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�#�# $�% &��� '���(���$ )��*) ���#���� ,��-�NPs 2TiO.� ( 01�� ��2

��1) '
��34 ��5- '2�4 '����Cyprinus carpio6- '2�4 � (7�8  

)Rutilus rutilus(  
  

'���,2 .9-� '8: ,��1'����$ 7�;� ���9�2*,#�,�%� �,�� �3,#�,�%� ���.� �3  
 

     � :�����	 
�����	��� 95                  :���� 
����	�	� 95      

�,���  

��� 	��� ��� ������  ��!" �	 #���!��$�$ $ %�&!'( �)�* �++,� -!+�. �	 /�,0�1� #�� /��2�$�

�3� -��4$ /��" %��( &5 -� 6�+7��. �� ��� .� �	 8�5 97�:� 6�;+� �+<3 �$�$/��2 =�+$��+� 

)#	&+�(� =�+$��+�( 	��� -<�( � %0�<,� ��@( 6�+7�� -A� �	 %3�� ��B ���. � ��� =�D$� #�E 9���.

105 7�� -A� -,1B%  -<�( H+�� -� %0�<,� ��@( � I( J�K ��57/0±46/5 %�$�3 � ��30/0±36/7 

%�$�3=�����(E �	 �� #�760 #�+0  /&� -� ��Q� -3 ��96 �R�3  .&$&S T	�	 ��B UVK� �	�W50LC 

9���.E =�D$� .� X��76�;+� � �+<3 Y( � %0�<,� ��@( #�� =�+$��+� /��2�$�$-<� -� � H+�

47/0±44/12523  �96/1±37/8693 6�+�+� �	 �<�B  � -&�E �3	.  .� &,�7 � #+���B .�� �	 6�+7�

 \,��)�* /��2�$�$ T&!'( �]� #	6E .� �=�+$��+� &+�(� -���W� �� .&S #+4$�� �7��S^#�7  %$��

^��S H�*� �	 �6�+7�� -A� _`��� �7%!,� #��	�����<7 �;�B J�V�� 6�;+� .&S T&7�'� � �+

�]� �)�* �	 ��(���<7 T�� -� �V�$ =�+$��+� &+�(� #	 �$�$ T&!'(&7�S %!,� 97�(�	#� �	�S 

)05/0<P�$ .(�$�$ -( 	�	 6�'$ -,0�1� ��� a��#	 /��2%� =�+$��+� &+�(�� %b!� c� &!$��� 7������ #�

 -�S�	 -<�( � %0�<,� ��@( %7�� %$�� &!S��+�����<7 � ;�B J�V�� 6�;+� 97�( dR�� ��� �	 � �	 � 6

�S 6�+7�� e� HV3 ���f$$.&  

��=	�� :�,�8- #	 �$�$ &+�(��)�* �=�+$��+� Y( �%0�<,� ��@( �%�&!'( �-<�^��S#�7 %$��.  

1- ���	��3� T�� �/`+S T&Q'$�	 /`+S � h+]� ����. T�4'$�	 =��R #.���'( �  ��!� ,+VK% 6���� �6��� .6���   

2- #�D'$�	 #�(	 =��%3�!S �6��;�E T&Q'$�	  ��!� %,+VK ����	 T�4'$�	 =��R � 6�!� ����	% �f'�� �f'�� ��.6�  

3- ( T&Q'$�	 �6��;�E ��� � +iQ� &S�� j�!S�� � %��	 =��RT�4'$�	 �/`+S =��R  ��!� � #.���'( �#��3 %,+VK 

.6��� �#��3  
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74,?4 

 T	�b�3� ��$�$ #���!� 6�;��.�� ���� ��

#l�0�!Q� �	 	���;�� � /��2�$�$ .� 6�&� #�7

�3� -���� 9��;�� ) &!(�� �	�S� �1386(-� . 

��)!� T	��E� 6	( ��� ��7.�+$ m�R m3%3�!S 

�	����$�$ %'W$ ��+�� mf� �	 -,3�� � ���� 

�$�$#���!� ��&��� �<�� � &7��� .�S�	 �� -n 

m7 6�!(� /�R`K� %<( �	 �� o�V��� c� 

m3%3�!S ���.%1+]� � c� m3%3�!S 

%$��$�  	����$�$�	 j�3	 ��3� �� ��� 	��� �� 

-��� %�:�� -�%��+<+S�Q�;+� #�7 �$�$ 	��� 

9+�%!+� %�	�S -( ��� 	��� #�;�� �� %���. 

m7�-�S�	 9!( &S�� � /�c� #	��. � ����� � 

%�:��#�7 J�Q0���(���7� J��3�7 � 6&� 

	���� T&$. -� ���4� #��$ &)Revell, 2006( .

#	 /��2�$�$ &+0�� ���� -� =�+$��+� &+�(�

�%�S � 	 -�T	��� ��K #��&��� I+0	 -� #�

 �p��%�	���&8 6	�� �  %��+0���(���� �+���B

 -�%� ��(	�� )Hao and Chen, 2012( .  

#	 &+�(�=�+$��+� -( �� =�$#�7 &+�(� 

=�+$��+� IV �� �+$��+� -���!S %�	�S #���	 

J��� %��+<+S 2TiO �3� � %$��. -( -� 

6��!R -$�&4$� 	��� T	�b�3� ��B %�	+�� 

=�$#�7 =�+$��+� �&+b3 -$�&4$� &+b3 � 

CI77891 -� 	�� %�	+� .=�<� %�:��#�7 

#	 &+�(�=�+$��+� ;+$ �	 �$�$ #	 &+�(�

=�+$��+� 	��� 	��	 �� ��� /��b� -( T.�&$� 

/��2 6E ��+�� qn�(� �3� � .� ��� �� 

�+���B � +c�� 9+�#� 	��	 �n -( -� -13�� 

qn�( 6	�� T.�&$� �/��2 r13 j�<� 9+�� 

%�	�S � %����( 9��;�� %�&��� .%$��. -( 

T.�&$� /��2 2TiO -� j�+W� �$�$ 97�( 

%�&��� �+0�,� %��+0���(��� %�&$��� 9��;�� 

&��� �n -( �5��� r13 c�� 9��;�� %� &���

)Sawhney and Condon, 2008( /��2�$�$ .

#	&+�(�  -�<� .� #	��. %<3 /�c� =�+$��+�

 �+<3 �s�f�0� � %�+�+�(����+� �%0��3

 � 6�7�+� �6���&$���� �	 %��$l #��&����$

m�+$�����Q+� �7&$��	 )Warheit et al., 

2007(6����'( . �	 -!+�. #l�0�!Q� �$�$ � 

	���( ��� m�R  ��!" �	 ����� .� #�7��'( 

�'+� �3�. ��� -� -��� �� T&!��;� %$�4$ -(

 �+<3 -�k�� � /��2�$�$ %!<��6E�7  	���

��!( �	 �	��	 %��<� #���;� I"�5 t�� .� 

 �/��2�$�$&��� -� 6E 6	�� .�31��7 #�� 

/�	����  �� &��V$ � �S�	 -��� m7 T&$.

T&7�'� %�� #�7	����3	 #���!� �$�$ .� 

%0�<�5� /�u� 6E�7 m'n %S��  	(

-VS)T7 v$� �%bB��+� � �S	1391( . ��
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��� -� -���  -(%$�� #�7�������  h��S

 �3 �� %1+]� s��1��$ .� � ��3 �7������

#�� 6�+7�� 6�'$ %�&!7	 � �� &5 #	��. #�� 


3�� � /��)$ � ��`3 �+,8� �++,� #�7

9+� #�� 6�+7�� %3�3�#���.�3 %!+� #�7

6E %Q�l�0��;+�%� T	�b�3� �7�S$&��� �	 � 

97�:� 6�+7�� %$�� #�7������ 	��� %3�� 

��B -��� �3�. )$ -� ���  -(/�,0�1� 

6��#�� #&!<S.�� ��� %3�!S %���.�� ��cE 

%1+]� T&!�pE�7 #�� %7���7 �3�� �� �++,� 

��� w�$ H+3E��7 .� 6E�7 %�6���  -�6��!R 

4$�'$#�7 %���. -� ��)!� %3�� 	��� 

T&!�pE�7 �	 m��+3�(�#�7 %,+VK T	�b�3� 

	( )Oliveira Ribeiro et al., 2002( �� .

��� 	����  ��!" �	 #���!��$�$ ������ 

�)�* �++,� -!+�. �	 /�,0�1�  %�&!'(

%��( &5 -� 6�+7�� #�� /��2�$�$ /��" 

-��4$ .�3� .� ��� �� �	 97�:� 8�5 6�;+� 

�+<3 �$�$/��2 =�+$��+� 6�+7�� -A� �	  ��@(

	��� -<�( � %0�<,� %3�� ��B ����3� -.  

  

@�� � $��4�2  

9���.E ��� =�D$� #��� 105  -A� -,1B

%7�� Y( I( J�K �� -<�57/0±46/5 %�$�3 ��

 �105  -,1B-A�  J�K �� %0�<,� ��@( %7��

 I(30/0±36/7 %�$�3�� �S�� .� &,� T��	 

6�+3����	E (-�b7 q�) -� ��K %�	�x� �	 

=�����(E#�7 60 #�+0 m+�W� &$&S � 

�)�*#�7 ����� /��2�$�$ =�+$��+� #	)&+�(� 

(=�+$��+� =�����(E -��7 -��8� &S� �	 7 ��<+� 

7 -,1B %7��  ��<+� 7 #�� �3  )$ �	 ��Q�

.&S -���  

 T��	 %K �	�#���.�3  �	 ����	 %7	��*

 %7	��* 9���.E T��	 �	 � ��� /��" .��

 .&S  1B 6��. .� X�#��* �%7	��*  _x�

6�b+3 �� T&'$ 6	( q$�� �( .� �7y���  &S

 sE %�	�0E .� ��=�����(E#+���� �7 	�S .

#�� -+VS�	 /��2�$�$ %�E ��u5 #.�3 

m��+3�(��$�$ �%�E #�7 #	 =�+$��+� &+�(�

)NPs 2TiO( 	��� T	�b�3� .� /p�x]� 6�!Q� 

�3� -( .� �(S ��!���$ #��&�� .&S 

 �7�	���$�$ -� T�4�3	 �� � #��&�� �	�� /��"

T	��) &S I5 1W� sE �	 q+$�3��0�� I��5 

/��2�$�$ sE 1W� �3�( .T.�&$� /��2 �$�$ 

#	 T&S -z��� I��� UVK �=�+$��+� &+�(�

 �� ��� �!���$ �(S15-10 ���$�$  6��!R

&S�)�* �� T&S -+f� {��3� . T�2�$�$ 1  =�

�	 	�� �+0  -( .�{��3� 6E #�7b����%  -+f�

 &S IQS)1 .(  
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 A��1: B����.��4 .��C� '#�.��
� ���D= )TEME &��� &�����#���� )��*�#�# �(�,#� � ( (F� &��)  

  

9���.E %K �	� �6�Q�� &5 ��  h��S

J�!( %��+<+S�Q�;+� &S  �	 h��S =�<� �

-4$ 6��Q� 9���.E T��	 %K &S -�S�	  �f!� ��

 .&S�� %�	�0E ����� #�7.�	 +|�� I��R

%7	��7 �	 %��<� =�����(E�7 -� -$��#� -( 

IB�&5 %4�bSE �	 sE 	�D�� 	�S /��" 

.���  /&� -� 6�+7�� %��<�96  �	 �R�3

�)�* )50LC � e� 6�;+� � T&S #��&f4$ (

6��. �	 +�#�7 24� 48� 72 � 96 �R�3 

-V3�]� .&S  

-$�<$6�� #�7  .� &,� 6�+7�� -A�7  .��

 \,� �	 #+���B�)�* ) T&!'( �]�%50 

 �)�*50LC�$�$ ( #	 T�<7 -� =�+$��+� &+�(�

 �&$	�V$ 	����$�$ \,� �	 -( %$�+7�� -A�

 .&S �S�	�  

-$�<$-� 6�� #+�  %�	 -B�3  1B -�+3�

 � ��'� 6�&� �� �%���E -� -%���" -� D!� -(

 T���J�V�� 6&S ;�B #�7	�'$�  .&S =�D$�

-$�<$6�� #�7  I��	-0�0 � -!���@7 #�7

-!���@7+* &S -����. ��� -0�0/���D� �	 �7 


�  �� &$&S T	�	 ��B#��  6�;+� �++,�

��(���<7 &"�	 ��+�����<7�  �	�W�

J�V�� � ;�B #�7 &+b3 %3�� �^��S #�7

%$��  .&$+4� ��B T	�b�3� 	���  

	�	T ����� #�7;+0�$E -� o��� #�7 -�

�+4$�+� /��" ±  T&S 6�+� 	��&$��3� #�1�

.�3� _`��� �+� ��� T	�	�7 � -���W� �+4$�+� 

-$�<$ X$����� ;+0�$E �� ����� #�7��<+� �	 �7

q�-�K =$ -��$� .� T	�b�3� �� #��;��

16SPSS  I��R m��+3 �]�  .�&!��7   =�D$�

.&S %!,� _`��� 	��� /��" �	�+� ��	 

T�� ��7.� 6��.E -!��	 &!n�Q$�	 #�  T	�b�3�

&S �  6�!+<K� r13 �	 _`���%5  )$ �	

.&S -���  
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G���#  

H��3� ����4 &��� �,�I- �#�# �$,��-� 

6- � '
��34 ��5- �$ ���#����7�8 

.� T&�E �3	 -� a���$ 9���.E 	�	 6�'$ �7

-( 6�;+� �+<3 ��@( #�� =�+$��+� /��2 �$�$ 

Y( � %0�<,�-<� -�  H+��47/0±44/12523  �

96/1±37/8693 �<�B �	 6�+�+� 	��. �)�* 

	�D��  T&!!(1� 30 �50 �70 �90  �99 &"�	 

/�b��  .� &,�24 �48 �72  �96 X� �R�3 .� 

/���D� �� �$�$ #	&+�(� =�+$��+� �	 ��@( 

J�&� �	 -<�( � %0�<,� #�71  �2  6�'$

.�3� T&S T	�	  

  

)�.��J� 01��'#�1 ��2  .�K�� &L��#�# 

�$,��-� ���#����  

^��S -���W� -( %$�+7�� -A� %$�� #�7

%) T&!'( �]� �)�* \,� �	50  �)�*

50LC�$�$ ( #	 �� &!��� ��B =�+$��+� &+�(�

-A� %$�+7�� -( �	 \,� 	����$�$ ��B &!��4$ 

%!,� _`��� %3�� a���$ .	�	 6�'$ �� #��	

^��SJ�&� �	 %$�� #�7 #�73  �4  �

IQS #�72  ��8 �	 6�'$.�3� T&S T	  

 �;�B J�V�� 6�;+� %0�<,� ��@( %7�� �	

�+�����<7 � ��(���<7 �	 �)�* �]� 

#	 �$�$ T&!'( T�� -� �V�$ =�+$��+� &+�(�

&7�S 97�( %!,�#��	 6�'$ &$	�	 )05/0<P .(

^��S �&+b3 J�V�� #�7MCHC  �MCV 

%!,� 9��;�� &7�S T�� -� �V�$ 6�'$ #��	

) 	�	05/0<P 9��;�� ��� .(MCH  -� �V�$

%!,� &7�S T��) 	�V$ #��	05/0>P .(  

�	 %7�� -<�( �+�����<7 � ��(���<7 

�	 �)�* �]� T&!'( �$�$ #	&+�(� =�+$��+� 

%!,� 97�( &7�S T�� -� �V�$ 6�'$ #��	

) 	�	05/0<P �&+b3 J�V�� 6�;+� .(MCH  �

MCV �V�$ -� T�� &7�S 9��;�� %!,�#��	 

) �S�	05/0<P 9��;�� ��� .(MCHC   �V�$

%!,� &7�S T�� -�) 	�V$ #��	05/0>P.(  
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��,M 1: &N8O $�P�� �,��- 1� 30 �50 �70 �90  �99 ,S�$ )�T8�  (� ,3�24 �48 �72  �96 )���P4 &:�� 

�� �#�# �$'
��34 ��5- �$ ���#���� ,��-�  

   &N8O &��X)(���8�4 �$   

��,?4  24 &:��  48 &:��  72 &:��  96 &:��  

1LC 65/1±02/9641  07/1±65/7484  50/0±11/3503  47/0±92/2996  

10LC 65/1±59/14146  07/1±96/12001  50/0±11/8670  47/0±42/7275  

30LC 65/1±72/17411  07/1±60/15275  50/0±57/12414  47/0±99/10375  

50LC 65/1±14/19673  07/1±92/17542  50/0±98/15007  47/0±44/12523  

70LC 65/1±69/21934  07/1±23/19810  50/0±17601  47/0±89/14670  

90LC 65/1±69/25199  07/1±87/23083  50/0±85/21345  47/0±47/17771  

99LC 65/1±26/29705  07/1±19/27601  50/0±85/26512  47/0±97/22049  

  
��,M 2&N8O : $�P��  �,��-1� 30 �50 �70 �90  �99 ,S�$ )�T8�  (� ,3�24 �48 �72  �96 )���P4 &:�� 

�� �#�# �$7�8- '2�4 �$ ���#���� ,��-�  

   &N8O  (���8�4 �$ &��X)  

��,?4  24 &:��  48 &:��  72 &:��  96 &:��  

1LC 20/1±78/5039  11/1±27/4367  20/1±86/4425  96/1±72/5847  

10LC 20/1±94/8843  11/1±14/7331  20/1±03/6923  96/1±74/7125  

30LC 20/1±77/11600  11/1±02/9479  20/1±70/8732  96/1±91/8051  

50LC 20/1±15/13510  11/1±64/10966  20/1±07/9986  96/1±37/8693  

70LC 20/1±52/15419  11/1±25/12454  20/1±44/11239  96/1±83/9334  

90LC 20/1±35/18176  11/1±13/14602  20/1±11/13049  96/1±99/10260  

99LC 20/1±51/21980  11/1±01/17566  20/1±28/15546  96/1±01/11539  
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��,M 3: 01����2 '
��34 ��5- ���2�4 7Z� �$ '#�1 7�.= ��.X  [.34 �$&N8O ) �,�I- &L�%50 

 &N8O50LC�$ �#�# (,��-� ���#����  ����� �� 7���?4 �$,2�� H�]#��4)± (���34 ^�.L#�  

   ��98=,�T�  �4.X ��98=  H���8=��2  &�.-����2  MCH *  MCHC  MCV  

,2��  73/57±0/7700  00/0±77/0  03/0±76/7  08/0±66/23  49/1±67/96  02/0±57/31  23/1±266  

%50  &N8O

50LC  
19/88±33/8733  00/0±64/0  03/0±83/6  03/0±83/21  24/0±00/98  00/0±05/32  66/0±275  
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Abstract  
Despite the expansion of nanotechnology in various industries, a proper 

evaluation of lethal concentration of nanoparticles on fishes has not been 
investigated. In present study, the toxicity of titanium nanoparticles was studied 
in juveniles of common carp and roach. For this study, 105 pieces of roach and 
common carp with total length of 5.46±0.57cm and 7.36±0.30 cm, respectively, 
were placed in 60L glass water tanks. According to the LC50 test, toxicity of 
titanium for common carp and roach were obtained as 12523.44±0.47 and 
8693.37±1.96 ppm respectively. After 7 days of exposure to sub-lethal 
concentrations of titanium dioxide, blood samples were taken. The 
haematological indices showed significant decrease in red blood cells, 
hemoglobin and hematocrit values (P<0.05) exposed to sub-lethal 
concentrations when compared to the control group. The results of this study 
showed that titanium dioxide nanoparticles can have a negative effect on blood 
parameters and reduced the amount of red blood cells and hemoglobin content 
of blood which caused fish death. 

Key words: Nano-titanium Dioxide, Lethal Concentration, Common Carp, 
Roach, Haematological Indices. 
1- Assistant Professor in Department of Fisheries, Faculty of Fisheries and Environmental 
Sciences, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran. 
2- Ph.D. Student in Marine Ecology, Faculty of Marine Natural Resources, Khorramshahr 
University of Marine Science and Technology, Khorramshahr, Iran. 
3- M.Sc. in Fisheries, Faculty of  Animal Science and Fisheries, Sari Agricultural Sciences 
and Natural Resources University, Sari, Iran. 
*Corresponding Author: darabitabar@gmail.com 

Archive of SID

www.SID.ir

http://www.sid.ir

