
www.SID.ir

Arc
hive

 of
 S

ID

114����� � ����������	
��

#� �� ������� $?� 6��$� U4�� �� $(e�2�� �� BJ- %�$� 6�� 0;5�D! ��E

:%���! �E4. c 4���� 6� !�$�� %�* 

��%�� �I�� J�4
�$
O�$��'%�� �7�
P<7��� J��
X

������):/��/�������://��(

����� 
��� j�
� ��$]�9 $���!��	M� ��..� �<=5 8��)%=�-��(��a�F��� ��7��� ��%+� ���"�+� ����� .� ���� f�+_P� 8��J+6� ��
D %� L��J��� �� ���� ��� .��C��8���( $.� /�%A� �� .� �	 "�K� %=�-�� �� ��� ��%� � .	� ���%�.� �"  ����1�bN a_6 

.� ���N i>�
� j"4 ���� 	��c(.�#�0�- ��%����( ���"���?�J�6 ���7��� .������ ��%>��� j�+� ��6�%9�-+��%� �.+9 
J�F � �	 	.�.�	 � �%�9 �� �"���@�� 8��J6� ���	 ��� :; � 	����%� ���%� @�� �� ��� .��&��� 	F�� $.� ��7�+�� 	+�.
��%� ���%� �� ���� J�  .�:%  ��J6� SPSS �%b� ��6%9 .	� G�h� D��  ��#�� �	��!#)=T �	 "�K� %=�-�� ��� �"  �� J�F � �	� 
%-�� .� �����	 ��� 	� � b4 ��#�� 	�� .�����%� - !��� @��o��%����( %�A !�� ��>� �pH  �2Fh� 	� r>'� �	��+�
�� �� � ���pH  �� ��� � ���=K!�� %=�-�� ��� $�	 �� $.� @�� � .��� 8��J6 �� C�� � 	�� �F� ��J+6� +� �� #����>+� 8!

�� 8�� $�	 �� C�� .	�� 	+� ��7��� %=�-�� � $.� H"- �%  ���%� ��%� !f�� L�  �0� �?��
�� f	� .� %^� ���%� �� C�
p"�
�� D��  �� �4�- � ��� 	� r>'� �	�� #��H"- $�. /	� �� $.� #)=T �%�=d�!$�J+�� ����+&F � +-��%=� �+h��� � �+h,

��M���%�T ����.

�D�( ��  ��
AE :I�AE�-�� ����%�-��(�E I���% ����G
"�
' +�� I

Removal of Butachlor Toxin Polluted Water Using Ozonation, A Case 
Study of Groundwater Resources in Guilan Province 

 

M.M. Rahbar-Hashemi 1 M. Ashournia 2 M. Panahandeh 3 
 

(Received Jan. 26, 2014            Accepted May 6, 2014) 
 

Abstract 
Rice is an important staple food in most parts of the world. The water resources in Guilan Province are receiving 
large quantities of herbicides (butachlor) due to the vast rice fields in the province and the indiscriminate use of 
chemical fertilizers for increased harvest. The present study investigates the effects of ozone used for removing 
the remaining butachlor from groundwater. Samples were collected from 20 wells during four seasons and their 
physicochemical parameters were analyzed using gas chromatography and liquid extraction after their fixation. 
Quantitative measurements were performed using the standard enhancement method and removal methods were 
evaluated using an ozone generator. The results were subjected to statistical analysis using the SPSS software. 
The results showed that the residual concentration of butachlor in the samples was not above the recommended 
international limits. The effects of temperature, hardness, and pH were investigated to determine the efficiency 
of the removal method used and it was found that the butachlor removal efficiency of ozonation was higher in 
waters with an alkaline pH and high temperatures, while it decreased with increasing hardness. The pseudo-first 
order kinetic model was used to investigate the rate of ozone to butachlor contact to find that the product of 
ozone concentration by contact time had a linear and indirect relationship with the logarithm of the butachlor 
content. 
 
Keywords: Butachlor, Gas Chromatography, Ozone, Kinetic Model. 
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1>.F]�? ��y�/	 N#�� 
��3�� �� �1�> ���9 ��� ��%	 ���� 0��	1/�
 ���/ / �� �1��> �1����e� �,����-� �S�	1��� t�	��% �� ������ �����

��	1/	 ��#� �!� ��� ��	1�/	 N_( �� ��2� �� F%	 &���:�� ���#�
�/ / �� �1> �1��e� O% F]�? �� F%	 K/1>��, .F%	 
.G	� ���

 .F%	 FG� @,	�V "�(�� �]/ �� �� 
1.� ����� ��0u	�� ���� 
%��� � 1/�� )��� ��� �9��! �	1�-�

 ����( �	CT )���� �� �9��! F�]�? ���g�=�� ��� 1> ���:�%	

 
5 Merck 
6 Pure Analysis 
7 U.S. Environmental Protection Agency (USEPA) 
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1�/�� "��,	 7���%	 ���� � F��%	���4�	� � ����y�/	 1��/�� )����� ",����n�
�,���� ��&�= )� 7�%	 �� F(��.)�	 ��8,�� ��� Y�, 
�/�

F(� ��� �	�� ���_�G	 Fn! �	 @%��� ��#2� ���� �	 �� ����
	 �� �!* �� .F%	 
/1#��>� O�% ��� )�	 7�� * ���/ ��� LV� ",

 7� * ��/ ",	 �V�� 
%��� �� 0F%	 F# �	 'h�� ��#2� �]/ ���
 ��� 51�� ",	 �� .1> K%��� 5�	 L/ �6> 
8#��#% 51� �	 ���:�%	 ��

 )���� �� )� F�]�? � �����*� ��#��	 F�]�? ��� �!*t"#��+ � �
�4�	� �	 ���#R �� �1��� 1#2�	 ���� F]�?p� * ��/ 1> ������ 7

Log[Ct]/[C0] = -K[O3] t )p(
�4�	� ",	 �� �� 

Ct)��� �� �1�,M� F]�?t0C00�:�= )���� �� �1��,M� F]�?K

� �1�,M� �� �1��� 1#2�	 N��� 7� * ��/t.F%	 )��� 
u	�� "#�+ � ����� 
%��� �	 �9��! �	1�-� � 1�/�� )���� ����

����((k)  CT )���� �� �9��! F�]�? ��g�=�� �� 1> ���:�%	
1��/�� F��%	."��,	 7���%	 �������4�	� � ����y�/	 1��/�� )����� ",����n�

�,���� ��&�= )� 7�%	 �� F(�� 

tCk n ×= )q(

n
1

t
kC 





=

)s(
o�	�� ",	 �� �� 

C
�#� @2��� �9�! F]�? �9�! c����� ��#� �.F%	 

nC
kt =

)T(
�4�	� ",	 �� �� 

t�� � �9�! 7� * )���5E �� �-#G� @2��� �,���� .F%	 
�	�� c��/ �	 ������ ���'#��/� �	'�(	SPSS ��� �"#�#.* ��]��


�.� ( F�]�? �4�	� )�� �	� �� �� �� &	'�� N�_( u��� x���y�
b#�	� 5�8%��� Y,���	��R�#? )��� �	 5�%p.1> ���:�%	 

w�Z#� D [���. 
u	�� ��	1/	 �� � ��#� ��/ / 
���0��	1/���%	 �	 )#�%	�6#��� 
��3��

�#n* ����*� 
!��\ 1>��	� �	 @2��� �#R �,� F��2� �6%�3�
 O%� F]�?1>�� 
%��� ",	 Z,��/ . N8�> ���� A��*T��� @�#*�*

 �	����nW )��2�� � '#,�R 0)��2��* 0��n� N_( lye�.F%	 
�	��8* ��% �� ��$��%� ��� ��/ / ��� �	�� t,�'* � [	�y�%	 N�	��

 c�i/	 �/��	1!1>G� �����	1/��%	 �� Z,��/ �� ��,�R�	�8* � F���

1 Kruskal-Wallis 

 
NO:lfO%� ��	1/��%	 
�3�� �1> ��n� N_( �� ����*� �	�� 

NO:sfO%� ��	1/��%	 
�3�� �1> )��2��* N_( �� ����*� �	�� 

NO:wfO%� ��	1/��%	 
�3�� �1> '#,�R N_( �� ����*� �	�� 


���� ��i� 1� 
/�n! �� �	�� �� 
/1#��>� ��� .1�> ��2,�-� ��
+#�� / �	 c	18��/ � ����.��4� ����0(� F]�?�F��������*��

y = 238382ln(x) + 594379
R² = 0.9901
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NO:uf)��2�� N_( �� ����*� �	�� �1> O%� ��	1/��%	 
�3�� 

��	1/��%	 1� �	 �*M���6/�/ / �� ����*� F]�? �2,�-� Z,��/ . ��
� N6G 1.�N8> �� �	 )�	 �6� �	 ��� }���������	� / &��=

.F%	 �1> ��	� )�e/ �/ / �	�� �	��*����� c	��*����� �� ����
 N8��> �� �1��> �����}���� �1��> ��'��(	 ������*� ���� C����� Y��#R

�/ / )��� �� 
.#6E ���}/p�K�� �1�,� ��-#G� ��� �� ��� ��>
 .F%	 �1> ��	� )�e/ '#/ x#E 

�/ / br% �	��G ��#n� o,	�> �� )�	 ��.� �� �1> ���� ���
�/ / [	�y�%	 �	 bR .F(�� N8> �� �������� ��� C���� c	��*

 ��� C���� Y�#R ��	1�/	 1,1�> ����� ��� F%	 �1> ��	� )�e/ �n/�
)�e/ ����*� F(� ",	 �!* �\�� ��� �1��� .F%	 �� �	 �� 

�	��� � 
62/ 7�#-� �� ��	 ���nW ��.��4� ���� 
/���� N�_(0
�2,�-� N8�> �� �� �� O�% ",	 F]�? "#� �	�.F�%	 �1�> �����
)� � ,��/ �	 �� �EF%	 lye� Z0�� �����*� O% "#$/�#� F]�?
N_( ��� F%	 ��e#� 5�% )	����R.�� ��� )���� ��8�,	 "�(��� ��]/

 ���n� N�_( 0������e� L�	'� �� O% ",	 ��_� "#$/��#� � F�%	
��	1/	 �M�� F(� �4% �	�� �1> ��#� ��� �����*� ��� N�_( ���� 

F�%	 t�64�� �����R 0K�� F�(� F�(�� ��i#�/ )	�* ���*� ��� ��
5<3/	 � ��	� 
,M�� ��,�R��o%* 
�\
�1/��� 
� ��2> �>.

NO: yf�/ / c	��*����� N6G����*� ��� �	 

NO:zf����*� ��� �	 1.� �/ / c	��*����� 

����*�

����*�����*�

����*�
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NO:}��/ / �� ����*� "#$/�#� F]�? �2,�-� �� �.��4� ��� ���
N_( ��� 5�% x��y� 

��/ / �	��� b#��	� 5�8%��� Y,���	��R�/ )��� Z,��/ �� ���
5�1��! u����B���*U�$/���#� ������*� �4��% ���� F��%	 L��V� "��,	
��	1/	 ��#� �1> �/ / �� �� ��� N�_( ���� �4�% ��� 5��% x���y�

�.� ��	���p/�
�.� C�6*�	 �	�	� ��	� 1��2� �� .)�#� �� �$,�

Z,��/ �� �!* ��F%� �1��0�##�* ���2� &	��/ / �!� O% )	'#�
 ��N_( ��� 
�.� 5�% x��y� .F%	 ��� �	� 

]D�2sf� 
:#=* ������	 ���:�%	 �� �1�� F%�NPar Test 
u	�� �2,�-�N_( ��

N��W.��$ 
g��#.�
���.���� 

3%�	� 3%���� 

'#��/� �� p�{�p/�ss��q�/�JJJ/J}p�/q

N_( ��}�/qpq}/pp{

]D�2wfb#�	� 5�8%��� )��� Z,��/�	�� �2,�-� 
N_( ��� 5�% x��y� 

N9� N��W.��$ 

'#��/� 

��n� q���/}q

)��2��* q���/s�

'#,�R q��s/{�

)��2�� q�p�/s�

L i� ��

]D�2uf
�.� )��� Z,��/ b#�	� 5�8%��� ��	� 

]D�2yf� 
:#=* ������	 ���:�%	 �� �1�� F%�NPar Test �	�� 
N_( �2,�-� ��

N��W.��$ ���.���� g��#.� 3%�	� 3%���� 

'#��/� ��p�{�p/�ss��q�/�JJJ/J}p�/q

Well��}�/p���s/}pq� 

)�	 ���� ������*� ����� ��� ���.��4�0���� �������2�p���� ����
 1�#�* )�	 ���� O#-�2� �1�> � ��	1/���%	 5��3� )��� ��� ��6�� �	

�#6> ���% �1> �� o,	��> �� 
�.#6E ����01�> c��i/	.)��,�! ��
�,����0��� 5�3� �� 7� * )��� � )�	 ��� )�,�! o,	�> ��/� �	

��, )���� ��� )�,�! ��g�=�� �� 1> O#]�*CT 
�_ye� �,���-�
�> �* br�% .k
�4#3� �����#��� �#`00���� ��#]/pH ��� 
�y�% �

)	'#� &	�##�*CT ��� F�6` ��E��� ����	� / N8> ���#n� C��-/
 lye�1>��� ����( 
%��� �	�� .0������q��q}�s��!��
7#2�% ��1> ��(�� �]/ �)� � N8> �� �� �E�F�%	 )��,� /

��� �,	'(	 ��0)�	 1�,	�( 
,	��� )��1/	� �����*� O�% ��� �� 
/�
�,	'���(	 �� �	 ����� F���(�, 	� )� N���#�� K���� �,	'���(	 ����� )	���*

5<��3/	 )�	 ��,���R F����% �,	'��(	 � �*M���� �������� �� �� ��
58�� F#��/� ����	� F62/.* "#�+ �k), F]�? �#` H+�� ��%

pH }/}0��}/����2� �� Y,�'/ ��pH ��
.#6E ��� 0F�%	 
1> 
%���.N#��0&��:�� )��1/	� )�	 O2#/�8� )�	 ��	1�,�R � 
/�

), �g� �� �2���1#� ���#F�2/	� N.	"�, �� )��1�/	� &���:*
 N8>���;V� N��G l#ye* .F%	 * 
%��� �	��k
�y% �#`0�%
���4-/p��0q�� �ppm s�� ������ Y��,�'/ ���� 1��> ����(�� ���]/ 

�� 
�y% �� &���:* .��� 
��#���,� �1�> �#:�_* 
/1#���>� ���
 N8�> �� ��� )��1/	�p��1�> ��	� )��e/ .F�%	 )�� � ��� ��E

�1��e� K��,	'(	 �� �> 
�y%0���� )��1/	� F(�, )� N�#�� ��
����� �����	� O��2#/�8� �� 
�� ,'#�� � 
 #��2�� ;<���	 F�� �	'� 

.F%	 
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NO:�f* 
%���k)�	 
,	��� )��1/	� �� ��� �#` �	 ����*� ��� �� 
/�
�� 

NO:��* 
%���k�#`pH )�	 
,	��� )��1/	� �� �	 ����*� ��� �� 
/�
�� 

NO:l~f* 
%���k�#`)�	 
,	��� )��1/	� �� 
�y% ��� �� 
/�
�� �	 ����*� 

����*� ��� � )#%	1#2�	 �� C��� ������	��R 
%��� �	��
�� �� �	 )�	 ��#�%�0���	���R �	CT N���� F�]�? ���g�=�� ���

�1��� 1#2�	 �]/ ��� �/� �� )� 7� * )��� �� F%	 1�> ���:�%	 0.

,�i/� �	 �,���� �� �� u�� c�i/	 �1> �	1�-� ��##�*CT ��##�* ���

&�= )��� ���	��R )�	� K�.F(��u	�� ��2,�-� 
%��� ��##�* �	
��� �� F]�? �,����� ��i#�/ 0��� o,	��> �� 
n���e� ���1��,	�(

 �� ��#n���,����� �	 �1��� F�%� u��� �	��� ��n/� �� � c��i/	 
��6G
 )	'#� &	�##�*CT &	�##�* �	C���:�%	 F]�? )	�� ��1>Z,��/ .

�� �1�� F%� N8> ��ppZ,��/ ",	 t��4� .F%	 �1> �����0�,��-�
CT 1>�� �1> O#]�* F]�? �,��-� �##�* �� ��0���	�	� o%�� �E

 �����*� ���� �� ���e#� 
,	��� )	'�#� �� ���	 "�,	 N�#�� .F�%	
)��� F>�� �� )�	 ��	1,�R 7� * )��� �,	'(	 �� �� F%	0��N�#��

���)�	 ��	1,�R �0
,	���� ��i#�/ �� � ����� ��##�* '#/ )� F]�?
���� )� K�.1��, 

�� )�	 F�]�? ��� ���#n� o,	��> �� 7�� * ���/ "##.* �]��{

�#� )��� �� ����*� O% F]�? 1/�� 	1��	 0�-#G� �� c�� ���� ����

 )�� � .1> 
%��� �]/ N8�> �� ��� ��EpqK�� �1���e� ��� 0��>
1-� )��� F>�� 
�E 	� 
���'/ 1�/�� Y�, ��]/ ��� O% F]�? �	

K� N���� 7�� * ���/ 05�	 L/ �6> 
8#��#% ����.� �� �!* �� .1��
 5�1�! �� Z,���/ �� 1> �1#i�% ����*� O% �� �1��� 1#2�	�)��e/

 ��� Z,���/ ��� ��!* �� .F%	 �1> ��	� ��� 1�> ly�e� �1��� F�%�
 7�� * )���� &1�� �� )�	 F]�? ��g�=��0��$� ��� )	'�#� O�,�

*����� �4�	�O#-�2��#? � 
4\ ��	� N8> �� .ps&	��##�* )	'#�
 ��	� )��e/ 7�� * ���/ &	�##�* �� 
/1#��>� �� �� ����*� F]�?

.F%	 �1> 

NO:llf��� )��1/	� 
%��� �� F]�? � )��� &	�##�* �2,�-�
�� �	 ����*� 
.#6E ��� 

NO:lsf�� )��� 5E �� ����*� O% F]�? &	�##�* 
)�	 ��8� � �`	 
/� 
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]D�2zf����*� O% �� )�	 7� * ��/ 
%��� �� C��� Z,��/ 
tLog[ct]/[c0]K
���
qs}/�f�{s/�
{��/�f�{�/�
��q/�f�s{/�
��q/pf�sp/�
p�q�/pf�sp/�
pq�s/pf�ss/�
p{��/pf�sp/�
p���/pf�q�/�

NO:lwf�� 
/1#��>� �� �� ����*� O% F]�? &	�##�* �	� /
)�	 �� 7� * ��/ O�,��$� 


�%��� F��(� ���� ���� �� ��1��.�� ���� ��� )���n! �� ���
 ��� 0F�%	 ���(�� &��= ��/ / )	���� 1����	 5���% �� )	���8 � �

q���0)�	 � 
��/���� ��� �� �	 �1���,M� ����� �	���� 
��/� �����
	 x��y��/�\��� �� ����	p���:�%	 Z,���/ ��� ��!* ��� ��� 1�/���

�� �1�� F%�0c % ��� )	'#� )��1/	� �1�> ��, ��� 
�/���� ���
�� 1=�� �� �)�	 ��� 
/���1=�� 
�%��� "�,	 Z,���/ .�� ��� 

c �% ��� �	�� )�	 t,�E �	 )#%	1#2�	 ��8,�� �M�� )��1/	�
��	� ���>	]BH[.

"#�+ � o%* �� 
%��� ��1��,� 5�% ��p��� �1,,� ��
 5���%p��p0* 
��4#3� ���������( ��� ����k1���,	�( ���� �	�����#`
)�	 F(�� c�i/	 
/�0�,	'�(	 ��� ��� 1�> ��	� )��e/pH 0)��1�/	�
)�	 �,	'��(	 
��/� K��� 
/	��y � ���V�� 
��%��� Z,����/ ���� ���� 1����,
��	�]PJ �PA[.

�� �� �$,� 
%��� �� 5�% �� )	��8 � � ���#� F%�p��� �� 0
�1���� 1#�2�	 L	/	 
,	��� � )��1/	� 
%��� ��#�� ���� �	��� ���

F(� ���1���� 1#�2�	 "#�� 0F�(�� c�i/	 �� 0���� 0)�	 )�W 
,���
 
1 Ebro 

O�% ���� ��� C���� )��1�/	� 1�=�� ",��e#� 0O#%��R &��$���R
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