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6E1A$�"Azolla filiculoides.��>E��� A�� /A��

d�?� % 7���� ���l� ��� 1� 6�1$/1�4�TP��%
�4

��2��	��N�&0�A��8�������� �#�1��0�3'&K�

��� �!K
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� 61��� ^�=;
� ���� D���4µg/mLOxv�

K2SO4� 5µg/mLOvx�CaCl2� 5µg/mLO���

MgSO45�µg/mLOvv�H3PO45�µg/mLOtw�

NaH2PO45�µg/mLO�sP�CuSO45�

µg/mL�st�MnCl2�1�µg/mLvsP�ZnSO4�

�2��"Khosravi et al, 2005D.��
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��0��L�7'
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����� %(� D�0� ����4� �R�� �	� ,��-����� �@��� 1
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� 1� 8��2��=�� y
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� ��� J���� �	

�5BN9�LA1�6�)]
� ���E1A$�%�����H�?�8g2

�� �����@� %2���� 	��
� �0�� L�7'
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�>�[�����0��6�
	�L��)a����0������D��6�#TP�

�/	�	� ���@�W2�)
� �N+�:';
� �	�E1A$�%
�4

�0���� �#$� �'&+�� ,��-����� 1�' ������� /�0

� �1�3#��%��2��%����� �R=S� ��ppmXPP����

�A��B���#��0��L�7'
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�/� �� �
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��L�8��M=HN*���&�������

� �R=S� ��� �	�
�^�=;
�B�ppmOPPP��A�

� FG'�� 1� H�'
	�+� 6�#���=+�� �����4��?� ��(
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� 8g2� D�0� �'������� E1A$� �0�� 6�#

� %����� �R=SppmTP��FG'�� ��� 1� H�'
	�+� A�

�6���� ���J���TP��D�0� �'��� /��A�6E1A$�H�4

��#$�,��-������')C�#�' ����1�����/�0��6�#

� %����� �R=S� ��� p=�[
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L$�� �''��� �#� �0������ ��� I����� 1����+� 5�#�0

D�0� �&��K
� 5	��� �#$� ,��-����� A�� 6��a�
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	�'45 �
$��2	���D��

��

�5I�"��C��

- Ln  (Ce / C0) = k1 × t�

Ce� �% 	���� �R=S� zC0� ��' 1�� �R=S� zk1� ������

^1���?�	��a�2�zt��L�
AD���

��

� 32�� ��� �!���� ��	���O��� ��:9� ,��Q

"��2�����W&���1�.L�
AA��/	�f�2������1�W'0

� A�� {�a�]
�� 5������#��2	� ��� %G'�)'2� 6

%
��D�)�$��

��

�
*8�����*����&��

M��
A$� %
�����,��Q� ���G�� �2� �	� �#

�6��
$� L�
A$� _��(� A�� I����� 1� ������

ANOVA�|�L�)'�(��e!2��	�X�"PXsP<P�.
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FG0"�O5�p'(�p �.5�%#	�
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� FG0"O� 5� p'(>� .���11�+�
� %#	�
�4� 1

� FG0"O� 5� p'(o.� F'GN�� 5�+�^��&��#�6

� ,��-����� ��� �#$� �'&+������9� ,�]��� %	�+�D

B'��"� 6���1A� �	� Z[N
� 6�#�T�m���� .��/�0

�#� % ��&��+� � ��� ��� _��!
��6�7?�� A�� B�
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°P� sXx�� 1°�s�T� .�Q� �B'�� ,����eV�1� 6�#

D�0�	�q�����

� ��1�h�TEM�/A�����d�A���6�#��	����1��6�

�FG0"�,��-�����T��.����	��+���	�	�L�N��%��9

� FG0"� % ���
� %#	�
�4� ��� �' ��� �1�T�5

� ��	���A��	� 1� ����N'�� ,��-� :2��
� �!@� .

�FG0"� ��11�+�
�%#	�
�4��1�T� ��	����5C�.
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Abstract  
In this study, the role of magnetic iron oxide nanoparticles (Fe3O4 NPs) 

synthesized using three methods of co-precipitation, conventional heating and 
microwave heating on the growth rate of Azolla filiculoides in aqueous solution 
was studied. In addition, effect of different iron oxide NPs on adsorption of 
Cd2+ and Ni2+ by Azolla was investigated. According to the results compared to 
control, the least growth rate of Azolla during 10 days was observed in the 
presence of the NPs synthesized using microwave method which majority of its 
particles were smaller than 10nm in diameter. Increasing concentration of NPs 
from 1000 to 2000ppm significantly reduced the Azolla growth. Presence of 
NPs changed the Azolla growth profile at 10 and 50°C, viz. the least growth of 
Azolla in presence and absence of NPs were observed at 50°C and 10 °C, 
respectively. In addition, iron oxide NPs resulted in higher removal of Cd2+ and 
Ni2+ by Azolla, which was fitted to the first order kinetic model despite of 
reducing Azolla growth. 
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