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  ��'�$�$ �� �����! 	��! �	 	���!  �LYf�

 "��� 	�&A! ����� /� *��$ *8�-�a�  �
f�;!

�������� �	  ��'�$�$ (��)���,  ��� �Z-!


2$ �	 ��-,� ��  g9� "M�a ��� �� .	�� ���
5

 e�� �����  ��'�$�$ K
7! �	 ���
5 ��
6 0�R8��

) ���Joh et al., 2011M�h! #��>L �� .(" 

&>$�! i$� j��� &k  �U��
� /� 0	�1��� 

 ��'�$�$  ��2>! �� l��6 �$&� �	 .! &����

 � �
Z�! #&� *>3� � &�� (,��

BU3��
��! �� ��� �Z-! *����	 %�,

���������	  ��'�$�$ ��� *5&>��
� � *�+ %�,

 	��� #+) 	�� 
N>! #��)�+ 
Z�� ��Saison et 

al., 2010 .! &����  ��'�$�$ *-�  �
Q� .(

BU3� �	 .! #�� ��ma E�8	 �� �,��� .! .

 *7�Uf &�� %�
� /��$ 	��! %��
k %�`!)��

��d��
� �	 ��>n-, .��� #�,��5 %�,

 .1>� "%)�>���� #�
�Z8� M�R�$� "*-�2>�

O
��� �� 
��� *����&>����! "����&���� %�,

� *8�3� 0����	 ���8����! P��� M�R�$� %�,
��! 

*$�!��, (R$ E��6 ����%� .	��	 .!  g9� �	

P��� �	 *-�! (R$ *8�3�%�
� *$��� *���$�� 

#_%�, 
Q�! 
� #���Y�
1��  �1�� ����&����

*!  �
Q� #�� ��� &a /� (�� (��)�� �!� .&>�

���$�5���
Z�! *8�3� 0�C��	 
� j
;! �,

*!	���5 )Perreault et al., 2010 #�>��� .(

 /� %	�&7� �	 .! &����  ��'�$�$ ��-�

���$�5���, ) ��� 0&� *��
�Bondarenko 

et al., 2013BU3� �3-� /� ( )�>���� %�,

*! j��A! *���4 �\
o ��8�� �� 0&>>� &$��

 �������� M	�7� �	 *-�! ����� (R$ �"&$��	 

 .&$��	 ��
6  ��'�$�$ ��� ��-� 
9\ �	 0���-,
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Z�! /� 0	�1��� %�
� *�+ %�,

 	��! �/�� �� pU>! B� #��>L �� #��$� q
r!

 *Z�)� � *���&�� "*���4 � %�
� ��>n-,

��!���� Eh! *���-�����  e�rA! &�8�� "�,
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o %�,&��� � ��$����Z�� "�,&�s�>����

 ����� �7������ )Falch et al., 1995 (

BU3�)U� %�,-  *�+
�����$��� �� q�
7!% "�,

�\�� /� *Z�  �	���! /� 0�
5 ��� ��! %�,

 0&$/&>��, 0�C���/ �	 �� �3-� /� :3�;! %�,

j+ 	��� *Z?\ � ��� "��
�� %�, &$��	 �

#+ /� *\
���8����! /� *L��$� �, ���$�Q %�,

*�$+ &>$�!BU3� "B����� � B��������� "(�

��)$+*! &�8�� %���! %�, &>>�)Mundt et 

al., 2001.( %
�����$��� &�8�� t�A8 /� �,
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j+ �	 0S�� ���� %�, %	��/ ��-,� #_�
��$

.&$��	 %
�����$��� ��8�7� /� EF�a #_�
��$ �,

��d��
� �\
o �	 *-�! (R$ %/��

��������) 	��	 �,Vijaya et al., 2010� .( �

*5	�8+ #�Z!� M�a 
, @��� *9�A! %�,

 *���/�� �	 *L�>�!  �78�9! �� 
N>! " ��'�$�$

#+ p-N� � *-�  �
Q�BU3��
Z�! �	 �, �,

 ��� 0&�)Silvia et al., 2013 .( 

(,�S� 
�?�� 
k�a M�a �	
��� �� �, %�,

*�$+*$�&���� O
��� 
��
� �	 *���/ j�� � �,

BU3�%
�����$��� � �,  �)3� �� 
��� �	 �,

 	��� ��� �� .��� ����� u�r�\� ��C>�

 �  �)3� ��-� 	��! �	 *�&$� �����  �78�9!

��� ���
5  ��F  ��'�$�$ )Bulgariu and 

Bulgariu, 2012 .(O
��� �� 
��� %�,

�$�5 �	  ��'�$�$ �3-� /� *9�A! :3�;! %�,

���  ��1�!. *!  ��1� ��� "���
��>� *Z� &$���

 /�E!��L  /� *��$ =��+ #�)�! (��)�� �	 ��!

�������� �	  ��'�$�$ (>�&��� �, . ��� 
�

=��+  &� ���7� ��2>! �� "O��� %
���

 %
�����$���Anabaena sp.  /� *��$ ��-� "

�234.! &����  ��'�$�$ :3�;! %�, 

(CuO-NPs) &�� ���! #�!/+ /� 0	�1��� �� 

(OECD201)  	��!��
5 ��
6 �78�9!.  
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"�1  
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�' 3���  

 %
�����$���Anabaena sp. " ����IR  /�
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� *8)$� )/� 0&� %/���&� 

je��#Y�5 %�,( &� ����. 
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 .! &����  ��'�$�$)US Research 

Nanomaterials �	 0&� 0	�1��� (�Z�
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k�a �78�9!  ��' 0/�&$� %���	40 
�!�$�$ 

 EZ�)1( u�3\ �� 99 	�� &F�	 )M�&� 1(. 

�234 �� *3F� w���� 1000 *3�! P
5	 
��8 �

 � &� ���� .x��234 %�, %�
� /��$ 	��!

 0	�1��� �	 �,��-��.&� ��\�� #+ /�  
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��#H 1: )0I��!" #�$%� <��&
'�' ��1 (CuO-NPs)  

)0I��  ��#C"  

J
BK 3H�= %99 

L'� 0��� 

<��& �*�#'� nm40 

�I�� MN� g/2m20~ 

E
� %�
� ��U�$ 

�+1�O )��P@ 
3g/cm79/0 

):��� )��P@ 
3g/m4/6 

  

�=�"�  �*��+,%��
'��� (�% Q�R"� 

Anabaena sp. 
 /��&>��/ �?� @�A!  �?� %�
� *1>!

%
�����$��� Anabaena sp. &� 0	�1���  ��

 E!��  �U��
�NaCl "3CO2Na "3CaCO "

4PO2KH "O2H+74MgSO "lHC "

EDTA2Na "O2H+42MnCl "

O2H+93CO2Na "3BO3H "

O2H+62)3CO(NO "LiCl "KBr "

O2H+183)4(SO2Al "O2H+74ZnSO" 

O2H+54CuSO "6)4KI(NH � 

O2H+427O7MO 	�� );1973 Komarek, 

Miller et al., 1978 .(
2$ 	��! �?� @�A! 
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�?� /� EU6 %
�����$���  0�C��	 /� 0	�1��� ��

 �Y����)F2000" ���#��( ��?� �	 1 
1�-�� � 

%�!	 121  ���	*�$�� &! �� 	�
5 15  �R�6	

&� E�
��� .  

 

�=�"��*�� �1����� 

  ��'�$�$ *3F� w���� �&���60  �R�6	

B�$���
�8�� )3000 "Misonix(�Z�
!+ " 0&� "

�234:3�;! %�, 0 (&,��)" 5" 10" 15" 20 

� 25 *3�! 
��8 
� P
5 #+ /��	  �� ��
Z� ��

&� ���� *1>! �&>��/ �?� @�A!. .x� 10 

*3�! 
, �� *���
�����$��� *3F� w���� /� 
��8

 ���k� �,��-�� /� B�&�  	�&7� �8�a ��� �	 ��

M�3��� 
��
� ��-�� 
, �	 �, 410×4 	�� . /� .�

%�
� "�?� �8�� "=��>! &���, @�A! %��a %

� �?� %
�����$���  ER�>! �?� B6��� ��

 &$&� �  &! %�
�72  �L�� ���� @��
� �	

2±25  ���	*�$�� 	�
5��$  &� � 2500 

%��$ 0��	 �� .��8 12  �L��*��>��� � 12 

*,	��, �� 0�
-, *Z���� �L��" &>��
5 ��
6.  

 

 )��+� #��Anabaena sp. (�% Q�R" �= 

 ��� lUf %���! 
Q�OECD201  *��
�

) &�Fogg and Thake, 1987; Handy et 

al., 2012 .( /� .�24 "48 � 72  /� �L��

M�3� 	�&7� (��!/+ D�
�/� 0	�1��� �� �,  Pe

��� l��9! 
�!�����-, Schoen )1988 ( �

 ���-� %��$ {�Z��
Z�! ��&� . .x�	�&7� 

M�3�*3�! 
, �	 �, /� 0	�1��� �� 
��8 �9���1 

&� �U��A!:  

  

 3N���1 :  

NT = NC × 104 × D 

TNM�3� 	�&7� :*3�! 
, �	 �, |
��8CN ��C$��! :

M�3� 	�&7��,% 0&� ���-�| D.�6� =�
k : 
 

#�!/ �	 *8�3� ���-� /� .�%�, 24" 48 

 �72 �L��"  #�)�! �&���50EC  /� 0	�1��� ��

 M�&�Probit Analysis  .x� � }�
;���

 ��&R!NOEC &� �U��A!  �9���)2(.  

  

 3N���2 :  

NOEC = EC50 / 10 
 

 �L�� 
, �	 0S�� &�� T
$(µ) �	 #�!/ "

�L�� 
, �	 #&� 
��
� (G) &�� ���! &F�	 � "

(%I) %	��>?��  e	�7! @��� Fogg  �

Thake )1987 (&� �U��A! �9���) %�,3  ��

5(.  

  

 3N���3 :  

µ = (-lnX0×lnX1) / (t1 –t0) 

0X :	�&7� ��C$��! M�3� #�!/ �	 �,0t |1X : ��C$��!

	�&7� M�3� #�!/ �	 �,1t. 

 3N���4 :  

G = ln(2µ-1) 
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 3N���5 :  

I% = (µc - µt) / µc 

cµ :0S�� &�� T
$ )µ( &,�� �	 |tµ : 0S�� &�� T
$

��-�� �	.  

  

B� .$����� E�3A� #�!/+) ��
fOne-

way ANOVA ( #�!/+ �t-Test  g9� �	

 M�-�a�05/0P≤ *>7! ���7� %�
� #	�� ��	

 ��1� 0	�	 ��C$��!%�, �,��-�� % :3�;!

�$�$ ��'  .! &���� 	��!��
5 ��
6 0	�1���.  

 

+���F� 3��� G

��+
�" )'�+,
�� 

 
���r� /�*$�
�Z8� {�Z��
Z�! )SE-

SEM "MIRA3 TESCAN "Bo %�
� (

  ��'�$�$ 
Q� *��
�
� M�3� 0/�&$� � EZ� � �,

 
� .! &����  ��'�$�$ ��ma &���� ��>n-,


�����$��� g9�% &� 0	�1��� ����! . ��&�

 ~�9� 
���r� ��2>!�$�-$&,�� %�,  �

��-��%�, .! &����  ��'�$�$ (>� �A�"  .�

 /�72 �234 �	 �L�� 30EC )Lmg/2/26 (

&� ����.  

 

 E���+B% ST�� 

  �3a
! ���7� � &�� &$�� *��
� ��2>! ��

 %�
� 0&� :�
7� @��
� M�-L� ��� *-����C8

(��!/+ P�N$� /� EU6 "(>� *>A>! "*3F� %�,

*f &�� 24  ���
� /��&� .&��  %
�����$���

0/�&$� l�
f /�%
�5  }�! M�f �	 %��$ j��

nm750 B� /�� �	 
, � &�� #�!/ *f ���

 
�!����
�Zx�� 0�C��	 @���)M501 Single 

Beam UV/Visible "CamSpec Ltd. "

 (#���3C$�*��
� &�%�
� .  �234 ���7�

0)�C$� E���
3� %�,a ��� /� ��������� � 

Eijckelhoff  �Dekker )1997 (&� 0	�1��� 

 �9���)6(. 

  

 3N���6 :  

Chl  a = [(12.25×OD663) - (2.79× OD647)]  × D 

Chl a E���
3� �234 :a| 663OD : �	 j�� #�)�!

 }�! M�f663 
�!�$�$ |647OD : �	 j�� #�)�!

 }�! M�f647  |
�!�$�$D.�6� =�
k : 

  

V��,'  

EZ� lUf 2
�����$��� " %Anabaena 

sp.  ��4 ���	 ��
6 &�� %
�\�� /�� �	 /��.  &7�

 *-����C8 /�� 	��� #+ /�&�  �,	)$�� /�� �� ��

 �!�	�����  � �3a
! &7� �� �,	)$�� /�� /�

 D�
� *������&� .%�
�  " ��'�$�$ (>� M�-L�

��
�����$�% *��, &�� *-����C8 �3a
! �	 ��

) %�,/��6  ��16� &>���	 ��
6 ( ��	 �9������ 

M�3� 	��! *-��8����! 
2$ /� M�7� %�,

&>��
5 ��
6 0	�1���.  
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�����$��� &�� �� ���
! ����$%�,  �	

�234:3�;! %�,  .! &����  ��'�$�$

)CuO-NPs ( �234 (��)�� �� 	�	 #�?$

�'�$�$0 
�����$��� �	 &�� (,�� =U�% &� 

EZ�) 3 .(24 (��!/+ D�
� /� .� �L��" 

M�3� 	�&7�� �� �, (,��  ��'�$�$ �234 (��)�

����  �234 �	 (,�� ��� �25 *3�! P
5	 �

M�3� 	�&7� .	�� ���� E��6 
��8 %�,��-�� �	 �,

.! &����  ��'�$�$ (>� �A� �234 �	 %�,

15 ���	
� �	  
�e�� � 
��8 �	 P
5 *3�! %�,

 ���5 /� .�48  �72 �L��"  &,�� �� �U�$

*>7!  ��1� #�?$ ��		�	.  &�� T
$ ��� 
� 0�YL

 (,�� �$�5 ��� �	 0S������ EZ�) 4 ��� .(

 /� .� (,��72  �234 /� � �L��15 

*3�!P
5 
��8 �	 *>7! &,�� �� �U�$ e�� �� ��	

	��*8�a �	 " &,�� �$�-$ �	 ��"  0S�� &�� T
$

� #�!/ ���5 �� � #�?$ (��)�� ������ ��f	�	.  

  

  

 E
�2 : #�� )�R�" �+,%��
'���Anabaena sp.  ��"= �� (�% WX��� 3��Y Q��+� �=2±25  3H�=

),'�� �
' <#� � =�+02500  ��
' ���= �� !%
�12  (7��)������  �12 )1=�
1 Q��+� �= )
���� (7�� 

 8�P'��")± (=��#'�,�� ��NK  
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 E
�3 : =�#:��
B� ��1Anabaena sp. ��"* �=(]B^ � _B,`" ��1_B,`" ��1 <��&
'�' !" #�$%�  +�

)B�" a$9 +,�� �= >+0 8�P'��")± (=��#'�,�� ��NK 

  

  

  

E
� 4 :�I�� #�� b+' )µ(  �=Anabaena sp. !" #�$%� <��&
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Abstract  
Since nanoparticles cause increase of serious threat to human, animals and aquatic 

ecosystems, toxicity of copper oxide nanoparticles (CuO-NPs) on cyanobacteria 
Anabaena sp. in different concentrations were studied using growth inhibition test 
(OECD201). The negative Zander cyanobacteria were grown in the culture medium 
(Z-8-N) under optimum conditions of light, temperature and aeration in growth 
chamber. After starting the logarithmic growth phase, samples were exposed to 
various concentrations of copper oxide nanoparticles at intervals of 24, 48 and 72 
hours. The number of cyanobacterial cells was daily counted and analyzed based on 
Probit analysis. The effective concentration (EC50), no effect concentration (NOEC), 
specific growth rate (µ), doubling time (G), percentage growth inhibition (I%) and 
chlorophyll content was calculated. Treatments and control were significantly 
different in terms of cell density and growth inhibition percentage at specific 
intervals. In addition, the chlorophyll content of different treatments showed 
significant difference compared to control. It seems reducing the efficiency of 
photosynthesis is one of the routes that lead to considerable damage of copper oxide 
nanoparticles on Anabaena sp. 

Key words: Copper Oxide, Anabaena, Nanoparticle Pollution, Aquatic Ecosystem, 
Growth Inhibition. 
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