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;!�AO  
($)�� �� *����� +�  �,(
  #��-�.� �� �/0�1�	�� ��  2	3�4 #�560 �7�/-8 9��:�	�� �� �� *��$�4� �
8 +�, �/� .   2<�� �� =><,
 �4��
 �(�-�.���?@  �����  +�� 2	3�4 #�560)Zn ( C��) �)Cr (C�>D� ��    (<$)�� E<6�F� +�<,  +�Anodonta cygnea  �/<
 .

�/G�� 2�>
� 42 D/�D1 �����
 >� �($)�� 2�� I.�� �� +� 1>�J��4 ��	�� �� +��4   �G6K �
 *�3L����8µg l-1 125  (
 #�560
 N� �� (D�7�>O #�/%���� 27 ���* >D>� *��� (PO�/� . ����I� � ��?@ ��5	� ���
� Q/.4∆C/C0 C�>D� �� 560 �� �,  �(
O +�,

 R/� �� �: � S��JD�:/@�T, �9L
8���� *��>D� (�-�.� >� +�	7 . Q/.4��:1  #�/% (
 +�� 560 �<��� ���   Q/.<4 �� �@U�<
 + <��:1 
 �/
 C��))01/0 < P .( ����I� �� �@��$@��:1 C�>D� �� +��  Q/.4 ��� �>LD *>,�L� E6�F� +�,��:1 C�>D� �� C��)  �/
 #��$�� �,

) 9L
8<  S��JD�:/@�T,≈  �:< (
O .(��L	
�2   R/<� �� 560 �� �, ��?@ ��5	� (<PO�/� ����    C�><D� (<
 X/<
��    � 9<L
8 +�<,
 � S��JD�:/@�T,���)(
 Y6��� 5	D ��?@ ��>I� 2� �/
 (
O .�
�D  +�,∆C/C0 (
4���  �� *>�1�, C�>D�      (<
 C��<) 5<60 +��<
 �,

 #�/%���� ��� +)01/0 < p (��L	
 �� �/
 #��
Z 560 �� +��
 �8 ����I� [	@�@ � �/
 +�� �� :Zn : S��JD�:/@�T,<  �:<   (<
O< 
 ]9L
8Cr  : (
O<  S��JD�:/@�T,≈  �:< 9L
8 .(�-�.� 2�� ^���D (
 (O/@ �
� ($)��  +�A.cygnea (
  1-5�� ����� _`�� N�

�	�� �� C��) � +�� #�560 �7�/-8 �� ��P�L	: 2��	� a8 +�, �/�.  

!�� =�<>�� :��?@  ����� �($)�� +� �, �2	3�4 560�	�� � �
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1 .P�!��  

    ><D����
�� (<) �<4� �<6) �@��
Z 2	3�4 #�560 �
 c�5<
 ��@� ��� �
 +560 �%��Z   �� �<@40   � �<4�

 � �,><<<	D��DU ��)�<<<` ���<<<	6d ����<<<	6d #�5<<<60
 �<<�D e��<<� �� �,><<	�	�)8  �/<<�)Abel, 2002 .(

�<<G6K �� 2	3�<<4 #�5<<60 �/<<fg  ��<<h8 i<<) +�<<,
 *���, (
 �� ��������� �G6K �� () �D��� �  ���,

��<<L	
  Q/.<<4 ��e<<
�d e<<��@  �� �J�j/<<-/�5	0
R/64       ��<?�� ��<4 ��<h8 �>�<��
 (�<��� �/fg �,
�<<� �) ><<�)Banfalvi, 2011 .( �� 2	3�<<4 #�5<<60

  �<� 5<	D a�	�) �%��Z  ><���D�     2<�� �� �<`�
 ��<��
 5	k�<<D ����<<I� �� �<<%��Z) �� �<<��)µg g-1 100 (

    a/<6.� N<�j/-/�5	0 ����<� � [4��� >�� +��

R/64  >D��	D ��/� �,)Bowen, 1976.(  

   +���<<<l *��<<<7 �� �� 2	3�<<<4 #�5<<<601  �
+���<<l�	K2 N<<	J$@ e<<
�d � ><<D)Banfalvi, 2011 .(

  +���<<l #�5<60 �/<m�,  �<<-�
))Co(n<<� � )Cu( �
 2<<,8)Fe( 5<<�3�� �)Mn( �><<
	-/� �)Mo( i���<<D�� �

)V( i	<<<<�D���4� �)Sr( i	�6<<<<4 �)Se ( +�� �)Zn (
 �<<oFL� ��<<��� +�<<,��J6�Z ]><<D����-�<<g�� (<<) 

 +���l�	K #�560�/m�,   C��<))Cr(  */<	O �)Hg( �
 a�<<4)Pb ( N	�<<4�8 �)As ( ><<d�0�<<, 7 9<<ID (<<D/

 ��<<<���(�`��<<<� *><<<�  � ><<<D)Simkiss, 1981; 

Williams, 1981 .(  C��<) � +�� #�560 ���	� 2�� ��
*>��U8  ��  +�,iP� �	��   a/<��� 2��	� a8 +�,

 �<�   >D/<�)Buhl & Hamilton, 1990; Liobet et 

al., 1988; Pawlisz et al., 1997; WHO, 2001 .(
+���� iP4 
�� �D��D� pL�� �
 +�,  5<60 �� 2�� (
 X/

 (
C/
 ��7��4 �,  +���� �<
 (<���I� �� �
8 +    �<
 +�<,
 ��	
� +�,pL���8 �,  ��	�
 ��<L	
   �<4�)WHO, 

2001 ( ()iP� �@�2 �8  #��<
Z �, � �� ><D:  a�<�:   +�<,
q�
 ��K�
� ����%  N<�` +�,    � a�r ����<% �*><��)
 s�<<4 +��8�<<0   (<<�F�� ��D><<�� +�<<, +�<<7  ��<<,

(D�`��) (L	� >	-/@ +�,    ��O�<�D ����<% ���
�8 �
t�` 9��4�0 �a/k �u�$g � ���	@ #��	4p@   +�<,

                                                           

1. essential 
2. non-essential 

 �`/<4 v���g� � ��	����: ����% �+����L)   +�<,
 �6	<<�0)Towill et al., 1978; Langard & 

Norseth, 1979; Liobet et al., 1988; Buhl & 

Hamilton, 1990; WHO, 2001; Abel, 2002 .(  
   �<� +���<l �<%��Z 9,�)   <
 ><D�/@  #Uw�<`� (

   *><D� #��/<O/� �� �J�j/-/@�: � �J�j/-/�5	0  �<?��
 �/<<�)Forstner & Wittman, 1983 ( 9��5<<0� �

�8 Q/.4  �<G6K �@ �,   D��<48 +�<, 1 e<
�d  e<��@  ��
�	��  ��
8 +�,p@h	     ><,�/` *��<�, (<
 �� ��<4 #��

  �<���)Forstner & Wittman, 1983; Rainbow, 

2002 .(�560 >D���d +5
8 #��/O/� �� +���l #  +��<

�J�j/-/	
 +�,��	D ���) =���
     ><�,� �<�?@ ��<�

  Q/.<4 2�� �,�7 () (�<��
D�   *><� ��<L	
   ��><I� ��
D ��/<<<�<<<	�� (<<<4��: ��  �<<<4� �J	-/
�<<<�� +�<<<,

)Pecquenant et al., 1969; Coombs, 1972; 

Rainbow, 2002 .(�G6K () �D���  S��4� �� +�,
 �<<G6K �� ��/<<�    �<<@��0 �J	-/
�<<�� +�<<, 2<<�� ����
 >D���d #��/O/�(
      �� +���<l #�5<60 i	I�<�� �/<�

 �� >��) �0��8 �,  �<0�
 �� ��      #�/<% (<
 �/<` +�<,
[	4�@ R/D��7 �� (�0��   *�<	`r �D>�� +�,�   x/<d� ��

p@h	 �8 ��<4 #��    +�	7/<6O �<,  ><��))Rainbow, 

2002 .(�� N	@��4/b�/, i	G�@    #�5<60 �<�?@ >D�/@
  (D��<48 y.<4 N� �� �� @ +�     2<�� �<7� � ><�) i	<G�

 �>,� z� ��?@ y.4��?@  �����    */I-�<
 �	�<4 �
    ��<�0� ><,�/` v�<$@�)Burry et al., 2003 .( �<�?@  

�����       �<4� 2<J�� +���<l�	K #�5<60 i<) {��
�D
i�	D�J� �� ���D �	�4 +�,   �� 2	3�<4 #�560 �����

 �<
     ><��
 +5<
8 ��<7�P�)George et al., 1980; 

Chavez-Crooker et al., 2003.(  
 ��	� ��   ����<�7 1<���� _`�<�   +�<,  ���<���

($)�� +� �
 �� �,��7 �, +5
8 ��7�P� � () >D (<
   �/<�
9��: �� *����7     *��$�<4� �<.	�� +�<, �<�  >D/<� 

)Sanders, 1993; Livingstone et al., 2000 .(  2<��
#��/O/�� *>	-�: {�@>�Z ()   i	I�<�� S��@ �� � ��/`
9<<F
 �<<
  +�<<,*�/<<-8 ><<�� <<�� �	)#�
/<<4� � a8 (

_`�<<� �>��<<�,   �� S�<<�g ��	<<�
 ���<<,1<<�	�� 
�7�/-8  ���	�	� +�,(
 �� ����   ><D��)Fournier et 

al., 2001; van Duren et al., 2006 .(�8  �<, ���d ><D 
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 +���l�	K � +���l #�560 �� +���� ��	�
 Q/.4 �@
�<<<0�
 ��  �/<<<` +�<<<,�<<<�?@  ��<<<���  ><<<�,�

)Golovanova & Frolova, 2005 .( ��5	� �2	�m�,
C�><<D� �� #�5<<60 �<<�?@ � a|<<O  2<<�� E<<6�F� +�<<,

   �<�	D ��<�J� #��/O/�)Farris & Van Hassel, 

2007 .(2���
��
�      �� #�5<60 N<	����� ��<�0� �<4��

��@ �� �-/64 ���0�
 Q/.4     �`��<� �<PO �-/6<4

 Y	d�#��	hp@      �<6) ><D�� �<
 �8 X�<
@�� � �%��Z 2��
 �<<	�,� �/<<O/� y.<<4 �� �<<�?@ ���� �<<D����0 . ��

�-�.� 1 ��l�g��?@  �����  +�� #�5<60   �� C��<) �
 (<$)��   2��	<� a8 +�Anodonta cygnea (Linea, 

1876) C�><<D� ��/<<@ 2	<<�m�, �  �9<<L
8 �(<<
O +�<<,
 (<$)�� 2�� +�: � S��JD�:/@�T,    #�5<60 a|<O �� +�

 �<<GD ��/<<�  �<<4��
><<� . e<<4��A. cygnea  ��
�
 aU�@ ��/
 ��7�P� 
8 � �,   �-��<� �g�/<D +�,�	3

    ��	<�
 9�)��<: 5<	D �D�PO y.4 �� () �4� �/L)
*���<<�7  ���� +�)Pourang et al., 2010 .( =><<,

   (<D/7 2<�� �	
/6.� ��5	� �4��
 �(�-�.� 2�� �6%�
 +��
   #�5<60 ��<��� 9��: #��-�.� �� �8 �� *��$�4�

 � 2	3�<<4(<<
   �� C��<<) � +�� #�5<<60 �}�<<` �/<<�
�	�� 
 2��	� a8 +�,�/. 

2 .0�� � #�.� �$  

2. 1.QQ�3� �PQQ".	"  PQQR �# ��QQ$  S���QQ% � ��
�$��-����'  

 ��><<<�@50 (<<<$)��  +�Anodonta cygnea  �r8 ��
1391 R�<<D�) �� <<I.�� a8 +�<<, 1>�J<<��4 � +��<<4

)36°48́46́ ΄N, 53°6́57́ ΄E ( (<<<<
 � �<<<<����

>� *��� R�I�D� *�3L����8 .*�3L����8 ��� ($)�� +�   �<,

 #>� (
2  (�$, �<
 +�     ���<F� �� ����<� �<
 Y
�<.@
 Sw7�
��<<<060   >D><<<� +��><<<P3D +�<<<�	- . a8

*��$�<<4� *><<�  a8 ����<<F� 2<<�� ���<<�����6) ><<�� 
   � �<�� (<) �/
 +�P� i��	4pH    �� [<	@�@ (<
 �8

���� 115  �@17  ��D�<4 1O��   ���<7 �7    �<@ 4/7   ���<d
���� . ~	<,    ��� R/<� �� �,��|<K (<D/7 �  � Y
�<.@

��� 2	�m�, �1PO�/� =>% >LD C�?D� #�560 �
 �,.  

2 .2 .3/�.� �PR �# �� ����� �6 �$  
�
 �G6K S�4� *��$�4� +�, *>�   �<6
d #��-�.� ��

C�?D�  ����I� 2	�m�, � *>�LC50   2	3�<4 #�560
(���� (D/7 +��
 *>� ($)�� E6�F� +�, +�   a8 +�<,

 2��	�)µg l-1 80  *��� N� ��100  �@ +���µg 

l-1 20800  N� ������ 24  ]+�� 560 +��
 ��Z�4
µg l-1  5  ����<<
�  �D�<<��12 (<<�$,   �<<@ +�µg l-1 

14000  #><<� ��96  C��<<) 5<<60 +��<<
 �Z�<<4 (
)Naimo, 1995; Rainbow, 2002; Anandraj  

, 2002; Azarbad  , 2010( �G6K �µg l-1 
125  560 �� �, �� (<
  1<-5��  �<G6K    (<PO�/� +�<,

 2	<<	�@<<�> .<<	P@ �<<PO1 R/<<6��  �� +5<<60 +�<<,
N�D  +�,ZnSO4  �K 2CrO7 >� *��$�4� .  �� n<:

 C�<<<�@����� (<<<$)�� Y
�<<<.@ +�  ����<<<� �<<<
 �<<<,
 ��>�@ ��,�3L����842 �8 �� �>Z  �
 �,����1  �-/�

7/12  �@3/13 ��D�4  ���  �� � a�<F�D�7    �<
 *��<7
 >D>� i	�I@ +���� ��>�@)1  ]>,�� *��73  *��7

 ���	@Zn ]3   <�	@ *��<7 ��Cr .(    2	<	�@ �/<G�� (<

 Q/.<<4<<��:1  (<<PO�/� ��<<K8 �� 9	<<: �#�5<<60�  ��

C�>D� (�-�.� +�, *>� (D/�D +����
   ><� . 2	<�m�,� 
 ����: �� n:27 
 ��� +��   �� #�5<60 ��><I� 2		�@

($)�� �� >,�� *��7 +�, �8  �,(D/�D   +����<
 ><� .
PO�/�1 ($)�� +�  N� R/� �� #�560 �
 �,���� 27 

���* �?D� � >� C+��
 *��>D�     #�5<60 �<G6K +�<	7
��?@ C�>D� �� (�0��    +�<,��� �� ��<,3 �6 �9 �18  �

27 *��7 �� (D/�D ���	@ +�,  +����
]>� (
 +�/�  ()
�� (D/�D ��
 �, �� x/�?�     5<60 �<, +��<
 +����
3 

>� (�0�7 �GD �� ���J@.  

2. 3. ��!"� ���� ��.
T� ���*� �$  
(D/�D ($)�� +�, +�  �
����   *><� +��<
    �<4� (<


 >D><� 2��/@ �@ ��� ����8 .  (�<4/: �nT<4  +�<, 
�8  �, � �>O�/@� C�>D� (
 X/
�� ��0�
    �(<
O +�<,

 �����
 �: � S��JD�:/@�T, �9L
8 <�> . <
+��   (<

(D/�D ����8 �4� *�/@ 2�� �NL` +�,  ��0�
 +�,

 #>� (
48  +��� �� �Z�475 ��D�4 1O��   ���<7
>� *��� ���d ��8 ��>D .*��oZ  (<D/�D �� +�	7   +�<,

 N<<L` ��0�<<
�<<
  e<<J@��: S�<<4�Fukunaga  �

et al. 

et

 al. 
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Anderson )2011 ( ><� C�?D� .   �� #�5<60 Q/.<4
*��oZ  +�, (<
  �<4�      *�3�<4� �� *��$�<4� �<
 *><�8

ICPMS (VG PlasmaQuad 3-VG Elemental, 
Winsford, Cheshire, UK ( 2		�@�>.  

2 .4 .B��T� � DV�W P6 DV�W X����� DB�"P��7  
.
�� �� *��$�4� �
 �
�D 2�� 1∆C/C0   ><� (
<4���] 

(
 +�/�  ()∆C :   *��� +�<P�D� +5<60 +�/��� =w�`�
 ��>I� �� 1��:C�>D� �� 560  � �,C0 :��: �G6K 1�/
 560. 

2. 5.����' ��$��?�"'  
 �� *��$�<<4� �<<
 +��<<�8 #�
<<4���C�<<D  ��5<<0�SPSS 

F�D1 0/19     nD�<���� 5	-�<D8 �/<��8 � N<�  (<0�� 
�0�7 C�?D� .1�,   2	3D�<	� #�/% (
 ^���D± SD 

 y.4 � (�������� ��� #��$@ ��/
   �<,05/0 < P  ��
>� (�0�7 �GD . =��<7     C�<D �� *��$�<4� �<
 �<,   ��5<0�

 e�)�2013 >� i4�.  

3 .Y��
"  

3. 1 . ��#�����7� ���  
 Q/.<<4<<��:1 C�><<D� �� C��<<) � +�� #�5<<60  +�<<,
�<<4��
 *><<�  R�><<O ��1   *><<� (<<�����<<4� .

�� x/�?��   �� +�� 5<60 Q/.4 1<�,  C�><D�    (<
 �<,
 eJ�  �/<`��  PO/<@ �)01/0 P < (   5<60 �� ��<L	


�/
 C��) . #��$@ ~	,���� ���   <��: Q/.<4 2	<
 + 1
C�>D� �� +�� 560 �4��
 +�,  *><�   ><LD *>,�<L�] 

�� �@�/% C�>D� 2�� �� C��) Q/.4 ()    #��<$�� �<,
�/
. (
 +�/�  ()��L	
�2 L
8 �� ��>I� 9)µg g-1 

DW 329/0 ± 418/1 ( ����)  (<
O �� ��>I� 2�
)µg g-1 DW 087/0 ± 361/0 (*��>D�   ><� +�<	7 .

5	D �3�� C�>D� �� ���     2	<
 � �/<
 (
�<L� 560 ��>I�
���� ���d (
O � 9L
8 (
 X/
�� ����I�.  

 5�671 . �9.:)µg g-1 DW (
�;&  �� 2��3 � (�� ,�-./2�6<� �=;>%�?= 	@A�B 	C�7 (CD3�� �� �; � E��F<� (� A. cygnea  

�; E��F<�;>%�?= @A�B C�7  
a 958/1 ± 978/6  a 938/1 ± 501/7  a 273/1 ± 793/6  a 983/0 ± 834/5  +��  
b 254/0 ± 756/0  b 154/0 ± 761/0  a 329/0 ± 418/1  c 087/0 ± 361/0  C��)  

 ��	�� =���D� #�/% (
 ����I�± �4� *>� (���� 2	3D�	�.  
  

3 .2. �	
�  �
���  
C�>D� �� C��) � +�� #�560 �G6K   �9<L
8 �(
O +�,

 R/� �� �: � S��JD�:/@�T, (<PO�/� ����   eJ<� ��1 
�4� *>� *��� ��LD . �� +�� 560 �G6K 1�,C�>D�  �,

��� R/� �� � (PO�/�(
   �/<� �<��� ��� +)01/0 P < (
��L	
 �/
 C��) 560 �� .���)   �� �<, a|<O ����I� 2�
 � 5<60    ><� *>,�<L� (<
O �)µg g-1 DW 457/2 ± 
562/9 :Zn ]µg g-1 DW 331/0 ± 916/1 :Cr .(

��L	
�2 *��>D� a|O Q/.4 +�	7    �� +�� 5<60 *><�
 9<<<<<L
8)µg g-1 DW 092/5 ± 762/23 ( �

 S��JD�<<<:/@�T,)µg g-1 DW 488/3 ± 413/25 (
���� �/O��-�g�� ]  ()��L	
�2   �� C��<) 560 ��>I�

 9L
8)µg g-1 DW 987/0 ± 208/5 (*��>D�   +�<	7
>� .��LD (
O �� #�560 ����I� #��		�@ >D��  ><�,� �

L��50��  ��� �@ t>D� ��� �?��>@18   5<60 �� �, +��


�/
 .       ��� �<@ C��<) 5<60 +��<
 9��5<0� 2<��27   (<����
 ��� �� ��� �����27  9,�)���� ��� +)015/0 P = (

    ��� (<
 �
<�D +�� 5<60 ��>I� ��18   <� *><��> . ��
C�>D� �3�� �,�  *��� e) �� 560 �� �, ��>I� ~	<,   (<D/7

��>D ��LD �L,�) .9L
8 ���  ��<L	
�2   �� a|<O9 
�8 �� n: � ���0� v�$@� R�� ����  ��>I�a|O >��   5<60

(
 �0�� 9,�) ^��>@ .*��>D� 560 ��>I�  +�<	7   �� *><�
  R/<� e) �� S��JD�:/@�T, (<PO�/� ����    ><D�� N<�

 �@ �� �L��50���� ��LD *��� ����: . 5	D �: �� ��<L	
�2 
 �� a|O9 >� *>,�L� C�� ��� .    5<60 �� �<, �<G6K

>,�� *��7 ���  ����: �� n:27  #��$@ �������� ��� +
 �
�D �� (
�G6K  ��>D ��LD (��: +�,)05/0 P > .(  

3. 3 . ��#���∆C/C0  
 ��>I� �
�Da|O >��     �� (<��: �<G6K (<
 560 �,

 C�>D� �,)∆C/C0) ( R�>O2 (��LD   �����L	
 � 2�
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�<<��)  C��<<) �<<o�Z +��<<
 �
<<�D 2<<�� ��><<I� 2�
(<<
   (<<
O (<<
 [<<	@�@)298/0 ± 31/4 ( 9<<L
8 �

)052/0 ± 673/2 (�<<��� Y<<6�@ ]�� �@�/<<%  (<<)
���)       (<
O (<
 X/<
�� +�� 5<60 +��<
 �
<�D 2�

)067/0 ± 639/0 ( ���<<<L	
�2  (<<<
 Y<<<6��� �8
 9<<<<L
8)066/0 ± 498/2 ( S��JD�<<<<:/@�T, � 

)293/0 ± 388/2 (�/
 . ����I�(
 �4�   +��<
 *>�8
 �� +�� 5601�, C�>D� �/
 C��) 560 �� ���) �,.  

 5�672 . ��6'� ���< �
��'�HI7  C�J�� �9.: C� K6�)∆C/C0 ( �� 2��3 � (�� ,�-./2�6<� �=CD3�� �.L�� (  (�A. cygnea  

�; E��F<�;>%�?= @A�B C�7  
b 046/0 ± 448/1  a 293/0 ± 388/2  a 066/0 ± 498/2  c 067/0 ± 639/0  +��  
b 017/0 ± 298/3  b 057/0 ± 298/3   c 052/0 ± 673/2  a 298/0 ± 310/4  C��)  
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4 .P
�
" � ZT6 ���<  

��: Q/.4 1 #�560(
 �4�    ��<LD (<�-�.� 2�� �� *>�8
     �#�5<60 �<
 (<PO�/� C><Z � ��	
� ����� �� () ���

    �<4� *�/<
 C��<) �� ��<L	
 +�� 560 ����I� .  �<G6K
($)�� �� +�� +�  ��	
� �-�g �� �, 2	
10   �<@mg 

g-1 DW 20     �<4� *><� ���5<7)Bryan, 1973; 

Mauri et al., 1990; Bustamante & Miramand, 

2005 .( Q/.4 1<��:     (<$)�� (<4 �� +�� 5<60  a8 +�
  2��	<�Lamellidens marginalis �Lamellidens 

carrianus  �Indonaia caeruleus  2	<<<
28/5 ± 
2/356  �@µg g-1 38/7 ± 8/977 ���57   �<4� *>�
)Waykar & Deshmukh, 2012 .(�
    ���5<7 S�<4�

Molokhia  �Sleem )2011 ( ��>I� 1��:  C��<) �o�Z
($)�� ��  +�Caelatura (Caelatura) companoi  �

iJ�  +�:Cleopatra bulimoides (
  [	@�@520/1  �
mg g-1 wet weight 100/1 �4� *�/
 .(
  �/<�  �<6)� 

�G6K  �� E6�F� �%��Z +�,C�D  (<D/7 2	
 ���@   +�<,
  �<	0�u �� #��<$@ e	-� (
 �E6�F�/    }�<` ���<D�/@

(D/7     #�5<60 �<�?@ �<� i	<G�@ �� �,�    �<4� #��<$��
)Abdullah et al., 2007.(  

    �<
 (<.
�� �� �<D����0 #��-�.� �<�?@   ��<��� 
($)�� �� 2	3�4 #�560 +� C�D ���4 � �,  C�?D� ���@

  *��� ��<LD � �<4� (�0�7    � 2<�� (<) ><D�  #��/<O/
     �� 2	3�<4 #�5<60 �� +��<�� ����<I� ��?@ �	6
�d

  ><D���)Deforest et al., 2007; Metian et al., 
2009; Fukunaga & Anderson, 2011; 

Molokhia & Sleem, 2011 .( �� �, +U�
 ��?@
��: Q/.4 (
 �
�D 560 1�8 �, ��LD >�,��   ���<D�/@

($)��  +�Anodonta cygnea *�	`r ��  +��4 2��
  �<<
 (<<PO�/� #�/<<% �� �<<%��Z�8 �,�<<4 . ^��<<�D

 #�<<�-�.� �� +��	<<�
)Pourang et al., 2010; 

Fukunaga & Anderson, 2011; Waykar & 

Deshmukh, 2012 (    ��5<	� (<) �<4� *��� ��LD
       5<60 x/<D � (<D/7 (<
 (�<�
 2	3�<4 #�560 ��?@

   (<D/7 � �<4� �<	��� 2	3�4     +��<
 E<6�F� +�<,
�	0�u �2	�� +�%��Z  >D��� �@��$�� ���?@ +�,

)Paez-Osuna et al., 2000 .(   ��5<	� ��/<
 ��L	

    �<� 5<	D �� C��<) (<
 �
�D +�� �G6K    (<
 ��/<@

 � �o�Z 2�� ���) �	�4+���l    �
<�D �8 ��/<

��� .�o�Z +�� 560 () �?D8 ��+  � �4� +���l ��

 *>D� #��/O/�9ID     +��<J6�Z � +���`�<4 +�<,
J�j/-/	
� ���� )Banfalvi, 2011( �<� ��G�D� �  ���

      eJ<� (<
 C��<) 5<60 �<
 (���I� �� �8 Q/.4 ()
 �/`�� PO/@ �    5<	D (<�-�.� 2<�� �� () >��
 �@U�


 ><� *>,�L� ��	�l� 2	�k .  <�$7 (<
 1Metian  �
 ����<<J�,)2009 ((<<$)�� +�  �/<<O� �<<
 ><<D���d �<<,

�G6K  +�, �<:	�2      (<
 ��	<�� �� +���<l �<%��Z
� +�,��	D ���) =���
 �/G��   2<�� �/<` N	-/
��

�0�
 �� ��U�
 ����I� �@ �� �%��Z   *�<	`r �/` +�,
�) >� �(
 .4�� 1�D/	4���6	0 �	-��0  �/`  #�5<60 �

 ��>g �@ 5	D �� +���l�	Ke
�d e��@ �0�
 ��  +�,
 �/`��O �)>�.  

C�>D� ��	� ��  +�,(�-�.� *>��    �� 5<60 �� �<G6K
     ��<LD (<) �<4� *�/<
 ��L	
 S��JD�:/@�T, � 9L
8

��   c�5<
 C�><D� �� 2�� >,�     +�@U�<
 ��<��� ���<�D
 ><D��� 2	3�4 #�560 �
 (PO�/� �� �: � (
O (
 �
�D .

�
  #��-�.� S�4�C�?D�  *>�)Regoli & Principato, 

1995(�    C�><D� �� #�5<60 �<�?@ ��5	�    E<6�F� +�<,
 <<$)�� #��/<<O/�( +�   �<<4� #��<<$�� .<<�-�.� �� 1

Metian  ����<<J�, �)2009 ( �� �P
�<<L� ^��<<�D 5<<	D
     �/-�J<<4� �� 2	3�<<4 #�5<<60 a|<<O �<<
 (<<.
��  

Adomussium colbecki  ���57 (<
 ]>�  +�/<�   (<)
��<<<L	
�2   � 9<<<L
8 �� #�5<<<60 a|<<<O Q/.<<<4

�/
 *��� z� S��JD�:/@�T, .   �5<	D +�<3�� #��-�.� ��
=�<<%  �	<<�� �� #��<<$@ �� �<<GD #�5<<60 �<<
 (<<PO�/�

 �2	3�4��L	
�2     �<4� *><� �<
h 9L
8 �� a|O
)Viarengo et al., 1981; Pourang et al., 2010; 

Al-Subiai et al., 2011 .( ^��<<�D���5<<7  �� *><<�
 ����I� �
 (.
����?@ �0�� 1 �: � (
O �� 2	3�4 #�560

�-�.� ^���D �
 /��, 5	D 1 �l�g]�4�  (<
  +�/<�   (<)
� ���4 (
 �
�DC�>D     2<�� �� #�5<60 �<�?@ Q/.4 ��,

 C�><<D� ���<<:	�2  �<<4�)Metian et al., 2009; 

Pourang et al., 2010 .( ���Stewart )1999 ( ����I�
��?@ �0��1       ���<4 �<
 (<���I� �� �� (<
O �� C/	���<)
C�>D� �4� *��) ���57 �@U�
 �,.  

 ^��<<�D (<<
 (<<O/@ �<<
*>,�<<L�  �� *><<�1<<�	�� 
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�
�D  +�,∆C/C0 ��   ><�k (
 ��/@ <�JD1   �/<`��
 (O/@  *�����)� :�
�D 2	
  +�,(
4���  +��
 *>�

   ���� �/<O� �<4�4� #��<$@ 560 �� ] (<
  +�/<�   (<)
�
�D  +�,(
 �4�     C��<) 5<60 +��<
 *>�8 (<
   �/<�

���� ��� �� +1�, C�>D� �4� *�/
 +�� �� ��L	
 �, .
  �<� ��<LD 2��       #�5<60 �<�?@ e	<�D��: (<) ><,�
C�>D� �� 2	3�4 �,  #��$�� �7�/-8 x/d� ����� ��

   �<�	
� ����<� �� #�560 2�� ��?@ ��5	� ��)  (<

�G6K �
 (PO�/� �@��
Z  �� �%��Z 2�� ��	
� +�,

�	�� �
8 +�, (�/
 >,�/` . �
<�D 2	�m�,   +�<,
(
4���    C�><D� �� 5<60 �<, +��
 *>�    E<6�F� +�<,

��LD () �4� #��$�� >�,�� C�>D� #��$�� ��/@   �<,
6K ��?@ ���G  �<4� 2	�� 560 N� +U�
 +�, . ��

 #��<$@ 2	�k �/O� (
 +�>��� #��-�.�   �� ���<,
     C�><D� �� �<�?@ ��5<	� � 5<60 x/<D �
 (.
��   �� �<,

    �<G6K �<
 (<PO�/� ����<� � ��	
� �����   +�<,
��	
��	K  �4� *>� *���� 2	3�4 #�560)Kadar 

et al., 2006; Choi et al., 2007; Wang & 

Rainbow, 2008; Hedouin et al., 2011 .(
�� x/<<�?�� �<<�   �
<<�D (<<) �<<$7 ��/<<@∆C/C0 

    C�><D� �	<4��g ��5<	� �� �
<4��� _`��   +�<,
�4� 2	3�4 #�560 ��?@ �� E6�F�.  

C�>D� �� 2	3�4 #�560 ��?@ � a|O >D��  +�,
R>� �� E6�F� �� �	�
@ �@��$�� +�, >�) .  ^��<�D

    C�><D� ��<Pk �<, �� () ��� ��LD ��) (<
  ����<4� +
(
O �� +�� ��?@ ( �
��L	
    �(<PO�/� ��<�� �>�

�0�� 9��50� 560 ��?@ ��5	� .  +�� ��><I� 9,�)

)n: �@��
Z (
 ��  �8 �<,� (   �<4� 2<J�� <
 �  �<h�
[	48 x/d�    2<�� �� 5<60 ��?@ �� ���D ��0�
 +�,

 +�<<3�� #�<<�-�.� �� (<<) ><<��
 *�/<<
 C�><<D�)Al-

Subiai et al., 2011 (    �<4� *><� ���5<7 5<	D .
Wayker  �Deshmukh )2012 ( ��5	� 9��50� 5	D

  ��� R/<� �><� ��L	
 �
 �� 2	3�4 #�560 ��?@ �
($)�� �� (PO�/� +�  ���57 2��	� a8 +�, �<) *�

�4� .  (<�-�.� 2<�� ���     �@��<$�� �<�?@ +�,><D��
C�>D� �� C��) � +�� #�560 +��
  �<4��
 +�,  *><� 

 *>,�<<L�<<�> .(<<
 �/<<�  �+5<<
8 #��/<<O/� �� �<<6)
�7��� ,  (<D/7 }�<` �J�j/-/�5	0 +�  +� �/<m�, 

z�D �a|O ���>D��  �<7��� � #�560 �0� +�,   +�<,
�� #��$�� ���	�	�/	
     �� �� #�5<60 �<�?@ ><D�/@

�0�
 C�>D� � �,  E6�F� +�, �<�@     ><,� ���<d �	hp<@
)Scaps, 2002; Ernst & Frey, 2007.(  

 ^���D (
 (O/@ �
(
 �4�    �(<�-�.� 2<�� �� *>�8
�	4��g ��5	�  e	�D��: � �<,   C�><D� �� N<�   +�<,

($)�� 2�� �6`�� +��      _-�<` Q/.<4 (<
 (<O/@ �

 ����I� 5	D � #�560 ��?@(
 �4� >�8�    (<
 X/<
��

∆C/C0� +��
  #��$�� �7�/-8 x/d� Q/.4 �4��

 [4��@ ��8 �,  ��(
   Q/.<4 2		�@ �PO +�	7��)

 #��$�� �7�/-8�4� . (<$)�� x/�?� �� ���  a8 +�
  2��	<�Anodonta cygnea  (<
  1<-5��   N<� <D/71 
 [4���+��
   9��<: (
 X/
�� #��-�.� �� *��$�4�

 2	3�<4 #�560 �7�/-8�  (<
   C��<) � +�� *�<���  ��
�	�� �� ��P�L	: 2��	� a8 +�, /��.  
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