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 �1�M ��I 1�7��M S!*O� ��!� �1 ���� $�& ?@A�	 ��RLD $�7 �H�
 �7 �*=�W $�& �� ��M .1
� ;�^���4� V�(CD )� �1

�7 )&5 �*�� `��� �����&
��7 _��D z��	 ���!M $��� P
�/E4T!s 0��^���4� E4T!s 0���� ���9 ;���kD ��d{D 
 �BOD 
pH �47
�� K8� ����BOD �7 ?@A�	 ET!s 
1 �1 0���Q7 x�2D ���9 )��=D $�7 .�/ ����7 ?@A�	 9BOD5cOG� $�&0��(� 9 �4��=�

���9 �1 )&5 ��^���� $�&h[�DhrZ .�/ )��=D ���Q7 x�2D ���9 
 �/ �	�A �(�U1�5 9 3I 9 �D
�4R*� ��1�4(� 0���Q7 x�2D ���9 �1
��� 
1 �1 )&5 ��^���� �7 ?@A�	 �7 �!BOD �	�A E7�d $�&/K8� ������ 
 �BOD x�42D ��4�9 �1 3l4� .�4/ ����7 ?@A�	

 �7 ?@A�	 �7 )&5 ��^���� E7�d ��1�(� 0���Q7BOD K8� ������ 
 �/ �	�A S!*O� $�&BOD ���9 �1 ��� �b5 �1 .�/ ����7 ?@A�	
���Q7 x�2D0�7 ?@A�	 �7 ��^���� ;
�R*� ��1�(�BOD ;���kD �d 
 �/ �	�A S!*O� $�&pH K84� ������ �7 �!��� �& �1BOD 9


 cOG� ?@A�	pH ���Q7 x�2D ���9 .�/ )��=D ���Q7X[�4��2� �1 �4��Q7 ��^���4� ���� 0�(�U1 �47 $�4&BOD5,1�4=�hhv 
][
�!�� �*�' �1 ���0]���2� �1 
 ��� �7 $�&BOD5,1�=�|}~ �!�� �1 ����*�'0[ET!s 0���BOD ���Q7ir\ �!�� ��4�� 
 �*�' �1 ���
pH ���Q7]�/ )��=D �1 01
� �D6�7 ��� ;�^���� ���� 
 �/�7 �D6�7 ��1�'5 ��7 � �& ���Q7 x�2D ���9 �1 .pH ��4�� )��4*Q7 $���

�� � ��1�'5 K8� .E/1 ��D 

�R�(  ,�"O���:T�1� �,B C��X�) )BODY! 0 TI

23-��/� 
)+�1 �* � 8%& /B�� )*��� 8�	 0���* )���*�����* )"A���"*���$�� 
"#�

 "* �O"d�� )� "E1 � �� �� �%.�)%"�A�%� ���"D "�A�� ���"0
.#� �� 8����1 ���n\ ������ �����*�6�b�� ���"� �� �"��
 E1�#� $%& -�.�� �Od�� )(Leyli et al. 2010) 

���""��������""& ]""A�����""2* N[""0 )""*�8���� � 	o�""� ��
3��>�����*��"& ���"� ����"�� %"�����A����">�����Z �)"�`�>��

� � H�?����3���	P�^2���*���A�� ���%��(Salavati Nyiasary 

& Sabet 2010) .* ���Z����)>��� i@# J��["+ )"* ���"B ;�"* 	o
;��$%""� ""� �""9�� N[""0 � �""��%�""&�*(Sayiad Jahromi 2010).

�>�f ���	������������ 7�451 J��&�* ��4��	"* 	
��?1�"� 7
b�� �����\ )� #� "���%��	"* �� ���Z���"��N["0 �� $�� 
"#�

3��>������ ���� ���KA� .%���� 7�b�� )?"#�1 )* �� �"��>�1 "� %
�	*�91�� )����� ��+� ���� )��3 7(Salavati Nyiasary & Sabet 

2010) 
���� $��%5� �� ��?*�)�*�7<�1<WW 6	* (	
������g��6 ��

j1 ��f� ���Z��$%"A, ��	 ��"����"&.� �� "� "� )"�A+ 7�)"* 8��"1
������^".0 )* i@# M2� �["\ ��"����	��	
P>� g��"6�"P��

I��j��"2���"���$	"�� .�	"� $��""&� �6�"# b�� ""2* �"4����
""#�#���g��""6 �� ��
6�""# �	1 �""�""& :�A�������� ���Z���""�.

^9� 	1�� �� N%� 7�>�1 �
#�� 7�� �* ���Z���� %� �;�* g��6 � 
� �&�� 7
����*�B �"* G	"
�� J"*�B � $��# "��"��"�G�"E5� ]

��.1�#� (Habashi 2010).
BOD 2�� N	E� �	� $%��� Q!�����3�� V#�1 8n2�"^���

www.SID.ir

WWW.SID.IR
WWW.SID.IR


Arc
hive

 of
 S

ID

... �  @�L ���o���  �`��_ ;-��3 

23 ��������	
������� � ��

$��%�� � $��* �� J6�� 3"�	�"� 8��� %"���1� "�Q!"�� �� �� 
�A��%(Abaspour 1997)� �� .�451 7"��	"* 7"�� ���Z���"� �� H�

>� ��* ������ )"* %"& $�� 
"#� �Od�� "�1	1 7"�G�"A,� �"* )"� :
$��%"�� �"* lm"# � $%& F�	?1 ���	
����\ �� 7�?� ��	��j1 3"�	�

BOD )�0	� 	� ���>� ��* ���� 8��%����#�	* �Od���&.%
Rahmani et al. G�# ��<=zv ���� �� 7"�� ���Z���"� �
�#

	 D V�"5� �� ���"#�� N["0 �� 8� �����"R �"#�	* ��"*� ��"�
 �� )R ��� 8��� ���
� .%���A� H�451pH ��%0t��� �* �<-	3

7�� ���Z���� 	
�> �����%��� 8��� �� 8��1<W�� ��"* )"4�B�vv
� ��#�� %D�� .��"A� N["0 �"*� V�"5� �� �� ���#�� 7�"�KA�

 ["0 �����R �a�"A1 8�"�� � 7"�� ���Z���"� "��� ����"�� �"* N
� ���""#�� ""��� ����""�� �""* � ����""��pH ""��� ���""R

(Rahmani et al. 2011).
451�� H�#�	* ���� �� 	(�N["0 �� 7"�� ���Z���"� �	P�A,

5� �� �	#�V���*���"?� V#�1�451 -�"�, $�("���� �����"4
 G�# �� 8�	91<=vW .%& -�.�� � �� "� �n"\ 7��)"� %"& Q!"��
9* %""��� 8�""���)""�<WB��� �)""4""�9* $�Z���""� 8���""��� �""1 )""�TW

����> �� -	3�	
</W"��� �� � -	3XW��"��> �� -	"3�	"
T/W
� -	3�.%&�* �KA��� 7�9* �	# ��� 8���)�<W����> �� -	3�	


� ��8��pH 9*�)�<<%& b���3(Moezi 2011).
� ���451 	(�3 ���"D ��"4 o�"1 )"
�	�	 "D 7"�� ���Z���"� 	

�	e�
�	*?A+�	
��* "����G�"# �� )"��6��� ��TW<W V"#�1
8���PA� � ����* .#� � ���451 7�	o� H<WW ���� 	
�> �� -	3 ���"�

 7�� ���Z 	"* ?A+ ��
6�"# � c�"�1 "�	
��* "������"*�)"��6���
#�	*�%&"#� $.� �",�* 7"�� ���Z���"��j1 ��". "��
�` ��	�"P�

*	
�����j1 ���& ��	�A����"2��
\ �� ���� JY��2�� J�"#�%�8�
0� ��) �<vs �1Tz< �"��� ">�("2�� ��G�"�5� 8n )s/W�"1T/z
���� 	
�> �� -	3(��%��& �"��� G�"I �� �� 	� )��MY1 �"�.%"& 

�
���)R ��� 8���* )@*������� 7pH ���� ����3%"��� ��G��"#
	
��*�� ���3n������+ ]� )?��*	P�#� $%& G�?� ��,�^��

	
��* %&� "������ 	 "D 7"�� ���Z���"� 8�	"� )��"d� ����
6�"#
	
��* )?��+����o�1�A� 	����[3 (Barnes et al. 2010) 

Crane et al. ��G�"#TW<< o�"1 ���"� ���7"�� ���Z���"� 	
�	e	 D�
���#��* �������� )"* $��>� �� "�451 -� "� .%"���A� H��

��7���n\ ��4� )?>�@� ]�)"2 �����Z���"� �� $�� 
"#� ���"� ��
�	e	 D 7���
��
�(� ���Z���� "� )?"&� � X%"& -�".�� "#� $.

�""
������� )""� ��� 8�""�� �""�""#� )""* -��)""* 	 ""D 7""�� ���Z���""� )�
8��""��<W��-	""3�	P��>�	""
 *)��� 	
""�vz(%""D�� �	"", ��T

���""� ,�"#�"������%��
""#� )""* + 8����"#""&�%9* ���""9<�
V�5� �� e� 0 l��`� �}�	�� 2��T�"9*� ���"� �����"&���%�

#��.%)?&�XA� ^��
� 7��1 �� )". "�� .��"A� %���Z���"� J"*�4� ��
Fe3O4* N[0 )* H������ 	
"�TW����� %"D�� "� .%�%"& �� �� -�
�	*��*��
� 	 D 7�� ���Z���� 7�	
9* ��&�� 	*�� ��.

��451 7�H�*N%� )* �Od�� �>� ��* ���� #��7"�� ���Z���� )�
.%& -�.�� 

73�5� 5 ���� !8
� ���451 7�H1o��>� ��* ���� �� 7�� ���Z���� 	����� �Od��
#�	*�.�	3 ��	B 

���� ���� 7�� ���Z ���� �
�# �� $�� 
#� J��&	�� "��� %""" "# 7")
�	e�""""
�s%""""# �)""""*��� �%""""���%�� �	""""* ^�2���%�%""""#%��^
#��	��%��%.��* G���
� � ]� 

""#� G�""�5��� %�	���%""��%���""# G�""�5� � ]��	""* ""��1�^pH 
)��A� G���
� ���)*����� ��
2&�3�"�+ � 7"�� ���Z���"��	���
2���& ��9�� 8%& %�	P& � ]�6	��	* 91��Od�� )%& $�� 
#�.

$�(
#� ���� �� $�� 
#� �����451 7�H:��* 	�� ����� J��& 
�	*�3 $��%�� "�	�BOD $��%"�� $�(
"#� �� 3"�	�BOD G%"� �"�=

G�E5� 	�����P �	*��* ���� 8�	� |��!��%P�& �� 	(�G%"� �* 	P
yellow line��	*�G%"� �* ���	1 �� ���� 8�	� 8�� 8	"Rq� 8�"A>�

�	*�$��%�� 3�	�pH $��%�� $�(
#� �� �	�3pH G%� �* ^��	
� 744 
���R G�E5���#� 
#� l.%& $�� 

7323�89 ,��;�C!C �$�< �5� 
�� ���	e �* 7�� ���Z���� ���n\ 7�	I �� 	 D �0� H"�7"�� ��

�	e )""#�""
��	e 	 ""D 7""�� )""*�""
�)""* ""#��0� ��""��� )�""����
	��""�	�%�]</W����* �""* �;�""���%""�%""# %�^<s/W�;�""�
)* )@*�� ���D<>�1�%& %(Abaspoor 1997).

)~(
NaCl62H213)OH(613)s(Fe2O2H184NaBH63FeCl2 +++→++

� �� %?*��	e �"* 7"�� ���Z���� ����� 7"�)"* 	 "D ���"D
# ���Z�2* ��� $��� ���)1 ����7&%.%� 

$���� �� l\ ��#�G��5� G�"�5� �� $	"@B $	"@B 8���"�� �"* ��
����*��%�#%"%��5� J6�� )* ^"���Z���� �
�# �	}�& ��L0�� G� 

1 World Health Organization (WHO) 
2 U.S. Environmental Protection Agency (USEPA) 
3 Hach 
4 Kern 
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�	& 51 7������D 	 2A1� V	3�.
1%"� lm#��"�� >�1 7"�� ���Z���"� �"1 %"& $��� 8"��� $%"& %

)1 G��5� ����%?* � %��& 7�� G��5���!1 ���Z�����)&� %T�1
=& J6�� �� 	6� �� � %& )
2& G���
� �* ��*�� ��� ��� )��)"
!

�� � %&�� G���
� ���Z�����2�� �1 %& )
!�.%���� %

7373N+!��9 )!�C� �5� !8
�Od���� �#�	* ���� H�451 7�� $%"& )
6�# � �"�6 	�"& ��

 	}""&��""*.M""2� )""@*�� H""MI 	}""& � �""�6 	�""& :""�R	1 ��""�
 ���� ��"� b�� �� ��+�� ���%��
#���"� $�("� .%"&�* ��	"* ?1�"� 7

9* a�A1 8����%4� �)���X/W�<)"* 7"�� $�Z���"� -	"3 )"* :"�1	1
 �* �Od��BOD G��?�=q�<<W ���� � %"& )��"d� 	
�> �� -	3

�8��� �a�A1 ���<X�"1<zW 	"* a�"A1 8�"�� 	"��j1 	"o� )"4�B�
 N[0 8��%���BOD #�	* �Od���%&8�"�� �� %"?* )�0	� �� .

* )��9* a�A1)%4� �$%�� #� ��X/W�<�X/<�T�=7"�� $�Z���� -	3
 �"* -�"6 �Od�� ��� �� )* �)��3�%+ )�0	� �� ��BOD G��"?�

=X �<<s ���� ��"d� 	"
�> �� -	3 %"4� � %"& )��<�T�=�q�X-	"3 
��� �* �Od�� )* $�Z����Tzv ���� )��d� 	
�> �� -	3&	"o� � %

N["0 8��%"��� 	* 7�� ���Z���� ��� ��	��j1BOD �O"d��
* )��9* a�A1 8��� �� %?* )�0	� �� .%& �#�	*)$%"�� #��%"4���

*�o<F"�
!� 	���"4� �"* �O"d�� )"* 7"�� $�Z���"� -	"3BOD 
�G��""?TT�=X�qT�st�vW�<Wq�<<W�<<s�<Tq�Tzv�""��� -	""3

	""
�> �� �=)""��A� )""* 7""�� $�Z���""� -	""3 �""* ��""�BOD G��""?�
=X�<Wq�<<s�Tzv ���� )��"d� 	"
�> �� -	"3 "& ��	"��j1 	"o� � %

BOD N[0 �� 7�� ���Z���� �	}�A, 	*BOD ���"� �Od�� ��
 9* a�"A1 8�"�� �� �"�� 	"6� )"�0	� �� .%& �#�	* 	�� )"���%"4� ��

X/<�T �q)* $�Z���� -	3 �"* -�"6 �O"d�� "��� )"# )"* :"�1	1
BOD G��""?�qT�<<s�Tzv�""��� 	""o� � %""& )��""d� 	""
�> �� -	""3

 ��	��j1pH )=�X�t�v �<<(N[0 8��%��� 	* )�0	� 	� ��BOD 
� Q!""�� �O""d�� ��pH 7�""�?1 )""��9* %""&(Clesceri et al. 

1998) 

=3O	� 5 P+!$C 
=323��-���� o!�D Z! 
)* �����?1��9* a�A1 8��� 7�"4� �%
*� )���% X/W�<$�Z���"� -	"3

* 7��):�1	1)*�"* -�"6 �O"d�� "��� ��BOD5G��"?�=q�
<<W ���� 8��� �� � %& )��d� �	
�> �� -	3 a�A1 ���<X�"1<zW 
)4�B��N["0 8��%"��� 	"* a�"A1 8�"�� 	"��j1 	o�BOD �O"d��

 �#�	*&.%�*� )* )+�1���� �� )P� ���=q�<<W ��"���� -	"3

>�	
�*�	
��� 7�N[0 8��BOD  8��� ��qXB���	3 ���D )4�
�	*��*�8��� 7qXB��* )4)9* 8��� 8���,�?1 )���.%& 7JP& ��"� <

�TG�%""+ ���""�<�Tj1 	""o�""�� �	""P�A, 	""* a�""A1 8�""�� ��	
 N[0 �� 7�� ���Z����BOD5�� -�6 )��A� � 8����.%��� 

Time (min) 
Fig. 1. Contact time effect on performance of iron nano-

particles in removing BOD5 from raw sample 
(The concentration of BOD5 in raw sample is 34 mg\L 

and the nano-particle concentration is 0.5 g/l) 
LF(23a�A1 8��� ��	��j1 	o� N[0 �� 7�� ���Z���� �	P�A, 	*

BOD5-�6 )��A� 
���)BOD5-�6 )��A� �� ���� � 	
�> �� -	3$�Z���� ���X/W-	3

	
�> ��(

Time (min) 
 

Fig. 2. Contact time effect on performance of iron nano-
particles in removing BOD5 from raw sample 

(The concentration of BOD5 in raw sample is 110 mg\L 
and the nano-particle concentration is 1 g/l) 

LF(73j1 	o����� 7�� ���Z ���� �	P�A, 	* a�A1 8��� ��	
 N[0BOD5-�6 )��A� 

���)BOD5-�6 )��A�~~� ���� 	
�> �� -	3 $�Z���� ��� �<-	3
(	
�> �� 

=373-���� ��;�C!C Z���� 
�� ��	� 7* )��9* a�A1 8��� �� )�0)%"4� �$%"�� "#���X/W�"1=

�"* -�6 �Od�� ��� �� )* �)�0	� �� �� 7�� $�Z���� -	3BOD 
G��?�=X�<<s ���� %4� lm# � %& )��d� 	
�> �� -	3��<�"1X
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Table 1. Optimum balance time test results (at a raw sample BOD5 concentration of 34 mg/L and a nano-particle 
concentration of 0.5 g/l) (Mohammadiyan 2012) 

45��23������ ���
� ��� )��9* G��?1 8��� 7��?1 )* |�*	� 
��� ��)BOD5= -�6 )��A� =q���� 	
�> �� -	3 = $�Z���� ��� �* X/W	
�> �� -	3((Mohamadiyan 2012) 

Sample 
number 

BOD5
concentration 

of the raw sample 
(mg/L) 

Nanoparticle 
concentration  

)gr(

Contact 
time 
(min) 

BOD5 Concentration 
in the sample refined 

with 
nanoparticles(mg/L) 

BOD5
removal 

rate 

1 34 0.5 15 32 5.88 
2 34 0.5 30 29 14.70 
3 34 0.5 45 27 20.58 
4 34 0.5 90 28 17.64 
5 34 0.5 120 29 14.70 
6 34 0.5 180 31 8.82 

Table 2. Optimum balance time test results at a raw sample BOD5 concentration of 110 mg/L and a nano-particle 
concentration of 1 g/l) (Mohammadiyan 2012) 

45��73������ ���
� ��� ��� �� )��9* G��?1 8��� 7��?1 )* |�*	� BOD5-�6 )��A�<<W ���� 	
�> �� -	3 
$�Z���� ��� �<	
�> �� -	3(Mohamadiyan 2012) 

Sample 
number 

BOD5 concentration 
of the raw sample 

(mg/L) 

Nanoparticle 
concentration  

)gr(
Contact time 

(min) 

BOD5
concentration in the 
sample refined with 
nanoparticles(mg/L) 

BOD5
Removal 

rate 

1 110 1 15 93 15.45
2 110 1 30 85 22.72
3 110 1 45 68 38.18
4 110 1 90 81 26.36
5 110 1 120 82 25.45
6 110 1 180 92 16.36

Fig. 3. Impact of variations in Fe concentration on the 
performance of iron nano-particles(for a BOD5

concentration of 289 g\l and a contact time of 45 min) 
LF(=37�� ���Z���� �	P�A, 	* 7�� ���Z���� ��� ��	��j1 	o�

)���BOD5Tzv ���� 	
�> �� -	3 a�A1 8��� �qX( )4�B� 

�"* �O"d�� )"* $�Z���� -	3BOD G��"?�Tzv �"��� 	"
�> �� -	"3
d�")��"&o� � %"��j1 	"� ��� ��	"N["0 8��%"��� 	* 7�� $�Z���

 �� )"".�
� 7�	""
9*""&��.&""P"J=G�%"""+ �=""o�"j1 	""�� ��	
���BOD .%& �#�	* �Od�� )��A� �� "��� �"* ��"�BOD5

G��""?�=X�<<s �""��� 8��""�� 	""
�> �� -	""3=�� � $�Z���""� -	""3
)��A� ��� �* ���BOD5G��?�Tzv ���� 8��"�� 	"
�> �� -	"3X

8�"�� �� 7"�� ���Z���"� �	"P�A, 	"* 7"�� ���Z���"� $�Z���"� -	3
��.%�� 

=3=3Er�s Z����BOD -���� 
� ���* )��9* a�A1 8��� �� )�0	� 7)"*�o ��%4� $%�� #�<-	"3

 F�
!� 	���4� �* �Od�� )* 7�� $�Z����BOD G��?�TT�1Tzv 
���� ��%"4� lm"# � %& )��d� 	
�> �� -	3=)"* 7"�� $�Z���"� -	"3

�Od�� �* ���BOD G��?�=X�1Tzv �"��� �� -	"3 )��"d� 	"
�>
&��	��j1 	o� � %BOD N["0 �� 7�� ���Z���� �	}�A, 	*BOD 

#�	* 	�� ���� �Od�� ���.%& ����"�� �"*BOD )"��A���"�8��
� N[0 %D���* ��"� 	
"����"&�"*)��"I�� �� )"� "�451 7"��� H

���BOD G��?�Tzv ����> �� -	3�	
�*�	
"��� 7"�N["0 8��
 7�	"
9* "��� 7�� � %& JD�0 ."&�� 	"*�� �� )".�
� JP"&q�

G�%+qj1 	o���"��� ��	BOD5�� 7"�� ���Z���"� �	"P�A,	*
� 8����.%�� 
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Table 3.Optimum nano-particle test results at a raw sample BOD5 concentration of 289 mg/l  
and a contact time of 45 minutes (Mohamadiyan 2012) 

45��=3������ ������ �� )��9* $�Z���� 7��?1 )* |�*	� BOD5-�6 )��A�Tzv ���� 	
�> �� -	3 a�A1 8��� �qXB��)4(Mohamadiyan 2012) 

Sample 
number 

BOD5 concentration 
of raw sample 

(mg/L) 

Nanoparticle
concentration  

)gr(
Contact time 

(min) 
BOD5 concentration 
sample refined with 
nanoparticles(mg/L) 

BOD5
removal rate 

11 289 1 45 168 41.86 
12 289 2 45 142 50.86 
13 289 3 45 132 54.32 
14 289 4 45 95 67.12 

Table 4. Estimation of BOD5 concentrations in the raw sample (for a nano-particle concentration of 3 g  
and a contact time of 45 min) (Mohamadiyan 2012)  

45��B3������ ��� ��� 7��?1 )* |�*	�BOD5$�Z���� ��� �* -�6 )��A�=-	3 a�A1 8��� �qXB��)4(Mohamadiyan 2012) 

Sample 
number 

BOD5
Concentration 

of the raw sample 
(mg/L)

Nanoparticle 
concentration  

)gr(
Contact time 

(min) 

BOD5
concentration in the 
sample refined with 
nanoparticles(mg/L)

BOD5
Removal rate 

1 35 3 45 24 31.42
2 104 3 45 56 46.15
3 116 3 45 54 53.44
4 289 3 45 130 55.02

Fig. 4. Effects of BOD5 concentration on the performance 
of iron nano-particles (at a raw sample BOD5

concentration of 3 mg/l and a contact time of 45 min)

Fig. 5. Optimum pH levels (at a raw sample BOD5
concentration of 289 mg/l and a nano-particle 

concentration of 4 g/min)
LF(B3��� ��	��j1 	o�BOD57�� ���Z���� �	P�A, 	* LF(Mh7��?1 ����A�pH )��9*)��� BOD5-�6 )��A� ��� 

7�� ���Z���� ���)�	
�> �� -	3 a�A1 8��� �qX()4�B� ���� �	
�> �� -	3 $�Z���� ���q�� -	3)4�B� 
a�A1 8��� �qX()4�B� 

Table 5. Optimum pH test results (at a raw sample BOD5 concentration of 289 mg/L, a nano-particle concentration 
of 4 g/l, and a contact time of 45 minutes) (Mohamadiyan 2012)  

45��M3������ 7��?1 )* |�*	� ���pH )��9*)���BOD5-�6 )��A�Tzv ���� �	
�> �� -	3 $�Z���� ���q� 	
�> �� -	3 
a�A1 8��� qX)4�B�(Mohamadiyan 2012) 

Sample 
number 

BOD5
concentration 
of raw sample 

(mg/L)

Nanoparticles 
concentration  

)gr(

Contact 
time 
(min) 

BOD5
concentration 

sample refined with 
nanoparticles(mg/L)

BOD5
Removal rate 

Removal 
(%) 

1 289 4 45 3 86 70.24
2 289 4 45 5 87 69.89
3 289 4 45 7 95 67.12
4 289 4 45 9 104 64.04
5 289 4 45 11 113 60.89
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=3B3Z����pH -���� 
)��9* a�A1 8��� �� ��� 	6� )�0	� �� ��%4�X/<�T�q$�Z���� -	3 

*�* -�6 �Od�� ��� )# )BOD G��?� qT�<<s�Tzv ���� -	3
 ��	"��j1 	"o� � %& )��d� 	
�> ��pH )=�"1<<(	"* )"�0	� 	"� ��

 N[0 8��%���BOD � Q!�� �Od�� ��pH %"& 7�"�?1 )"��9* .
1 7�� �� �� N["0 %D�� 7�	1;�* H�45 pH 	"*�	*=.%"& )"�0O�

 JP&XG�%+ �X?1��7pH 9*�� 8��� �� )��.%�� 

B3-��$C �#�W 
?# H�451 7�� ����1 %&BOD )* �Od�� #��7"�� ���Z���"� )�

 .��"& $��� ���"R �>�"MB J*�B 8���� )* )"* N["0 8��"�� 7"�� )"
M>�
* )R ���� �(
2* � �
!� ���	
����\	� J��51 ).%"& )"
6��	\ �� 

� )�0O� ��� ���
� A2B �� )R ��@��A��J"D�0 )".�
� 7�� ��&
 �)��9* a�A1 8��� )R %&qX.#� )4�B� *)8�"�� �� )"R ���"I<X

8��� �1 )4�B�qX�� ������ N[0 %D�� 7�� )4�B� )"* 8� �� � %*��
�� �>��� 	�# �%��� 7�� %?* �� /B�� �� .%*�� " 3 8��1 8���"�� �"* 

���Z � $�Z���"� 7�"* �"2}�mAR �	 "D )�5> �� �Od�� )* $�Z����
 �O""d��h	}""& � �""�6 	�""& H""�451 7""�� �� )""R��""* h��"".��

�� ��&.8�"�� �� l}�mAR 7��qX�� 7"}A� ">�0 7�	"
9* )"4�B�
C�M�	41 � ���� �"� $%��"�� )��A� �� )�5> 7�� �� ��&�� ��� .��"& 

�"�� 7�� �� %?* ���8��O"d�� ���Z � $�Z���"� 7�"* )"*Z�+ ��	"��
C��%.� �3��>� � ���R �� �%�\ �3��* )��A� )* .%�R J�>� 7�A� )*

�� ���R"��%.� ��� N[0 %D�� 8���� .%*�� 
)��9* $�Z���� 8���� �H�451 7�� �� �5* ���� -�� 	
����\ "#� 

H�451 7�� �� )RX-	3)*.%�� #� 


�"��� )R ��� 8�"�� "��� 8��"* *�o ��+� �*BOD5"A�")��
-�6��� ������ $�Z���� 8���� .%*�� N["0 %"D�� �����"�� 7"�� �"*

BOD5�� 	
��* ��� .��& ��� �� %&� 8���� 7�� ��� ��"�BOD5

.#� ��f�� ���2* 7���\ ��� �� )R �>�0 �� ���BOD57"�� ;�*
�""� .""#� 	�(A""�f N[""0 %""D�� �� %""&� %""��� 8��""1"" 3 )""R

�Od�� )� E1 �� ��;�* ������1 7�� ���Z���� �3��">� ��* �* ���
%���� 7�(�# ��& 	
��* $�Z���� 8���� )f 	� ��N["0 	
9* �3��>�

�� ��&�Od�� �� 7��	*��* . �"* �%"���� �����"\ �3��>� ��* )R ����
$�Z���� 8���� 7
�� ;�* ��+��%"D�� ����"�� �� �	�(A"�f %���

 ��+� N[0$%�� l}�mAR � &�� %���!� ���Z � $�Z���"� 7�"* �>�
�A� ��.�� �Od�� �"A� -�".�� �*�"!* N["0 7��	*��* � ��& .�	"�3 

2� 7������ ���� �� )�BOD5.#� ^�A?1 J*�B ��� )��9* 
H�451 7�� ��pH J"A, �	�(A"�f � ��"�@� ���"2* �"5� )*

�	R)* ���".�� �* )R ���I pH "2* N["0 %"D�� �%�"#� �*�"6 ���
)* %�� #�.�� 8�"fpH "#��%����� 7"�� ���Z���"��"MY���*
��C;�A
0� )� �Od�� ���Z � %��&  ���� �[+ �� #��%"����

�� ���pH �B�������� 7�� ���Z�����" �� ��*�"�����Z � %��"&
� /�� �� �Od���%��� �
� ���3��>� ).������� ���%*�.

���
� ��� 8���)R��"2\ )� "E1 ���"���1 7"�� ���Z���� ��"�
 �* $��>�BOD �Od�� JY� ;�* * � �	9& ���)�� �
?�D g�E6

 �1�}� 	3� � %�
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(�3%�2R� ��%B "��,� ���Z���"� 7�� 8%& %�2R� �� �	�3��+ �
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