
Arc
hi

ve
 o

f S
ID

69

��n �/��V�� &��L	2 �����n 1UV/O3�� ^M8 d!	� e !,  CD; Un
a�H� (  R������n % ��F/M!,�Y�  1�8 ��2 

�	*5�6
�5�O 4�����5< P��
 8�
��0� �I�$��:

��� �Q�
�2�;�?�2  $/0 5�6
L

)�
�A��B[/[/FGI9�H�[/G/FF(

L��5�
3
 &= 0	= 0 f
 =
 $�� 	UO;��� 78� &� �
�1 ?�	\��
 �� � � O; �� &�	�0 �	�� 	� ?3�	.� �=��0 .?��8�H� ��
 ���� 2	�� }�	�8� ��� G�	�
� 

����/ �� ���&��
�^
 �=
 �&��T��/	� ��/
� $��3 X�I� � )	�=
 $�A� �� .��2	U�	� ) ��
����;
 2	U�/�� 3
 ?�	\��
 ��R
 
����O�- $�
 ����0 �
�1 �* � �� � ��O�� �G "� C,# 2
��.�W�
I� ��
 �� �= "= 2	�U�7>( )� �"= ��	+
 	� �7= �� � 2	�i�g�ik�

ig �wk&>�� ���� �� G�0 "� 3
 K�= �� �� �� �5�	V� �� � G ?����0 ��U� .�= "= �� ��� �-	= Z���� �� �=	0
�* !#
�� �� 	�pH 2	�l�
u�m2	U�	"� )	�3 ��8P"� �g/k�i�g/i�w � d	"� e�5� �� $N	� �GUV/O3$��0 �
�1 .)
K�� Z���� �� 2���� )3
iG��0 

$N	� �� ���	� ��/��HUV  �gk	�wkk � �
� }������ �� �.�>#�� �� 2	U�=
 �� ��.��	I� C,�# )	���=
� ��/.$�7>( K��	�=� 
?	<��� 3
 ?�	\��
 	� G "� ?�=	"�1	� 2	�GC/MS/MS �HPLC �/ G	6=
 ��
�=	��
 :�� W.` .� M�	�= d	�
 ���?��� $����TO� 

��
K�
 	� �; �/pHd	"� )	�3 ��
K�
 � G "� $7>( ��	; ��
K�
 C,# )	��=
� &� �� ��	� .����	�Y 	�� ����O�- ) ��
���Y
 :��
 ��GUV/O32
�� �={ �	� ?�\�� =	0�
 G "� ?��0 �� �� C,#)d \���-�>; (�={ �	� ��( �)) 8�3	�� (2�	�3 &�
�	; ��� 3
 ���� )
K���
xk �B�� 2
�� �
�
� ��
 �; ��
� ��	�	��	; Z� )!��	��	; (3
 ��� ��mk�B�� &����.�6��= �� :�� ��
 ����	Y 2
��� G "�� C,�#

X�I� 3
 �5�	V� �� � &� �	U8O�- &�� 2	� ���0.

	J�� 02"����":7:9 @��� S-#:�&�H /�������R� S?0�0'�0R S	�G�:��06�� SIRUV/O3_��� S�'9 "02 

Comparison of the Efficiency of Simultaneous Application of UV/O3 for the 
Removal of Organophosphorus and Carbamat Pesticides in Aqueous 

Solutions 
 

Mohammad Taghi Samadi 1  Maryam Khodadadi 2 Ali Reza Rahmani3

Ali Allahresani4 Mohammad Hossein Saghi5

(Received Sep. 7, 2008      Accepted Sep. 28, 2009) 
 

Abstract  
A vast variety of pesticides are used for agricultural pests in Iran. The release of these persistent organic 
pollutants. into water supplies leaves adverse effects on both the environment and public health. Advanced 
oxidation processes have been used recently for pesticide removal. In this research, the combined UV/O3 process 
has been investigated for the removal of organophosphorus pesticides (Diazinon, Chlorpyrifos), Carbamate 
pesticides (carbaryl). In this survey, samples have been prepared by adding given concentration (1, 5, 10, 15, 20 
mg/L) of the pesticides to deionized water. The samples at separation periods were exposed to the combined 
UV/O3 (UV=50-200 Wm-2 and O3 = 1g hr-1)in a bath  reactor at different pH levels (6, 7, 9) and for different 
contact times (0.5,1,1.5,2 hr) and the removal efficiencies were determined. Residual concentrations were  
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determined using GC/MS/MS and HPLC.  Based on the results, increasing pH reduced pesticide concentration 
and increased contact time had a direct effect on enhancing removal efficiency. The combined UV/O3 process 
was found to have a high efficiency (>80%) in degrading both halogenated Organophosphorus(Chlorpyrifos) and 
non- halogenated Organophosphorus (Diazinon) pesticides. Its removal efficiency for degrading carbamate 
pesticide (Carbari) was found to be >90%. Based on our results, this method may be suggested for the removal 
of pesticides from aqueous solutions. 
 
Keywords: Pesticides, Organophosphorus, Carbamate, Advanced Oxidation Process, UV/O3, Aquatic  
 Environment 
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	*�� �.�A 
� =�0�,���0 ���.a, �������$��pH�� 
�d�	�# �73 ��>

����� ���-� 1���+� 
�8���"� �#�	��@� 	pH 8��� [�\�^�
5�� 


��	&��0 
��2 .8��� g�, ��pH �
� �� �# ���.��2
 C���5�
 � r
O/l��0 1��I.
� 4���# ��.# 
5�.d�
 
� j���, ���� �� 1����+� 
� >
X/l�O�X/O�Q����"�
 �� 1��I.��
� 
� ���d &D���
 8 ��d� �
����5

45�@�&
��0 �g# 
� ��" �.� .
��2�� �� �@�8
 
� 4��@, ��� ��.  

7 Arada 
8 Sigma Aldrich 
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OZ��
 ��� d� 1�F.
� �QZ��� ��A5, 
5,��#} �TZC� ��" ���M �UZ�5� n�
 �XZ>,
�5d �6R �[Z��Y UV �\Z��� >��H �
]Z��
�.H ���� 8��3 ��G ^Z1���d C�! �� 8��3 ��G 

�%&��$5*��H �. �
 	*d 8��"UV/O3

	 �F��r�?+, 
� 1��I.
� �
5� =5�
 $��J:� 

�O 6~^ �/ �/ ]�C �%&  1��%�� 	��
~ 1��%�� B)  
(g mol-1)

�7*�
Á��Y 

�5������ 1�I �5#�0
� 

C12H21N2O3PS: 333-41-5 

TX/TlU ^]

j5I���H�*d 1�I �5#�0
� 

C9H11CL3NO3PS: 2921-88-2 

[/TlX X/^^

)�
��
�d $����
�d 

C12H12NO2:63-25-2 

QT/QlO ^^

a, j�
�����
� �� ��#5�# ���@A�B� �
5�� )���5D $��8�%��! �	
�H������ �
5�� � �."���� $5*�&���0 
���2 9.��� 
5�g�� 9-��
 

2�� &��g*R����#5�# 
� ���g# �
5��� =5���
 1���#�� ����8P�
 �� �� 
���� W��J.��
���Z���� ��O�����% ����� W��J.��
� �Q��0 1��I.��
� ����.

�#5�# ��8��"�
 j�
� �� �
5� i 3 �� 1�" W��J.
� 8�
��#�.�
� 
��������
������F.���
� �*8GC/MS/MS )GC 4�����������
��T�
4��MS/MS  ��,��
 ���
�� 4��U���*� 
5:�� &!��
 �HPLC 

1 Liquid-Liquid Extraction 
2 Solid Phase Extraction 
3 Varian, CP-3800 
4 Varian Saturn 2200 

4��t��
X��� 
5:d &!�
 ��m(A�#� �
5��&���0 
���2 >.P�
 
,��5
��.�����
�.H ����
��#�.�
� P�
 ��� >��# E{|q� ��� 
5�g��

1���#� 0��8���� ��� 	&��0 
��2 1��I.
� �
5� ]_`[.

��v��  u-�,C 
 d� P�
�
���H �5�5, ���
�d �� �.��:�=UV/O3�m	���"�
 �� 8

�@
5, 4�3 
�8��� =5�
 �73 &
�.� 
� �=5�
 �73 9���H (
&���� R 1�I ���5#�0
� 9��d��� ��#}5A�� ��)��������5� (���#}5A�� �

)H�*d���j5I (�,����
�d �
 �)
��
�d�)(��
��� �*��
5�� P�
 (

5 HP Series1200 

' $
#

�r

l

0
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&��0 
��2 �@A�B� .>��# k�*.J� 8�����a.� 4���D� �� )�c�3 v��.#
�" 	

��.

������
��+� 1/*
� )� �7�� u-�,C pH�*�O 
�-!�5X/ G�� 1
����R� �*�� 

���� ��

�� 
5��g��	����� pH� 
� ���5���
 �7��3 ��> ���@A�B� �
5��� =
�H
��$5*UV/O3���.g*R81����+� 
� =5��
 �� $��I.� pH [�
\�^�� �� 1��I.
� �� 1>�#5���,����0 ������ j���, ~��@� 
� � �

UV/O3��" 1��� 
��2.4���%Qa,��� 
� =5��
 �7�3 
���?� $�� 
pH��8k*.J� 	� ��:# �
 ���.

	 �F��$����a, ���<,pH� =5�
 �73 	��
�� �� �@A�B� �
5 
$5*��H 
� UV/O3N���" 
�=5�
 &g*R Ol	*�� �.�A 
� =�0 ���� �

j��, X/O&D�
 
pH 

�/ a�Â

)�
��
�d^]%[/^]%]/^]%
�5������^O%X[/^O%^X%

j5I���H�*dX/]U%\/][%Q/]]%

�.# j�
� ����J:� )c�3 v�>��� ��� ��d �"�9pH ���c
�
 � �
5� �
 x5# �
 �� �73 �>�� �@A�B�9	������ .��� 4���� ��5��D

 j�����, ������� &���"70 �� ����@�X/O��� x�����" �� &D����
 ������
 d��
����5�
��
�d �
 �73 
��?� ������� &g*R �� )O	�*�� =��0

 �.�A 
� �� ,�,�
� ipH ��� 8[�\�^��� �����>^O�X[/^O�^X
�c
�&
� .A��)��� (���>���A5, 9�����5���8OH-��
 ��4��m 
� ����� d�
��))OH•(�+� 
��N���8*2���	�&�
� .
� ��� pH 
�
>� �� �,]� �5!���5�D�A5, 
� ���� )���D C����
 ��4��m ���8

� )�D ����	��#��]OU.[�� x5# �� �. ����� �7�3 ������.��0 
��d
 , �1�"<���pH $��I.� =5�
 �73 
� &
� .5�, ���
�d P�
 
��=

UV/O3��>���9pH �� iE
 �>�
�d 9	�� �� �73 	����0 ]OU.[
A�3 
� 	��0 �J:�� ��:���
7� ��@A�B� 
� ��d �� ��
 �7�3 ��d �

�������� �� 1��I.
� �� �5���
Y50�5d��.mA� ���
� �5 pH ������T�
j��, ����[l2��� �?��.:�&
� 1�5� 
��?� (]O\.[

����*�XO 
X� �� *  !�5X/ 6X��� ��
��+� )� �7�� u-�,C 1-� 
G�� 
�.#�a, �� )c�3 v����
� =5�
 &g*R $��8
��d �� 	�� �3 7
� �
�H�$5*UV/O3)m"
� Q1�" 1��� ��:# &
�.

��.# (���� ��:# v	�d ����� ��d ��>��
�	�d P�
 ��
��5, ���=

0
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(6��/) ��5� B��)

(%
)G

��
P
-�*
�O

B�U-)�-� ���-
�b
�O �-*��*�O

 
�%&��
�d �� 8��
� =5�
 &g*R $����a, ���<,��3 	�7
�
$5*��H UV/O3N���" 
�pH=7 j��, ���� �X/O&D�
 

UV/O3�>���� �������
� ���
 &��g*R 98���H ���� �9����d �$5*
�	���� .��
5M 8M 
� �d	j��, ���� X/O�&D�
 pH ������\�

�>�� ����� &g*R 9O��Ql	�*�� ���.�A 
� =��0 ��
 �7�3 ��c
�
������ �� �5����>^/OQ��c
��H�*d ��
���j5�I]/OO��c
� �


��
�d �
�)U/]�c
� 9��d �&��� .����, 
�	��#5�# 
���?� ���
��
�A5, ���� 4���m��� ���� j����, ������ � 1���" �UV/O3��� 
����?� �

��
�8������� ��5� &��� ���#5�# 
� (���8���.�d &�g*R ��� �7�3
�5� �.:�� =5�
.

����#��Y�� N�
5, 1��" =�-#� �@A�B�O8���� Y� =5��
 �7�3 
�*dQ���,� ��(T5����*d ��j5I�UN
5, UV/O3#��>��� ��:�# ��d 
���>����
��d �&g*R 9	��7�3 �� 9���d 	����� ]O].[������(

��
 �7�3 �
5�� 
� ��
��m�� � 
5:�#�� N�
5, 1��" =�-#� �@A�B�
��������� �� �5�8$�
h 5#�# 
5�3 
� 1�5A� ZnO �UV-C ��:�# 

�>�� �� �d ����� ��
 &g*R 9��� �73 ��>���g36� )���2 
5�M �8
�9��d	����]O^.[

����� �7�� u-�,C �*�O 
� ��5� B��) ��
��+� )-!�5X/ G�� 1
����R� �*�� 

���.��
�H �� j��, ����8Y� �7�3 
� ��� �1��� &�
� ��� .� 
� �� (
,9���H<��a,����
��d ��� j���, ���� $��	��
5�� =5��
 �7�3 

�H 
� �@A�B��$5*UV/O3

�� �
5� 	&��0 
��2 .)m�"T�,<���
a,���
�d �� j��, ���� $��	�=5�
 �73 ���" 
� �@A�B� �
5��N

pH �����\&g*R �Ol	*�� �.�A 
� =�0� ��:# �
	���.
.#���:# v�� ��	�d ����� ���� ���>�� �j��, ���� 9��73 ��> 

1 Maladonado 
2 Alachlor 
3 Atrazine 
4 Chlorfenvinphos 

��������	 �
��
���� � 
� 
www.SID.ir



Arc
hi

ve
 o

f S
ID

74

0

20

40

60

80

100

120

1 5 10 15 20
(mg/L) 6���

(%
)G

��
1
-�*

�


B�U-)�-� ���-
�b
�
 �-*��*�


 
�%&���
�d �� j��, ���� $����a, ���<,��@A�B� �
5� =5�
 �73 	

N���" 
�pH �����\�&g*R Ol	*�� �.�A 
� =�0 

� �
5� =5�
 # �@A�B��>�� >�� 9	�� ����
5M 8���" 
� ��d�NY��� 
j����, ������ ����X/l� �&D���
 ��� 1�I ���5#�0
� =5���
 �7��3 ��>

R�� ���#}5A���������H�*d ���#}5A�� 1�I ���5#�0
� ��5�������
 �j5��I
 
��
�d �,����
�d �� ��� ),�, �� i[/]U�Xl �X/]X��� � �5�� ��c
� 

�>��������� j����, ������ 9X/O� �7��3 ���c
� &D���
 ��� (=5���

�� ,�, �� 
���?� ��� i^[/[�\/T[�O/OT�>��� ��c
��9�&��� .
.#�# 
5:#�� 9���H �-��>��� �� �d �5�# �J:� >�j���, ����� 9

�H 
��$5*UV/ZnO � �
 �73 �c
� ������>��� �5���� 9	����� 
]O^.[A�	j��, ���� &"70 �� �@� X/O&D�
 ���� �73 �c
� 

��?�� � ��S>% 
�	�>�� �9�&
� �.��.��� �,�A� (�� )��H (���
 1�
�	� ��5,�(� �#50��� �
 &g*R �d �5�# �� 9���d �����.� $
5c
��>��� ��� � �.�����
 j���, ����� 9�4��m ���8A5, ���� ��
� 1��" �
���� d� ��c ���
���A5��.� �5�&��89d &�� � ��	�#��0 .�.EA�

 " 
�.!�
 �� �%5, ������	��H ���
��8� �=5��
 ������� ($���I.�
 �5� ���5! ��
5M 8� 
� �d���@A�B� �
5�� =5��
 (���,����
�d ��
 


��
�d������.�d )�H�*d 1�I ���5#�0
� ���
 �j����, ������ (���j5��I
���.:��
 j��, ���� (��
5g��� �73 ��."�� ��.: �#�.

������.# (�� �� )c�3 v�P�
 ��d �5��# �J:�� 9����H (
 �d��H �5
�� �� 5�, ���
��d ��� �.��:�=UV/O3�
��d	�E�
��� 	
�

���#}5A�� 1�I ���5#�0
� =5���
 �����>�� �7��3)H�*d���j5��I(�
R��#}5A���)������5� (�,����
�d �
 �)
��
�d�)(��.# ��� �d �
��v�

A� �@A�B���
�� &?��B� ��
�m�� � �.��#� �@A�B� �5�� 1��� ��:# ��d 
� �� 1��I.
� ���� P�
 (	5A�� 9�d &�� ���>�� ��5,}��E�Y ��#�Z

��
��,5A���(OR �����.����.A� ���#}5A�� ��(Q���� �
 ������� ��>��� 9]l
���c
��5���# �7��3 ]OU.[ ��d� P�
�
���H �5��� ���
���d ���� �.��:

 
1 Lambda-cyhalothrin 
2 Deltamethrin 

� �5.��5,5������ �@A�B� 
� 1�" �.��0 
�d8T8��� � �73 �����5�
 ���,X[�c
� 
�d 	�� �� �7A &
� �."�� 	��5�, 8���� =5��
 �7�3

����� �������� �� k���*.J�	�
 �� 5���, ���
����d P�=UV/O31��I.���
� 
�5�#]OQ.[�� =�Y ��� ��� 8��F�� ��@A�B� 
� ��� &
� ��h $
5�c

 ��#5�# 8�
 �� �;�3 r�?+, �� ���>�� 	�%��! � 8��
� �� 8���
 ��I�, �� �#�! &�g*R � &���� =��-#� ����� ��" 	#����"� �� 8��

 8���.g*R �&���0 
���2 9-��
 �
5�� 	���0 $��� =5�
 1�#���2��
)��2 1���Y����
 � 
5�7� =5�
 �� 	�%5, 1���:�� ��F�� 	�A� 8��

����F#.
# ��
���m�� � 
5:��#�� ���@A�B������� ���
���d ���d ��� ��:��# >�����

 �����d��
���H �5������5�����, ���
������d ������� ��.��:��� =�8����������
UV/H2O2/Fe(II),UV/H2O2/Fe(III) �UV/H2O2���� �
�� &��*D

 ��� �� 1���Y� ��5� �73 
� Y�� &D�
 ��5�1��� &� 
��
5�!�� 8�
 	� � ��. � ��#�!
�d 8���� �H ��I�, 
� ��#� �� ��5, 8��� 8���F#

�5�# 1��I.
�]Ql.[

_����,C �
�" 
��� �,��.# (�� �� )c�3 v�?+, (�$
�ED r�� �#�:
OZ ��d� P�
 �
���H �5���5��, ���
���d ���� �.��:�=UV/O3���#�5, 	�

���#}5A�� 1�I ���5#�0
� =5���
 �����>�� �7��3)H�*d���j5��I(�
R��#}5A��� )������5� (�,����
�d �
 �)
��
�d�)(�� �
  �� 
��?��
�
����8�
�� &
.
QZ
�d 	��  d� P�
 N
5, =5�
 �73 �
���H �5����
�d �� �.��:
5,�=UV/O3�>�� ���9pH?. � �B��
 ��
�� �.
TZ�>�� ����3 �, j��, ���� 9X/O&D�
 �����.:��, (<��
� �
 �
�>���739�@A�B� �
5� =5�
 ��
��.
UZ�
���d 	� ��d� P�
 �7��3 �
���H �5��� 5��, ���
���d ���� �.��:�=

UV/O3��
�� tmD &E # =5�
 &g*R ��.

`�1C��*�@ 
5#�� =�Y ��0�� 	
�>F�
��
 � �m:�, i�,��� ���#��8� �
 �5�! �

Y5� ������ =�.+� ���+, 1�F:��m, $6��*	&�"���� 1�m:�#�� 
��2� �����8���ED ��.d� ������ ���3�A	��2� �8��" j����� ��8�

?+, >d�� =�.+� ��
�m������ $�?�
�8#��@� ��5�� 	�����2� ���8
5�� j�����#������ )�IA	��2� �8� ( �3 46�% ��.d� ������(

�G�# �#�! 
�d�
	���� j��"
�d ���" 1�F:��	&�"���� 1�m:�#�� 

�m�� �d �����8����8� =��-#� 
� �������� ���#� �.�"�� 9����H (

��#���.

3 Badawy 
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