Composite Design (CCD) >)�o��	� ���.

.1�_
� ��=,���� � �Z�!->��9� HR��1 E����  ��
�6��� ���(�4 
=�����1M�% .��� )-(-���� M�-(��1� �1���� 4
���: ���(��4 

A�I��� -T���\� ()N-( ECP 6��� ��: ���(��4 ()s ��	) 
������&>���� -M������ > ���� (�) ���� ����� -�������D�  ���
��������	 �(

>)(-� � �����.� ��89�1&(���������
�M���
� (�- ����� ��:
�O Qg-(��V� P)P- value (>)�o�	� ���.(���V� P ��
� 
���/�

�� M���5 �@��(�) M)�� �����()��O D  C� ��.
��� =C8F �� .14
����(�� ���	� T�89� :� ��`��� �18�E �D 

() ()  �12T���4- 4 �1�� .�� ��	���
� ���g�� �1�8�21 �� ��� �
pH  �� �r=C8F -`��18�E D ().��� �1��  �12g/��1�8�21 �� 

T�89�NaCl �� � L��1	 () M�� 7 )�\��6��� .�� �O�Z� T�89� ��
����
� �<� Q �� �7��6- L1C�� M�� 7 G�� ���� 41���1M�-(� 

�O�Z� T�89� ����(-) �� M%
� �-(  � -g�� (� �" �V1")  � (-)
 
� ����
� 6 �C� )(��� ���� M��
 =�3D 
� �4 - =O D O��'���� �

.
��- �3F��yg=�C8F - ��� >)�) (���5"��1>����
 =�t� " ���-
)(�- &'�< �����E � (�%O� Design Expert .�� 


����>�;�Z�O - �� ��7 � >�B�I���
� () .14
�����(�� � 1D
�1�� >�BI��) >�B��	) ��� (���	��5 �1��� ��) 4 ��I��UV-Vis 

Spectrophotometer =� ���� =,����	Shimadzu .����� E����\��
�� @� (�C��11.2� )��� =C8F��37 (��V� �� �7�� ��UV T�Q ()

 S��g�y 6 �������9���2��1	� �1M��C8F�� ����
�=�C8F ����
j8��� )(�����	� - �� L	( (��V�UV >�B��	) f�	�� >��� �37

	 D( L	( �� ��	 - =�H1M�?,�=C8F �2)�@�–6�37 =�C8F 
>)�� �2� @�11.��.

5��� >-;������  �Q N-( () ���
� �<� ��� ����4(� ��3�� 

1 Design Expert Software 
2 ANOVA 



�* X�%
���*��? +#���  5 �� �$K...dx.doi.org/10.22093/wwj.2018.98099.2491 43

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

����
� �� �� �� �	( � u O �14 G(�' .��� () 6)��� ��-n�4 
�� (�C�� ����
� � �34(� �� �	( � ����
� 
� ���
� �	 6�� �	 ��

 (� �� (��[�� >
����  ����O- ���	� >�B�	) 
� >)�o�	� �� (��-) � �1D
 =O D G(�'�� L� (�� :� ->
����� =9�' - �	( � (�C�� � �1D

 >�B��	) ��� ����
� ��	 .��� 6>�B�	) ��HPLC-UV =� �� =,��	
Agilent >
���� �� � 1D.�� ()
�  ��
� ����
� �	 .�� () �?, �'y
�� �'() �� ��� =	)������� >)�� *�8, - ������ ��?, 
� ����
 ��-(�).���� 

�/U9�AD T56 �
.�� ()��-n4 ��1����) 6s�
� M��
 6�1��� 4 M�-(�1� =C8F  H�

 .�� =��� - M�� 7)�
� >�� () �1���� 4 M�-(��1� ��� )- ��2� 
�
 � �����-(�) >)����� 03���< M�1���	��1��� 4 N-( ����� .14
�������(�

 �	( � ���1
1�- ��2�.�� 
!�� Z �� >)�o��	� M���
� 
� �����(�- %12����6&�189� ���.
�

E � (�%O�Design expert �	( � �� �8��"1=T��� ������>)�o��	�
 ��) D)Alalm et al., 2015(.

M�%�1� ��@��(�) M)���  �� !� �Z ��� >)�o��	� 
�P-values -
F-values ()T-���7 `M���I� >)�) >���� =��	� . �)���V� p
�  ���
�

��/�M�I� ����) �� �U ���� 1X�� b���(� ��@���(�) ��� T��� 

��(�) -()��(�' �� .�� (��V� �1� 
�`/�6����� M��I� >����) 

 1F �@��(�) M)��� G;�
7 T��� .=�	� (���V�P
�  ��
�) T���

���g/�M�I� ( ��
�  �
� �� ��)�g/���'() T��
�<� )��7- 

)(�) �� �@��(�) M)�� �� 1X�� ���� �?, - T;�,� 
�  �)�V� .���� 

b�� � �� >(���F�� � 6�����V� �����(�- T��� -G;�
7 M� ��� 

����(�- �?, ��� (��� ��� )-(.() �(��'���� (�- ����� ��� ��� L�� 
)%� ��:6������ (���V� M���� =
�	 )��5 ��:��1&������� ��� 

M�I� F >���) 1�@��(�) M)�� T�� -��G;
7 M�=�	�.!� �Z
 .11@�R2 ��� �y/�y>��� &���@� .1�1@� !� �Z - ��'()  ��� �

r/���%��� � ����1� � � ��Q T���� .�� ������ .���� &��'�< ���'()
(CCD) �� �4�1.=	� >)�o�	� &��" 03< M�%1� ��1� 
�@��2) y6�2)�@� ��U 2�� O�
� &'�< ) ��8
5 X��1���  �� ��

41��1��M�����( �� M�I� �( .��) 

)|(

M�%1� -  H�� &���5HR�1(�3D  -:��  � L1V��� �L� �� ���� 
M� ��� 
� 03�<  �� ��2)�@�y&���" S� ���	� =�	� !�� �Z ��U � .

](%�  ������6HR�1(�3�D  () .=�	�  ��I1� �&��� `V����  �H� L1
-  H�� &���5 ()&�� ���g��� H�L� � ����  H��� ����(����O

I��� >)�) M��� .=	� >��O� ���
 ���%�� M���� ���`�� M�%1� �V1") 

��0Q �/%12��� ����(�- .14
����(�� 03< 
Table 1. Analysis of variance for carbamazepine removal 

Source Sum of squares df Mean square F value p-value Prob > F 

Model 38.06 10 3.81 15.31 0.0002 
A-time 5.18 1 5.18 20.82 0.0014 
B-h202 4.85 1 4.85 19.52 0.0017 

C-Fe/H2O2 0.58 1 0.58 2.34 0.1607 
D-denensity 3.63 1 3.63 14.58 0.0041 

AB 2.73 1 2.73 10.99 0.0090 
AC 5.17 1 5.17 20.81 0.0014 
BC 4.85 1 4.85 19.52 0.0017 
BD 4.82 1 4.82 19.39 0.0017 
CD 3.62 1 3.62 14.58 0.0041 
A2 7.72 1 7.72 31.05 0.0003 

)0.001(time-density)×)O4.37(Fe/(H
+density)×O0.005(H-))OFe/(H×O3.45(H

-))OFe/(H×3.06(time+)O2H2×0.001(time+y)0.1(densit+
)) O372.3(Fe/H-)O0.1(H+)0.145(time+0.54=R

2
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Fig. 1. Effect of A) contact time, B) hydrogen peroxide concentration,C) proportion of iron to hydrogen 
peroxide, D) current density on removal of carbamazepine 

(A: time = 125 6B: H202 = 42.5, C: Fe/H2O2 = 0.0377, 6D: den = 25.5) 

48���A6M��
  H� (B6M�-(�1� �1��� 4 (C- M�-(�1� �1��� 4 �� .�� =��� (D4
����(�� 03< M�%1�  � M�� 7 ��1���) (.1

M��
)`g� =C8F 6�V1")H2O2:�/yg: M�� 7 ��1���) 6: Fe/H2O2�r���/�-�/g�(

���%O� 03< -���� ��	 - =�O�� M��� 7 ��1����) ���%�O� ���
 �1���� 4 ���%�O� ��� ��2- =�O�� ���%O� 03< M�%1� - M�-(��1�

 M�-(��1� �1��� 4 �� .�� =���6����� 03�< M�%�1� .=�O�� ���

1� =C8F ���%O� 6�1��� 4 M�-(�)�(�T�� ���  \�-���	� �`•
2HO 

��12�����)�� ���C8F () ��=���� ����� J���12)���� &������ OH�

1 Scavenger 

23.75 31.25 38.75 46.25 53.75 61.25

R
em

ov
al

%

0

14.2857

28.5714

42.8571

57.1429

71.4286

85.7143

2

A: time (min)

67.5 90.5 113.5 136.5 159.5 182.5

R
em

ov
al

%

0

14.2857

28.5714

42.8571

57.1429

71.4286

85.7143

2

D: den (A)

14.75 19.45 24.15 28.85 33.55 38.25

R
em

ov
al

%

0

14.2857

28.5714

42.8571

57.1429

71.4286

85.7143

2

0.0026 0.01528 0.02796 0.04064 0.05332 0.066

R
em

ov
al

%

0

14.2857

28.5714

42.8571

57.1429

71.4286

85.7143

B: H2O2 (mM) 

C: Fe/H2O2

A: time (min) 

D: den (A) 



�* X�%
���*��? +#���  5 �� �$K...dx.doi.org/10.22093/wwj.2018.98099.2491 45

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 30, No. 3, 2019 

Fig. 2. Effect of time and hydrogen peroxide reaction on 
carbamazepine removal 
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Fig. 3. Effect of time and proportion of iron to hydrogen 
peroxide reaction on carbamazepine removal 
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Fig. 4. Effect of hydrogen peroxide concentration and 
proportion of iron to hydrogen peroxide reaction on 

carbamazepine removal 
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Fig. 5. Effect of hydrogen peroxide concentration and 
current density reaction on carbamazepine removal 
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Fig. 6. Effect of proportion of iron to hydrogen peroxide 
and current density reaction on carbamazepine removal 
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Table 2. Optimization resuts of carbamazepie removal 

Solutions
Number Time

(min)
H202

(mM)
Fe/H2O2
(g/mM)

Density 
(A)

R1 Desirability

1 67.500 26.363 0.002 14.750 90.002 0.983 Selected
2 67.500 24.553 0.002 21.692 90.000 0.870
3 127.126 23.784 9.681 14.750 98.995 0.755
4 127.459 23.937 3.329 14.750 98.999 0.752
5 127.573 24.171 6.910 14.750 90.002 0.751
6 125.834 23.750 2.712 15.730 90.003 0.749
7 127.277 23.750 0.643 15.281 90.004 0.748
8 128.521 23.750 0.532 14.803 98.514 0.747
9 124.132 23.750 4.639 16.850 90.103 0.743
10 126.117 23.757 0.297 16.847 90.000 0.733
11 130.975 23.750 0.187 14.922 90.001 0.732
12 125.466 23.772 0.247 17.545 90.000 0.727
13 134.311 23.750 0.101 15.931 90.000 0.702
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