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� !" !O&&&&>	6 �8	, %&&&&R��
�" 0)&&&&�	�
&&&&�
	&&&&, $0	L5&&&&#�

�5'�56��5�i#��T80 ()'752 �� $@�r %�	# �|*�)&- ��' (�.
czz�5'��	� %K��8�)(APHA 1993).�� h@ 	'�" 
	[���9	&� �

�, 	&5� 4)'" %#��/n'&
	&��5'��	@ Y?&- 4�U�COD �" �
&�
�� $
�.�C�<,�� ���� � )&� ��#	3' �
�&� ��U&6� =&1l�e��&,�U[� &�� �
�3�
0��� =	�0�	b5#�)�

)c(100
C

)CC(

i

fi *
−

=Y?- )F�� 

4" �� �l 
Ci%R�� ���
��&�
' W1- �, �&5
� �� 
�&7 �Cf%&R�� 	& ����&,

 W1-��
' %#� �5
� �� 
�7.

,�c�� % [��0� 
	5���� =F	- n�	&#��	+� ��&���V �&X�	<'�	&, ��&���&, (�&�3'

�" Y?-
�
�� $(��3' 	��,"�X� �

	��5'��	@ �S� $���)&2' 0�	&'
�	P6 /0)++*)2X+' �	��� �	#��5a� 4	'� /�	#���	#��	+� 4	'��

�=�� �� G��)* 	��s	�y.%#� 0)� �K��� 

1 Hach 
2 Excel 

0��� 4	P� G	X�	<' �&5a� �&<8 =&
�8 �� �<���&� )&�� ���)&�	@	� /	&�
 !	&�- �&<8 /	 �" 4)� U��L," /G��� %V�&# � 0)&� =
E&P� �	&�

!	�- $5#	��, ��	+� A�� �� 	� �&' (�&�3' ���� 	, ��	# )&+����
 �&5a� �&5 , 4)&� ��	+&� �&, �&[+' )��&� 	&�(Sena et al. 2009) .

`1
�	E' ��	+� �� �l ��	� �	# )+5&1� ��?&7�
S;� (�&�3' ���� 	, �
�5a� 4)� ��)�?@	� ='	� d���&� 4)� )V	1' /�5a� 4)� U��L," 	�

�, !	�-)�� $
+m�� � �5a� �, !	�- 4)
�1: % � $5#	��, =
��
!	&&&�- �	&&&P6 9�	&&&l C&&&��. �� ��	&&&#��	+� p&&&�	� �� 	&&&�

 )+5&&1� �E
�	5&&#���)
�(Adames & Josef 1999)�&&5a� . �	&&�
 ���, W#	+'A�� 	, Y?- 4	&��� 	&, (�&�3' ���� 	, ��	#��	+�

�5a� ='	� /�5#�
@ �<8 	, ����# ��� �	�]I	�JI%#� 4��E
'
(Kawamura 2000).

��
��e� 	���� &V�H )�0^� 3�6PAC  a
Q�
�K #7Q� �Q�

% ��!*�� �-���1 ��DAF 

=��J%R�� �S� ��5a' �	�PAC ��pH  �&,��, �+
 ,QY?&- �&,
 	, $
�
�"�
��� %R��]II��
' � �&5
� �� 
�7 COD 	&, 4" �� �&�	�

 %R���I��
' 
�7��� �	&2X�� �	�)&+���6 �� �5
�DAF  4	&P� ��
�' /)� 
	[�� 4	51�L�� �," G	2
23� U*�' d#�� �* ��	X�	<' .)��

0)++*)2X+' �� 0�	b5#� �* ��� 4	P� ��@ =
�8 �� ��	� )����* 
�
+
'��"
�' �S�' Y?- )���� )&�	, �5��� (	��� �, �� ^��� � G��)* /��� 

(Edzwald et al. 1992) �&X�	<' . �&' 4	&P� 0)&� 
	&[�� �&* )&��
 �&�@ 
�&
+
'��" �� )&����* pH  ��	&1'Q���� �� ����	&* $��5&P
,

(Edwald et al. 1999)�L�� �ZaP' . PAC  �&Pa, �* %#� $��
4�&&� ='	&&� U&&
� 4" �� �&&' )
&&1*��)
� �	&&� $&&�� .)&&�	,4�&&� �	&&�

 �&V��[' �	&[�� �&V	, )
1*��)
� �� �&�
�@ ^&:�* �	&� AL �� 

PAC �' ��&F� 9&a, .)��� PAC �&V��[' �� AL+713 =
�&P�
�' )��.�&, W&#	+� =&
�� �&5 , �&��7 $&�� /�	X&� �&, �&���5��� �	&,

 �&&, �&&, ��&&5 , �
S;&&� ��&&�
�@ �	��	5�	&&# )&&���� 	�)&&
K��* ��	&&�S 
(Han & Dockko 2001)��@ . �
+
'��" �� ��	&�� G�)&8 )����* 


0)+�D" Y?- � ��" �	� COD  4��&5, �� �&'� $&�� =&
�� )�	� .����
 �� 4)&� U
���)&
� �� )&X, 0)&++*)2X+' $�� �* ���� �
��� ���7 $��

 �&&' )&
��� ��	&&�� %&&�|' �	&, !" )&&+*/�&&' �	&&R5�� $���,	&+, �� ���
�|+� !" �� ����' ��" ���' � �)
K��* G��� �b+' �	, ��	# �S�'
)�	,.
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G�)&8 9��U&6� �&V	, 0)&++*)2X+' %&R�� 9��U6� =�� C�.
 �&, .%&#� 0)&� $
&�
�" �5&P
, Y?&- � �	&2X�� $��5&&P
, �&* ���&.

 �� �� $
&�
�" Y?&- 4	')���QI�&�
' 
�&7���&�@ �&5
� 
�&
+
'��"
 �, )����* 4�U
'JN/\J� )F��COD �,��, 4"���' )F�� .)�	,

	, ��	#��	+� A�� �� $
+m�� �&5a� 4	'� �� (��3' ���� ��	&#
]I ��	#��	+� 4	'� /�2
8���	P6 � �
�	S�/J9��U&6� 	, �b1���

 %&R�� �� � �56	� 9�	* Y?- 4	')��� 0)++*)2X+' 0�	' %R��HI
��
' 
�7���&,��, Y?&- 4	')��� �|*�)- /0)++*)2X+' $�� �� �5
�\]

� )&&F��COD �&&,��, 4"QJ/�I�&&' )&&F�� �5
&&1��� .)&&�	,PAC 
Q�/I	���/I�5�	# �� 
�7 �� 0)++* )2X+' $�� � %#� WX�' �5'

=@ C��. �&���5��� �&�	7�� �&�D 4��&�� 0��&P6 � G��� $
, ��	#
�' �)
K��* G��� 4���� ��)�	@	� �V	, ��� , �, �[+' �'� $�� /���7 

Fig. 3. Effect of Poly Alumonium Chloride coagulant 
concentration on removing Aniline and Aniline-induced 

COD removal using coagulation and dissolved air 
flotation processes (pH=6, Aniline concentration= 100 

mg/L, and initial concentration of COD= 50 mg/L) 

 <=>,�%R�� �S� ��@ 0)++* )2X+' ��5a' �	� �� )����* 
�
+
'��"

Y?- � $
�
�"COD $
�
�" �� ��	� � �	2X�� �	�)+���6 �� 0�	b5#� 	,
(��3' ���� 	, ��	#��	+� )g=pH=$
�
�" %R�� /cff ��
' 
�7��

� �5
� COD �
���wf��
' (�5
� �� 
�7 

�&&' ��	&&#��)�	@	� =&&�V %6�&&P
@ �	&&, !	&&�- 0�� �&&�[� .��&&�
�5
1��� ) !" �� �5�* �	�]�5�	# �, 
�7 �5' �* %#� �	R5�� (WX�'

)��� ��	+� (Adames & Joseph 1999) �&� YO��, . �&* �+
&P�
 A�� /���� %&&��� �&&5a� �&&, G��� �&&, �	&&
� �
b&&Z� 9
&&@ ���&&,
 .���)&� �	&
� $
L+&# � %&��� �&5a� �, (��3' ���� 	, ��	#��	+�

�5a� 4�: �&, �,�&� �&, ^&:�* �	� ���&� 	&, ��	&#��	+� ��
&#�

�5a� �, %�1� (��3' 	��&' Y?&- }�U, �)&
��� )&+'�	
� � )��&�
�5a� `*��5'�
� � =a�a5' �	� .)+5&1� 9�	&* �&V	, �&7M�� $&��

�5a� ��	L: �' 	� ��� �' =
 1� �� 	 �" 4)� ��	+� �[
5� �� �)&+* 
(Adames & Josef 1999) ��&L�� C
23� �� . ��� 4	&P� )&� 0�&,

�� �	�)-�� YO� )2X+' �� 9��U6� �, W��� �* �+
P� �	&
� 0)&++*
)����/(�&�3' ���� 	, ��	#��	+� ���, �&'� $&�� ���)&� G���&> 

(Kawamura 2000) (�&�3' ���&� 	&, ��	#��	+� `51
# =* �� .
�&&� �&&, %�&&1� 0)&&++*)2X+' 0�	&&' �&&5�* �6�&&Z' �� )&&+'�	
� �+
&&P�

��@ .%#� )����* 
�
+
'��" 

�����e� 	���� &V�H �� a
�
�K  
'%� 3�6 �� a
Q�
�K #7Q� 

�-���1DAF  

=�&� C,	<' 4" Y?- 9��U6� �V	, /$
�
�" �
��� %R�� 9��U6�N
`51
# �� .%#� 0)�DAF ��)2' �� $
�
�" %R�� 9��U6� 	,�I	&�

HII ��
' 
�&7��%&R�� �� Y?&- 4	')&��� $��5&P
, /�&5
�HII 
��
' 
�7��� �5
�COD 	, %R�� $�� �� 4" �� ��	�]�\��
' 
�&7

�, �5
� �� 
����,��, W�/\N� )F��]�/�J)F�� �&, )&'" %&#� .
��	L: 	, ����' Y?- /�5P
, (��3' ���� 	, ��	#��	+� A�� ��

 �&' ���8 �R� )' /!" ��	L: �, ^��U� 	� � �5�* ���&' W&��� .��&
7
 ��	&L: ��	
�
&� �&�U[� =&,	8 ���&' � ���r�&��
, �&�U[� =,	8 ��"

 � �,�&�<' G��&

_� �?&� � �5&��� !" �� ��5�* 0)&�� 	& �" Y?&- �
�' G��&

_� �� �&�	� !" �� $
&�
�" Y?&- )&F�� G��&

_� .���

 $
&, ����5����	&, =&,	25' �&S� � ���)�	@ /0��)�� �R� �� �5a� d����
 .%&&#� �&&5a� � !	&&�-�&&, ��&&R+' !�&&�<' ��	&&#��	+�/q�&&� ��

�|+� �&+X� .%&#� 
�D ^
,�6��)&
� G��� )&
��� � 0�� �	, ��	#
�' %R�� 9��U6� ��� �)V	1' d���� )������, h��i&�* =
�&P�

�5a� !	�-)�	�� $
�
�" 4)� ��	+� �5 , �V	, �*��� 9��U&6� 	&, .
�� $
�
�" 0)�	�
8	, 4�U
' $
�
�" %R�� �&' �5�* !" ��&� /$&�� �&, 

�&' $
&�
�" Y?- d���� ��� , W�# %R�� 9��U6� �* �+X' .��&�

�" 4�� ��� �* )�	, 4" )�	� �'� $�� =
�� 4)
�&1: �� �&
7�� $
&�

 �&&' W&&��' �� �7)+�&&1: $&&�� ���)&&�	@ � 0)&&� !	&&�- �&5a� .��&&�
 �&' !	&�- � G��� $
&, 	' ���)�	@ =&,	25' �&S� �
S;&� %&3� )&����

!	�- ����5����	,��&, ^
�
6��)&
� �&S� � 0�� �)&��
@ !" =&
��
 )&�	, G��� v<&# �� ����'.(Kord Mostafapour & Kamani 

2010; Adames Josef 1999) 
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9��M&&@ �	&&� �� 0)&&� 
	&&[�����&&' A�� 	&&, ^
+&&#�" Y?&&-
 W&��' %&R�� 9��U&6� �&* ��� 4	&P� (��3' ���� 	, ��	#��	+�

%#� 0)� Y?- 9��U6�(Adames & Josef 1999).

,�,�F��� �e� 	����  Q0^' )Q�0^� 3�Q6 #7Q� �Q� 3��Q�

 �-���1 �� a
�
�KDAF 

=�� �� �* ��<�	��w�&5a� 4	'� �
S;� %#� {aP' U
� �� ��	&#
 �� �X�	<' $��w	�ef0)+�D" Y?- ����	* �� �2
8� .)� �#��, 	� 

Fig. 4. Effect of Aniline concentration on Aniline and 
the resulting COD removal using the dissolved air 

flotation process 

<=>B�%R�� �S� � $
�
�" Y?- �� $
�
�" ��5a' �	�COD ��	�

(��3' ���� 	, ��	#��	+� )+���6 �� 0�	b5#� 	, 4"�� 

%&&R�� �� =�&&� C&&�. PAC�&&,��,ef�&&�
' 
�&&7��4	&&'� /�&&5
�
 ��	#��	+�w�	�&�� �	&P6 � �&
�	Sw/s�b&1��� �&+
 , %&R�� ��

$
�
�" eff �&�
' 
�&7���&5
� 4	&'� �� Y?&- 4	')&��� $��5&P
,
�5a� ��	#cf��� �� �2
8�.�,0)&+�D" Y?&- 4�U
' �* ���. �	&�

� $
�
�" COD �, 4" �� ��	� �,��, W
���tc/zw� )&F��sg/yw
�' )F�� )�	,.$
&�
�" Y?&- 4	')��� )�	' 4	'� 9��U6� 	, �'��� ��

4	'� �S� .%6	� 9�	* �5a� ��5a' �	� �" Y?&- �� ��	&# �� $
&�

 =��w�&5a� 4	&'� 9��U6� �* %#� $�� �L�	
, �� ��	&#cf�&,ef

�� $
�
�" Y?- 9�	* �V	, �2
8�tc/zw�&, )F��w/zt)&F��
�' �� %�V .%#� 0)� 4	&'� 9��U&6� 	&, �&* %&��� 4	
, $
+: 4���

�5a� �5a� /��	# }�U, �<8 	, �	� ��	+&� G�)&8 �&* 0)&� �	&[�� ��
 9�	&&* �&&V	, � �5&&��)� 4)&&� 0)&&� 4	')&&��� A�� $���,	&&+, .)&&��

�5a� 4	'� �, (��3' ���� 	, ��	#��	+� � ���)� �	
� ��D�. ��	#
�5a� 4	'� �' 0	��* ��	# 	&, ��	&#��	+� )&-�� �����V ���, )����

 )&�	, �&5�* ����# %�
8 � �5 , (��3' ����(Kawamura 2000) .
 �X�	<')����� �5a� 4	'� �* ��� 4	P� �, ��	# ��. �&R-O' =&,	8 ��

���&8 �
S;&� %&3� �� (�&�3' ���&� 	&, ��	&#��	+� )+���6 �����V
��� � )�� C6�' ����F �� (��3' ���� 	, ��	#��	+� )���� U
'"

�5a� �* ��, �5a� ~O<F� �� � �)�� `*��� 	, �	� ����&# ��� �	�
 �&, �&8�� �� .��&
7 =�� )+���6 �. �� =a�a5' �&, �	&
� 
)&V =&
��

�5a� ��5a� 4	'� ��	#��	+� �� }�U, �	 �, %�1� A�� $�� ��	#
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	&[�� G	&X�	<' .%#� �5�* �+
P�

�5a� 4	'� $��5 , $
, )+���6 $�� % � ��	#w	�ef�' �2
8� )&�	, 

(Karhu & Tankanen 2014) . (	&&# �� �&&P��M@ ��czzw U&&
�
��� 4	P�)� 0�5a� 4	'� �* ��	#cf�' �2
8� ����	&* $��5 , )����

 )�	�� �	[�� �� Y?- ��(Edzwald 1995).

Fig. 5. Effect of flocculation time on Aniline and its 
resulting COD removal using the dissolved air flotation 

process (pH=6, Aniline concentration = 100 mg/L, initial 
COD concentration =179 mg/L, PAC=20 mg/L, flotation 

time = 5 sec, and saturation pressure = 3.5 atm) 

<=>:�4	'� �S� �5a� ��5a' �	� � $
�
�" Y?- �� ��	# COD ��	�

 4" ��)(��3' ���� 	, ��	#��	+� )+���6 �� 0�	b5#� 	,g=pH %R�� /
=$
�
�" cff ��
' �, 
�7 � �5
� COD �
���cxz ��
' �5
� �� 
�7 

%R��PAC=ef��
' ��	#��	+� 4	'� /�5
� �, 
�7w�	P6 � �
�	S
 �	���w/s�b1��� 

,�B�F��� �e� 	���� #7� �� 3����%�-> )�0^� 3�6

 �-���1 �� a
�
�KDAF 

�&'� �
S;&+� 4	&#��	&�� ��	w	�efS&� �� �
�	&�+
 , %R�� d��� 

0

20

40

60

80

100

0 50 100 150 200 250

R
em

ov
al

(%
)

Aniline Concentration (mg/L) 

Aniline COD

50

60

70

80

90

0 5 10 15 20 25

R
em

ov
al

(%
)

Coagulation Time (min)

COD Aniline



-��3K#���CK��-�	��' ��#���N�3.... dx.doi.org/10.22093/wwj.2017.45362 

70 ��������	
��
����� � ��

0)++*)2X+'ef��
' 
�7���5a� 4	'� /�5
� ��	#cf�	P6 � �2
8�
 �	���w/s=�&� C&�. .%6�7 ���8 �#��, ���' �b1���g$��&5 ,

 0��)&3' �, ���� 	, ��	#��	+� 4	'� 4	&'� �� �&R� ���&' �	&�ef
)�	' 4	'� 9��U6� 	, �:�7� /��� �� �
�	S/U&
� $
&�
�" Y?- 4	')���

�' 9��U6� O' W
&� 	&, 4" 9��U&6� 	'� /),	� .%&#� �&�� $
&+m��
 =�� �� �* ��<�	��g�' 0)�	P' ��� 4	&P� =&F	- n�	5� /��� �&*

 �� ��	&#��	+� 4	'� 9��U6�w�&, �&
�	Sef9��U&6� �&V	, /�&
�	S
{�	� ��� �� Y?- 	��'��� {�	� $�� ��� Y?- )��� �, �	�

� %#� �5��� %�|' �
S;� 0��, �5�* ��	#��	+� 4	'� �* �X8��' ��
&&
' /%&&#� �&&X�	<' $&&�� �� .%&&#� �&&56	� 9�	&&* $
&&�
�" Y?&&- 4�U

 4	'� �� $
�
�" Y?- 4	')��� $��5P
,ef�&,��, �
�	S zw� )&F��
COD �&&,��, 4" �� �&&�	�yz)&&F����&&, ��	&&#��	+� 4	&&'� �� .

��D�. �, /�� � 0�� �&, !	&�- (	&Z�� ���&, �6	&* 4	&'� ���� =
��
!	�- )
��� }�U, �	� - 4)'" D	, 4�U
' ��!	��%&#� �5&P
, 0��

9��M@ (	# �� 0)� 
	[��efct 4	')&��� $��5&P
, �&* ��� 4	&P�
 ��	#��	+� 4	'� �� Y?-ex%#� 0��, �
�	S .(Peavy & Rowe 

1985) 

Fig. 6. Effect of flotation times on Aniline and its 
resulting COD removal using the dissolved air flotation 

process (PAC concentration = 20 mg/L, flocculation 
time = 10 min, and saturation pressure = 3.5 atm) 
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Fig. 7. Effect of saturation pressures on Aniline and its 
resulting COD removal using the dissolved air flotation 

process (PAC concentration = 20 mg/L, flocculation time = 
10min, and flotation time = 20 sec) 
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(Adames & Josef 1999).
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Fig. 8. Effects of turbidity on Aniline and its resulting COD 
removal using dissolved the air flotation process (PAC 
concentration = 20 mg/L, flocculation time = 10 min, 

flotation time = 20 sec, and saturation pressure = 4 atm) 
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