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Abstract 
In this research, ozonation was used for treating wastewater containing acid orange 7 in a batch reactor. The 
independent parameters were initial dye concentration, pH, and ozone mass and volumetric flow rates. The 
experiments were conducted with initial concentration in the range of 5-250 mg/L, pH levels of 4-12, ozone 
mass flow rates of 12 and 20 mg/min, and volumetric flow rates of 0.5 and 1 L/min. Based on the results, the 
optimum conditions were achieved at a dye concentration of 100 mg/L, a pH level of 11, an ozone mass flow 
rate of 20 mg/min, and an ozone volumetric flow rate of 1 L/min. Dye and COD removal efficiencies in these 
conditions were 100% and 30%, respectively, after 150 minutes. According to the absorbance curves, light 
absorbance of wastewater increased by 100% in the range of 450-500 nm by ozonation under the optimum 
conditions after dye removal. Based on the GC-Mass test and the values of LD50, acid orange 7 was converted to 
toxic compounds of aniline, 1-naphthylamine, 2-naphthol, and 1, 4-naphthalenediol indicating that ozonation had 
to be continued until complete COD removal. Based on the Taguchi experimental design data for real textile 
wastewater, the optimum conditions were obtained for a pH level of 11, a gas flow rate of 1 L/min, and an 
ozonation injection rate of 20 mg/min. 
 
Keywords: Azo, COD, Light Absorbance, pH, Concentration. 
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1. Chrompak 

 t,�'* F��%U
�#� 1> ���:�%	 �-#G� �� ��#�.
�����#��� ���#n� ;4% "##.* �	�� 
W��* ��� �	 F,�n/ ��
 ��� O�G )����n� ���M 
!��2/ F.��= �<�V�( �#:_* u	�� N-�2�

 �	'$/� F]�?T^
�#� � ���#� �� c���COD BJJJ 
��#� �� c���
 .1> ���:�%	 ��#� 

",	 �� ����i* c��/ ��� )�	 �*	�/z ��$�%� o%* )�	 0���jR
	���q.1��> 1��#�* 0���2/	�( ���e� F\���%����(����r��%	 F\���%

 F��>���su	�� F]�? "##.* j/	��	 1#%	I0COD ��/ ��! �
[� 5E �� 5�3� .1�> ���:��%	 x��y� ���GC F���> F\��%

F��#!�{�Mass 51� F��#!� F��> F\�%cUTIU .* �	�� "#�#
 j/	��	 1#%	 �,'i* 
/�#� &�-�e�I��u	��� .1��(� ��� ��	1�/	 ���#� 

COD �	COD ����	� ��� F���> 5�_3� 0}� 1��> ���:��%	pH 
o%* 5�3�pH ��� O�	���� F���> 5_3� 0���	1�/	 ���#� .1�>

 0����*�� F��> F\�%�*�R �+2#(���#e#� F#(�w �� )� ��A��#�
��	1/	 �	�� �-#G� �� ��*<�� � )�	 ���� 
�� ��#� F���> F\��%

�2�,	���	�� 0�� )� ��e( O#]�* ��� �	1��	 ��� ��i/� �	 .1���(� ���
 o��%* )� )#��%	�6#��� 01��/�� �1��> [�1��� 	��� �	���� ������*��

)�	 ��'#��/� �	 � 1> c�i/	 O �� )��� F��> ��$e,���� 5_3� 0

� F��> c	
*���	1�/	 �	�� 0)� �� �1�#�* )�	 
���! 
��� ���#�

�� 
�� �	�	 .1> ���:�%	 x��y� 
 i� ��� 
HgSO45��_3� F����>
��� ���	p� 0)����2�$/	K2Cr2O7

5_3� F��>Q�� )� �� 0Ag2SO45_3� F��>Q�� )� ��0
H2SO4|���\ ���!�� ����Hd1��=�� 5��_3� ������ F����>

����i�0KHP �5��_3 F����> ��	1��/	 �	���� ���� ����#�COD �
NaOH �HCl 5_3� F��> Q�� )� �� O#]�* �	��pH ���:�%	

 "#�+ � .1/1>KI 5_3�F��> Q�� 
�!��\ )�	 @,�y* u	��
 )	��,	 )��e\�� 5z�8#�#�% F���> 5_3� 05z�8#�#% � O�2#% �	
 ���� �	�� ��$,� �	 0�',M�/� )�	 �� ����� ��� )��� Ye\ u	��

.1/�� ���:�%	 
��	1��/	 �	���� �,������ �	 
���� ����� ����#�COD 7���%	 ����

 N .�	���%�DUBBJ ��� ������ �� �1��> ���h	�	 ��	1/����%	 �����
�,���� �,���� �#�� � 1> ���:�%	 �<V�( � �� u�� ���� �� ��

K�., ��$e,����A±BBF(�� c�i/	 7#2�% �!��]PA["#��+ � .
 
2 Arda\COG-5S 
3 Cary\50 Conc 
4 Agilent\7890a 
5 Hach 
6 Metrohm\691 
7 Fischer porter 
8 Zinser 
9 BMT\964 
10 BDH 
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17 ��������	
������� � ��

�,���� 
�� * 	�8* ��� �% �� 
6�2/ ���#.� �	��3/	 � 1/1> �pY�,
�� 1=�� �,���� ��,�R�	�8* �$/�#� �� 1�� F%� .�� �� 

P�Z#� D [���. 
P�H�pH 3%�<� 

N8> ��^��� )��1/	� j/	��	 1#%	I��pH b�R 0&���:�� ����
 �	PJ
��! � 
 i� 
�� �� )�	 t,�'* �-#G�A� ��-#G� �� ��#�BJ


�#� )� � .F%	 �1> �h	�	 �-#G� �� c�� 
� �1��e� �� �E bR �>
 �� &1� ",	 �	pH ��	��AAF]�? �� �<V�( 0U
�#� ��#� �� c��

�� 
� N��� �E F]�? �#�� �� "#�+ � .1> �/� ���	��	 1#%	 j�/I
�,	'(	 ��pH �	T��AA&���:* � F�(�, �,	'�(	 ��6$/� )	'#� 0

��6$/� )��1/	�pH ���AA�AB
� ",	����� v�� '#W�/ )	�*pH 
����	��AA@��%��� 	� ��� � ��� #/ 	���,� 0F��(�� ���]/ �� �	1��-� ",���*

 )�	 5�8�� ��,'i* ��/ � F%	 �� � ���� ���13� �� )�	 58��
1#� 5�8,�	� 1#�* �
� �,	'(	 N#2��� ��� F%	 
����� ",	 .1��,

 ��pH�� 	� �1�,M� 0)�	 58�� 0�1#%	 ��� 1#�2�	 O#-��2� ��E

��� 1���� 5���8,�	� �*M���� )#��%	1#2�	 N#��2/��R ���� ���!* ���� �


� �6n� )��1/	� 0N#2���1#� 1��,]B^[F6S� �#`k* .pH ��� 
,�#�G
�<V�( �#:_* )��1/	� �,	'(	 � 
$/� ���)�	 �� 
!�2/ �� 
�/�

���jR F%	 �1> ��	'� '#/ "#e#R u��]BT 0Bd�PB[.

NO:Tf�#`k*pH ��� )��1/	� �� j/	��	 1#%	IF]�? �� ���
 �	 bR x��y�PJ)�	 �-#G� 
/� 

&	�##�* 1/��pH F]�? �� �<V�(AJJ 
�#� � ���#� �� c���
pH �#��	AAN���� ��� �* j�/	��	 1#�%	IN8�> ��I�1�> ��h	�	

 0N=�� Z,��/ 7�%	 �� .F%	pH �� 
!��\ ��� 	'�$/� ��,'i* N�#��
�� 
4\ ���1#%	 )��� �� � ��(�, ���� Z,�1*AUJ ��� �-#G�d/H

1 Relative Standard Deviation 


� 1%�]PP[.

NO:Uf&	�##�*pH ��#n� o,	�> �� �<V�( 

P�I�3%�<� -C�? 
N8> ��d�#��	 F]�? �#`k* j�/	��	 1#�%	I�� 1��,	�( )��1�/	� ���

pH )� � .F%	 �1> �h	�	 ��#n� 
�� �1���e� �� �/� ���6$/� 0��>
 F]�? �� �<V�( N���AJJ 
�#� �	b�R 0��#� �� c��AUJ ��-#G�

 F]�? �,	'(	 �� .���(	 ��:*		'$/� .F�(�, ����� ���� )��1�/	� 0
�� F�]�? �� �<V�( �� ��EAJJ 
��#� ��� F6�2/ ���#� �� c���

 F�]�?U
���#� ) �����e#� )����� &1��� �� ����#� �� c����IU(���-#G�

� "�,	 
��� ��	 N�#�� �1��2�	 ��� �1�,M� F62/ �,	'(	 .1> �/�

 )�	 �	1�-� 0)�	 
���! 
��� "��>	� ��$/ F���` �� 	�,� vF%	 ���(�
 5���3� ���� 
��(�E �	 .��	� 
�����` �	1��-� �1���2�	 N����� ���i#�/ �� �

F��]�? �,	'��(		'��$/� �,	'��(	 �<��V�( �� ���!� ���1��/#R 0

� 1�/#R �	1�.* 1�,�� "#�.� ���� 1�=�� ��� )1#�%� �	��� � 1��,

 �� 0�1��2�	 )	'�#� )��� F���` ��� �!* �� �� 0�> ��28> ���e#�

/ME )��� &1� �� .1> 1�	\ ��28> ��*���jR "#�e#R ����

 O#-�2� 
�� �	'$/� ��� ��IAq�1�> ��	'�� 
n���e� ��i#�/ '#/
F%	]BT[.

��6$/� &1> 0	'$/� �	 lye� F]�? Y, �� Z,��/ 7�%	 ��

� ���� )��� F>�� �� �<V�( 58�� F]�? ���� .1��, ���

 j/	��	 1#%	I	��,� vF%	 �1��e� ",	 
�� ��	 N#�� 0)��� F>�� ��
 )�	�� )� �	 
>�/ N#2���1#� 5�8,�	� �, &1�� �� 0��*� � � N#��

 F]�? ���� �� � 1/�	� 	� �1�,M� )#%	1#2�	 
,�/	* 
�1/	 )���
	'$/� ��� )� �	 
�>�/ N#�2���1#� 5��8,�	� � )�	 ��\�� 5� ��	 0

O�� ��6$/� &1> �i#�/ �� � ��(�, ���� )��� &1� ",	 �� 	'$/�

� �>]BT �BU[.

2 Direct Blue 71 
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��

NO:Xf��� )��1/	� �� �#��	 F]�? �#`k* j/	��	 1#%	I��pH ��#n� 

F�]�? "#�#.* �� 
� n� ��-/ 
(�_� �z�/	 )	'#� �� �i/� �	
 �4�	� �	 ���:�%	 �� 0��	� ��#n�A��� 0
(�_� �z�/	 )	'#� 1��	� �	�	

 F]�? j/	��	 1#%	I1> �6%�3� 

C
t×P

=E

�� �� �4�	� ",	 
P0�*	�/z )�	 ��$�%� 
(�_� )	*tN���� ���� �	�� c�M )���

 � 	'$/�C�#��	 F]�? j/	��	 1#%	I)	'�#� 07��%	 "�,	 ��� .F�%	
 
���#� ���� ����6$/� �	���� 
(���_� �z���/	 c���� j��/	��	 1#��%	I��

F]�? �� �<V�( ���U0UJ0IU0AJJ �BUJ 
��#� ���#� �� c���
 ��pH ����#n�AA���� @��#*�*AA0B/B0d/A0PI/A�PH/A&	�

���� F����% �����	� ���� 
��!��\ )�	 0���j��R "��,	 �� .1���� F��%�

 / �1/	������ 7�#-� �� 1�W�� 01> ����2� ",	 �� �!* 0��'� ���

�� ���n� �]�� �(��= � )�	 �	 N���� ��� �z��/	 ���_� �� 
,�!

� �#=* F�]�? �,	'(	 �� .�> j�/	��	 1#�%	I5�� ��	 0���\��

 
(�_� �z�/	 � ��#/ ��� )�	 �i#�/�� � ��(�, �,	'(	 	'$/� �� )�	

� O� c�M F]�? �,	'(	 �� 
(�E �	 .�> j�/	��	 1#�%	I0F�]�?


� �,	'(	 	'$/� �,'i* �	 N=�� �1#�* 
/�#� &M_3� ��� 1��,
 ���_� ��\ &M_3� ",	 ����� ��i#�/ �� � 1���2� )�	 �1����

� )�	 �,	'(	 
�� 
(��_� �z�/	 � ��#/ �� 1/�>]PT[�� F���G� .
 ���#n� F]�? )	'#� 0�1> ��, �1,1R j�/	��	 1#�%	I	�)	'�#� ��]/ �	

K� lye� �z�/	 ��_� 0
��$�e,���� Z,���/ 7��%	 ��� ��� 1���
 F]�? �� �#:_* �	�� �z�/	 ",�� �AJJ 
�#� ���_� ��#� �� c��

�� F]�? ",	 �� 1> �y�/	 ��#n� F]�? )	�� .1> �

P�P�gY
 &�$�.��COD 
��� �� �i/� �	5�3� �/� 5�8�� N���� )1> ��28> �� 
�#��

 &	�##�* �3/ 0F2#/ 	'$/�COD 1�> K�%��� '�#/ ��#n� o,	�> ��
 N8�> �� )� Z,��/ ��H)�� � .F�%	 �1�> ��h	�	 ��]�<� ��� ��E


� ���� �� )� 
,��/	* �	 ���n� ��#�2� )�	 ���6$/� F�#���G 0�>
COD �� .F%	 N��� ��� )��� �� �� ��E	'$/� ���AUJ ��-#G�

 �n�* 0F%	PJ�	 1=��COD ��,'i* �$/��#� ����2� ",	 .1> ���
 58�� N��� )1e/	'$/� �� F%	 
/�#� &M_3� �� )� N,16* �

���jR �� '#/ 
n��e� Z,��/ F�%	 �1�> ��	'�� "#�e#R u���]BI 0
PU �P^[.� N,� * ��	 ",	 N#�� ���1�/#R ��,'i* �� )�	 
,��/	*

�(����pF%	 	'$/� 
�8�� ���\�% �� �!�]BT[��� . 
*���6�
�� ��� 1/#R �� 0	'$/� N��� )	�� 
�� �,'i* �1�* �,��% 
��� v��>

 F����-� )�	 
�1���1#�2�	 ���	�� �� 0@�#��* �� �!� ���1/#R

� ���e#� �� � 1��� ��� N#�� "# � �/��% ��#2��,���� �	 �*

COD 
� c�i/	 )�	 ��	�	 �� .�> ��� 
�/� O�� ��1�/#R �,��% Z,�1�*
�� 0
�., 
,�n/ &M_3� �� �	� c� * � �1> ��28> "���� 1#2�	


� N,16* 0�� ���� � 1/>COD ��
� &�= N��� �E .���#�
 ��� c�$�� 
!�2/ �<V�( �#:_* ��� �� ��>�� ���jR ��d^

�*H^1=��$/�0	' ��� )��1/	�COD PP�*PH��	'�� 1�=��
F%	 �1>]PB[.

NO:df��� )��1/	�COD �j/	��	 1#%	I��#n� o,	�> �� 

P�Q�&0� h��i) 3%�<� �	,
 D �$�2 �� 
�� 0)��1�/	� ��� 
�-,�'* )�	 
� i� � 
��! 
�� �`	 
%��� �]��

��n� F��� �� �� O�2#% N8�> �� )� Z,���/ �� 1> u�	���AJ��h	�	
)� � .F%	 �1> 
� �1��e� �� �E c��$�� �� �<�V�( �/� 0�>

 t,�'*BJ
�#� 
 i� 
�� � �-#G� �� )�	 c��A
�E 0�-#G� �� ��#�
AUJ F���� �� � �-#G� t�,�'*AB
��#� 
��� � ��-#G� �� )�	 c���

 
 i�U/J
E 0�-#G� �� ��#�BBU �� �-#G� �� .1> ��� N��� �E
 ���� )��1�/	� 0)�	 
� i� � 
��! 
�� �,	'(	 �� 0Z,��/ �� �!*

 j/	��	 1#%	I
� �,	'(	 ����* 7��%	 ��� 	��,� 01��, 5��-�/	 ����
)�	 )	'#� 0���	��R �� ",	 �,	'(	 �� 0c�! � ���(�, �,	'�(	 5��3�

 ��� )��1/	� �i#�/��	'$/� 
� �6n� 1��,]BT[.

1 Chromophores 
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NO:Hef��� �� )�	 t,�'* 
�� � 
-,�'* )�	 �#`k* j/	��	 1#%	I��
��#n� o,	�> 

N8> 7�%	 ��AA
��! 
�� ��AB�BJ
�#� �	 �-#G� �� c��
 N��� ��� 0)�	COD 
ETHJ �IUJ �� .F�(�� &��= �-#G�

jR��� �� 
!�2/ �<V�( �#:_* 0"#e#R u��COD "#��UPJ ��*
^JJ 
�#� 
�E �� 0���#� �� c��BUJ )��1�/	� ��-#G�dJ	� 1�=��

F%	 ��>	�]BI[.

NO:HHf��� �� )�	 t,�'* 
�� � 
-,�'* )�	 �#`k*COD ��
��#n� o,	�> 

����� )��1��/	� 0F��%	 ly��e� ���� �4/��� �COD ����?� ��
On� .F%	 )�%/ �	�	� 1�,	�( 5�8�� ��,'i* ���	 "�,	 N�#�� ",�*

 )���� �� ��� ��i/� �	 	��,� vF�%	 
/��#� &M�_3� �� 	'$/� ����
 
��� 1��#�* 
��:��y� &���6#��* 0&����:�� Y��, ���� � 1/��>COD 

��� )��1/	� 01/�	� 	� �\ |_y� CODF��% �� ��#��	 u���
F%	 �1> &	�##�* ��W� �,����]PI[.

P�R�&0� 5�W%� � . KY2 &�i�$ �.0 
)���� 
E �<V�( 
��! �/ )	'#� 
%��� Z,��/ �� x���y� ����

 N8>AB
�� ��]�<� .F�%	 �1> �h	�	 )���� �,	'�(	 ��� ��� ��>

)�	 �	 ����e#� ��/ ��i#�/ �� � ���(�, ���� 
��! �/ &1> 0
/�

� �6� �<V�( 
�� )��e/ �<V�( 
��! x#E .1�� �� ��� 1���

 ���13�TUJ �*UJJ 	� ���! ",���e#� 
�,��� 1�/#R ��� ���/�/
 
,��/	* �$/��#� "�,	 � F�%	 ��,� ��#2� 
�3�� L�:*�	 ���� 0��	�

,��� 1/#R "�28> �� )�	 ��n� ��!� ���1�/#R �,�% �� F62/ 

���\�% �� j/	��	 1#%	I.F%	 
/��#� &M�_3� ��/ ��! )	'#�

.F%	 �:= 1� �� '#/ 	'$/� ��� �	 bR ���13� ",	 �� 

NO:HIf)�	 1�,	�( �#`k* F]�? �� �<V�( �� �/ ��! �� 
/�AJJ 

�#� � ��#� �� c��pH ��	��AA

P�T�D S���M�) ���j)] �#$ -�k	� 
�,������ �	GC-Mass �	 N��=�� �1��#�* &���6#��* "#��#.* �	����
)�	 1�,	�( N8�> �� )� Z,���/ ��� 01�> ���:�%	 ��#n� o,	�> �� 
/�

AP 
�� �]�<� .F%	 �1> �h	�	 N���� @�,�y* c��$�� �� ��� ��>
 0��� 1/#RA�Tf5��:/ 05,�AfN�#�:/ 0"#���Bf"#��#/� � N��:/

� N=�� .1/> 
5�1!AF#� % 0j/	��	 1#%	I�	 bR �1#�* &M_3� '#/ �

���	� )� )	'#� 7�%	 ��LD50 l
�� )��e/ )�� � .1��� ��� ��/�

� �]�<� �	 
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