
Arc
hive

 of
 S

ID

37 ��������	�
������ � �

H57��n I�	J� ��  �� %o85@oK� ��LE�� !(8�54 %8���n %��5. 05@n�. � �1 0�1
%�M� B/ �� ��5-�5@1 

�� � 6'"�07E5�@!'� ��6	
9�!8F0 E��& G��
A��� ����& !<�� B��&D

������)�=/�/�������/�/��(

����� 
, ��C�(���E� n�/ T  , ��E� ��AD�� I�;��
 U�CJ� ��� ���'��/ ,�/�� S�A8% � � �� �'4 .>�� 1*Y�� � 1< N�;X% ���� � �	4

���
�� 1< �� ���%���4 ��4 N	DE�F� T	  S	�A8% �	 � .��	� , ��E� ��AD�� '� ��� �� &��;��� �� ,8F� ��4 ,;�	+�%m.��	� ,	DFA�
N��C� ( N�R% �A�� &�H��C��� '� ,�'���(< 1< ����< �� 1< ��4'�'.B*	? ,	"`�6 q�	2 �� /�	�
�/ T	  /� ,	 ��E� ��AD�� '� ���

N� &/�� ,���- .'( I�J�� �4< � I������E< ��4����E� �� � N�"� �/�+ I�� �� &��;��� �� �/��?/�� ��4 /����Design expert .'	( I�	J��
&����� �� '�< ����E� �������< �� ,(�� 7��8� ��� � ��A� =&/�� �4 �� 'D� ICP&��'�� 7'� �� P ��� � '( ���?RSM /��	@ �	��8% �/�	�

I�;��
 U�CJ� ��� ���'��/ � �%O�� N
 ��� ��H� NDE�F� � � P ��� .>��? ���
�� � �4 I�	�����E< ���	�E� �� &��;�	�� �� ���%���4 ��4
N� {�%�%\]] �\/jd�/ � �%O�� =�4< ����E� �� &��;��� �� ���wC4 .>�� '+/�I�;��
 U�CJ� ��� ���'� ���
�� � �4 ���	%���4 ��4
N� {�%�%\]] �\/eaN� '+/� 1< ��4�/�'���	�� |F	� �� �%��� I������E< � �4< 7��8� ����� �������< � ��A� K+� � � �� .'�< >��

�� ,���� ����M ��� /� �9p� ,(�/ , ��E� ��AD�� '� ��� N
 ��� ��H� P ��� .��� ,�'���(< 1<7�	�8� �	�� � ��A� .>�� ,8F� ��4
.��( 1�x��� /�
�� ��� ��J� >Z�[ N� N2�% �� N��R� $ ��( ' �� � ������ =>�� ,�(�'R� >�C4� �}�� ='�< ����E� 7*8�� �9� /� 

+L� ��� ���."UJ N�Z��9Z�� ���8�� : ��,� N[�1�9� ��9T�: NO���.T N���� ��� 

Performance of Electrocoagulation Process in the Removal of Total 
Coliform and Hetrotrophic Bacteria from Surface Water 

J. Derayat 1 M. Pirsaheb2 Z. Jafari Motlagh3 A.A. Zinatizadeh4

(Received May 5, 2013      Accepted Nov. 23, 2013) 

Abstract  
Electrocoagulation is an electrochemical method for the treatment of water and wastewater. The present cross-
sectional study was designed to investigate the removal efficiency of total coliform and heterotrophic bacteria 
from surface water using the process. For this purpose, water samples were taken from the drinking water intake 
at Suleiman-Shahsonghur Dam. The electrocoagulation process was carried out in a Plexiglas reactor in the 
batch mode with Al and Fe used electrodes. The experiment design was carried out using the Design Expert 
Software (Stat-Ease Inc., Ver. 6.0.6). After each run, the values of metals dissolved due to anode electrode 
dissolution were measured using the Inductively Coupled Plasma (ICP) and the results were analyzed using the 
RSM model. Results revealed maximum removal efficiencies of 100% and 89.1% for total coliform and 
heterotrophic bacteria using the Al electrode, respectively. Also, maximum removal efficiencies using the Fe 
electrode for the same pollutants were 100% and 76.1%. The measurements clearly indicate that the quantities of 
Al and Fe released in water were higher than the recommended values. While the electrocoagulation process 
showed to be effective in removing microbial agents from surface waters, the high concentrations of dissolved 
metals due to the dissolution of the anode electrode seem to remain a health problem that requires optimal 
conditions to be determined for acheiving standard concentrations of the dissolved metals. 
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4,��$,A� t] c�<�< #? 	A(S/��(S\\#? �;&% .��� 	�% 

R�]$� 
h�Y����X�
� ��� 53j�? ���� ? �X���X=� W�(&��. ��Kp6 �����

 @��:��j s#�
7� _,�� �� ��X���X=� ���/�&� 	3���  ���j��� ? ��A
_?�6?��A 

������� &% 0�F� 2�3�$��&�T �� 4,�  @���/ 4A��C 4�,��$,A� %��7U�� 
+� ��I� &% !����) ��7U�� !%��� ���A.< @���� �? @���/ 4A��C .	��

 	��� �Ih� #��H< @�����& ��� ( @�(&��3 ��f ��A.< ( ��� @�D]S� 
(pm[!%�) W&��f ���% @�77�� . @������& ��? @����/ 4A��C #) ���

!%��$�� �? #��H< %&��� 2��I�< ������ ��� ��]p�[.��P� #UA�i� &%
#? &% 4�?�,�� +���.= NO� �? 4,��$,A� +����$T �I� 4�&�? &.E��

 4�,��$,A� +����$T !%(���  4�i� *� �� 4,��$,A� %�7U�� ������]
���<t]+������$T ���I� 4���&�? �� +��;� q����$� .���D !%��$���� 	��A(

� �� 4?�,�� +��.= NO �? 4,��$,A� ������ �� !%��$�� �? 4�i� *
4� @�G� 4,��$,A� %�7U�� g.6L� NO �? 4,��$,A� +����$T #) �3%

'����) 2�$)�? ( �3 ( ��3� 2��3%(�$,A� �� !%��$�� �? N(�<(�$3 2�3
	���� �Ih��� '.������.A� #��) c���<�< ����� #��? . +������$T n������� ���?

 4,��$,A� '����) g.6L� NO �;&% 2�$)�? ( �3 $3 2�3 N(�<(� 

2 Response Surface Methodology 
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O?	;LRq��$� �? ¦�i� *� �� ¦?�,�� +��.= NO¦,��$,A� %�7U�� ������ &% '.����.A� %(�$,A� �� !%��$�� 

@#�3��#=� �	&�
�B��

O#�$�(mg/L) 
U�?	j 
(NTU) 

z��j�� _,�

(%) _?�6?��A 

@�:��j _,�

(%) �>��#* 

s#
7� _,�

@�:��j (%) �A 
���� 
(min) 

W�(&��.

|X���X=�
(Volt) 

�?�

�0
A 
(rpm) 

��� 

(Ċ)
J���

- �/m - - - - - -

�|�/m }�/m |/}� m p� pm � pmm �

pk}/m }}/m �m p� }/}� �m p

�}k/m }�/m }/}| m }/}� pm � }mm |

|��/m }}/m |/�} �mm l/�m �m �m }

��k/m ||/m �/}� �mm �m pm p� pmm �

��p/m ��/m �/�} �mm �/�l �m �

�k�/m |�/m l/}� �mm l/�m pm p� }mm l

klp/m |�/m }/�� �mm l� �m �

�|�/m }p/m �/�p �mm }/}� }m �� |mm �� k

}�/m |�/m �� p� �m |m �m 

}lk/m |�/m }/�� �mm l/�m }m �� |mm pm �� 

lp�/m }|/m �/�� �mm l� �m �p 

l/m ||/m }/�� �mm �m }m �� p�m pm �| 

���/m ��/m k/�� �mm l/�m }m �� |�m pm �} 

�|�/m |}/m �/�� �mm }/}� }m �m |mm pm �� 

�p�/m �l/m �| �mm l/�m }m pm |mm pm �� 

��k/m �k/m �| �mm l/�m }m �� |mm p� �l 

|mp/m p�/m �/}� m }/}� pm � pmm �� 

|�l/m p�/m }/�� �mm l/�m �m �k 

pk}/m p�/m �/}l p� �m pm � }mm pm 

�m|/m p�/m p/�� �mm l� �m |m p� 

kp�/m |p/m �/�� �mm �/l� pm p� pmm pp 

��l/m p}/m |/�l �mm l/�� �m p| 

��p/� �k/m �/ll �mm l/�� pm p� }mm p} 

�}p/� ��/m �/�k �mm �mm �m p� 

}l/m |�/m }/�� �mm l/�m }m �� |mm pm p� 

}l�/m |k/m �/�� �mm l/�m }m �� |mm pm pl 

}l�/m |�/m �/�p �mm l/�m }m �� |mm pm p� 

}l�/m |�/m �/�� �mm �m }m �� |mm pm pk 

}l�/m |k/m }/�� p� �m }m �� |mm pm |m 
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O?	;M�¦,��$,A� %�7U�� ������ &% �3� %(�$,A� �� !%��$�� �? ¦�i� *� �� ¦?�,�� +��.= NO q��$� 

'A� �	&�
�B��
)O#�$�mg/L(

U�?	j 
(NTU) 

z��j�� _,�
_?�6?��A(%) 

@�:��j _,�
(%) �>��#* 

@�:��j _,�
(%) Wj 

���� 
(min) 

W�(&��.
|X���X=�

(Volt)

�0
A�?� 
(rpm) 

��� 
(Ċ)

J��� 

R ��/m R R R R R R

p|l/m ��/m k/|� m |m pm � pmm �

|�/m ��/� �/}p m }� �m p

p}�/m ��/m p/|k m �� pm � }mm |

p}p/m m�/� �/}� p� �� �m �m }

|�|/m p�/p }/}� �mm �� pm p� pmm �

p|�/m m�/| l/�m �mm �m �m �

}�p/m k/� �/}� �mm �m pm p� }mm l

|�|/m �/� �/�� �mm �� �m �

|p/m �/p l/�} �mm �m }m �� |mm �� k

pp|/m �/p p/}� p� �� |m �m 
||p/m �/| |/�p �mm �m }m �� |mm pm �� 
pl�/m �/| �/�k �mm �� �m �p 
p}�/m }�/| �/�� �mm �� }m �� p�m pm �| 
|��/m �/p k/�� �mm �� }m �� |�m pm �} 
}p|/m k}/� �/}� �mm �� }m �m |mm pm �� 
}�/m p|/| �/�� �mm �m }m pm |mm pm �� 

}�p/m m�/} �/�k �mm �� }m �� |mm p� �l 
|�/m �/m �/}p m �� pm � pmm �� 

p||/m }l/� �/�| �mm �� �m �k 
}p�/m ��/m �/}� �mm �� pm � }mm pm 
pl�/m ��/� |/�� �mm �m �m |m p� 
}mp/m }�/| |/�p p� �� pm p� pmm pp 
|��/m |}/l �/�l �mm �m �m p| 
}�p/m l/p �/�� �mm �m pm p� }mm p} 
|�}/m ��/k �/l� �mm �mm �m p� 
||p/m �/| |/�p �mm �m }m �� |mm pm p� 
||�/m }/| l/�} �mm �m }m �� |mm pm pl 
||p/m }�/| �/}� �mm �m }m �� |mm pm p� 
||p/m }�/| �/�| p� �� }m �� |mm pm pk 
||m/m �/| �/�� p� �� }m �� |mm pm |m 
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W8>LR(VA� 	?�I @�63 &(% &% N(�<(�$3 §�$)�? NO @�����& �? n�)�( §��% ( @���  ¦,��$,A� +����$T �I�pmm �? @�63 &(% �I� (* &(%
'.����.A� %(�$,A� �� !%��$�� �? N(�<(�$3 §�$)�? NO @�����& 

W8>MR@���  ¦,��$,A� +����$T �I� (VA�'����) g.6L� NO @�����& �? n�)�( §��% (	?�I @�63 &(% &% �3pmm �? @�63 &(% �I� (* &(%

'.����.A� %(�$,A� �� !%��$�� �? �3 '����) g.6L� NO @�����& 

W8>PR(VA� 3 §�$)�? NO @�����& �? n�)�( §��% ( @���  ¦,��$,A� +����$T �I� 	?�I @�63 &(% &% N(�<(�$pmm �? @�63 &(% �I� (* &(%

�3� %(�$,A� �� !%��$�� �? N(�<(�$3 §�$)�? NO @�����& 

W8>RR'����) g.6L� NO @�����& �? n�)�( §��% ( @���  ¦,��$,A� +����$T �I� (VA� 	?�I @�63 &(% &% �3pmm �? @�63 &(% �I� (* &(%

'����) g.6L� NO @�����& �3� %(�$,A� �� !%��$�� �? �3 

(VA�) (*)

(VA�) (*)

(VA�) (*)
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O?	;PR�3� ( '.����.A� %(�$,A� �� !%��$�� �? ¦,��$,A� %�7U�� ������ �� �U? ¦?�,�� +��.= NO §��? J�� ����&�( ��A��� q��$� 
�?��X=� s#&O	�P-value F-value S.D ِ◌R2U)����@�6 !��� �� �	> S�C���C� ��A

%(�$,A�
�.A��'.��

J�� 2 FI §�$)�? NO §��? 
N(�<(�$3 

mmm�/m<lk/|}|p/|k�/mY1=+57.06+6.91A+5.8 B+ 4.21C+6.88D 
+2.51AB+1.84 AC + 2.66 BC 

J��Quadratic
+) '����) NO §��?

mmm�/m<}/}|��/}k�/mY2=+56.2+ 12.12A+ 9.52B+5.96C+8.55D +7.31D2+
2.68 AB 

�3� %(�$,A� 
J��Linear§�$)�? NO §��?

N(�<(�$3
mmm�/m<pl/��m}/|�k/mY3=+52.88+ 7.43A + 4.32B +2.74C + 6.49D 

J��Linear +) '����) NO §��?mmm�/m<||/pp�|/�l�/mY4=+73+ 9.55A+8.48C+9.09D 

4� n����� .�?�� &% @�&��,63 ( @��<.,�� #UA�i� �? ��7�< ��� q��$�
 ��? '(�) NO &% @�&�,63 ( @�G��&O? #UA�i� q��$� ( 4$M� NO

 ������ �� !%��$��4,��$,A� %�7U�� 	�D�% 	�7?�i�]tt  tu(tQ[.
4� �$G�? ��� %(�$,A� @�D + @���� ��% n����� �? #�L�$� &% ( %.D

 4�� %.8F? "�? 2��% &% y.�� +�,G< ��&j *O�/ ����w63 ( ��?��
2�$)�? #�6/ �� 2��a.�) y.��� �i�� ��? ��3 4�� n������ ��3 .��?��

#? J.�H� &% 4�,��$,A� %��7U�� ������� #��H< @�����& 4�&�? &.E��
�� 4��9  J�� V�$M�n��� ( ��D '��L�� V��$M� 2��3��% &% ��3

 ��? #UA�i� %&.� 4���% !%(���S\�<u\��E� &% Y.����� #/&%
 NO� �;&%  4,��$,A� +����$T ( ��% @���63 n����� �? .�D #$��f

2�$)�? #? 4,��$,A� +����$T n����� �I�  	�� #$��� n����� �3 !o��(
? ��% n����� �I� �� �$G�? �3� %(�$,A� &% %��7U�� ������� ����?��? .%.
2�$)�? NO &% 4���% �3 &% 4,��$,A� &% 4�A( 	��� &�O�f��I�< �3

 ����? 4�,��$,A� +�����$T  NO @�����& @%�? "�? 2��? ����T 2��%
 2���? #��F?  4,��$,A� +����$T ( ��% ���? Y��� ��� �? .�?�� n�����

2�$)�? NO &% J.��� ��� ��%�7� #? #/.< �? �3 %&����$�� �i� ���
%��f &��b #/.< %&.� 4�����D� *� ��3� !����6�b�? �� +;� q��$� .

  4�,��$,A� +����$T ( ��% n����� �? #) %�% @�G� J.��� '.����.A� (
������ &% ��� ��� 2���%��� &��7�4,��$,A� %�7U�� 4� n����� .��?�� 

#�UA�i� ��? ���7�< ��� q��$� ��,63 ( ���A.��T( #�) 2� 2(& ��? @�&
 ( ���% ��I� 4�&�?pH �� !%��$��� ��? 4�U�89 4�A� %�.�� NO� 2(&

 	D�% 	7?�i�  ��%�% '�L�� 4,��$,A� %�7U�� ������]t][#�? @��G�� .
 &% '.�����.A� 	��A` @�����  ���% n����� �? #) �����& #L�$� ���

4� n����� *� .�?�� 

h�Z��X�
��� 53�j�? ����� ? �0
A �?� ��Kp6 ����� 	�3���  ��
�X���X=� ��/�&� @�:��j s#
7� _,� ��_?�6?��A ���j�� ? �A 

&% ���( ���� .	��� *� #���H< &% 0F� 2�3��( �� 4,�  e`$B�
n�)�( 2(& #��H< 49 %&�Of 4� �I� �3]tt[@�63 &(% n����� �? .

y.��  %.G� #�;� #$MA @�D #$�,D c8� #) 2� �< +�,G< 2�3
�C 03 #? �$F? !�D@��� �F�� c���< ( !��8 4� �< %.D]t�[.�89 �?

 +� &% 0�7$��� ��I�  n��)�( @���� ( @���/ 4A��C  2%�&�� @.��b
��&�% ��� ��� @�D]tt[��? #) %�% @�G� 4�&�? ��� �� +;� q��$� .

 4�?�,�� +���.= NO� @������&  n�)�( @��� ( @�63 &(% n�����
 ��.A� ( ��3� 2�3%(�$,A� �� !%��$�� �? n������ 4�i�� *� �� '.���

4� 2�$)�? NO �? n�)�( @��� �I� .�?�� �� �$G�? #UA�i� %&.� 2�3
 #�$MA @��D #$��,D c8� @�63 &(% n����� .	�� @�63 &(% ( ��3

2�$)�? ( �&(�) @�D ��U� !&�?(% 4� �3 2���? ����? ����?���? .%.D
 ( %��7U�� &.�$)�& ����� @����  e`$�B� 2���? 2����� N�H� n3�)

#$MA ( ��3� !����6�b�? ��%��7� �� +�;� q���$� .�?�� n����� 2���
  n��)�( @��� ( @�63 &(% n����� �? #) %�% @�G� J.��� '.����.A�

 4�� n������ J.��� �3� ( '.����.A� !���6�b�? &��7� ����?���? .��?��
#�� ����T ���? @�63 &(% #�$MA @��D #$��,D c8�� ��< %.�D #$D�%

2��� �3& ( #�;� !%(���� &% n��)�( @���� 	�� �$F? .%.G� ���
#? ��� �$G�? J`��� c8� �< %.D *�M$�� ��.$� Y��6< @���� +�A%

#UA�i� q��$� �? #UA�i� ��� q��$� .%.G� 4�".9 ���.< #�) 2� �����
`FD @�&�,63 (NO 2(& �?QRJ.��� �� +��(�$�� ��? 4�?� 2��3

 #��L�$� ����� #��? @���G�� �%&�% 	��7?�i�  ���D '���L�� 4��,��$,A� %���7U��
 n������� ���? #��) �������& n������� NO�� @�������&  @���63 &(%

4� �?��]t�[.

h�[�? ����� ���� �� ��>�& �	�&�
�B�� O#��$� 0�  ��0�� �����
 �� ���:��� �� 	&� �?��X=� O�$&� '����6 ? ��X���X=� ���/�&� 	3��� 

<3�1� 5����� ��?� 
!������ �� +;� q��$� %(��$,A� g.�� (% ��3 &% !����6�b�? ���� 2���f

4� @�G� ���� &���7�  4�,��$,A� +�����$T ( ���% n������ ��? #) �3%
 4�� n������ *� &% ���� @�D + �I� &% J.��� .��?�� #�? #�/.< ��?

� �� 2&��7� 0$��� ��� &% #,��� +���8< y.��� #? '.����.A� �� ( �3
#? ( !�G� 4�� 4b��? 0$���� &% J.���� �&.�; 	��� ��,6�  �����

 ���� ���L� �� �� n��? &.�� ��I� &% #�.��I 4f%.A� %�L�� c/.�
 .%.D ����� 	�D��F? 4���F/ @����� %&����$���( '.�����.A� 2���?

 
1 Word Health Organization (WHO) 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

44���� � ���������	�
��

#? 4�����D� *� &% �3� c�<�<t/\(u/\4��� � �$�A &% '�f .	��
 #���H< 2��? '.����.A� ( �3� 2�3%(�$,A� �� #) 4<&.; &% ����?��?

 !%��$�� *� #���H< #��.6� &% !����6�b�? J.���� ��� &��7� ���?  %.D
!����� !�D &% !����6�b�? J.���� ���� &���7� #�? #�/.< �? ( %.D 2��f

 #��H< #��F? ����D  *�%.D *�M$���? .!&(%  #�;� q��$� #? #/.<
F? '������) g.��6L� NO�� 2����? n������� #���� 2�$)���? ( ���3 2���3

 4�,��$,A� +����$T +��D '.����.A� %(�$,A� �� !%��$�� �? N(�<(�$3
]n�)�( @���  	A(t\e`$�B� 	=��  #7�b%Q\\ ( #�7�b% &(%

 n�)�( 2��%S\NO�  �����D ���� &% #�) %.�? Y.����� #/&%
'����) g.6L� 2�$)�? ( �3 N(�<(�$3 2�3 #?c��<�<Q/Q�(Q/Qu

J.��� '.����.A� &��7� ( �;&%SQ�/\4��� #�? �$�A &% '�f 	��%
 %&����$���� ��� �� ���$6) #��) ����t/\4����� *� 2����? ���$�A &% '���f

 g.�6L� NO� 2���? n������ #��F? !&(% ���w63 .	�� 4�����D�
'����) 2�$)�? ( �3 ��? ��3� %(��$,A� �� !%��$��� ��? N(��<(�$3 2�3

#/.< #? %.? �3�.B �(��$� 4,��$,A� +����$T ( ��% #? &% #�) 2&.9
 4��,��$,A� +������$Tt]n���)�( @�����  	��A(�\	=����  #��7�b%

 e`$B�t\\ n��)�( 2���% ( #7�b% &% &(%S\ Y.����� #�/&%
'����) g.6L� NO 2�$)�? ( �3 #�? N(��<(�$3 2��3 c��<�<�\(

�/�\J.��� �3� &��7� ( �;&%tu]/\4��� #�) %.�? �$�A &% '�f
 %&����$�� � �� �$6)u/\4���� 4������D� *� 2���? ��$�A &% '��f

 ��� ���< !�����6�b�? ����� @������ #��? #��/.< ���? ( Y����� ����� ���? .	����
 2�$)���? NO�� ���;&%  q����& 2�3%&����$���� ( N(���<(�$3 2���3

'����) �� !%��$�� ( #$��� n3�) 4,��$,A� %�7U�� ��.< 4D&�.f 2�3
 W(& ���#? 4�����D� *� #��H< 2��? �& '.�����.A� %(�$,A� �? !o�(

2�$)�? NO 2��? #�? #�/.< +?�b ��d 2%��� � �< @�.<�T 2�3 ��E�
4� .��& 

m�<7��& ���* 
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