
dx.doi.org/10.22093/wwj.2020.206398.2941 53

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 32, No. 1, 2021 

Orginal Paper

Journal of Water and Wastewater, Vol. 32, No.1, pp: 53-68 
Investigation of Adsorption Isotherm of Modified 

Graphene Oxide by  Organic Dendrimers to Remove 
Butachlor Pecticides from Aqueous  Solution 

S. Nozhat1, A. H. Hassani2, H. Ahmadpanahi3, E. Moniri4, M. Monavari5

1.	PhD.	Student,	Dept.	of	Environmental	Science,	Faculty	of	Natural	Resources	and		
Environment,	Science	and	Research	Branch,	Islamic	Azad	University,	Tehran,	Iran	
2.	Prof.,	Dept.	of	Environmental	Engineering,	Faculty	of	Natural	Resources	and	

Environment,	Science	and	Research	Branch,	Islamic	Azad	University,	Tehran,	Iran	
(Corresponding	Author)	ahh1346@gmail.com	

3.	Prof.,	Dept.	of	Chemistry,	Faculty	of	Basic	Sciences,	Islamic	Azad	University,		
Central	Tehran	Branch,	Tehran,	Iran	

4.	Assoc.	Prof.,	Dept.	of	Chemistry	and	Chemistry	Engineering,	Faculty	of		
Basic	Sciences,	Islamic	Azad	University	of	Varamin-Pishva,	Varamin,	Iran	

5. Assoc.	Prof.,	Dept.	of	Environmental	Science,	Faculty	of	Natural	Resources	and		
Environment,	Science	and	Research	Branch,	Islamic	Azad	University,	Tehran,	Iran	

	

(Received Oct. 24, 2019      Accepted July 19, 2020) 

To cite this article: 
Nozhat, S., Hassani, A. H., Ahmadpanahi, H., Moniri, E., Monavari, M. 2021. “Investigation of adsorption isotherm 

of modified graphene oxide by organic dendrimers to remove butachlor pecticides from aqueous solution” 
Journal of Water and Wastewater, 32(1), 53-68. Doi: 10.22093/wwj.2020.206398.2941. (In Persian) 

Abstract  
The entry of herbicides into drinking water supply sources can have devastating effects on 
human health and the environment. Therefore, removal of them from the aquatic environment is 
essential, in order to preserve the environment. Therefore, this study was conducted with the 
aim to investigate the isotherm absorption of graphene oxide modified by organic dendrimers to 
remove Butachlor toxin from the aquatic environment. In the present study, operating magnetic 
graphene oxide was produced by absorption of covalent bonds and used as adsorbent. Synthetic 
adsorbent properties were analyzed by FTIR, XRD, SEM, TEM, TGA, VSM and EDS. Also, 
the effects of pH parameters, contact time, contaminant concentration, adsorbent amount, 
temperature and reusability on adsorption absorption capacity were investigated and optimal 
conditions were determined. The absorption results were described by Langmuir, Freundlich, 
Temkin and kinetic adsorption models by first-order and quasi-second-order models and 
thermodynamic equations. The results indicated that functionalized graphene oxide effectively 
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absorbs Butachlor and absorption percentage is significantly affected by the examined 
parameters. By increasing the time to 45 minutes, increasing the pH to 5, increasing the amount 
of adsorbent to 3 g/L and the concentration of Butachlor toxin to 10 mg/L and increasing the 
temperature to 25 ⁰C, the rate of absorption of Butachlor toxin has increased to 95.4%. Toxin 
absorption increased from 37 to 50 ⁰C, and after ten re-uses of the adsorbent, the absorption rate 
decreased by only 6.5%. Under optimal conditions, the adsorbent was able to remove 86.3% of 
Butachlor toxin in the real sample with a standard deviation of 6.06%. The Langmuir isotherm 
described the absorption process well (R2 = 0.99). Synthesized nano-adsorbent is an efficient, 
powerful and heat-sensitive adsorbent for removing Butachlor from the aquatic environment. 

Keywords: Graphene Oxide, Magnetic Nanoparticles, Dendrimer, Butachlor. 
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00-9)� �� A�a��8� a�� ���3���+9)CAS Number: 78-67-1(��
��%-7� �0��pY�$�%�-�O8���3� .-�-,(CAS Number: 67-56-
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� ���:�.�� ��-��
�� +�K�) �� F��� M���%��D=	�
+	�,�/�
����-1 G�����* ��� F7%� %*  ����1%*[8��/�  M�$

����&*�63�� ���-=����* +�$�*�%�-�\�� %8��	�8���� ��� .-�,�
+DN �/)������/
7�* �3�3������I +�-U ���/
7�7� �3���� +�F

����, %*�����* %* h���GI% �������1%*[8����/�  -��, �I���H�
�� <-���'� �>�� -, &*��\� %* .��� ������/
7�* ��3�3���+

����I��� �3���, -��� .-��, O8��/�� M��� ����/
7����3� ���)���
��/
7�* �3� ����������/
7�7 �3 ��3 �� .-�, �3$��� ���� P8��
��/
7��� �3,�*�� �% �� �� �3 &���0��/��� P��@�%8�����/� M��%* -

8��� %�-e�����* %*  -�, +�) +�DN �/)������ ����� <-���� %
%�����, %*���� h}�� .-�, &*� '�� h��GI% ������/
7��� ��3

.-, &*�* 8�3�, ��80� ��� O8/�� 
��� �% +DN �/)�� &*�������/
7�AO8����� ��3��� P��@X �.��+

����3�� ��� P�����/
�� 7�7� �3���� +��� F<-���N*���@ �� �e 

1 AIBN 
2 Aldrich 
3 Merck 
4 DMF 
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���� ��� -=�  &-, £� �5 �3�/�P��@AIBN �I��H� &*��{ %*  
��*��������1%* [8���/� ��� <-������� �>��� �6��0��
��-, &*�* %��N �5 �3.�\� %*��� �����/
7�&*�* 8��3�, O8���� �3

� %* .��� &-,�/ +0> lN�  %* �/)�� F��0���a�.*�3I� ��6�� �8 
%-�* �/)����0���a�%* :�8��� ��/
7��V��1 +��, O8��3� �3

/DN
A����/
7�3� �3����3� +��� <G <-������@ ���� �>���
���5 �3��* %*����1%*[8��/� ���0� %* h}� .-, &*�* %��N

��� ��/
7�AO8��3� �3����/
7���� ��3�* F/��������* %* F���
�1%*[8��/� ��<-������, %* �>����*�* %���N h��GI% �&

.-, ����� �/)��  * F*�-�=� ���$��, *�-�=� .-�, %���	� %��� ����
���� FI��@ �� +x3��:�.�� -��
��*-> ��� .(Nozhat et al., 

2018) �-�3�� ��/)�� ���0� �� &-�, a3.� �V�1 <�x4�� h}��
����8� ���$� ���/)�� ���� a3.���FTIR 9AXRD YATGA TASEM UA

TEM rAVSM Z7���  ��x.> a�=���� F
.*8, 

�4�4	+ 7�� � *
<� 18+ , � *t<�5% �8� �8u H���� D��
*
<�18+ ,� H8&��*T&��< M@;@� #&&21 

O8�/�� �-3����� ���/
7 %* P��@���� �/����8� '�� ��3 ���80� ��8�.>
 O8����I �� &*�63���� ����  -��, �3$���� "83����C1V1=C2V2����

N%�;������-, �3$�*��� .����O8/�� W�����A��A��A��A
��  ��� ��/
P�@%*7�O8�: %*  -, �3$�� "83�� O8/�� �� �3
w8� ������ �����  -�, &*�* �3�83I83	}��� &��3��* ��� �3�8���

 �f1 *�->� '0���{�� ��s��N �3�83I �3	}��� &��3��* ���8� -�, .
�3� �� h}��� d�'� -K%* %�*80� &-�� ��* ���,8
��$ ��7*�=�  

'�% +��� %* �/���8� '�,-(Nozhat et al., 2018).

�4I4>.��(� M%�*u '%�*� �!
C����� 
)��: +)��� :��� �/)�� �6� F�� +��, �� :O � ��/)��

�3���pH &* -�� %*�A�A�A�A� �'�� ��]/^ A�����/
P��@
%* 7��V�1 %�-e� A�3�P�@%*7�[��0� ���� A�3��N*�A��e ��/)��

 :P *pH ���������3� A��� &* -���� %* ������ ��A�A�A��A��A��A

1 Fourier Ttansform Infrared Spectroscopy (FTIR) 
2 X-Ray Diffraction (XRD) 
3 Thermal Gravimentric Analysis (TGA) 
4 Scanning Electron Microscope (SEM) 
5 Transmission Electron Microscopy (TEM) 
6 Vibrating Sample Magnetometer (VSM) 

�� A��A��A���  ��� N*�'� �]/^ A�e ����/
P��@%*7�A��3
 �V�1 %�-e��P�@%*7��3:P8� �/)�� A'�� �]/^ &* -��� %*�A

�A��A��A�� ����/
P�@%*7��V�1 %�-e� A�3�P�@%*7�A�3 
pH������[�0� ���� A��N*��e:P%��\L ��/)�� A&* -��� %* ���*
�� A��A��A��A��A��A�� ���1%*[8��/� '�� ��]/^ A
�� ��/
P��@%*7��V��1 %�-�e� A��3�P��@%*7�A��3pH �������A

:'(. �/)�� &* -��� %* ���* �f1� ��A��A��A��A��A�� 
�� �1%*[8��/�'� �]/^ A����/
P�@%*7��V��1 %�-�e� A�3
�P�@%*7�A�3pH ������:'��, ��/)�� A�����0� %* %���	� %���


�3������\���.A'� �]/^ ����/
P��@%*7��V��1 %�-�e� A��3�
P�@%*7�A��3 pH �������[��0� ����� A��N*����* A��e����1%*

[8��/� A�/)��'36�:7����=N�  ��80� a
pH ������[��0� ���� A
�� N*�'� �]/^ A�e����/
P�@%*7��V��1 %�-e� A�3�P��@%*

7���* A�3���1%*[8��/�.

�4J4v �81 *
<� 18+ , � �K : ?�* + v.�* � H�*< 	@&A+
�9�: 

&*���  �V�1 a3.� �� h ����A"83��� O8/�� �� O8�/�� M��
��/
7 �� P�@�F7�� %* �3��� �
�
%�-�e� ���  �3$���pH \����.

 h}� .��� &-, &-���%���
�
�3�,�*�� P�-�� ��� �� -�, ���  
 %���/�% �V�1 P�@��34 -, ��  ����80� �� M % ��� �% ����
,��>�� �� �	��� N* �� % *�&*�* %��N �e A-,e���
��� �
�

�� �3I�@ �]� %* *%�-��3�� O8/�� ��8.> -�, �}�� �� h�  ��-�,

<-� ������N*��� A�e���80� �� M�3��� �� h �% ���6��*��� 58
 % * %*���� N*���� �e <-����N*�I �� A��e�����3/���� �����


���a��/����� �3� �	 F�� M0� ��%��/�&*�* %8�D> G��� -�,
&��-�� �� @���w8�� O8�: %* �f�1 *�-�>���� ��� �3�8���� %8�].�

�����3� F3I���������\������3$�*� �3�83I �3	}����� &��3����* %* ����.
-,.(Nozhat et al., 2018).

���3��%��+���, 2�/34�pH �����[��0� ����� A�A�A�A
�� A��A��A��A�� ��� N*��/����8� '�� �]/^ A�e�A�A��A
�� A�� ����/
P�@%*7��V��1 %�-e� A�3�/�A�A�A�A� �

P���@%*7�����* A���3��f��1��A��A��A��A��A��A�� A��
�1%*[8��/� ��*  ��f1� ��A��A��A��A�� ����1%*

[8����/� /��N  ��� �V���1 *-��(� &*�63���� ����0�  %������.�F
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C� o�� ����� 7����� ���� z8��������=N�  ����80� a
����8�HPLC A
��P�� a ����#� �f1
�  �3.��� C.��  M�%�� ���@�-1 %8:


.-, 

�4N4P*1�Q.� rC��2� M;c� �K: ?�! 
�� /�� %8].���3� +�d%�-e� � �� A�V��1 �f�1�P��� a �����f�1

� &*�63��
� %* .*8�, �� � ��� �� C� o� F��f�1 P��� a0��� �� A�
7-� �I�	0�  p�F���� K8��.-, &*�63�� �V�1 %�3I% 2

�4O4*&�UZC �K: P*1�Q.� 
��P���� a �����0��� �f��1����A��0� %�-��e�
�f��1����M��� �� �

O8	78�  % �� �% ����� �V�1 =��� <%8K
�f�1 &*��� ��]/^ ��
78/�� %* &-,
 �) ����� ��� �� �� ��*
<�*��=� %*  -��*

\���.3) A&-,
�V�1 ����  *�� ��� �%
�� -��8���� .*% � ���*
`�I �/01 �����0��� P�� a�� ���� �eI �f1 �� ��� F<%8�K

� M��� ��6�� �
���@  -3I��,8 ~#� �� +e3�� �f1�&-�, &-
.�0� .�����I F����@�� �f1 -. f���� �

)�()
C
1)(

bq
1(

q
1

q
1q

emaxmaxe

+==

%* ����
qe� %�-e��/
�� &-, �f1 P�@ �������, %* �V��1 P��1 -�)� ��

AO*�=�Ce7*�=� �]/^
���� W��)�� &-.��/
P��@%*7�A��3qmax 
� %�-e��/
�*%8� &-�, �f1 &*�� P�@ �� ���� ���I�v �� �M�� ����

�� ���� �V��1 P�1 -)� b� W��)����/
7 ��� P��@���H ��3�W
0����5��� �� z8��� �� ��� ��� O�x��
.-,�� 

0��� ���7*�=� %*���0� �D������ ���� ���� �RL7*���=� �3��%���)
(
�
��8�%�-e� �8/#��*�� �D���� �% �f1 �*8� �8/#��� �

)�(
e

L bC1
1R

+
=

�@� R? @ 1 -,�� A���� �8/#��� �f1 ��@�0 A R? A 1 �f�1
 ����� �8��/#�  ���@�R? � 0 ����@�� �f��1 f���������� �

(Givianrad et al., 2020).

�4R4w&�5Z�*� �K: P*1�Q.� 
����� F�� ���� P���� a���I �f��1 ��a���,8	�0��
� %���� ~#��� M
^����� �$�8.	 � -.L <%8K�&*��� �f�1 %�-�e�  ���� %�83�� �

�aI� �� &-, �f1��]/^ %* C
� �3��� .*8, �#$ +	,
��P��� a
7-� �I�� �� p�+	, F��� 

)�(efe Clog
n
1klogq =

�� %* �� 
qe Ce0��� *%�8� ������.-.3�� �%�-e� kf n���c ������(�


�� �� -.3�� ����I�v �_��-) �� W� �� <%-�N  -�8��D���� -��8
 -.3��(Vadi et al., 2013).

�4��4	 + M2a�� 	Z8�Z Q&��Z� �U- �� v �81 �9� : L �<
HPLC 

�"83�� M��� ��/
P�@%*7��=N�  ���80� ���8� �/���8� '� �3

�% ��� ���)�\� (��-3�� .-, ��MO8/�����/
P�@%*7��� �3
 F7�� %* "83�����
�
-, �3$�� ��  pH \����% ��.��� ��  -

�]/^ �� O8/��  * ���� ���/
P�@%*7�\� �3�h}�� .-, ���
�
�
O8/�� �� P�-� �� �� ����A� ���/
P�@%*7� % �� �3�
�/�% �V�1 P�@� % ���  -, �34��,���� �	 ���� <-�� [��0� �
\���>�� �� �.��� N* %* % *��� h� .-�, &*�* %��N �e��N*���e

�3����6�I �� %8�D>  �-�, 58�������� ��3/
��/������ ��3� �	
F�� M0� ��%��/���� AG���&��-�� @���&���0� ��� �f1 *�->�

 &��3�* �� �:8��� "��3� ��IHPLC +���, "���3� ���I .-, &*�*
��  O8����3� -��K%*���1 �>���� ���� ���#e� �� -��K%*��� ���
��/
7�N* %* �3��e��� (Nozhat et al., 2018).

�4X;+ � Y.�-Z 
�4�4�&u M��*+ ?�!FTIR �
-l� '%�*� 
����0:��:�.�� �� ��.��
	��  �-,�/ +�& �@ *81   �0 �����

/�����>
: �����8� &-���, a3.���� �V����1 A�]�*%8��������2(.����

8	� �3	}��
�%�� a��N � *��
,���#� .-�+	, ;�: %* A�2
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Fig. 1. FTIR of GO/Fe3O4/TSP/Den 
'=�)4a�7���FTIR +��> 
��:�.�� -����� FI��@ �� z8��� &-, %�* 

���� FI��@ �� z8����:�.�� -��
+��> ��� <�,�=�%� A&-, %�*

 ���� z8������-���8C=O �3�����)�� %*��� �cm-1 ���� �����v&-��, 

� .���� F�8� -�8�7� +���> �-�, �I��H� -��/
FI���@ %�3$��� %*
�����-���.�0� .� F�)�� %* &-, ���v M��cm-1 ���� z8���

 ��OH ��6K w%�$ ������ .��Mcm-1 ����  ��� z8�����8-�� 
C-N �@�����^� %�3$����� %*AIBN ������ .����%* &-���, ������v M
cm-1 ����  �������-�8Si-O n�  ��� �� �-�, �I��H� -X �.��+

 % P���3�� ���������� FI����@�:�.�� -����
����� %8��k) ���� .
& �@ ���/��>
-1�� +��8> �-, �I�H� �� z8��� �� -�/���&-�..�

�I F0H�� -.�/ �*� -�8��0�-.3��� A
%��\v� ��8�� *��{�-��8
������ FI��@ F��I  +���8> ��� -��+���> -�. eI8� ��� �*��� %�* �� �

P�(��.-, 

�4�4H8�(�XRD 
+	, ;��#������ FI��@ A� �� %* -��°��~θ�v�.3��� ���#e� ���

��/�8�7� A���H�  ���
����� FI���@ *8�1  ��� z8������% -
� ����
.�0� .-�*��� z8��� %�*80� %* F����� FI��@�+���> -%�*
 A&-,���3D�� F\ M)�� %* ML8���°��~θ�+��N ���� &-����
� ��� F��� <-, M��30� %������� FI���@ ��� �D����i7��$ -

��� �V��1 ���.��  *%�* -���{� FI��@ �-, J%8�� �� ����  *%�*
.��� &-, a3.� 
3�%* 

+	��, %*�58��78I%8� A�V  &-��, ���s�%� ����80� ~#��� �� <�%
��� O8: %* �� -.3�� &��8/@� <%8K�*  ���� <%8K�� &-
.-�8,

.�0�����v +	, �]� �� F���� &-�, ��7��� f�^�� +	�, ��� ���
�%�*�+/$  w�I-.3�� *��� -.��8$ M0� ��� �f1 �� ��*�{ .

Fig. 2. XRD patterns of a) GO, b) GO/Fe3O4 and 
c) GO/Fe3O4/TSP/Den 

'=�042�: �8�7�XRD �� z8���a(A-����� FI��@bFI��@ (

  
��:�.�� -�����c+��> 
��:�.�� -����� FI��@ ( &-, %�* 
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Fig. 3. SEM image of GO/Fe3O4/TSP/Den 
'=�34��8x�SEM +��> 
��:�.�� -����� FI��@ &-, %�* 

� <��6K O8:�F��� ������ �3�8���� -.3��� <�%V8���� &��-��� . 
:�.����
 % �� �3I�@ %��N������ FI���@ <��6�K��� -�F�����
�� �3�8������.

�4�4Q&��Z�TEM 
+	, %*�8x� A�� �� J�6, ���� ���������� ��� ���� &-��� ��*
�� �%8���� �8$ %� ����� FI���@�+���> �� -�=� -�-�, %�* ���� .

� <�%V &��-���% a�.-, -��8$ ��a'����� �3� ���� d��� &-��� ���*
7����� a
��,�* %��\v� ��8��A����FI���@ ���80� ��� �D��� <�%V a

����� C��� i7�$ -�8��� -) %*  &*�� �--.3�� .
�  ���3\� �f��1 ���� -��,�� �3	L8��� <�%V &��-���� %-��N ������3���

 -���8$ M�0� *��{ �.�0� .�� *�-�=� %-�N ��� F���A-��,�� ��30� ���
�� �� 7*����kI ��=��0� +
���& ��@ ���8� &-�, *��( ����/���>


 % &-�, �I�H������� FI���@�-���� ��kI A�I���
�����P��(��
� +����8> ����8� �/�����8� '��� �f��1 +��0>�/����& ���@ &-��..� �����

/���>
���3� %* A-��� -���8$ *8�1 ��1 ��8�� ��(�f
�V��1 ����� 
�aI� '� �f1� C�-��8$ �-*�{.

�4�4(�5Z� ��5% � H8&��*T&��< M@;@� M��*+ 7�� ?*&` 
��� w8� O8:������� �/���8� '� '0Y9Y � �3�8������ -�� ��* 

Fig. 4. TEM image of GO/Fe3O4/TSP/Den 
'=�f4��8x�TEM +��> 
��:�.�� -����� FI��@ �� &-, %�* 

O�0>� �� h��3I� �3� +��� %* ����� d� <%8K�� ��:-�� ��* 
&��-�� * -) @���� %* �/���8� '��FC� o ��r/Q���/
P��@

7 ����� �39QQ ��/
7 �� P�@���H ��� ��3�WF���=� qqQT/Q�#$

��� +�,)r(.
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Fig. 5. Butachlor calibration curve 
'=�h4�/���8� �8����D�7�� 
.�.� 

�4I4*[� M��*+pH * + ��5 6� v �81 *
<� 18+ , � �K :
�9�: 

� %*�FC� o %* �/���8� '� �� A&-, a3.� �V�1pH ���2�/34�
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Fig. 6. The influence of initial pH on the removal of 
Butachlor (Lab conditions: Butachlor:10 mg/L, 

Absorbent: 3 mg/L, Contact time: 30 min) 
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Fig. 7. The influence of contact time on the removal of 
Butachlor (Lab conditions: Butachlor:10 mg/L, 

Absorbent: 3 mg/L, pH=5) 
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Fig. 8. The effect of Butachlor on the removal of BUT 
(Lab Conditions: Butachlor:10 mg/L, Absorbent: 3 

mg/L, pH= 5, Contact time: 45 min) 
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Fig. 10. Freundlich temperature graph 
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Fig. 12. Removal percentage of the amount of adsorbent 
(Lab conditions: Butachlor:10 mg/L, Absorbent: 3 mg/L, 

pH= 5, Contact time: 45 min) 
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Fig. 13. Removal percentage of absorption temperature 
(Lab conditions: Butachlor:10 mg/L, Absorbent: 3 mg/L, 

pH= 5, Contact time: 45 min) 
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Fig. 14. Removal percentage of desorption temperature 
(Lab Conditions: Butachlor:10 mg/L, Absorbent: 3 

mg/L, pH= 5, Contact time: 45 min) 
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Fig. 15. Reusability of Butachlor 
(Lab conditions: Butachlor:10 mg/L, Absorbent: 3 mg/L, 

pH= 5, Contact time: 45 min) 
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��
�8}���8��� ��8������ FI��@ ��� ��� &-�, jGK� -��8�� �� P8
 %*pH ������\� [�0� ���� A�7 � �]/^ �� �3���  �.� O8.I �/� �
���a��I� ��� ��	.�I�v AO8�.I �/� ��]/^ C��� � �f�1 ����a��I� a�C
�
�7-� �I O-� �� C.��   -����� pR2��� �������=D� -�K%* �� �
�
��* -.��-.3I�(Rao et al., 2018) . 

��7
O���� %* ��%���	0�  ���� ������ FI����@ <�%V8����� ���-
:�.����
����2/> Jf) ��3��� �/� C��/����80� �� (�/����8�) -

��
��� ��/GC-ECD  -��*�� &*�63��� %�-�e� pH \�������  ��.
\� [�0��-.��� �% �. F�� ��� C� o� ��� �� W� ��N*���]/^ A��e

���\� &-.������ �% �.���/���/
P�@%*7� �3\� �V�1 %�-e����.
 �%��/�P�@%*7�� �3�-�*% � ��* Jf�) �� %*�N �� -�*�* ����  
�/�����/��� 2/> �� -K%* C��� *%�-��3��� J������ ��� ����F
�/� �/�-K%*��� (Li et al., 2013).

O��� %* ��%��	0�  8s�5���� ��%�� ���
2�/> Jf�) C��
��������80� �� F�����
���� ��/HPLC <�%V8���� �� &*�63��� ���

���� FI��@�:�.�� -��
� ��  -.3$�*��3� F��% �(����80� ��� -�-
 %*pH D:�=
����� �*8$� ��8$ ��
� ��81
�  -��* �����

].� ���'pH .���� [�0� ���� %*��N*�� �e��3��F%�-e� Jf)
 �� �������\� ��]/^ A*%�* �% -�K%*��� ��.���� ������ &-�.���/�

��/
P�@%*7��3��� A\� �V�1 %�-e���.����� Jf�)A��/�P��@
 %*7��3��� ���� FI��@  �:�.�� -��
=N�  ��80� %*
%* ������

�� %*�N %�D�� �� Jf)�����/���� �� -�K%* �����J������ ��� F
� *%�-��3���F�/� �/�-K%*��� (Zhao et al., 2011).
�G��
O��� %* ��%��	0�  ���� Jf�) ����X�� O8�.I �/�

���������������
����� %�3$����8��� �V���1 �� &*�63���� �����FI����@ -
�3$�*� -��  %�-e� pH \������� �% �.�\� [�0� ���� A������ �% �.�

N*�\� �]/^ A�e��� �.�&-.����/
7 %* P�@�\� ��]/^ ����� �3���.
� %* �/���8� '��� C� o F�� ��� -�, i4��  -�� ��*�P��� a

0�����I ���� �% �f1 -.��8$
K8��� 2
-.� Jf) �� %*�N  ��
-K%*��V�1 %�-e� %*�/�7 %* P�@��-�, �3 -.(Eslami et al., 

2017).
��%���	0�    ������ ���I� Jf��) C��� ������� <������%��

���������
����� FI��@ ���:�.�� -���
 &*��� &*�63��� �����
\���.���� �����-1���N*�*8�� ��e.�V��1 %�-�e� �_��-�) ����� 

����-1�<����%������/
%* P�@���/���/
� %* P�@�/
7���3
��-�� ��*.� �V�1
* -) �� -��8����.=� C���� � -� %��
%�*

I�v���*-(� �f1 �*8, &*�63�� (Wu et al., 2011).
O��� %* ��%��	0�  P-�N����� ����� FI���@ �� &*�63��� ����-

� �� &-, jGK���8����*�� Jf) �� ;I8� P8�N*  * �� �30� %* '��e
-�-,(Aghdam et al., 2016).

�4	�&-Z ?*&` 
�� /� %8:
��
%* ��6@ ��8�� F��� AC� o���	
�K8x$ ���<�

�x�.� ��*�I��� �f1 W��.� �V�1 M�l���8��� ���� ��3� .�d
��� ���� C� o F
�3\� �� -�*��%�� F
�%* '� �f1pH ������
��� ����� [�0� ���� A��N*���� ������ �V��1 %�-�e� A�e�P��@%*
7�7 � �]/^  �3��� ����� '� �����/
P�@%*7����* %* �3������

�� �1%*[8��/� .��� &-, +K�) 
I�v�� ;�D:�� �/����8� '�� Jf�) %* �V��1 ���f�1 P��� a

0�����H �� ��'� W�3��
��/��� �������/���/
P��@ �� P�@

��-x� �� -�� ��*�;I�v &-..���*��� &*8�� �V��1 �� �8/#�  
.��� 

������,�I�v �/01 �� �V�1 �18� �� �� �*���� '�� �f�1 %*
/��N A�/���8����� ����
7�8�3� <�=I* %* �V�1 �� *-(� &*�63��  


��� O8��3� ��8� �� ���� �I� -�, &*�63��� ��*-(� �� -�=� .�%���
 �� ��30� C���� A8�3�,�-�K%*�-���, �% Jf�) �� '�*8�� ���

�
a� C��� %* -��8���.�.�0� .*8�, l�N�  ��0c ��0_� ������6) F
����%�-��� ������� %* P� *  ������, <���0��
�A���	
��K8x$ ���<�
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