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Abstract  
Pharmaceutical industries, due to the production of a wide range of drugs, have pharmaceutical 
effluents and wastewater in various types of synthetic, chemical, biological drugs, etc. The 
entry of these substances into the cycle of the environment and human life is extremely harmful 
and carries serious risks. Therefore, pharmaceutical wastewater treatment is of great importance 
in industry. There are various methods on an industrial scale to remove contaminants and 
pharmaceutical effluents, among them, electrochemical and oxidation-based methods are very 
suitable for industrial and medical applications due to technical-economic justification. In this 
study, the removal of contaminants in drug effluents was investigated using the oxidation 
process. In order to evaluate and determine the characteristics of high-consumption drugs 
(aspirin, atorvastatin, metformin, metronidazole, and ibuprofen), using a potentiostat device 
with a three-electrode cell, a cyclic voltammetric diagram with a 100 mV/s scanning rate was 
performed until the initial and peak conditions were reached. Oxidation of drug samples were 
evaluated. Then, using the chronoamperometry process (constant potential application), the 
drugs were subjected to an electrochemical oxidation process (using three-electrode cells), and 
the drug removal process was performed for insoluble and liquid samples. At the end of the 
chronoamperometry method (drug removal), the samples were again subjected to cyclic 
voltammetry test, and the level below the oxidation peaks of the sample was calculated and 
compared with the level below the initial peak, thus determining the removal efficiency of the 
sample (removal rate). The results indicate that this method has shown about 70% efficiency for 
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removing selected drugs with a high removal efficiency and for the atorvastatin sample 
specifically, it was about 100%. It should be noted that the oxidation time of each drug varies 
according to the type of drug and the concentration of the drug under study. About 100 to 500 
seconds seems to be enough to remove the drug in most cases. The oxidation potential of 
selected drugs is in the range of -0.8 V. Therefore, according to the results obtained, this method 
has high and sufficient accuracy (RSD about 2%). 
 
Keywords: Wastewater, Drug Removal, Electrochemical Oxidation, Drug Pollutants, 

Chronoamperometry, Cyclic Voltammetry. 



dx.doi.org/10.22093/wwj.2022.322888.3220 73

����� ��� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 33, No. 4, 2022 

پژوهشيمقاله

و فاضلاب، دوره 71-81، صفحه:4، شماره33مجله آب

%&���= :;< S
� �/ ��
��� �	 
����!��
 .0�� �����&�(+� 

@ <�\I�![Y�@(�� �!"��i�� <��0.`-\I �!b���`$��P@1�#���� b\L�!8�%,3

=>)�� ��AB�	�^' 5��@ ,� ��B ��B��� ��,�� � 5�/�	�^'�,�� � ,��������� 
E>#�2)��,�� �	�^' 5��@B ��B��� ��,�� � 5�/�	�^'�,�� � ,��������� 

�)�5��G (4IG� mghahramanafshar@nri.ac.ir 
_>)�� ��AB�	�^' 5��@ ,� ��B ��B��� ��,�� � 5�/�	�^'�,�� � ,��������� 

`>#�2)��,�� �	�^' 5��@B ��B��� ��,�� � 5�/�	�^'�,�� � ,��������� 

������)��/�/�� ������/�/���(

�/ ����� ,�� �/ C�3�� � /:&���� ?/ @�&A�  �8 ���B 
e�' ��' 
�
.��	�^I ��f�� 
�
.����I (�g' 
J
.`�8���� ��� 
�
.����" 
#$,�h? <=> iA� �2 )�A��( &�� 

)�����%A�043� �����$�*�� 
5@��� A 5? 1 B	 "CC)�
(S�GF�.Doi:10.22093/wwj.2022.322888.3220 

����� 
�� &���#
 ����T )
�9�� �%E �%��� %�
 .&��%>%V< .6$9�V/ �V39�	 b#�V�# �
 &V���#
 LMVN�� � L�V�R 6#�#
 .�V5��#
 @# 6#

 &1�4���%���9�5y%D	 �{�2 �� 
#�	 8�# 
��� . �� ����# &���@ � G��@ �V� #� 6�V; �#�`{ � )
�� ��	 ��< �V5#�{ )#�V>5
8�#@# .G<#
 
 &���#
 LMN�� �%^�� .������T �.G%>5#
�#
 z
��@[�� . �V� &9��VT l�V%�	 �
 &������� 6�5 U?V" ��Vi�	
)���BO L��R � �5 [�� 8�# 8%��	 �7 ���#
 
�;� &���#
 6�5 [�� .�5 �� ��%/#�%�7# � &>%<��91�# ���R �� 6�5 ��V�%;�� V%�

&���t/��	 ��%�� &1<$R � &9��T 6�5
����7 6#�� 6
��9a#��9�58�# �
 . U?V" .��%/#�%�7# ���#�� @# )
�^9/# �� .X5�YR
)���BO L��R �
 
�;�	 6�5 &���#
 6�5.&V/��� �V< .8��\V/O) U�V�	�R 6�V5��#
 �V���	 8%V%�� � &V/��� ��Vi�	 �V� .

[����R &>/� �	����	O l�/# �� (8���R�H�# � :�@#�%���9	 .8%	��^9	 .8%��9/#����O :�/ �
 ���7 _`/ �
 �5��#
 8���pe�V� .
�{�2 6�9	�9�� �#
�>� .6
��91�# �/ / �� � ��9/#�%���9R )�-9/
 @# )
�^9/# X��� ��� �� 6#mV/s mhh �V� G/# )�< ��K�#

J%R � �%��# y�#�< ���>� ��%/#�%�7# 6�5 &���#
 6�5.&���@�#
�< %���9R :�>(#) 6�9	��\	O����7 ���#�� @# )
�^9/# �� =\/ .
��	 6�5��#
 (G��I ��#
 U?V" ���#�� � ��9��� �#�a (6
��91�# �/ / @# )
�^9/#) &��%>%<��91�# ��%/#�%�7# ���#�� GD� �i�


���>� �
 ���	 � :�3D	 6�5�< ��K�# �V{�2 6�9	�9�� ��	@O GD� )����
 ���>� .(��#
 U?") 6�9	��\	O����7 [�� ����R �
 . 6#
J%R ��@ _`/ � ��9��� �#�a ��%/#�%�7# 6�5 l�%a �%��# J%R ��@ _`/ �� � �H/�D	 ���>����< �8�# �� t%�����#��7 U?V"

 ��#
���>� @# 8%%�� (U?" �#$%	) �5<6#�#
 tV�9�	 6�5��#
 U?" 6#�� [�� 8�# �7 G/# �O @# &7�" d��9� .�&�#��V7 U?V"
 
��" �
 B��qh� � �T�
�8%��9/#���O ���>� 6#�� ��{ ��E.&�#��7 
��V" �
mhh �@B .GV/# )
#
 ��V�� 
�V{ @# #� �VT�


�� &/��� 6��#
 Gi3j � ��#
 b�� �� �;�� �� ��#
 �5 ��%/#�%�7# ��	@ �7 G/# �7c )�< &��V	@ 
�#�V	 �9�%� �
 .G/# ���^9	
 
��" �
mhh ��ehh &	 �i� �� &��7 ��#
 U?" 6#�� �%��I 9V�� �
 t�9�	 6�5��#
 X���7# %���9R .�/� 
��V" )�Vx/h�
&	 �#�a .
�%�8�#����� �� d��9� �� �;�� �� 8�# [�� 8�# )�	O G/
.) &��7 Ga
 � B�� GDTRSD 
��" �
s(�T�

�#
.

/H�+ <�� <���I :/�D�K0 L*������+�&?�� .������"� L+
�( \X# LO�"� <�&�+�]�0�$+� L*�+
�( <�� L<�&��&�+ 



5����8 �&C �* +����# ��	 %��... dx.doi.org/10.22093/wwj.2022.322888.3220 

74

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 4, 2022 

�4	�"5� 
JK��O�� 2���H��B��7 ����  ���� �I���GL ������� � ������#� �����

 �I�E����� � �����#� ^�'+P	 28��*M	 ���$ �� 8�� �
��+&

JKO�� -# �I� >?� � `�B �+��� ��  ���+&  V&� ���� �7����

 3#���,# C� ��;��*$����7 � �����V1 �� ��;��*$ C����� C� ����'P$ -# �
W�M	 �� �&�- ���
�'� ��� ��1 ��7)Guo et al., 2017(F��# .

JK��O�� >?��� � ����?���� �#���	 �#�#� ��� )8���� �	���GC#BOD [�
COD k(����?��� � �I�E������ N�'M	��� CY��&7#)��JK��O��)

C�	��  Z#��# �+�� )�  D�$��� `�B �� 2�V�7�$ ���� � �  ��+�&  
0��+&
 2�	�� XV� �7 �� �#W�M	 �&�-\	���.(Ellis, 2004, 

Lee and Nikraz, 2015) .
��7 ��+�&  ����?��� �#��	 -# ����� ^�1 ���% � ��#� x#��� 

���?�� C�	�� �� � ���9!�L ��	 0��;+��# �  �� �� ��#� ���7# .�����
C���8�	�� -# 0��;+�# �� 2�H��B��7 ��  ����?��� �#�	 -# � `�B

 FI��&	 ������	 Z����+	 �����&� 28���*M	 �	���� � 0���� �+B���� )��� 
C����	��  F���&7#� )����  ����  ����;:����O �#����	 0������7��+���&  

)Scherer, 2000(.
����% ����� ����$ J�&L �7 ��+&  ������ -# ����#� �����

0���8� W�M	 2#�AB �:�� �7 ��# ����- ��  +�&�-\��	 )����� 
��'P$ -# �V, F�#����� W��M	 ��� �����#� ����� J�&L ���� ��&�-�

0���8� F�# �� JKO�� -# �  _5% �	�7 2������� ��7 ����&L �
0���8� -# ���: � ��# W�M	 �� ���'P$ �&�- ���� .(Gadipelly 

et al., 2014) .
8� -# �I��� �'�# �� 0���8� _5% ��T�	 F��� -# )����#� �� 
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 ��	 -�������	 ����� .(Moulding et al., 1995, Longley and 

Johnston, 2005) .
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)Akpor and Muchie, 2011 Fatemi et al., 2007,(.
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0���� -# ��I� .���B �� ��� � #�B ������ ���  0��� ����	- F��# ��
�	 F��� -# .����� ����	���� � �7#���B �#��	 -# �� ��#� _5% ��#�$

 J��&L C��� D�?7 �����#� ���  x����- ��� ����	- F��# �� ���T�	
 ���� -# ���
�'� ���7 �� #�B _��*	 ��B�4 �� .(Møller et al., 

2018) .
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 ���	#G# U+��&�� ���� d���� ����H�# -# ���
���'� � C����������# 
.(Deegan et al., 2011, Gadipelly et al., 2014, 

Abdullahzadeh et al., 2021) .
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���� ����', �� � ����# ��# FI?	 ���$ WB)x#�� ����� ��%#�	
����# ������O ����	# ��;��*$ .(Mahvi and Mosaferi, 2005, 

Droste and Gehr, 2018).
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a�� F�# -# �I� �7 ��#� ���� �?����+I# -# 0��;+�# �� 0��;+��# � 

C�� -# �� �G'� ��  0���8� _5% ��T�	 � #���.(Murphy et al., 

1992, Legzdins, 2019) .
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C�� )�I��+I# C���� D� ��H�# JK�O�� �� U���	��� � F � �� 
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C���"	 a�� D� ��� ����� ���#.(Ricci and Legzdins, 2020, 

Cottrell, 2018) .
C�	-� )�9�� ��� -# �� ���  �I�+���� ���+�� ������ ���T�	 �

E�+� N�?:# �� -��� ���� -# �B�� �7 ��#� ���� � ��#� �I�	�����	�$
 ��#� �T�����	 ����?� ���I'?: ������ �.(Jansod et al., 2016, 

Soleimani et al., 2013, Soleimani et al., 2012) -# ���I�
C���	-� ���� ����?������+I# �� e���#� ����  W�#���� ������� ����T�	

 ��+	��+� )���?:# E��+� ��� X���+	 C���� ��I'?: � C���#��&7#
���B�4 ��+	��m	�������7 � �#����#.(Cuartero et al., 2014, 

Ghazani and Kazemi, 2007, Jarolimova et al., 2014).
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a�� a�� ���� �� �V&� C��� � ���� ��  _5�% ���#�� )��# � 
0���8� ����#� �� �� 3�H�# �?��� ��	����	� ��� ���$ �� ���1 -# .
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���+	�N�-#� # ���VLF��� ������ ( ��� ��� . W�#��� ������ ���T�	
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�&7#����� .����� 0��;+����# C������#� -# )C������#��&7# 3����H�# �����T�	
 �����	 �#G�# )���c ��&��+L �M$ �7 �� 0��;+�# ��+	��m	�����7

 ��&7# ��#� ������ -# ���� � ��V, 2#����y$ ��� ����$ ��� ���+�# �� .
 ��B�4 ��+	��+� �#���?� �� ���$ �� C���#��&7# )�# ��#���7 _5�%

�� �V��M	.

647�� � ��'y�=!.�9 
�� #�F)@ �YL x#�� �����	�C#G _5%0���8� 2#��+�� �����	 �� 

����#� J�&L -# ���% ���+I# a�� -#�?������ 0��;+�#.F�# �� 
�� ���7 3��H�# a�� ���T�	}'��# @��P��a�� � 0�9+���� )�#��	

 �f#�# C�	-���0��;+�# �� ��#� . 0�� F��# ��a�� � 0��� �����	
-# ���% e��+� jm� �f#�# ��#� �  ��� �� C�	-�.�� 

64�4��%� 
���B�� #����+�#����� ��#���m����� �	����� �����!7 �� _����*	�L�)F

$�+�#��$��)F	��;+	�)F���+	�N�-#� # ���VL�$ F�����W��$ 0��
�7�� � �-����#��'B#��#��� ��	#�# �� .��� J��P+�#�W3��H�#

���+I# C�	-��?����M	 0��� �+��
 �T� �� �����+I# ��7 ��� ���

�$���� -# 0���U�)2�;� ���m?7 N�*M	�d��	[���!7 �B���

� ��#� � C�?�������	�?$ 0����$��# 2�H��B��7�C#� ���# .
@ �YL ���$ �� � �L�!�F#� ��e��+I# -# 0��;+�# C��� ����� �

�����B�����  C#��:�)��+I# ��������U��{?  � 2�;����F
���U�'7���T'6 �� M[/����� )�������� -# jL �7�����U

2�;��M[/���+I# C#��: �����+� �� ���$ �� �T����	�e�+��
 0��;+�#.�� 

6464y�=!.�9 
����� ����	-� 3����H�# �����T�	�@�+	����+������B�4 �#0�9+����� -# 

N�	 2�+�#��#��
/2�+�#��&��+L palmsens4 ���'  ���!7 �B��
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Fig. 1. Scheme of electrochemical oxidation of drug on 
the electrode surface 
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1 Atorvastatin 

Fig. 2. a) Voltammetry curve of initial concentration for Aspirin, b) chronoamperometry curve of Aspirin 
removal and c) voltammetry curve of final concentration for Aspirin 
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Fig. 3. a) Voltammetry curve of initial concentration for Atorvastatin, b) chronoamperometry curve of 
Atorvastatin removal and c) voltamettry curve of final concentration for Atorvastatin 
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Fig. 4. a) Voltammetry curve of initial concentration for Metformin, b) chronoamperometry curve of Metformin 
removal and c) voltammetry curve of final concentration for Metformin 
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Fig. 5. a) Voltammetry curve of initial concentration for Metronidazole, b) chronoamperometry curve of Metronidazole 
removal and c) voltammetry curve of initial concentration for Metronidazole 
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Fig. 6. a) Voltammetry curve of initial concentration for Ibuprofen, b) chronoamperometry curve of Ibuprofen removal 
and c) voltammetry curve of final concentration for Ibuprofen 
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��"E�4�?� �����+��eC�	-� � ����+I#�?����� ��#� _5% 
Table 1. Summation results of removal drug by electrochemical investigations 

Efficiency (%)Oxidation time (T)Oxidation potential (V)Drug
67.223500-0.75Aspirin
1001500-0.83Atorvastatin

89.923000-0.78Ibuprofen
58.881000-0.082Metformin
73.881500-0.081Metronidazole
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.��# �#5
�c# 
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