
Arc
hive

 of
 S

ID

95 ��������	
��
�
��� � ��

F�(�)�Z 0-���Z �� 5���)< S�161��< ���_! 0���� 
i�&�'Z / S�/?Z Y$�Z �# *NG�9 .�$ 

�1� �$
�� D��#0���;� �2�5���J� �<7=

��)����	�/
/�
�����
0/�/
�(

 !"#$

�� (��
+�b ��44b�C*4� (�
4- �#��C� ,��6 ���Y�- ����� �74� �� �T]�^ 0 �� ��A/� �� ��44b�C*4� �� �� U��� ������ �� ����'#� �'�Y�
��+b�� ��\�� ����� ?�� &�� �� .����� O�� �� �7�� .��*� [�*]  ;b �7�� �� �E#� �������� �G� B�CD� &�� �� . S�'4N4��=  +'#�R�4

 M���+=��Q� (�
4-�
6 ��44b ��#b� ����%?�*^��8 (�O�� �� :�A�Yb ���� ��� 
��
F ���6  ���� ��
� (��
+�b 2�
� S�0�b PW� 0
:�A�Yb K	�� �;b 2�D� (��b �^�]� 0 :�� �� �� ���
+4� (��b l
YL� �� f�++4� �T]�^ ��
�� .�^�F ��� 
��
F .�'���F ���'�� %

����� �� 3= 0 �T]�^ f�++4� ��
�� ����  ����� �;b :���� 0 S�0�b &��*� ���� :�'A�Yb �'�	0� �+�� &��*� ��'�  '
��
F ��'��� %
�� M���+= S�4N4��= 0 (��
+�b [Y+L� 0 S�0�'b PW'� (�O'�� 3d'� .�'���F B'��O� (� �'� ��'1 <��'���  c  E�b�� 0 �O�� S�
\

:�A�Yb ��� 
��
F ��
� 0 &��*� :�'A�Yb 0 S�0�'b PW� (�O�� <��O^� Z-�� ���� 0� &�� �� (��O�� ���A+�� .�^�F ���6  ������ ��'�
 
��
F ) ���A+�� ��
�  E�b�� �� &��+;�� �� .����Fx Y�� :�F��0 (��
'+�b �+�	q/v 'Y�� :�'F��(�O'�� (M�'��+= S�'4N4��= �'+�	
:�A�Yb ��� 
��
F �� �+�b ��MPN/100mL vss ?��*� �b �^�� <��br0 M�'��+= S�'4N4��= ��  'E�b�� ���A+'�� .�
� PW� M+���N	

 ��A/� �� (��
+�b:
�  � �T]�^ ��
'� (�O'�� <��'b .E� ��� &�� �b ��� <��O^�  �!�� ���#� �� �� �� ��#=  ����� ��A�b ���
�
 ����4F ��


� ��+�b  E��1 ��
�  �����4F �Y��� �� ���+� �� 0.�
 ���
� ��	 

3J�> �$��5���:,�E�U6 
1�A-6 
H�Q)�� 
�����' 1������' 
:�#���6�	���IB2C�( 


Effect of Potassium Permanganate on Effectiveness of Chitosan in 
Removing of Turbidity and Fecal Coliforms from Wastewater 

 

Ramin Nabizadeh 1 Reza Nemati 2  Hasan Aslani 3 

(Received Dec. 13, 2010      Accepted Oct. 5, 2011) 
 
Abstract  
Chitosan, as a coagulant is used in water and wastewater treatment. It has similar performance in comparison 
with other conventional coagulants, and doesn’t have any disadvantages of them. However, its bactericidal 
property is lower than the metal based coagulants. In this study the potential synergistic effect of potassium 
permanganate, as a powerful oxidant, on the Chitosan fecal coliforms inactivation and turbidity removal has 
been investigated. Synthetic wastewater samples were prepared by mixing tap water with Bentonite and adding 
pure culture of fecal coliforms that provided by biological laboratory of Tehran University of Medical Sciences. 
After preparing synthetic samples of the wastewater and determining its turbidity and fecal coliforms 
concentration, various doses of Chitosan and Potassium Permanganate individually and in combination with 
each other, were injected to the samples. Afterwards supernatant of jar reactors were investigated for turbidity 
and fecal coliforms removal. Simultaneous use Chitosan and potassium permanganate has higher removal 
efficiency than the individual using of them. Highest applied combined dose (3 mg / L  Chitosan and 1.5  mg / L  
potassium permanganate) reduced fecal coliform to a level less than 100 MPN/100mL , which is  equivalent 4 
log-inactivation of fecal coliforms. Simultaneous use of Chitosan and potassium permanganate in tertiary 
treatment of wastewater can led to produce lower turbidity, as well as higher microbial quality in the effluent, 
which can reduce the amount of required disinfectant, consequently disinfection by products formation lowered 
very much. 
 
Keywords: Chitosan, Potassium Permanganate, Coagulation, Turbidity, Fecal Coliforms, Wastewater. 
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 @.(� �' F���rpm}� �' 2M� L���	e���� ��?�(� ��)*;	 �	 %�*�8� 
�� �"#(/ (C�]b,�,bw2b�[.�� :���(� ���� M�� �(�� �� QO

 @ 1; %�G�' �� � p� .) 32(�f�%"���� (����� ga�� �� �(�"� �
��� � ���	(' ��(' �**<� >�2�7 2�*� �*�*<�M�0 F(�+*?7 %�����/ 

>��K @#(/.9����� :��(� %�� � �	 
	�+"��� :�("�� 32(f ��
.�� 

G�k�16�	3� -�*�8H b��
9 A R�A	H ���f�9��'f 

����� ��(' L��� ���� >�2��7 �>�2�7 �(*/ 2100ANb@P���

@7(� ��e�' .�� �"#(/ ��7 �'��C�� F(�+*?7 ~�� � %�����/ 0�*�
 ��~2� �(��* J�b�������~2� ���' p'���a� �� ��eb�E����"7

�"� 	�����"�� ��� 
	�+"��]b�[
	���� �� Q�O ~2� ���� �	 . �����
@87 c*l�A-1 medium  p��R M�� �� i(�� @7(�� �� 
�� �*&�

 ���)� �
����� ���P��7 ��"�	b��� r�� (�� �	 �� M� �� %�� %��
���� ��"J�� 9������ ���� ��� ����	 ��' 247���� �	 2beb ��6�	
1?��' ��* >���b�:�("��� ��)*;	 ���	(/ ���?�(� ���� �� Q�O .

@87 c*l� 	(� c*l� ���	 �	 ��
�� ��� � @87 2F�
�� �� ��� .
9����� ���"� 2 %)��0� ��	���/ @C?T �' �6�� �' ����' �%����)�

�*' $���� ��&";� ������0*# F(� �� 
	�+"��b����� b������ � ��
 .��	(/ �*&� 9����� 	��� ���� � ��� $����� ���&";� ��*&� �� Q�O�


	�	 @���87 ������� �������'���� �	 �?���K�#4' 2�/�±w�����6�	
�' ��*1?� >��w�'���� @.�� 
��� ���� M��� �(��� �� Q�O 2
���� �M��� ��' :�P�	 �' ����'���� :P�	 ��� ����	 ��' �����e/�±

�/}}
	�	 L��)"�� ��*1?� �6�	 c*�l� M	�	 ��(�; M���� .�����
@87 ��' �	 �� �����e±eb@.��� 	��' ����� �	 ���/ ��*��� . ����

���� �� r� (� �	 >�2�7 	�
�� 2 F���2	 M��8� M��� ��� %R �	 �� 
F(�+*?7 ��£� M	�' @�m� 
���	 ���� %�����/ �� 
	�+"��� ��' .	��'

 L2�6MPN (�� L��(# 2�2 @�H ���"� .��"#(/ ��(; %��(' 	��� 
��R�'(� @;� Q�.×(; ����)� L2��6 �� 
��� @�v�MPN =

MPN/ 100 mL F(+*?7%����/ 
�8*� 32(f 2 :���2 �*?7 �8*� (*T 2 �� �' �� �	 
�� 
	('��7

 ���p*)l� ����	 �	 
	�+"��� ���' (� �� :�;b�� ��*�1?� ��6�	
���' >����e�����	 �	 247����� ���� 2 ����# �	 @.����beb ���6�	

 ��(; 
	�+"�� 	��� Q�� 2 
�� :�("�� ��*1?� .��"#(/ 
j�_:� A ^���3 

��&?�� �	e2w��' {��'(� ����"� F(�+*?7 2 >�2��7 3E�� ����
%����/ ��� � �� �����	 p���0� �� 
	�+"��� ��' 9������ 	���� ���

 
1 Turbidimeter 2100 AN 
2 Hach 

M� � .@�� 
�� 
	�	 M�8� �M���"*7 k?"J� :�� �	 �7 ��Re
��	
%� �� (�" 7 ����	 �	 	��b%�?*� F(�/�	��' >�2��7 3E�� (�"*�

' $*�%� N� ���� ��*1 r�	0� �' 2 ��	 �	 �' M�� (�b%�?*� F(�/
�	 ("*��%�� ��*O 9��7 $*� ��� 	���� ���� � ��*�2� >�2��7 .���7

9������� NTU bw� ���' ((+��K @��C?T) ������ ����� � �	 ���7 	���' 
NTU ��	(7 ��*O 9��7 %�<� 	2��w�>�2��7 3E�� �K�	 2

@��C?T p����0� ���'b/�%��?*� F(��/�	M�����"*7 (��"*�����' >�2���7 
NTU e�/e��9*��' 3E��� L	���<� ���7 @��#�� 9����7�����K�	

 >�2�7	�'%?*� r� �	 �� ��2� ��� . F(/�	("*������ 	(7 ��*O ���	�
 �G�' @C?T �	b%?*� F(/�	("*��9��0#� >�2�7 3E�@���� .

�� (" 7 M���"*7 ��*&' �	 ���� ��� ('b%?*� F(/	�' ("*� �	 �	 ��7
*)l� (���.@�� 
�� ~��0/ %&'�8� ���"� 0*� >�) 

SO9G��	 M���"*7 k?"J� ����	 �� 
	�+"�� �' >�2�7 9��7
��6 9����� 

:�� �	wL�<#(*T M�0*� F(�+*?7 ����� ���� %�����/ c����
M� � .@�� 
�� 
	�	 9�� � M���"*7 k?"J� ����	 ���� �	 �7 ��R

%� �C�4� :�� ����"*7 @�C?T 9��0�#� ��' �	��� 3E�� M�0�*� M
F(+*?7%����/ �' �@�� �"#�� 9��0#� 0*� F(�+*?7 M�0�*� ��7 ����R

%����/ 	���<� �� ��� �MPN/100mL ���,��� 	2��� ��' ��*�2�
MPN/100mL �e� �	@��C?T b%��?*� F(��/�	�� (��" 7 2 (��"*�
MPN/100mL��� @�C?T �	w%��?*� F(�/�	���"#�� 9���7 (��"*�

 .@�� 
�' T ��� �	 (B�	 >���. F(+*?7 M�0*� �&"C? %�����/ ��' $�*�(�
 	2���/e2e�/w:'�; >��� (B�	 �� .@�� �"#�� 9��7 ="���B�

 	2�� 3E� :�� ��� �	 �6���/�F(+*?7 % "���B� ��� %�����/
 (+K �	 �	 ��� � %�<� ����@�� 9����� (B�	 �?�(� 2	 �	 �7 ���
%� 
��	 0*� ��&?��) 	���2�%� �� 9��7 ��� .( 3E�� ��' M����

.@1��	 c��(� ���� ��� � �	 >�2�7 
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SO9j�F(+*?7 3E� �	 M���"*7 k?"J� ����	 %����7 ���%����/ 
9����� 	��� ��1O ��� � �� 

��&?�� �	}2��	 =*���"O >���B��(O 	('��7 �� :K�� ���"�
 F(��+*?7 2 >�2���7 3E��� �����%������/ .@���� 
���� 
	�	 M���8�

M� � :�� �	 �7 ��R }%� 
���8� 	�� >���B��(O �	 9��0�#� ��' �
%� 9��0#� >�2�7 3E� M�0*� =*��"O ���� � ��*�2� >�2��7 .��'��

 9����� 	��� NTUb}w �	 (+�K @�C?T) ����� ��� � �	 �7 	�'
 ��' (���6 9�����NTU  w/��>���B��(O L2� �	 .@�#�� 9���7

 =*��"Ob/�%?*� F(�/ �	 (�"*� ��D 	��' ��' �� ��*�2� >�2��7 	2��� 
NTU �������.

SO9k�=*��"O >��B��(O k?"J� ����	 �� 
	�+"�� �' >�2�7 9��7
��6 9����� �	

>�2��7 9���7 ��2� �=*��"O >��B��(O �	 9��0#� �' ���	� �	
 ����	� =*���"O >���B��(O @�C?T ��' $���"� @�#�� �	 ��(�P� �	 .

)�/b%?*� �' >�2�7 (("*� �	 F(/NTU  w�� ��7 �*�� L	��<��
>�2�7 3E� �K�	.	�' 

:�� �	�%� 
���8� 	�� =*���"O >���B��(O �	 9��0#� �' �7
F(+*?7 3E� M�0*� ���%����/ �	 L�� ��� �' .@�� �"#�� 9��0#� 

SO9l�F(+*?7 3E� �	 =*��"O >��B��(O k?"J� ����	 %����7 ���
%����/ 9����� 	��� ��1O ��� � �� 

�� (" 7 ��&"C?Tb%?*� F(/�	("*��G��' %/	���� ���' M��A � 
�@��C?T �	 .@���b%��?*� F(��/�	M�0��*� �=*����"O >����B��(O (��"*�

F(+*?7 ��� %�����/ ��'MPN/100mL �}� ��7 �*��� ��' p'��a� 
	���6�� ���	�����"���� %��P('	���' @��C?T ��(��P� �	 . %���<��/b

%��?*� F(��/�	�� (��" 7 ���' M�0��*� ����� =*����"O >����B��(O (��"*�
MPN/100mLe�� :�� �*�A � .�*���%� M�8� M�0�*� �7 ��	

F(+*?7 3E� %�����/ ��� 	2��� ���/b@�C?T �	 ="����B�b/�
%?*� F(/ �	 	2�� �' =*��"O >��B��(O ("*��/w@C?T �	 ="���B�

�/b%?*� F(/ �	.@�� �"#�� 9��0#� =*��"O >��B��(O ("*� 
��&?���� �	�2����' ����7 M�0��*� $��*�(� M�0��*� 2 >�2���7 9
F(��+*?7 9����7 �����%������/ 2 M�����"*7 �� %���*7(� 
	�+"���� ���'

 M�� � .@��� 
�� 
	�	 M�8� =*��"O >��B��(O :��� �	 ��7 ���R�
%� 
��	 ��*�2� ��� ��	 >�2�7 	��NTU b}� ���� � �	 ��7 
	��'

 ��' �����NTU w/��2 M����"*7 M	20�#� ��' .@��� ��"#�� 9���7
�0*� =*��"O >��B��(O �(�G��' ��*�1' @.(�� ��' >�2�7 9��7 M

%� 9��0#� %�*7(� �	 �	 .�'�����"'� �' >�2�7NTU w/b�*���

SO9a�2 M���"*7 k?"J� ����	 �� %�*7(� 
	�+"�� �' >�2�7 9��7
��6 9����� �	 =*��"O >��B��(O 
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(�" 7 ��' (�P� �	 �	 >�2�7 �7 ��l� �' @��	 ���	� ��2� ���
��NTU  b/�):��� ���� ��' �6�� �' .�*�� ( 
�B"�	 @;	 ��(P�

�' �	 :;��� �	 >�2�7 3E� M�0*� ��<��a� ���� �	 
��� 
	(�' ��7
 	2�����K�		�' �' (m7��� �	 �	 M�0*� ��� �7 
��� 
	(�' ��7 ��' 

�/���*�� �K�	 
�	 =*���"O >��B��(O 2 M���"*7 %�*7(� 
	�+"�� �� :K�� ���"�

 F(�+*?7 3E� �������/ %�� :��� �	���' .@��� 
��� 
	�	 M��8�
 3E��� M�0��*� =*����"O >����B��(O 2 M�����"*7 @��C?T 9��0��#�

F(+*?7 ���%����/ %� 9��0#� ���� $*� �' 0*� .�'�� 

SO9c�3E� �	 =*��"O >��B��(O k?"J� ����2	 %����7
F(+*?7 ���%����/ 9����� 	��� ��1O ��� � �� 

7 M�0�*� :��� ���� �' �6�� �' F(�+*? ���� %�����/ 
	�+"��� ��'
 ��"C?T �� M��0���&�/�?*��%�/�F(�	�"*���"*7 (�2 M�����/�

%��?*� F(��/�	�� (��" 7 ���' =*����"O >����B��(O (��"*�MPN/100mL 
b��� @��C?T �	 .@���� 
�*����b%��?*� F(��/�	2 M�����"*7 (��"*�

b%��?*� F(��/�	�� (��" 7 ���' M�0��*� ����� =*����"O >����B��(O (��"*�
MPN/100mL ��� (m7����� �	 �	 2%���<�w%��?*� F(��/�	(��"*�

 2 M�����"*7�/b%��?*� F(��/�	�� (��" 7 ���' =*����"O >����B��(O (��"*�
MPN/100mL b�� 3E�� M�0*� (m7��� �	 �	 .@�� �"#�� 9��7

F(+*?7 ���%����/ 	2�� �'}.@�� 
�*�� ="���B� 
2 >�2��D 3E�� M�0�*� p�*)l� ��� �	 F(�+*?D ���� %�����/ 

�')M���.�("7�' >���B��(O c���� ���1O(%��	���/ nP�� ���
�' M���"*D 2 =*��"O ��1��)� 2 %���(' 	���� %�*D(� 2 �0
� >��K

�(��;.@��#(/ ��� :��K�� ����1O �*+��,� �	 M�����"*7 �� 
	�+"����
�*+,� ���P �	 2 @�1*� �	���� �)'��� ����	 �(&�� �4�!�# ���

�' �� �*+,� �	 
	�� ��� 	���� (m7� � ���7 @��� ��"#.9������ ���� 
.@��� F���� �' �1��)� :'�; M���"*7 	(�? . �7 @�� 
	�	 M�8� ��6 

�' ��C��F�P ��&'� >�2�7 9��7 (�� �' NTUbM����"*7 ����	
 �� (" 7�%?*� F(/�	.@�� F�G ("*� ��7 @��� %�����	 ���� ����

 F���� �� 
	�+"��� ��' >�2�7 9��7 M�0*���	 �� 
	�+"��� ������*��
	2�� w�%?*� F(/� �	("* @��]e�.[

M���7�2 �	 >�<��a� p�Rb�G�*O 2eL�� �	e��e 2 20�� 2
M���� �wL�� �	e��� �	 
o��2 ��' M���"*7 c��� >�2�7 3E�

) �*��O ����	�/���b%�?*� F(�/�	��*�1' M������� ����	 ((�"*�
 %�G�' @��]b�2eb[M����� � 2 �����*� �<��a� �	 .}�2� (�'

 �����(# ��(' ��*&' �	 ��	(/ nJ8� M���"*7 %/���7�)<�� @*K�P
 	�)<��b��e%?*� F(/ @��]b�[.

>�)*)l� L��� �	 M���� � 2 20��e��� ��7 @��� 
	�	 M��8�
¥* � �("7��' ��(' M���"*7 @
����7�)<�� (�B�	 ��' @��1� ��� ����

 @��� (�" 7 ��� >�+��� 2 F��� ����� L2��"�]eb[a� .2 ���*' ��<��
 L�� �	 M���� �e��� M���"*7 	�	 M�8� 0*� 	2��e��}="���B�

L�<#(*T ���� E.coli �� 
	�	 M�8� 	�P ��@.2	 ��' @*�K�P ����
0*� 2 %/���7�)<�� : . ("7�' @*K�P�
	�	 @��1� 
	��� ��� %87

%� 	��]be[.���G r�� %��?�� 
����	 ga� �' M�*�1x �' M���"*7
y�+� EO��%� 	�
�� L�?� 3�(R� �	 (� 2 ��7 L���7 ��(�' %���*� ���

%� 	2�1� �� L�?� M���� 
��� L�?�� �	�'��� -.�' (�� ��� �7 ��7
%� =�1*��/��2(�*� 9���7 (�B�	 3(R �� .	�� ������ %����E.coli 

�� 2 	�)<�� @*K�P �' c)# ���� .@�� �*6�� :'�;(*T M���"*7 %�*8�
%� M�8� (�� �7�?# �7 ��	 M�*��G�%�'(�*� 9���7 =�1*���� ��&��

@1*� M���"*7 c��� ]bb[>�2��7 ��x(/� 0�*� (�!�� p*)l� �	 .
��� � ��� � >�2�7 �' @�1� 9����� 	��� ��� 9������ 	��� ���

 ("8*' >�<��a� (��� �		�' ��>�2��7 (�'�(' �	 ��1O >�2�7)
�*�I� �� (�� ��� %�2 (%la�	� � ����	 �	 M���"*7 �7 �" D�� (b

%?*� F(/�	%�G�' %����7 ����	 ("*�@��M� � . :��� �	 ��7 ��R
e%�� 
���	 0*� �����	 �	 >�2��7 =�C.� @ �1; 	���b/����b

%?*� F(/�	$�*�(� ��' ����	 ���� �	 .@�� 
�� 3E� M���"*7 ("*�
 	2������2�/�����' ���6�� ���' 2 
���� 3E��� >�2���7 �� ���K�	

 �*�2� >�2�7 %��<� NTUbw� ��' 	2���NTUw/e2NTUe/�
.@�� 
�*�� 

3E� �	 %�G�' M���x %����7 p*)l� ��� �	 =*��"O >��B��(O
 :��) 	��� M�8� 	�P �� >�2�7}M�� � L��� ��� �' .( �	 ��7 ���R

 :����}���� 
	�	 M���8�
F(��+*?7 3E��� �	 ����� %������/ ������ ���'
 :� . M����"*7 �� (�"&' %�2 @�� 
	(7 3E� �(" 7 >�2�7 
	�� � 

�M�8� �7 @� 
���	 $*7(� ��� ("8*' ��*1' ���� L�<#(*T >��;
 	�� ��� p'��a� .@��� M���"*7 �' @�1�EPA =*���"O >���B��(O

 
1 Divakaran  
2 Pillai 
3 Rizzo et al. 
4 Huang et al. 
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�' =�16 =*)"�1� M�*����*17� =�1*���� ��' 
���7�*�17� r� M���.
%��?��=1*��/��2(�*� �	�'�� %������ 	��	 �� ��]b}[.

O >���B��(O 2 M���"*7 M��0 � 
	�+"�� ��' =*���" ��)<�� M����.
 ���� �� �0
� 
	�+"�� �' @�1� �� 9����� 	��� ��� � >�2�7 �
���7

 �' 	�	 9��7 �("8*' @.(� �' $*7(� 2	�%��*7(� �	 ��7 ����Rw
%��?*� F(��/�	2 M�����"*7 (��"*��/b%��?*� F(��/�	>����B��(O (��"*�

=*����"O��� (��" 7 ���' �� >�2���7 M�0��*�NTU b/�@��;	 ��(��P�)
(
�B"�	.����� 

�	 �' M���"*7 �7 @�� %����	 ���w�	 ��' =*���"O >��B��(O 2
�/b%?*� F(/ �	�' ("*� �� (�" 7 ��' >�2��7 3E�� �' �	�; $*�(� 

NTU e/�2NTUw� .��	��� 
F(��+*?7 3E��� �	 M�����"*7 %������7 �����%������/ c����� 0��*�
 M�� � .@#�� 9��0#� =*��"O >��B��(O ��&?��� �	 ��7 ���Rw2�

8� @��� 
�� 
	�	 M���	 (m7���� �	 =*���"O >���B��(O 2 M����"*7
�' �<��a� ��� �	 
�� 
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