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1.  Biomonitoring 
2 . Xenobiotic 
3.  Bioindicator 
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4.  Comet assay 
5.  Ecotoxicology 
6 . Micronucleus 
7 . Sister chromatid exchange 
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2.  Phosphate Buffered Saline 
3.  Fetal Bovine Serum 
4.  Leibovitz Media 
5.  Baseline DNA damage 
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_�  4��5 0�0! ��8
���^585  =�*�M �98�5 4�3
 4�II�� � �Q
��II$ �
�	II! ��4 �#��II5 �IIG�� ��	II7 

4��0FS� 0�0! .   ���I�� WI*�8b ��6 �12 �24  �48 
  �� ZI- �1�5 �8IH  4	I
7 � .
�I��:   4�I3  .��I5

  T
IIII5: � �98�IIII5 4�IIIIV� ��YIIII
�DNA  4��
�8
II���^585  �98�II5 4�II34��0IIFS�  (�8II* /0II!

�b	7.  

2 .2. ��5� ��S� (,	�  
4�	� �5�	� ��Y
� 4�V� U8�5 �3 ��  ����� W*�8b�� 

 c��d��  4Y
�: ��I^
	$  8I��1  /��)#I5�  0I! . 2
0I� 
T
$	$ =; ���� ��  �I3  �	I>� ��8I� 4 ��  	I
�  �8I3 � 
�
�	! W
	#5� �� 	3 P��0�-� lµ 30  �8
I���^585 
U8�5 =#!��	� � ��    U8I��� �� 4��I�� <�M ��I^
	$ 

8�� 4/0 0*�� �=  ��8H�8�r� 0! .Z^5 lµ 10 �� 
2II
� �8II�r� ��II�8m� nA 4��2 WIIV#�� � �� 	II
� 

�8Q5�	Q
� 4�8� 0! �5�	� .U8�5  �I3�
  =I;  	I
� 
�8Q5�	Q
� �� d�� 0��8� � ��y4 �: �3 <9�5  �8I� 

/0�� � U8�5 �3�
 =; d�� ��: =#b	7 0��8� � ��y4 
�: �3 /0
;�	] �8� /�	� �� 	>� =#b	7 0�0! ) WQ!
1( .Z^5 �� /��)#5� �� �9���� 1 0*�� /0��  �0I��� 

U8�5 �3 =�5���  0!)Anderson et al., 1994(.  
  
  

) =9����1(       %	�V�	 =
/0��	4�3	U8�5	��0�$	

/0!	c�� !	4�3	U8�5	W;
× 100   

 

2 .3.  ��R��TB� (,	�DNA  
/��0�� 4	
7  T
5:DNA U8�5 �� �3 �3�� ��8H 4

c�� =�    (�MRI*� �;0I�� �� �
�
�_ ���; .��5
  �IIb	7 (�8II*)Mitchelmore & Chipman, 

1998( .�=   ��I�� �� =I*RH �8�  �I3   �	I>� ��8I� 4
  �� �8IG8� Y�	_ U8��7 �8
���^585 U8I���   4�I3

4��0IIFS�  ���II7: �II�5/0  0II*��(w/v)  �IIDV� B�~
2

�-3   ��I�� =�1:12   �8I�r� 0I!  Z^I5 � 4��

nA �3 4.!8- 4���  0I! =#r
�     =I
F$ WI�_ �� =I;

                                                           

1.  Trypan blue exclusion 
2.  Haemocytometer 
3.  Low Melting Point Agarose 

 �8I� /0! .nA  �I3     	b�I� U8I��� �� =I�8 � 4��IM 4
Y
9 0I��;� (2.5 M NaCl, 100 mM EDTA, 1% 

Triton X-100, 10% DMSO and 10 mM Tris, 
pH 10.0)  /0! =
F$ /��$=�     �� �1�I5 NI
 (0I�

 4���4 �#��5 �G��  ��	I7   0I�#b	7 ��	I_ .  =I���� ��
nA           �II3   (0II� =II�20    	b�II� U8II��� �� =IIV
_�

 �
�I
�_(300 mM NaOH and 1 mM EDTA, 

pH>13)   0II! /��� ��	II_0�   NII��$ =II� Z^II5 �
0! WV#�� ��8b�	#Q9�0�  ���8b�	#Q9�   (0I� =I� 25 

=V
_�  4��� �4 �#��5 �G�� ��	7   0I! n�I��� )25 
 ��9�270  �I�
�  	I^�:.(  nA �: �� ZI-   �I3   =I5 ��
 n� M5 	b�� ���� =V
_� �v�H  4��I5 )  Z
	I$4/0 
��A8�= pH 5/7  (  0I! /��� ��	I_0� .   n�I $� �� ZI-

nA WIIM�	�  �II3 �II�  0II
��	� <
0II
$� )µg/ml 20( 
d�� 4Y
�:  0�0I!      �I-� �8QI5�	Q
� NI ; =I� �

Z��5�8w8�b  )Zeiss, Germany(  �  2
���� =� YF��
   0II�#b	7 ��	II_ /03�II�� ��8II�) WQII!2 .( 4�	II�

� ;   T
I5: 4��5DNA�� �  	I3 nA   ��0IM100 

� U8�5=   B�Ir#�� �b��Iu$ �8�   T
I5: gDI5 �  �I3 
 ���
���0! .
<F� �� �Q �3	#����- 2
	$   (��IL_ =;

 =� /���� T
5: ��Y
� ��8� ��DNA   �: 4�I��� 	�
 n�III����III� �8III!�   �III ; 0III*��DNA  ��

�� =I9��(%DNAT) 4   �I5�)Konca et al., 2003( 
 =I;   XI�� I9����� 2  �I�  n	I�   ��YIb�V 1.5 Comet 

Score™   ���
���0!�  �� =I9���� 2
� T  =I9����5  �
H 	56  ���;�5�.  

  

)9����� 2(  

  

%DNAT = 100 × (DNAC — DNAH) ⁄ DNAC  

2 .4. � Q��� �����
� �  
�      �8II��: �� /��)#II5� �II� �II3	
p#� ��8II� U�II�	

 0I! �5�	� P8�	
 5� P�	78 98;.   4�	I�  �I�
�V�
 (��)$ T
5:DNA  2
�U8���   4�I3 4��0IFS�  �

���� �3 4�87��87 ��  U�QI5�	; 4	#����-�� �8��: -
 gD5 �� Z
9��95 0*��  �  /��)#I5� �;8$ �8��:

0! .  

                                                           

4.  Percent tail DNA 
5.  Tail 
6.  Head 



 *��� +,��� �
��$ �,���*��-./!  �0�� 
12 3!1#!456   *789�/!� 
�#: )Oncorhynchus mykiss( ���: =��, �,1& �%�
� =
�> ?-0 �� ����207  

  
  

3. U��%� 

	�Y
9��: ��5�  �I3  4��I�: 4 	
?KI$  �8#;�Ib  �I3  � ��I�� 4
 �
II��4��0IIFS�  �98�II5 4�IIV� 4���II���  ����8II� 

)05/0<P ( � ���	
?K$      /03�I�� �I3�8#;�b 2I
� WI��V#�
0�� .U8�5 4�V� 0*��  �I3  ��8IH 4 4��0IFS�   �� /0I!

D
���F 4FBS  �L-15 ���� �� �3 4  (��I)$ .
���:
���� 4���  ��03�! /�	7 0�  U8I��� �� �I�� ��!�PBS � 

 ��12  f�	! �� Z- �1�54��0FS��  /�	7 �� =�
�V� ��
 03�I!�   .3�I; �I��� ��� )05/0<P (    4�IV� gDI5 ��

 =II�8 � �98�I5  �I3 44��0IIFS�  /0I! ��� {�.  4�IIF#�� ��
 .
�II��:   �� �98�II5 4�IIV� 2
	#II�
�U8�II5  4�II3

4��0FS�   U8I��� �� /0!FBS    0I! /03�I��)32/81 
0*�� (�      (0I� 2I
� �I� �98�I5 4�V� ��Y
� 2
	# ;

 U8��� =� �8�	�PBS )24/46 0*��( �8� ) U�0G1 .(  

  

 BC$1. 41�, *�E� =��, �
1F& �0� �!12 * 3 G��H!�  *5��81�� 
�I
�&  

 )J1�,�.�� K��� *1�, ?L24 �0 K��& � K��: MNO �� H!� K-!� *K-$ -!� (  

 BC$2 . �,�� �#, :DNA 41�, 3!1#! 0� QR �#, 	-0�$ K��S * :41�, 3!1#! �0 �� *DNA +�,8  K-
� )3!1#! �0 �3  T�1U��%,� 

3J��!�  K-0� � �����  -!1$ +�,8 -U�� 	-$�� �% �� 3J��!� 41� 3R �0 3:DNA �,� �% ��(  
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 4�-O1. ��/!��9  -U���E�* J1�,� �� 3!1#! �0* 
12 K��& )-0�$ (� *��-./! -$� 0��� 456 78* 9�/!� 
�#:  
  (Oncorhynchus mykiss) 

����  
)�1�5(  

 ����*��-./!  

L-15  FBS  PBS  
0 )-0�$( a 03/2 ± 33/94  a 03/2 ± 33/94  a 03/2 ± 33/94  

6  a 95/3 ± 74/86  a 58/3 ± 45/87  a 80/3 ± 11/81  

12  a 46/4 ± 45/84  a 12/4 ± 54/83  b 57/6 ± 93/72  

24  a 53/6 ± 73/82  a 03/5 ± 34/84  b 83/6 ± 61/59  

48  a 38/7 ± 36/79  a 97/4 ± 32/81  c 16/7 ± 24/46  

 (��)#� Z
8�A�� 4��)9� P�	M �� 	
��V�����  �0�3� (��)$���� ��� )05/0< p (�5� ����� W*�8b �� .)�
S��
2 ± ��
�� P�	���(  
 

II5:
T DNA �� U8II��7 �II34 YII�	_ 3�II�� UYII_ A:4 
2
S��  ��I ;  =I�  (�8I* � I
S��
2  0I*�� DNA  =I9���� ± 

  �� ��II
�� P�	II���) WQII!3 (  �II5� /0II! /��� ��II�� .
 �8#;�Ib  �I3   �
I�� � ��I�� 4 4��0IFS�    (�	I?� 2
I�} 3 �

   T
I5: 4�� 	I� W��1 �� 2
� W��V#�DNA  �I��� ���   �8I�
)05/0<P  .(   (��I)$ ��I��; .��5 e
�#� 4���: 4�3Y
9��:

�II��� 4���   T
II5: 2
II� ��DNA   4��0IIFS� �� �II!��
U8�5 3�U8��� �� ��8H 4 �3 4FBS  �PBS ���� ��  �I3 4

24  �48 ��� ���� . 2
� (��)$ 2
�} 3PBS �L-15    YI
�

��II�� �� �II3 424  �48  f�	II! �� ZII- �1�II54��0IIFS� 
���� ��� �8� .   (��I)$ �I�� �I��� 4���   2
I�FBS  �L-15  ��

�
II3 2
II�  ��II�� �� NII
 �II30II�� /03�II�� 	II>� ��8II� 4 .
   T
I5: gDI5 ����; .��5 e
�#� X�� 2
�} 3DNA 

 ��U8�5  4�34��0FS� �
�� �� /0! �34L-15   �FBS   �I�
 .
�Yb� ���� �!s7���� 4��� ��  	)* ����) 03�I! (  �0I
-

�� ��	Q��9�M =�8 � =;   �I3 4 4��0IFS�   �� /0I!PBS�  ��24 
   f�	I! �� ZI- �1�5 4��0IFS�    gDI5 qH�I! .
�YIb� �

�
5:�F  0���� ���� ��)05/0<P ) ( WQ!3.(  

  

  

a
a

a

b

b

a
a a

a
a

a
a a
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a

0

10

20

30

40

50

60

70

80

0 6 12 24 48

%
 T

ai
l D

N
A

 

 
���)�W�,(
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 BC$3. ���1#! X&��T�� YZ, ,8�+ DNA 41��S �0* 5��6 0��� 456 78* /!��9 
�#: )Oncorhynchus mykiss (��-./!* K-$ �� 

41��� �0* FBS	L-15   �PBS �� =
���8 



 *��� +,��� �
��$ �,���*��-./!  �0�� 
12 3!1#!456   *789�/!� 
�#: )Oncorhynchus mykiss( ���: =��, �,1& �%�
� =
�> ?-0 �� ����209  

4 . 8 VW��, %�  �� I  

4 .1. �Q�5� ��S�  
� 5 ��8� �98�51 �
9��b UR#H� =� �3 /��!� �98�5 4

 =; ������ c�� �3 4�87��87�  	
>�d�� 4Y
�:   ��I^
	$
8�� -    	I� =I;  4�I��� /��0I�� 7 I
	4  �S]��I^Q
  �I�y4 

� 5R-�
 U8�5 �5�-  �5�	� /0I!  �I5�  �  .��I5
 =#H��! U8�5 4�V� 0*���� �8!  . e
�#� 4�V� .��5

 U8�5�5� 2Q � �= (0!  ��$	
?K$  �
��4��0FS� 
 ��	_ �	I
7.   �I5�	� �� =I�
�V�    �#>b�I�� �	IQ� 1 4�

D
���IIF =II�9�D� 2II
� �� 4��0IIFS� 4� FBS  �L-15 
0��8� 4	#F� (�	?� 4���� .oA8*�    =I
�- �
I�� =; �����

��	5 W Q� �� 0���� FBS ��y 0!�� /0!� � 5 ��8� 
  /03�I�� 	# ; �98�5 �I�  �8I!  )Bols et al., 2005( .

  =II; �II5� /0II! c��YII7FBS U8IIQ98� 4��IIM �II3 4
�#�: 0���� �#��)M  ��0
I�;�  �I3  �I5   =I; �I�  I��8$ �� 0

	
?KII$=II�87 �II)�� (� �II3U�II�b �J
II�;� 42(ROS)  
0�; 4	
78�G .��2
�   (�I�9�D� �� �� <I5    2I
� �I5��!

 �	#
�/	
$ 4��   �I3  �98�I5 4B:  I
���    �
I�� oA8I ��
  �I�; �I
�- L-15    /�	I 3 =I�10  0I*��FBS    ��8I�

   ��	I_ /��)#I5� �I�  �	I
7 )Schirmer et al., 1997( . ��
 	S
� P	� 0*��4�V�  U8�I5  �I3 4 4��0IFS�   /0I!  �I�

G��� (��	M  �
��4��0FS� ���$�� �8Q��   =I; ����
oA� #M�  ��  �H8I5 �1	I5 .3�; �    �I5� ��$	I� ��I5 

)Hartl et al., 2010(.  =�9�D� 2
� ��=�8 � �3 4��� �� 

4 �#��5 �G�� ��	7  e
�#� =� =G8$ �� =; 0�0! 4��0FS�
�
�� �� �98�5 4�V�  �I34FBS   �L-15 )  U�0IG1(� 

�=  	>���  05� 4�	� ��� 2
�4��0FS� =�8 �  �I3  �8IH 4
0!�� T5��� �3�� . �� 7 ����� �8!  <F�    WI��1 2
	I$

U8��7 ��R5 j)M ��  �I3 YI�	_ 4�    �� 4��0IFS� �I�
U8���  �I3 4 �87�I�87    4��0IFS� �
I�� �#
�A8 I5� �
 �5� � =� =#�����K  ��3�� ��8� 2
	
! B: �
 �
�
��

0
��  �� .
-X
_� 4��5 U8�5 2
� 4�	�  �3 <
>�$ �8I! .
 �� ��9�D� ��PBS U8�5 �� ! 2
	$A�� �3 �� /�	� 4 ��

�� =�
�V�  �
�� ��4��0FS�  �I!�� 	S
�    2IQ � =I;
 �5�=�  �I�1   �#
�A8 I5�  2

�I-PBS )mM 159 ( ��

 �
II�� �� �II� =II�
�V�4��0IIFS� 0II!�� 	IIS
� . (��II)$

                                                           

1.  Cytotoxicity 
2.  Reactive oxygen species 

� �8H 2
� =#
�A8 5�PBS  �5� 2Q �  B: n8�3 =�
U8�5 WH�� =� �3  	���  4O8I98b�8� �� 	

p$ �� =; �8!

 /�	 3�5� =#�3 T
$	$ 2
� =� �  �3  =�0* �5� 2Q �
0��
��  ���       0I��
 .3�I; �98�I5 4�IV� 0I*�� �I
�F�

)Ramsdorf et al., 2009( .  �#
�A8 I5� �
I��    �I3 4
4��0IIFS� FBS �L-15  =II� TII
$	$ 322  �mM 315 

�5�  =; 2
	
! B: ��
3�� �8H =����)   U�Iv� 4�	I� 

mM5/292  ��Salmo trutta )Potts & Parry, 

1964( ( �IIII5�)Pérez-Camps & García-
Ximénez, 2008; Ramsdorf et al., 2009(.   

4 .2.  � ��DNA  
=�  .
�Yb� ��1=G8$  ���; .��5 c�� �� /��)#5� =�

 ��  ���0I
� �#I�
� .
�- (��9�D�3�    �8I�F� � XI
�D$
NIII
�Q$  4�III34��0IIIFS� =III�8 � �III3 NIII
O898
� 4

�II G 4��: �II� /0II!  jII)M P0II3�S]��II^Q
 DNA 
 �5� 4��	6)Hartl et al., 2010( .  =I]	7�  2
0I�]
 4�	II� c��4��0IIFS� =II�8 � �II3 �� /��)#II5� ��8II� 4

 WM�	� �� ���; .��5�87��87 �:  ��F�I�
-   /0I!
�5�  =� G �: �� =;�� ��8$ =� 4��0FS� nA �3   	b�I� ��

Z
Y
A       �� WI�_ /�I� 2
0I�] �I
 TI! N
 (0� 4�	�
 � ��8IIb�	#Q9� �II
 �
	II5 ��	II; NII�HnA  �II3  �� ZII-

 ��8b�	#Q9� �	I; /��!� )Hartl et al., 2010(�    	I3 =I�

 U�M4��0FS� 0����5� 2Q � (0�  ��8�D��� (�	

p$
 ���
� ���; 48S9� �� �� 0�; T�5 �� .
���: 4�DH �

�8! (Belpaeme et al., 1998).  
    �S]��I^Q
 jI)M 	I� W��81 �� 4��
��DNA   	I?�

�II�  0II���s7   ��IIb�� f8II� =II� G �: �� =II;�
II�� 
Q
Y
b �
�
 
!8  (0I� � /0! 4��0FS� �: �� �b�� =;
 ����4��0FS� �5�.     � WI��81 2I
� WI���$ U�M 2
� ��
��II?:  �� �II!���:  	II� �II3��#H�II5 DNA =II�  �#rII5

 .
I-  �I�
�  	
sI-   �I5�)Dawson et al., 1998( . ��
 =�9�D� 2
� ���; .��5 �I�Q!  4�I3DNA    �I�
H

 98�II5 �� �� 4	#II�
��F 44��0IIFS�  �� /0II!PBS  ��
�II� =II�
�V� FBS  �L-15 ��� ��II�� .=II� ��II�� �8II�= �

�9�D�� Ramsdorf     �#>b�I�� 	I?� 4�� .����IQ 3 �
�
�� �3 4 4��0IFS�  �87�I�87    �IQ
#�O 4�8I#�� 4��
=�8 �         �98I �� �8I^; �3�I� �8IH YI�	_ U8I��7 4�I3

                                                           

3.  In situ 
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)Cyprinus carpio (  =II; ��� ��II��=II�8 � �II3 4
4��0FS�  �� /0!FBS   � 0I��8� /0
� �� T
5: 2
	# ;

 �: �� Z-PBS  �EDTA  �� =I�$�     ��	I_ 40I�� 4�I3
0�#II!�� )Ramsdorf et al., 2009(. �� II�9�D�� 
 4	S
�4�� U8�5 �34  �P0* �
�58 3(��)$ 4��
� 

�� =�0* =� DNA �
2 U8�5 �3 4 4��0IFS�  /0I! �� 

D
���IIF41HBSS  � L-15 ��  4�II��4  �IIG��
�#��5  ��	7  0I�#b	7 =�
#� � 0�� /03��� 	I3 ��   2I
�

D
���F �	�4  �
�I58 3 4��0FS�  P0I* M. edulis 

�� T5��� �
�	! �= �8>�� ���
���  .��I5  �I��;  =I� 
(0� W_�0M �)3 ���  TI5���  0I�� .  =I#�9� ��
�I!   	I;~

 �
II�� �#
�A8 II5� =II�9�D� 2II
� �� =II; �II5� �II3 4
4��0FS�  ��Y
� ���Yb� �� /��)#5� ��8� TI5���NaCl  

�#
�A8 5� ��Y
� =�    <
I>�$ � /0��I5� P0* ��98 3
0! �8� /)Hartl et al., 2010( . 2
I�} 3Olivier   �

 �� .����IIIIIQ 3=IIIII�9�D�  4�IIIII�8 ��  �8IIIIIH
=�	7 �3��(Ictalurus punctatus)   �� =; �� 4�3���4 
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