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��)1 =�X�X,� 4�H> 6���( ��d�D &�-*�1 6=�X�X,� �*�-� � a����  6�*����(
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8-  ���-.O �%�/� �K��c� �������% - 6�H9$
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�
 &� ����� �( �1$ �)��X- �� ����� ���1 
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et al., 2010(6  ^�:�3;-��" #$ 0�X")-��o ��$

��d: �%�- �'O!�-*�� � Z�"1$ &$K�- �� 
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)�:�3;-��" #$� ��"3- .OD �D�' *$ ��%
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 .OD \X"3-p�� &�9 �!��! *$ ��i� .OD ����

 �%�- �% *$=O- ��20  �X�E
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 ��
 �X�E
 �
 r��G��"!�1)Combi 514R 6

Hanil Scientific Inc.�( 6 ( OD��  &� 4�1

D $O��.
 �!��! 4�1 ��%�$��  �!�-��% YW31

 �K��	 �
20- �"!�1 ���
.O!OD ��$O�M! 
$�' 

YW31 &�-��% GTH II ��  ��( *$ .
�G"1$

) ��"($��
$�RIA/IRMA 6Immunotech 6

Tl ������(  c��
� �I125 ��  ��
$� ���
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J9�DYi� 6�!�9 ��%  �� 6&�9 �!��! *$ �M�


 �$�� .OD �"�o� �����% 
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.*$O!$]�2H' 
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) O�G1 ]�2H' 
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)Hb(3 � ���(����% )Hct(4 *$ ��� ��%

                                                           

1- Red Blood Cell Count 
2- White Blood Cell Count 
3- Hemoglobin 
4- Hematocrit 
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�G"1$OD ��-�>)  6�
����-1378 |
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 �"-�"	��" �1$ .�M"1
 +1�� ����H'��% �-

)UV-2100 6UNICO (� ��-� 6 ���A�OD 

��-�>)  6�
����-1378 .( �$OX- ���(����%

)]�2H' 0W@ Ok�
��% K-�E*$ .
�G"1$ �� ( 

�#�# ��n�- ��%3����%� � �� �-G��"!�1�r� 

)NT 715 6NUVE&��#� 6(  =O- ��5  �X�E


 �>�1 ��10000  �X�E
 �
 ��
�� O-� �1
 .

]�2H' 0W@ +1�"- K-�E )MCV(5 ��  V)@

) �"�#�"�	Lf(6 ����H'��% +1�"- 6 �
]�2H' 

K-�E )MCH(7 4�'� �� V)@ ��8) pg(  �

 ����H'��% +1�"- �vHo �
]�2H'  K-�E

5- Mean Corpuscular Volume 
6- 1 Femtoliter (fL) = 10-15 Liter 
7- Mean Corpuscular Hemoglobin 
8- 1 Picogram (pg) = 10-12 Gram 
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)MCHC(1 Ok�
 V)@ ��  �� *$ .
�G"1$

�B�$� ��%1  ��3  �21�,-OD ��-�>)  6�
����-

1378 |Blaxhall and Daisley, 1973; 

Svetina et al., 2002.(  

  

 )K��,1:  

MCV  (fL)  = [Hct  (%)  / RBC (10-6. mm-3)]  × 10 
 
 )K��,2: 

MCH  (pg) = [Hb  (g/dL)  / RBC (10-6. mm-3)]  × 10 

 
 )K��,3: 

MCHC  (%)  = [Hb  (g/dL)  / Hct  (%) ]  × 100 

  

Ok�
 �% T�  *$ s$�!$]�2H'��% O�G1  K�!

�E$�"	$ ����D �� 100 ]�2H' O�G1 �
 

��")' !�9� ~!��K�-� .OD �� �)��'  ���A�

OD.  

  

���� JI�4�!7" � �&��> ���  

 *$ O#�- �% 
�3' ��A?� $O"�$ 6j���� *$ ^�

 �)3� �'O�1� ��,# �� �1��� ��%�t =��k

OD )Brown-Peterson, 2011(.  �$�� ^�1


�3' &*� J9�D ���A� )GSI(2 � ��  J9�D

�O2( &*� )HIS(3 *$ .
�G"1$ �� O2( � 
�3' 6

 �E
 �� ]�"�W�
 ��*$��01/0 D &*� 4�'!OO  � 

                                                           

1- Mean Corpuscular Hemoglobin 
Concentration 

�B�$� *$ .
�G"1$ �� ��%4  �5 J9�D��% GSI 

)Tyler and Sumpter, 1996; Brown-

Peterson, 2011 ( �HSI )Patzner, 1980 (

.O!OD �21�,-   

  

 )K��,4 :  

GSI (%)  = (GW / BW) × 100 

WB: &O� &*� |WG:  &*�
�3'. 

  

 )K��,5: 

HSI  (%)  = [L W / (BW - LW)]  × 100  

WB&O� &*� : |WL&*� : O2(. 

  

 �,��L B�
*� � )0MI�  

 ��M!��- �)��X-�% J9�D *$ T� ��%

.*$O!$.��' ��� .OD ���' 6Y��-*� 
��- ��%

 *$ ^��1��� .
$
 &
�� ]�-�!�%  &�-*� +1��

z��'��#�(-z�!���1$ &�-*� *$ .
�G"1$ �� 6

T� ̂ !���$� ��KW��	�: )ANOVA ( OD 4�W!$

�  �$���3A- zd"9$ ���A� ��� ���-� �$


.��' *$ ����-*� ��%^�&�-*�  �
 � !$
B1 j

 &�3��:$95  Ok�
.OD .
�G"1$  \�H,� � ��KW�

.
$
�$K	$ 4�! *$ .
�G"1$ �� �% SPSS 22 4�W!$ 

.OD  

  

2- Gonadosomatic Index 
3- Hepatosomatic Index 
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N0���  

�
�O �>!�4, #�M��  

 a��"! 
�3' �1���
$
 &��! .
�- ��O#�- 

) ��( �%�-Cyprinus carpio(  ��,# *$

 :.��' �1 �
 �)3� �'O�1�1-  6�A1�� ]�@�


2-  � ����! .O�1�3-0i� �$�E 6.
�( �K��

.O3"D$
 %75  *$ .
�- ��O#�-.��'  
�O@ 6O%�D

%33  ����� *$1  �%25  ����� *$2 0i� �K��

�(}�% 
�3' .O!
  O%�D .��' �
 ��O#�- *$ T�


�2! ����! �'O�1� �H@�- �
6 �#�@ �
  �(

%33 �E�� ��O#�- *$  ����� �
 .O!�-1  �%50  *$

�E�� ��O#�- ����� �
 .O!�- 2  ����! �H@�- �


 ��3m�% .O3"D$
 �$�E �)3� �'O�1�%25 

�E��  �
 
�3' O�$� O%�D .��' ��O#�- *$ .O!�-

O!
�� �A1�� ]�@. �#�@ �
  ��O#�- 
$OA� �(

 �����1  �)3� �H@�- ��$ �
%33  ����� �
 �

2 6%25   ]�O�) 
��1 .��' �
 �! ��O#�- .(

 �)3� �'O�1� ����! �H@�- �
 �M�% O%�D

 O3"D$
 �$�E �( ���: �� ��O#�- *$ �
$OA� �


� 4��1$ ��$OX- 0 D �� 4$�� ���	 � *$ &���� ��

�- �K�� �H1�3� �G3-�( ����� ��O#�- �
 .
1 

 ��3�%50  ����� �
 � ��O#�-2% 667  *$ ��O#�-

.O3"D$
 �$�E ����! �'O�1� �H@�- �
 �!  �


�#�@ 
�3' �( %50 ��O#�- *$ �!  ����� �
1  �

%33 �� �
 ���2  �H@�- �
 ��%�t ��,# *$

"D$
 �$�E �
�3' �A1�� ��3m�% � � ��,# *$

�!��! �%�t�� � 0#�1 
�3' ��%O3"D$O! $� JX!  

 ]�O�)1.(   

  

 P�!O1 �� � �&�� �0!��� )
0�F� : ������" )Cyprinus carpio(  ��� Q
�R� �
�O �>!�4, B(��� ,&

 ���> )4)O��� �S0��<LB0���� �
������������ ����� �� �<�4  

H�
�O  �>!�4, )
(��  
���>��� �S0��<L  

!��� (!-,&)  ,���� 1* (!-,&)   ,����2** (!-,&)  

�&�� ��" �0!���  )T4�� P�(,& 25  3/33  25  

�0�3� �!�4, 0  3/33  50  

UR� �M0,�"�& 75  3/33  25  

�� ��" �0!���  )T4�� P�(,&  0  50  3/33  

�0�3� �!�4, 100  50  67  

 �M0, ?�V4��"�&  0  0  0  
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* : ���'�$�E .$��% �GH� <$�-$ ��A- �
�#�@ �
 �D�� )Stand by( �!$*�� 64  ��� �% � ���30 
�X�E 

** : ���'�$�EZ��� ��$�E�� �#�@ �
 .$��% �GH� <$�-$ ��A- �
 )Calling Mode( �!$*�� 64 ���  ��� �% �30 

�X�E
  

  
  

���� ��� �!7" � �&��> ��<� #��,�� �

GTH II  
 �!*� J9�D ��M!��- 6.
�- ��( ��O#�- �



�3' (GSI)  ����� ��O#�- �
1 )%8/3±8/7 (

 ����� � O%�D .��' *$ �"���2  zd"9$ �-$ 
��

�3A-.��' ��� ���-� �$
 
��� ����-*� ��%

) �D$O!05/0P> | ]�O�2 J9�D ��M!��- .(

 O2( �!*�(HSI)  ����� ��O#�- �
2 

)%1/0±3/0 ( ���3A- ��: ����� *$ �"�( ��$


1 ) 
��05/0P<�#�@ �
 � (  .��' *$ �"�( �(

 zd"9$ �#� 
�� O%�D�3A- ��$
 �D$O! &� ��

)05/0P> ]�O� |2 &$K�- ��M!��- ��3m�% .(

 &�-��%GTH II  ����� ��O#�- �
2 )1-lU 

25/0±75/0 ����� � O%�D .��' *$ �"��� (1  
��

 zd"9$ �-$�3A- �$
 �� ���-�&� �% �D$O!

)05/0P> | ]�O�2 6�! ��( ��O#�- �
  .(

 J9�D ��M!��-GSI O%�D .��' �
 

)%63/0±53/2 ����� *$ �"��� (1  �2  �-$ 
��

 zd"9$�3A- �$
.��' ��� ���-� ����-*� ��%

�D$O! 
��� )05/0P> .(  

  

  P�!O2���� #�M�� )
0�F� : &��> ��<� ���(GSI) !7" � (HSI)  #��,�� #�M�� �GTH II  #�����

�� � �&��  ��")Cyprinus carpio(  ,&O��� �S0��<L ���> )4)B0���� �
������������ ����� �� �<�4 

��W����) ± (&,�!���4� ��K�  

H�
�O  ����  
���>��� �S0��<L  

!���   ,����1   ,����2  

�&�� ��" �0!���  GSI (%)  a 14/0±7/2 a 08/3±8/7 a
 05/1±1/4  

HSI (%)  ab 01/0±6/0  a 14/0±8/0 b 01/0±3/0 

GTH II )1-lU( a 01/0±37/0 a 17/0±58/0 a 25/0±75/0 

�� ��" �0!��� GSI (%)  a 63/0±53/2 a 38/0±02/1 a 49/0±48/2  

HSI (%)  a 13/0±78/0  a 01/0±73/0 b 07/0±33/0 

GTH II )1-lU( a01/0±06/0 a 02/0±41/0 a 24/0±85/0 

*) �D�� �#�@ �
 .$��% �GH� <$�-$ ��A- �
 ���'�$�E :Stand by �!$*�� 6(4  ��� �% � ���30 
�X�E  



����� ��	
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���
������ �� ������� ��	� � ���
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**) Z��� ��$�E�� �#�@ �
 .$��% �GH� <$�-$ ��A- �
 ���'�$�E :Calling Mode �!$*�� 6(4 ���  ��� �% �30 

�X�E
  

 =��G"- z��@ q�
� �% �
&��! �3A- zd"9$ 
��� .O3%
 qH"i- ��%����� ��� �$
�1$ )05/0P<(.  

  
  

 J9�D ��M!��-HSI  ����� �! ��O#�- �


2 )%07/0±33/0 ( �� ��:�3A-��$
  *$ �"�(

 �����1 ) 
�� O%�D .��' �05/0P< ��3m�% .(

 &�-��% &$K�- ��M!��-GTH II  ��O#�- �


 �����2 )1-lU 24/0±85/0 O%�D .��' *$ �"��� (

 ����� �1  zd"9$ �-$ 
���3A- �$
 �� ���-�&� �%

) �D$O!05/0P> | ]�O�2 .(  

  

���� ���� ��� 

 �1���J9�D.
�- ��O#�- �
 �!�9 ��% 

J9�D �
O> ��M!��- 
$
 &��! ��( ��%


$OA� K-�E ]�2H' )RBC����H'��% 6( )Hb � (

) ���(����%Hct ����� &��%�- �
 &�9 (2 

 ����� �� �2)!1 ) �"�(05/0P> �� �2)! � (

� O%�D .��' � ��:�3A- ��$
 
�� �"�(

)05/0P<J9�D ���1 
��-�
 .( zd"9$ �%

�3A- ��$
.O%��- �%����� ��� O�! )05/0P> |

 ]�O�3   .(  

J9�D K�#�!� ��( �! ��O#�- �
 �!�9 ��%

 ]�2H'
$OA� J9�D �
O> ��M!��- 
$
 &��!

O�G1 )WBC ����� &��%�- �
 6(2  �� �2)!

 �����1 zd"9$ �#� 
�� �"��� �3A- ��$


�D$O! )05/0P>�#�@�
 6(  .��' �� �2)! �(

 O%�D �� ��:�3A- ��$
) 
�� �"���05/0P< .(

 J9�D ��M!��-MCV  ����� �! ��O#�-1 

����� � O%�D �� �2)! 2  �� ��:�3A- ��$



�� ��5�� )05/0P< \�	����! 
$OA� ��M!��- .(

 ����� �! ��O#�-2  ����� � O%�D �� �2)!1  ��

 ��:�3A- ��$

�� ��5�� )05/0P< ��M!��- .(

 ����� �
 ��1�G3# Ok�
2  �� ��:�3A- ��$


 �"�( ����� � O%�D *$1 
�� )05/0P<�
 .(  
��-

J9�D ���1 zd"9$ �%�3A- ��$
 �%����� ���

O�! .O%��- )05/0P> | ]�O�3  .(  

  

Y*�  

 a��"! Z�1$ �� �� .O-� �1
�
 �A#�B-  6�?�@

.
�- ��O#�- 
$OA� ) ��(Cyprinus carpio( 

0i� �H@�- �
 �( �K�� ��O#�- 
$OA� � O!
��

 �$�E 
�3' �'O�1� ����! �H@�- �
 �( ��!

 �M�
 ����� �
 �� �2)! 6O%�D .��' �
 6O3"D$


�GH� ��A- �
 �( 6O!
�� .$��% ��%
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 P�!O3���� )
0�F� : ���� ��� ��" ���� �� � �&�� �0!���)Cyprinus carpio(  ,& ���> )4

O��� �S0��<L)�<�4 B0���� �
������������ ����� �� ��W����) ± (&,�!���4� ��K�  

H�
�O  ����  
���>��� �S0��<L  

!���   ,����1  ,���� 2  

�&�� ��" �0!���  

  

  

RBC )3mm( 1490000±44347 a 1385000±43263 ab 1265000±23629 b 

Hb )g/dL( 9/0±0/3 a 8/2±0/3 ab 7/5±0/2 b 

Hct (%) 35/7±1/2 a 32/7±1/4 ab 30/2±0/8 b 

MCV )fL( 238/8±1/97 a 235/3±2/94 a 238/0±2/04 a 

MCH )pg( 60/0±0/6 a 59/3±0/7 a 58/8±1/3 a 

MCHC (%) 24/8±0/2 a 25/0±0/0 a 24/5±0/5 a 

WBC )3mm( 6617±1225 a 7467±1892 a 7850±573 a 

 B�9�����(%) 20/0±1/6 a 22/0±1/9 a 24/3±0/3 a 

 H�4�	��(%) 73/8±2/01 a 72/8±2/48 a 70/7±0/30 a 

H�4��� (%) 5/5±0/6 a 5/0±0/6 a 4/8±0/2 a 

 B�9��0<�Z�(%) 0/7±0/3 a 0/2±0/2 a 0/2±0/2 a 

�� ��" �0!��� RBC )3mm( 1323333±10541 a 1465000±54574 a 1385000±87359 a 

Hb )g/dL( 7/8±0/03 a 8/8±0/37 a 8/2±0/51 a 

Hct (%) 31/00±0/37 a 35/66±1/65 a 33/00±2/12 a 

MCV )fL( 234/00±1/51 a 244/50±2/01 b 237/66±1/82 a 

MCH )pg( 58/83±0/40 a 59/66±0/33 a 59/33±0/66 a 

MCHC (%) 25/20±0/31 a 24/50±0/22 a 24/66±0/33 a 

WBC )3mm( 4400/0±189/74 a 6816/7±764/38 ab 9500/0±1240/69 b 

 B�9�����(%) 19/0±0/36 a 20/0±0/60 a 24/5±0/85 b 

 H�4�	��(%) 76/3±0/5 a 73/0±0/9 b 69/7±1/5 c 

H�4��� (%) 4/2±0/4 a 5/0±0/4 a 5/0±0/6 a 

 B�9��0<�Z�(%) 0/50±0/2 a 1/20±0/4 a 0/83±0/4 a 

*) �D�� �#�@ �
 .$��% �GH� <$�-$ ��A- �
 ���'�$�E :Stand by �!$*�� 6(4  ��� �% � ���30 X�E
�  



����� ��	
� ���
���
������ �� ������� ��	� � ���
���	� �	� ��	
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**) Z��� ��$�E�� �#�@ �
 .$��% �GH� <$�-$ ��A- �
 ���'�$�E :Calling Mode �!$*�� 6(4 �% � ���  ���30 �X�E


 =��G"- z��@ q�
� �% �
&��! �3A- zd"9$ 
��� .O3%
 qH"i- ��%����� ��� �$
�1$ )05/0P<(. 

  

  


�� �"���  ]�O�)1.(  J9�D &$K�-GSI  �


 ����� �
 6��( .
�- ��O#�-1  �2  �� �2)!

�! ��O#�- �
 � �"��� O%�D 6��(  O%�D .��' �


�M�
 ����� �
 *$ �"���  .
����$ �� }�% ��� ]�@ 

 =��G� �%����� *$ T��3A- ��$
 .�D$O! 
���

 ��$ *$ ��i� ��O#�- �)3� �'O�1� �� a��"!

�- y���-.
�- 
$OA� �( $�l 
�D ����� ��%1 

 �2  ����! �H@�- � �
�3' �A1�� �H@�- �
 �(

 �$�E �'O�1�O3"D$
  �� 6&$O�i� 
��* &*� \�#


GSI "D$
 O%�D .��' �� �2)! ��"���O3  �

 O%�D .��' .
�- ��O#�- �N($ 
�3' �� \�#


0i� *$ 6T�i� *$ &$O�i� &OD �#�9 � �K��

 &
�� 
��* 6�%�! �
 .
�� �$
��9�� ��( &*�GSI 

 �M�
 ����� �
 �� �2)! O%�D .��' �
 �� \�#


 �
 O%�D .��' �! ��O#�- 4��� �( �1$ &�


�� �'O�1� ����! �H@�-� O!  4��1$ *$ *�3%

 .O�! �#�9 6�� ��$ *$ .O!
�� �� 0�W@ �
�3'

 5�� &*�D$
O3" �
 .�A#�B-�$6 Elebetieha  �

AL-Akhras )2002 =O- �� (90  *��

��-^#�� ��A- �
 $� .
�- ��% T� ��%

 O!
$
 �$�E �)�:�3;-��" #$ &$O�- � Y�$K	$

 ����� \��E $� .O%��- &$O�i� &*� �
O!
�( .

 �
 K�! ��( .
�- ��O#�- 
��- �
 s�?�- ��$

 .OD .O%��- �?�@ �A#�B-  

 J9�D &$K�-HSI   ��O#�- .��' �
 �%

 ����� �
 6�! � .
�-2  ����� �� �2)!1  O%�D �

 �� ��:�3A- ��$
 ]�O�) 
�� �"�(2 .(GSI  �

HSI J9�D �
 ���- � �r�#��K�	 ��%

�- c�)@ �� &��%�- \N-O�#�� =�A#�B- �
 .O3��

 .OD .
$
 &��! =�A#�B- *$ ����)� �1$ �
 �(

 � �A1�� �H@�-T�i� OD��%6 HSI  Y�$K	$

�- ����� \��E�#�@ �
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Abstract  
Nowadays, it is necessary to be considering the effects of electromagnetic waves 
caused by modern technology on fish. The effect of mobile electromagnetic 
waves (900MHz) was studied on some of hematological and reproductive 
parameters of koi fish female and male brooders in 10 days and in 3 experimental 
groups: control (without receiving waves), treatment 1 and treatment 2 (4 times 
a day and each time for 30 minutes in faced with mobile phones, in a “stand by” 
position and in a “calling mode” respectively). At the end of the experiment, 
blood samples were collected from the caudal vein and the blood parameters 
(RBC, WBC, Hb, Hct, MCV, MCH and MCHC) were determined with the 
current hematological methods. The level of GTH II was measured by radio 
immunoassay (RIA). The GSI and HSI indices were also calculated by measuring 
gonadal and liver weight, respectively, and their ratio with body weight. The 
reproductive success in the males and females of control group was more than 
the other two treatments. In both sexes, the HSI of treatment 2 significantly 
increased. The lowest mean of RBC, Hb and Hct was in the females of treatment 
2, and, the highest levels of WBC and neutrophil and the lowest percent of 
lymphocyte belonged to the males of treatment 2. The results showed that mobile-
induced electromagnetic waves produced numerous negative biological effects 
on female and male of koi fish.  
Key words: Electromagnetic Waves, Reproduction, Hematological Indices, Koi 
Fish. 
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