
 ����� ��	
�� �
��� ���������� 1396 ��� �5 � ��� �2 :184 -196  

 *:����� �	
����  ����� �	
�� �
��� �	������ �������- ����� ������	 �����  �!���� ������  
"���� �#$�% &�'  

 :)����-s.rahmani3922@gmail.com  -  :*��+ ,-.+2616773-9350  

 ������ ���	
 ����   ��� �� 	�� ��� ����  

 � ������� �����	�������� � ��	! ��  "#�  

�$��%�&��
 ��'�� ����(� )�*( +� ,���
�  
  

����� ����1 
���� ���� �2*  

  

1  �������	
 ���� �������� ����� ���� ����� ��� !" #$�%�" ����&
� ��'��� ()�* +
�
 �+��, �-�.��� /��0 1.  
2  /)3�&
�+
 * �	4�5� �46�
 �	��6��, - +
�
 �+�8�	 ����� ����&
� �+
 * �4!�&
� ����� ����  

  

-���& .!����  :0��1(20/8/1396          -���& :  :;	�#�14/11/1396         

  

  

=��>?  
:��� � ��	
� �&�' ��()�	 *�+ �	 ,-���./0�12�� �+���� �3 *�+  �4�./ ��5�6 7+�6 89� �6 �
� ,�����  �/

:,	 .��	 �
�       <�	=4> ( 
4.�	3 ��,�4? @,A24B2�� *),C4? �4,=�1 �����D ( -�� �� � -2 E� F�9�6)1  ,�4+   )4� 4�9�

  �
4� ���G �F�9�6)1 :,	 �
�H�? ���I�� J�B3 �� )�K�� .��	 �
� LMN	 ��./ �32� �A2�����6 �, (  �A�12� F�OPK�

��	 �32� Q�6 �. 3	2� :,	 )G2� RCS ��T �(	
�� ��5O1 �6 ��	 .    *)G24� <(� �41 �4�	 ���. 	CB    :4,	 RC4S �4�T

 F�9�6)13���K�? 33)> :,	 �	 R
+ . �EB�U�  3)���6 2.�.  �A(�
�+ 
��6	)?  �2VS �3 )5W :+/ 
��6	 F	�X ( 
�,	)Q

=�B2.2� ��T  RCS�./0�12�� :���� �62�/  �	���� *�+.��	 �/  

�� � ���
��:     Y�4�Z� �3 �4EB�U� :4,	  ( +�[4K,���/ 4�   *(�4S 0����4� \M4]�Q *(� )  �4&�'  *�4+  �	 4OPK�

�./0�12��  :���� �62�/�Q)> F�2W   )G	 �6 �	 ,�+)��	��? �J�9D ^.�6)Q)35 (130 =1)+2��6 �(���� )Y� 1  :�4� 

30  �1150 (�Z�D3  � �A(�
4�+ 
��6	)? �&�' )5/0%� 1%   ( 3 %(   �4&�' � 2.�4.   ) )54W :4+/ F	�Xg/L 06/0 �1/0 �2/0 ( �

)3-7-10 (pH=  �&�' (�./0�12�� :���� �62�/ )mg/L 45-100( .�Q)> �	)D ��)� 3�2�   

�����:��   4Z�5�1 
�,	)Q ����� �,	)�/nZVI2O2US/H �3 pH   )4�	)�3    �A(�
4�+ 
�4�6	)? �4&�' �   )4�	)�3% �  ^.�46)Q 

0�.2�	)�B	 e	2�	  )�	)�130 =1)+ 2��6�    )�	)� )5W :+/ F	�X 2.�. �&�'2/0    �4&�' ( )4��B �3 L)>/-  �
4�,45   4���

 .
�/ ��
� )��B �3 L)>   0�.24�	)�B	 e	24�	 �2VS �3 �A(�
�+ 
��6	)? ( )5W :+/ F	�X 2.�. Z�5�1 
�,/)Q �3/97% 

 �3 	� RCS  
W�3150 �Z�D3   ����� �,	)� �3nZVI/2O2US/H .3	3 ��K.   

��	��:��	�   �46 3	3 ��K. f,��. �	  �46  4Z�5�1 <(� 3)��  2.�4.       �A(�
4�+ 
�4�6	)?  �24VS �3 )54W :4+/ F	�X �3

 e	2�	 �2VS 0�12�� �./ )�&. U��� *�+ �
�,-/ RCS ��T �	2��� =�B2.2��62�/ ����:    J4��D RC4S 
W�3 ��

 �29D3)6 �3�5��	.  

  

:��	�� ����� �./��12�0  �62�/����: )AMX �( �,(�	3 F�9�6)1 ��2��Q �9� 
�,/)Q	 e	2�	0�.2�	)�B )US( 

  

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.2
.1

84
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                             1 / 13

http://dx.doi.org/10.29252/jehe.5.2.184
https://jehe.abzums.ac.ir/article-1-478-fa.html


.� S� �� �� ( *
�S( :��S  

          �	�
  !��"# $%��"
 ���
،  &��'
�1396 ,��! -.��/ 0�% -2    ♦    185 

  
  

  

0(�1(  
  �� �9&
�& :� +
)�* -; +0 �; �<"� #=)%�� � ����
�

   �9���
� .�9	
 ��, ?)'�� �)@ -; 
� #�58)" �@
 /�5A�	

 �
 /��)�8 �� +���� /
;�&)B*/��   �9;�!�� +�9�&
 �9�  �

 ���B�	
 #�&
)�C �� ��C�� �)96    D9�<E �
 �9���
� #�9<�," .

��&0:�")�;��  ��� ��9� /�9�   �4��9�� �9;0  �9� 4&)96  19�
 .

 �� ��C � F$G�. F��� �������� ���'	 F0 �� #�<�,"

 �4���� �&4���60 F0���)6 ����
� #�<�," . �9� 49�&
)"  �


    � �&��9	�� �; F�9�� /��9	��
� H���� D�<E �
 I��J� KL

M).4�/��   �
 N�9��&
 �� .4&)6 ���� ��
� �&
)�C � �&��&


3000 ��� M)& ���B�	
 ����
� ����)61   �58 -&��A�	 4�A)" �

  �
 9"
. /Q�R ����
 -����"
 �� �&��&
 ?��%�100    -9; 19"

 1� J" �)�, � /
�
����46 �	
 
 2  ��&0:�")�;��   �
 �9!�

 ?9%�� 1�9"     �9���
 -9����"
 �� �!96Q� /�9���
�   �� 9�;

�����    ��49C /Q9�R -,10000    S�9	 �� 19" T�
Q9� �496 

�	
.2   �
 ��=�; ���U���&0:�")�; �9�  ��F0 /�9�   �&4���960

�4�����46      �9�B�, V��9, W<9	 -9,+0 �9�    �
 .�9	
 �496

 #���)%@+0�� ��+
)"  ���&
)" -;-�Q3" /�X9�   �!�Y)9A)�;

1�����3 ,4  =�; �� 	5   ������/��  :�Y)��	��, � :�&Y�")�

+0�� �, ���6
.6 +0 ; ��$*      19�
 +
Q9�� V�
Q9.
 -9; -8)" �;

 #�<�,"F$G�. �� ���&0:�")�;�� -;+
)�*   �49��0 �� ��A�R

�); 4�
)@ ^'�.6   

 �
 V�;65  �
 4����&0� :9�")�; /�9�    
� +�958 �.9%�

 D�!�" (��,=��; �����4���  1���	 ��,)�0 ��� 1�
 �
 -,

 ��
� 
� ?99%� 1��99��;.7     Q99�& +
99�
 ��6/32   ?99%�

��&0:�")�; ��(��,=��; ��� -; ��)�b�01���	 1���	 ��,)�0 �

 ����1���	    1���9	 �9�,)�0 -9, ��
� c��" ( ?9%�� 1�9" 

+0�� ��46�; 8  :� 1���	 ��,)�0 .���1���	   �9; /Q��	 - �&

 �A)!A)� +�� �; (��,=��; -U�C4/365  S)� ; (���46�;  -,

  /��)9�8 /�,�; �A)�	 ��
)�� Q��	 �
 �9� 49�,9 ,10    �� -9,

    +�9��� �958 �!96Qb�
� � �!6Q� �9&)B* /�9�   ���9��,�;

/4��- /
 ���� ���B�	
 :�"� ���	 ����)6.8    

 �g�h��&0:�")�;/�� � 1�
 �� ��F0 /�9�   ��'9	48 

(�)&�&   �9g�h � ��A ��0   �� 1���9	 �9�,)� F$9G�. /�9� 

   1�9; ���49�� �� �&��	�� �;28   �9"7/82  �9��� (9�   9��A ��

T�
Q��46 �	
.11   1�
�9; S�9C    �)98� S�9 �C
 �9g�h /�9� 

  19�
 �
 ��=�; �9�&0 :9�")�;     ��
� �)98� H���9� F$9G�. ��

-99;/�)99L-99,  99�@
 #�99�A�'� ���99g�h/�99�  1�99;500-10 

����(�    �� 1���9	 �9�,)�0 ��A ��F0    �9	)" F$9G�. �

 �9	
 �4��� ?XC +
��! � � �0Y � +
��! � � /)	)�.12 ,

13   #��A�'�(�3&
�46  +��&��4��  W�h
 -,��&0 :9�")�; �9� 

D;�E�h  � ��i" +�4; � ��); �!�Y)A)�; -�Q3" �9	� ���)9J& 

 �
-�B%"-&�@/��  j��@ F$G�.��4&)6.11      �9	
 ��9�& 
X9A

  -�B99%" T�� �9" /kl9�   �
 �99!� .�)996 -9m
�
 -99���� 199�
 ��

  -, ����4��0.��&
)" ?XC �� 4��&0:�")�; �9�  kl9�   496�;

      4�9�,
� #���93� �� B9� 19�0 #
�n )&�9& �U�B�" 4��0.

 :�&)	
�A
 j
)�
 �  +Y��4���� 496�;    19�0 ��n)&�9& c9�B�" .

� +Y��499�� 4�99�,
� �99; B99�  j
)99�
 499�A)" � :�&)99	
�A


 D�9�,��4�� S�!��
�   /Y9&
�   �9� 9&
)"  V9U& 4 /kl9�  ��

 ?XC�4��=0��  ���&0:�")�;��   496�; -�96
�.14 
    49��0. 19�


  49�A)" -��� ; ��" S�9!��
� /�9�  �
�0 4�9�,��4��  #�49E�; 

 -; 
� �A0 ���� �6 #�<�," �
 /����; -, ��); =�; +)�	
4��,


 D�4<" �&4�� �
)���4��,.15 ,16  hou et alZ   �9U�B�" 4��0. �


 ?XC �58 +Y��4�� 4��,
� � 1�0 #
�n )&�&4-  D9�.��,

4&�, ���B�	
.17 
David H. Bremner  4��0. �
 Q�& +
��! � �

 �999U�B�"/NZVI2O2US/H    �4999��=0 ?X999C �99958-2,4

dichlorophenoxyacetic acid  ���B�	
4&�,.18   

o
�@
  �"�U�U�"-������ S��./��	     �9; +Y��49�� 4�9�,
�

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.2
.1

84
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                             2 / 13

http://dx.doi.org/10.29252/jehe.5.2.184
https://jehe.abzums.ac.ir/article-1-478-fa.html


 ,/��6 ��)� 2.�.  ( �A(�
�+ 
��6	)? �2VS �3 )5W :+/ F	�X=�B2.2� 
�,	)Q  �3...  

186      ♦     �	�
  !��"# $%��"
 ���
-  &��'
�1396،  ,��! -.��/ 0�%2          

pseudo-catalyst       -9�.� #�)9� /��)9� 19�0 �
 ���B�9	
 �;

.�	
  ?XC c�U�" 1�
 ����&0:�")�;  1���9	 ��,)�0   �9L

�U�B�" 4��
.2O2/H0US/Fe  ��)9�  �9	�;  -9�.��
E  .�9	
 

 4�A)" � +)�	
4��,
 V�
Q.
 W<	 :�&)	
�A
 j
)�
+)� /�9� 

  �9�.p �; 1�0 -; �<�& ���; �A�@)" /���q. /
�
� -, �.

 ��	
 B����)6  V�,
�)1.(   �9; :�&)	
�A
 j
)�
 N!*;

N&�,./�� & =�;� &
)"   � +)�9	�����, �49�4� V�
Q.
 W<	 4

r�+���  Q�A) �F0  4�A)" �S�!��
� /�9�   .�)96 D�9�,��4�� 

+)�/��  �.�464�A)" �4�� 4��,
� �;  ��9�� �� �)8)� +Y�

 4�A)" � ��
� V�,
�S�!��
�/��  S��. D��,��4����4��,  -,

4�, 4��,
 
� �A0 #�<�," -, �	
 ���E   V�9,
�)4-2.(   19�


.�	
 +)��. r���	 -; ?��� V�,
� 1�
�;S�C  1�
V�,
��� 

 /	 :�����4����    �'9	
� #=)9%�� 4�A)" +0 � 4&�
�

4�&��2+Fe(OOH)  V�,
�)5� (2+Fe(OH)  V�,
�)7 .�9	
 ( 

 :�&)	
�A
 j
)�
?$@;  4�A)" W<	 1�0-&)�/��  �9	
� 

  )�99�,
���4�� S�99!��
�OOH• V�99,
�) (6 S�99!��
� � (

) D�99�,��4��OH•V�99,
�) (8 (�99��)996 19-21 .  1�
;�99�;

-&)�/��   S�9�. �9�&
)"  �� 49� V�9,
� /�9�  9,��  �,96 N

)4��,V�,
�/�� 3�4  �9.(  

)1      (                             + Ultrasonic →  ++ 2H 0Fe 

                                   (in acidic solution) 2+ H 2+Fe  
)2     (                            → •OH + OH−2++ Fe 2O2H  

)3 (                                   −+ OH 3+OH → Fe•+ 2+Fe  

)4 (                                         2+ H •OH + RH → R  

)5 (                       ++ H 2+→ Fe . . . OOH2O2+ H 3+Fe  

)6 (            + 2+Fe . . . OOH 2+H + Fe2O•Ultrasonic →   

)7 (                           +] + H2+OH)O → [Fe(2+ H 3+Fe  

)8(                       O•+ 2+] +Ultrasonic→ Fe2+[Fe(OH)  

)9 (                             2+ O ++ H 2+H → Fe2O•+ 3+Fe  

 F)�'� ��
6 ��"+)�/��   :9�. �4964�A)"   V�9,
�)

2 (��&
)" ) �.�9G
 +Y��4�� 4��,
� �; 4�  V�9,
�5 �9� (  F0

)V�,
�7V�,
� ( .4�� +)� 9�/�      -9; �9�E� 1�9�s � :9�.

-&)� /�9�    D�49<" t�9. �9� 4&)96   �9; -9&)� /�9�  �
4�9�,
 

V�,
�)10(  1�0 ��) /Q�. V�,
�11 V�,
� (��4���   19�
 �

 -�
�
 D!�	��4;��.  

)10 (                                      2++ Fe +→ R3++ Fe •R  

)11  (                                       3++ 2Fe 0Fe 2+3Fe → 

 =�; WA�'�-;^)G�  +��&��4��  -, V�9,
� /�9�   +)9��.

 �)8� -; ��4��+)�"�,/��   1�9�s � � �&��� V�,
� �� 1�0

��; �� �&��� V�,
� ���&
)"     49�A)" (�
49" � 49�A)" -9&)� /�9� 

.�	
 1�0 S)��� #�U�U�"    :�&)9	
�A
 j
)9�
 -, ��
� +��&

 #
�n S$�&
 �� ��
Q�; VU&01�  49&�
� ���� �� u  1�
;�9�;

 ��.p �; 1�0 +��Q.
) B� 4�A)" �58+)�/��   � �9. 1�0

 4��,
� � (:�.) +Y��4�� 4�A)" �58 +)9� /�9�   S�9!��
�

 �; (D��,��4����&0:�")�;     W<9	 S)9��� +�9, -!�&)	
�A


 /�UA
V�,
�/�� �� �4�s��� N,���)6  -,�� 9&
)"  W<9	 4

 /�);�&��&0:�")�; ��)6 ���� �.22   
AMX + •OH/•O2H/other active radicals → 

intermediates 
)12 (  O,2(oxidized AMX) . . . → harmless species (xH 

, etc.)2yCO   
 c�U�" 1�
 �� �;��9,  #
�n )&�9&    �)9qC �� B9� 19�0 

 � +Y��4�� 4��,
� Q�A)&)9	 4��
.   ?X9C �� �9�&0 :9�")�; 

1���	 ��,)�0  �
����/��  �;0�	�;��)� -�.��
E 	
.�  

  

���(  �;����  

 � ����@�A ���("	B(��  

��&0:�")�;  1���9	 ��,)�0     � ��9	 �,96 �
 S)&�9�� �

v��499A0 �,996 �
 B99� 199�0 #
�n )&�99& � (+�99 A0)  �99,)�.

)Fluka (Switzerland   �,996 �
 Q99�& 499��,��4�� 4�99	
 �

Scharlau Chemie (Spain)  .49��� -�5"    +Y��49�� 4�9�,
�

30% )BA)99	 4�99	
 �:�� 98% r�499	 4�99�,��4�� � 499�4� �

    -�9	��& � r�49	 #�BA)9	)�" �r�	��� ��)9�  ��9�&   �,96 �


 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.2
.1

84
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-0
6-

13
 ]

 

                             3 / 13

http://dx.doi.org/10.29252/jehe.5.2.184
https://jehe.abzums.ac.ir/article-1-478-fa.html


.� S� �� �� ( *
�S( :��S  

          �	�
  !��"# $%��"
 ���
،  &��'
�1396 ,��! -.��/ 0�% -2    ♦    187 

CMC (Germany)  4996 /�
499�@.   199 "
� /�99����.2/0 

     +�9, 9���. �958 +�9!�� -9&) & �9�   �,96 �
Prolabo 

(France) 46 -�5".  

  

C��(+� D�E�� ;��  

 �
 �%J�� /����� c�U�" 1�
 ��#
�n )&�&    B9� 19�0

)g/L 06/0 �1/0 �2/0  1�9�� �9g�h � (   +Y��49�� 4�9�,
�) 

5/0%�1%  �3%(  .4996 -.�99G
 �)99�,
� -99;+�99��/�99�  V�99,
�

   �� B9� 19�0 #
�n)&�& Q�& � �4��=0 �g�h � /
; #��B��

 .46 -�.� g&+���/��  �� V�,
� ���49��   �&�9��30 �60 �

90 �120  �150 -U�E�   xJ9�� c9�U�" �L �� -, ��); �i�� 

 .46pH   ���49�� -	 �� g&��)�3 �7  �10    -9�.� 9g& ��

46.23  -&) &/��      (�9 "
 �
 N9� B9� 19�0 #
�n )&�& /��C

�
  V�,
� +��� ���.2/0  ���!��  .496 ��
� �)<* -9;  �)9g�� 

     �9��;�E -9, :�&)9	
�A�
 (�9 C :� �
 #)�
. j
)�
 4�A)"

 N&�,. �� #)�
. j
)�
 4�A)"35 �130 )��,   +
)9" �; Q"�

 /����500 #
� ) Elma  TI – H – 5 ,(+� A0 �)� 
�  -�6
�

.46 ���B�	
 �46�;  �; S)��� 
4�;
 +)�	
<�A�, ����� -�5" /
;

�g�h/��  �
 xJ��1���	 ��,)�0     �9" ��
� ����9	� -9; 
�

 ����	� �	)"HPLC, Shimadzu,    �9�� �
E x�J�" ��)�

 -<	��� c�L �
 ��� y'	 :��/��  (
4E
 -���C -9;  r9	� 

  -<9	��� �58 ����� �9g�h /�9�  S)953�  496   D!96)1( .

N��
 +0  +
Q��1���	 ��,)�0  ����9	� �	)" �46 /��	
48 

HPLC �m
E �46      �49&� �E�; �9g�h +�)9 & 1�9�� �
 N� �

1���	 ��,)�0   ��-&) &��� ?XC +��4&
�  9� /
;   �
 :9�

  xJ9�� V�,
� -��5; ��
6 � �46 �4�3�	 I��J� #=�C

 .46-;�)g��  �� +Y��4�� 4��,
� 1���"-&) &/��   �98�@

 c�U�" �� -�.� ��!; +Y��4�� 4��,
� �3�	 ���* 1��s � �

46 ���B�	
  r�	��� 4�4� T�� �
.24   

 �� ������  ���� �� ������� ���� !" #$ �%COD  

      V��9��0 �� 9�� V�9,
� c9<L +Y��49�� 4��,
�COD 

 ��3�
 D@
4"��4�� & 25 .  

Cr2O7
-2 + 3H2O2 + 8H+ →  2Cr3+ + 7H2O        (13) 

H2Cr2O7 + 5H2O2 → H2Cr2O12 + 5H2O           (14) 

H2Cr2O12 +8H2O2→ Cr2O3 + 9H2O + 8O2        (15) 

-�<A
   �� �9�
 ��); �
. �)@ +Y��4�� 4��,
� -9&) & /�9� 

V��, 
� ���;�E 1�
 �
)� �
 �@; +��Q.
 �; :����	 ��4��� .

-993��&��  99�� 4�99�,
� �99 C
Q� ?X99C �
� 1�99�5; +Y��4

��
4&
/��  +0 �49&� �E�;  �� -9&) & /�9�  �98�@  y��9%" � 

COD    �� +Y��49�� 4�9�,
� V3�	 -�<A
 .�	
 -9&) & /�9� 

�998�@  �499&� �E�; +Y��499�� 4�99�,
� +
Q99�� -99, �
� +�99�&

D;�E-8)"        ��9�� �
 +Y��49�� 4�9�,
� ?X9C �958 .�)9<&

T��/��  �B��J�-� 8�
 �r�4	 #�BA)	)�" �
 ���B�	
 4	r� 

��);  +4&�96)8 �#
�4��     �� 1���9 �; (�9 C �� +�
� �
9E �

 /���45 #4� -; �
� ��&�	 -8�� 24  �*�9	  D9;�E ���B�9	
 

�	
.26   

  

 ������0��@���  

-99&) &/�99�    �
 N99� 
� �)99�,
� �
 �998�@ � /����

����0/��	    9���. �
 �)9<* �Y)B��&�	)2/0  +�9!��  �958 �(

 ?XC +��4&
� 1���"1���	 ��,)�0  ����	� -;HPLC  c��Q"

 �g�h 460  �49��= �9�&0 :9�")�;   1���9	 �9�,)�0  -9; -��9	� 

HPLC (HPLC, Shimadzu, LC10A HPLC) Q9953� -99; 

 �)99�!"�UV )SPD-10AV(  ��420  ��)&�99& ��99. �<99�& �99;

 �99 3C 499��� �99; z99���95  -99;5  /� r�99	��� �
 499���

 S)&��� � #�B�. +Y��4��.4��� 1���"  

��
4&
 �4��0. �;����
 ����� /����&0 ���5& �g�h :�")�;

    49&�� x�J9�" �958 1��s � .�); 4�
)@ 1���	 ��,)�0

)�0 �4��=0 ?XC � D�4<"    ��
��9� �1���9	 �9�,COD  �� 
�

-&) & /��      ��� 96 V��9��0 c9<L �)9�,
� �98�@ � /����

B5220 T�� F��,��)� ��
4&��	
 /��    .�9.� �
9E V3�	

V����0 ��� "T�� F��, D �A
�)�	� c<L ��  ��
4&��9	
 /��
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) F$G�. � F0200546 (�3&
 (.27   

  

  
  

 
  

F>A 1: ����	� �
 D��C ?
� -; {);� :�� HPLC  

 

  

  
F>A 1: �g�h �k|" �9�&0 ?XC ��
��, ;  B� 1�0 ��n)&�& I��J� /��   1���9	 �9�,)�0 :9�")�;  ��
96 ��) ppm 45AMX=  �7 pH= �  1% =2O2H   �

 N&�,.130 (Q"�)��,  
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F>A 2: �g�h �k|" I��J� /����&0 ?XC ��
��, ; +Y��4�� 4��,
� 1���9	 ��,)�0 :�")�;  ��
96 ��) ppm 45 AMX= �7 pH=   �g/L 2/0 nZVI= 

 N&�,. �130 (Q"�)��,  

  

G��$�  

 	�HI& ���	
.J'K ,����� ���� ���� L'$M(  

    19�0 #
�n)&�9& �9g�h �k|" �	�; �58 -�A�'� 1�
 ��

   �9g�h -9	 B�06/0 �1/0  �g/L 2/0 �&
    }��9�& .496 F�9J

 �
�) & �� +0 �
 D��C1      ��
96 19�
 �� .�9	
 �496 ����0

 1���	 ��,)�0 �'�hmg/L 45   +Y��49�� 4�9�,
� �g�h �

%1 N&�99,. �kHz 130  �pH  99;
;7   }��99�& .4996 F�99J�&


     +��49&
� 19�0 #
�n)&�9& Y
�� V�
Q9.
 �; -, �
� +��& D��C

 �g�h �� -, /�)L -; �.�� V�
Q.
 ?XCg/L 2/0   1�"=�9;

.46 �4���� 
� ��
��, 

������� �����	� 0 �N
 +�� ���B&  

��4�� 4��,
�Y* :� +
)�* -; +  49��
. ; �
X� �k|" D��

+)��.  �9�        4�9�,
� �k|9" �9	�; -9; c9�U�" 19�
 �� .496�;

 +)�	
4��,
 �� +Y��4����&0:�")�;  -�@
�� 1���	 ��,)�0

.46 -; �� 1��5; -; �;���	� �)g �9!� *  49��
.  �� �49��=0 �

   ) +Y��49�� 4�9�,
� I9��J� /����� �; t� "5%/0 � 1% � 

%3( +� � .�.� �
E -, �)L D!6 ��2 �4���� �� �)96  ��

 �g�h3% 1���" +��� ~,
4C �L �   1��9��; �496  +��49&
� 

 ?XC; +
Q�� -83 �); 4���.  

   

  
F>A3:  �k|"pH ��&0 ?XC ��
��, ;)�0 :�")�;1���	 ��,  

��
6 ��) ppm 45AMX=   �g/L 2/0 nZVI= �  3% =2O2H  N&�,. �130 (Q"�)��,  
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F>A4: ��&0 ?XC �� r���	 ��
��, ; N&�,. �k|"1���	 ��,)�0 :�")�;  

��
6 ��) ppm 45AMX=   �g/L 2/0 nZVI= �  3% =2O2H  �3 pH=  (  

  

���B& O& 	�H�&��	�� pH   

 �k|99"pH /�99� -99�A�
3 �7  �10   �99g�h -99, �&�99�� ��

 1���	 ��,)�0mg/L 45% +Y��4��4��,
� �g�h �3 j
)�
 �

 :�&)99	
�A�
kHz 130  199�0 ��n)&�99& Y
�� �g/L 2/0  ��)99;

  D!96 �� -, �)'&� � .�.� �
E �	�; ��)�3   ��
� +�9�&

 V�
Q.
 �; �	
 �46pH)��.)&�& 4��
. ��
��, � �.�� V��, +

 �� ?XC +��4&
� 1����; -, /�)L -;3=pH  .46 �4����  

  

 ���B&P$��� ������ 	
 Q���	! ��	��O& 	�H�&  

 D!64  ?XC +��4&
���&0:�")�;   �� �� 1���9	 ��,)�0

) :�&)	
�A�
 N&�,.kHz 35  �130 �g�h -, �'�
6 �� (

   1���9999	 �9999�,)�0 -9999�A�
mg/L 45 �3=pH �9999g�h �

��4��,
�% +Y��43  B� 1�0 ��n)&�& Y
�� �g/L 2/0  
� �);

+��& ��.4��   �
 ��
96 1�
 �� �&��� ���4��150-0   -9U�E�

 N&�,. �� -, �
� +��& }���& � �);kHz 130    ��
��9, 49��
.

.�
� +��& �)@ �
 /���;  

  

	�HIRR& .RRJ'K,�RR�  �RR$�� LRR'$M( %RR�&��


����(���'��  

�
 �� -, ������
��� ��� �
   �
9E �9	�; ��)� -�A�'� 1

�g�h �k|" �.� /��     -9, �)9; 1���9	 �9�,)�0 I��J� ��

 ��
96 g/L 2/0 nZVI= �  3% =2O2H  �3 pH=     N&�9,. �

kHz 130   D!96 �� +0 �
 D��C }���& -, 46 (�3&
5   +�9�&

��
� .�	
 �46  

  

 � ��	! ������ ���B& S��K �� F(��T +� �>�  

 �	�; -; -�A�'� 1�
 ��   49��
. ��
��9,2O2US/nZVI/H 

-�@
��     ?X9C �� ��49��
. 19�
 W�," �k|" -!��
 /
; .46

 r� D�
)* 1�
 �
 :� � ��
��, ��)6 �4���� 1���	 ��,)�0

    �9U�B�" 49��
. �9; � �.� �
E �	�; ��)� 
Q3� #�)� -;

  D!96 �� #������0 1�
 }���& -, 4&46 -���U�6   �496 ����0

99, �)'&�99 � .�99	
�4��99�� r99� D!996 �� - �99� 199�
 �)996

  #�)9� -; #������0US �nZVI  �2O2H    W9�," � ���95�"

.4&46 -���U� �U�B�" T�� �; � 46 (�3&
 r� �; �5&0 �
 :��  

  

 "#� �� P$��� ������ ���B&COD  

�  ?X9C �� +)��. )&�& 4��
. ��
��, 1��s � c�U�" 1�
 �

COD  �
 D��C��&0:�")�; � 1���	 ��,)�0  .496 -�@
� ��

 V3�	 �; {�<"�
COD    V��9��0 c9<L ��9; N!�.� T�� �
 �

 ��� 65220 B T�� F��, /��  49��� ���B�9	
 ��
4&��	
.27	 

 D!6 �� V����0 1�
 �
 D��C }���&7 .�	
 �46 -m
�
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F>A 5:  -�A�
 �g�h �k|"��&0:�")�;  1���	 ��,)�0 r���	 ��
��, ;  

��
6 ��) g/L 2/0 nZVI= �  3% =2O2H  �3 pH=    N&�,. �130 (Q"�)��,  

  

  
F>A 6:  D��* �� �� :� F��h �� ?XC D�
)* �k|" ��
6 ��)  ppm 45AMX= �  

g/L 2/0 nZVI= �  3% H2O2=  �3 pH=    N&�,. �130 (Q"�)��,  

  

  
F>A 7:  ?XC �� r���	 ��
��,COD ��
6 ��) ppm  45AMX=   � g/L 2/0 nZVI= �  3% =2O2H  �3 pH=    N&�,. �130 (Q"�)��,  
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 W*
  

 ���	
	�HI& .J'K ,�� ��� ���� ���� L'$M(  

)&�& �g�h #
��i" �k�"  ?XC ��
��, ; B� 1�0 #
�n

��&0:�")�; �g�h �� 1���	 ��,)�0  /�9�   �49��=0 xJ9��

)ppm 45  ) +Y��49�� 4�9�,
� �;�k �g�h �(1% �(7pH=   �

 �;�k N&�,.130 4��� 1���" Q"�)��,. 4�
)6  -, �
� +��&

 ��7pH=�   +Y��499�� 4�99�,
� �9g�h1 %  N&�99,. �130 

Q"�)��, ; �
 ?XC 1����;   �9g�h -9	 1�)g/L 06/0 �1/0 �

2/0 �( Y
��� ��2/0  (� ��A ;)&�& ��n   +
Q9�� -; � B� 1�0

60 4��� �	� -; .4�0   -9, ������ ��Antoine Ghauch  �

+
��! � -;�)g��   ?X9Ccarbamazepine     �9U�B�" 49��
. �9;

2O2/H0ultrasonic/Fe  }���& 1�
 Q�&�	� -; 4�0.13    1�9�s �

 ���U�U�"  -,Zhang     496 xJ9�� 4&�
� (�3&
 +
��! � �

 #
�n )&�& +
Q�� V�
Q.
 �; -,0  B9� 1� 
��9,��    Q9�& r�9��	

�.�� V�
Q.
.28   

  

  ������� �����	� 0 �N
 +�� ���B& 

�+Y��499�� 4�99�,
� -99��5; ��� 1�99��" �9958 -99;�)99g�� 

 -; �;���	� �4��=0 ?XC �� �!� * 1��5; 1���9	 ��,)�0� 

�4��=0  4��,
� I��J� /����� �; t� " ��) +Y��4��5%/0 

� 1% � %3( .�.� �
E +� ��)L   �
�)9 & -9,    +�9�& -9L);�

��4�� �g�h �� 3%  +��� ~,
4C �L �1���"�46   1��9��;

  +
Q9�� -; -, 46 �4���� ?XC83   �)9; 49��� )  �
�)9 &2( .

�	�;��  �� �.�G
 +Y��4�� 4��,
� �
 -, �	
 ��
� +��&

�4&� ; �E�; ����     S�9!��
� �9; +Y��49�� 4�9�,
� �)@  /�9�

    9�
 19�
 -9, ��
� V�,
� D��,��4�� 9	W<   V��9, ��
��9, 

 ���� �
 �4��=0 ?XC �� r���	���)6.29-32    -98)" �; N�

   �9g�h �� r�9��	 ��
��, V�
Q.
 -;3%    +Y��49�� 4�9�,
�

��+
)"  �)8� ���� �� �.�G
 +Y��4�� 4��,
�  -, �.����

.�	
 -�6
4& -�.��/�� Antoine Ghauch ! � �
��+  +��& Q�&

 V�
Q.
 W<	 -��5; �g�h �" +Y��4�� 4��,
� V�
Q.
 -, �
�

46 4�
)@ r���	 ��
��,.13   

  

���B& ��	��O& 	�H�& pH   

+� ��)L  �
�) & -, �9���� � �9�   +�9�& �9� 49���   +
Q9��

 �� �4��=0 ?XC3 pH= -;�)L  /�� �RV�
Q.
-�.��   �9	


 �; ;
; +
Q�� 1�
 -,3/97   49��� �9� 496�;    �A�9C �� 19�
 �

 �� -, �	
10 pH= ?$@; 3 pH=   ��
��9, � ?XC +
Q��

 r���	-;46# .�.�� V��, 1�
  +��& }���&��4��   -9,pH �

�� 
� �	�	
 VU& ��
��,  �B�
 r���	��4�,  �
�)9 &)3(  )&�9& .

    �� /9�5; S$9�&
 �9��;�E /4�	
 ���� �� B� 1�0 #
�n

 .49&�
� �����E ��
6 �; -���U� ��     #
�n )&�9& ���9��E ��
96

 B� 1�0-;#�)�    -9�JA � -9@)�, �9��� 49��0    ��
��9, -9,

�	  �99L -99; 
� +Y��499�� 4�99�,
� �99; #
�n t�99 " � r�99�

D;�E�58)"  V��,��4�� .   -�.9��� +)�9	
4��,
 /��4��0.

 ������/��     -9; �<9�& /9�5; �!� * /4�	
 ��9�� /�9� 

 �9996
� 4999��
)@ ���999��E.28 ,33 " #�999U�U�Catalkaya �  
Sengul  }��99�& Q99�&-99;�99	��499�0  499��|" 
� V���99� 199�
 ��

��4�,.34   

   

 ���B&P$��� ������ 	
 Q���	! ��	��O& 	�H�&  

 N&�,. �� r���	 ��
��,35 Q"�)��, ��)� �	�;   �
9E

   N&�9,. �� -9, �
� +��& }���& � �.�35  Q"�)9��,   +
Q9��

 r���	 ?XC90 �); 4��� )�
�) &4.( �.��-��    -9, �
� +�9�&

 �
 N&�,. �� ��i"kHz130  -;kHz35  �;�k +
)" ��w500� 

�k|99"  �� /�� 99�R��
��99, �99	
 -�996
4& r�99��	 u �99�
�99; 

1�
�)8� ��
��,  .�.�� V��, r���	 }���& -9; �9	� �49�0   �9;

#�U�U�" }���& Manousaki � V&
��! � �6
� �U;�'�.35   
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 ���B& �����R�   �� P$R��� .RJ'K ,�R�   LR'$M(

�$��%�&��
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ABSTRACT 

 

Background and Aim: High concentrations of antibiotics are now detected in aquatic environments, 

reducing their quality. These compounds generally have a high toxicity and low biodegradability, and 

some are reported to have mutagenic and/or carcinogenic characteristics. Conventional treatment 

systems have proven inadequate to effectively remove this type of organic compound, largely due to 

its complex molecular structure. Therefore, it is necessary to remove an effective method for the 

removal of these compounds is suggested. The purpose of this study was to apply zero-valent iron 

nanoparticles in the presence of hydrogen peroxide and the process of sonolysis in the removal of 

antibiotic amoxicillin from aquatic environments. 

Materials and Methods: This research was carried out on a laboratory scale on a synthetic 

wastewater containing amoxicillin antibiotic that the effects of some parameters, such as ultrasound 

(35 and 130 kHz), contact time (30–150 min), concentration of hydrogen peroxide (0.5–3 %), 

concentrations of nZVI (0.06–0.2 g/L), pH (3–10), and concentration of AMX (45–100 mg/L) were 

investigated.  

Results: Optimum removal conditions were pH = 3, H2O2 concentration= 1%, ultrasonic 

frequency= 130 kHz and nZVI concentration= 0.2 g/L. so that 97.3% of amoxicillin antibiotic after 

150 min of reaction at pH=3, nZVI= 0.1 g/L, ultrasonic frequency= 130 kH, H2O2 =1% and 45 

mg/L concentration of AMX was removed.  

Conclusion: The experiments showed the efficient removal of amoxicillin antibiotic in wastewater by 

Fenton’s oxidation process. The efficiency of this method can also be considered in eliminating other 

antibiotics resistant to biological treatment. 

 

Keywords: Amoxicillin antibiotic, Pharmaceutical compounds, Fenton-like process, Ultrasonic waves 

(US) 
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