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Abstract  
Zebra mussel (Dreissenidae polymorpha) is capable of filtering great volumes of water due to its high 
population density. In this study, Nitrate and Phosphate removal capability of 3 shell masses (20, 40, 
and 60 gr) in urban wastewater was investigated based on filtering rate measurements (using 
simultaneous phytoplankton, chlorella, and Scenedesmus cultures) and indirect absorption of nitrate 
and phosphate in open and closed systems with 3 to 10 replications. Open and closed systems showed 
a positive correlation between shell weights and Nitrate and Phosphate filtration rates (R2 =0.99) but a 
negative correlation between influent Nitrate and Phosphate concentrations and their filtration rates 
(R2=0.97). Increasing of shell weights in the open system resulted in absorption rates of 0.08-0.2mg.l-1 
of the shell dry weight for Nitrate and 0.02-0.04 mg.l-1 for Phosphate. In the closed system, these rates  
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were 0.03-0.11 mg.l-1 of the shell dry weight for Nitrate absorption and 0.01-0.02 mg.l-1 for Phosphate. 
These results show that shell masses have a low nitrate and phosphate removal efficiency, especially 
in the case of phosphate, and they can not be, therefore, recommended for urban wastewater treatment. 
 
Keywords: Urban Wastewater, Nitrate Removal, Phosphate Removal, Dreissena polymorpha.

������� 

�� (�'� �A�*� :$)�� !�L@��u/uuJ�A� 
 �� �� %� 3�F�# 

�/�(�'� �#�# T�&<�9 #�$�� �2��' �2 
 3��/ #�$� �� %� 3F�# .���
7�/ ��� !0�1�8 �L�@�� 
�.D�9 
 0�
� 0��1�� ��#$�	� �� %�$�9

 #�� 0���$)/ �+����2� 
 ��S' .��� %�<�" b��A�A�9 ��y	 !3�-#
 �3�/ �.I�� R$�' ��2 
 %n
���" R
# �2 !�L@�� 
�.D9 �� pV
 �3���23V 
 ����1&C)/ 3���8� %$���  �9L&<���� G������ 
 �3���2#�H"

 �� %$�'�&�.2�9$2 ##�� ]�[.�&2n$�	$�� 0�1�8
� (�2M� T��	# 
�
 �� ��" �� �2����8 
 �&2M�� 0�18
� �2�' 
� (CI"
+2M- �- 0��-

 ��Q� �� 0��H<��V T��	# 
�� ��+,�- 
 �2����8 #�$� =�D� �� �8�"
 ���6�# ��I��V �# �3��"���*�� �2������8 b���C���9!��I���' 
��� 0���-

�&2n$��	$������ �#�
� 0
� #$��8 ]�[.
 �2���"�$9 ![���A�9 ���2� �# 
=3��F �2������ �3�+I��2�# �����$� ���)V c%$���'���)�� �� �#�.���'� ����

 W�)] �C)/k�'3+' 
Z$m
 b����" (�)h ��A�I���h �-�� �# 
(��� ���* �'��� #�$� \�18 �L@�� �# b�.I� .�"�
 
 b�"��

 :�' �#�uu� =3�F J�'$9 �.I� 
 %n
���" (��2��� _$DY�# 
�3�+I2�# ����$� �)V !0��� 
� �2�# �#e3�"#�# R��N"� �� ^9��A�A�9 

]�[.3+	�- :�' �# M�" %���&�- 
�uu� 3�"
� 
�� 7�/�� !b�����o9
 0�,- X�)Y �# 0`o� #�$� \�1��)hq�� 3�6� 
 TC* !0��� 
 �2�# 


�$ ; �3�+I2�# ���$� �)V 
�8�# ^9�A�A�9 3�"� ]t[.
�	�A� �# ��� 0�
 
)�'
 
� 7�# 
 %$�'���)�� R�" T�'�� ����l��2� b���Q� �� �9����8�

 ����V 
� �2�# �� (��.�� �� =3Fr��V ��' ��' ��� 
�"�Y#
� 


 M��/ J'$9 :�' �# %���&�-�uuu('� �38 P��M� .
�I2#�9s:�' �# �uu� �# !Z$��'3+' �C)/ 
] #�] P��M� 

=`�; G���� T���] �$�> 
�� !\�1�8 �L@�� 
�.D9 
2$"�Q 
);��
 ��
# ��2 ^> ��IV �� �.I� 
 b���t�#$��; 
 �3�2#�� 
����'d

:�'�#�uu� �3-�<� #�� #
3�; W��)] 
 Z$��'3+' ��C)/ 
�] 
��� !b�� 3F�# �.I� =`; 
�.D9 
);�� \�1�"� �# �� ¢��"$�� 

�� 32��" ]�[.

1 Dreissena polymorpha 
2 Chlorella Sp. 
3 Scenedesmus Sp. 
4 Erie 
5 Hatchery 
6 Zebra mussel 
7 Pepin 
8 Tredici 
9 Hammuda 

-�H<2���� J2��8 �# [�A�9 �2� �#��� �#�.��'� ��� �L�@�� !
�# 
�,"� 
��<� ���)h �� 
 ��
� 
 R$�"$�� b�.I� �2����8 0�-#$�

 ��� (�'# 
� �38 
�.D9 �L@�� ?2 3�8 
��19 !3�2�.��2� p��' 
?�C)/ (<�� J��� �� ����- �L@�� �# Z$��'3+' 
 W��)� 
#

 (��� ���* �$]`� =3F ����Y� �# 
�I� 
 ��� J��� .
�);�� ��- �#
 W��)� \��1&C)/ %$�'���)�� %�M�� 
�I� 
 ��� ��I�' �# �2���� ��
 �# 
�] =3�F \��- �#$9 %$�'���)�� %�M�� ��+,�- 
 Z$�'3+' 


\�1"�
��!t�
��3�2#�� ����69 !3�"#$� �3�8 �����"� R�� .��2�
����2� !��] �� 
);�� �- �# �-��9��(�2�1" �# 
 3�8 ����y9 ��� !

�#�# \
� �� \���� M�	�"�
 T�)�9 
 
2MN9 (��� b�$F �-.
���G1	� 	 ���� 

=3F �)V �3�+I2�# ����$� �1�8 �# 7�*�
 ��N9 
�"�Y#
� BD�� �� 
��'07�/ !�
�0�� 32# .
"$�" p�' 
 3�8 �#�# :��A�"� %���19 
� �-
���0>���
# �����'08�" Z��'� 7�� 
�b3� 
� TA" 
 T�; �� 
�� ��$�� �# �
�2���* �(��� .���0���3"� 0��� � %�$�9 ���) %$��'� 

� 
# !=3��F����> �� Z$���'3+' 
 W���)] %$���&"LV$�[��2 P
� 
#�L��cf 
��2�cc 38 �#�# (<] .���0�2� �$�+� 2��S� ?0�/�

	���0�� !2	 ?�
	$	 �� �� <���18 0�V��32#%� 
� 36� 
��/�
!��
� R�����/�9 R�� �3' b�.	$'$2
 ������/���)] R��� 3�2 

���-� �#
M����3��8 p���' !�����)�� �����	 
 W���)� (<��] ¢$���'� 
n$�	$�� �3&<�-
5V �� 
� Z$�'3+'0�#�2�0�1�8 �# 7�*�
 �M�Y 

��'019�#$� �38 
!:$)�� 
� �#
M�� 38 ?�� 
� 
2�$�- ���V ?
=�D� �� ��W 
!�/2%�-#�$- �-#�$" 
�� �# 2��� ��(<�� J

#�� �-���23.�J�� �� 36� (<] ��9��R$�)� 
�� 
 �3�8 MC�' �
� 
��3'� .�N"� ���2 &<�9 #�$�� 
]��1�8 �L�@�� �3�+-# T0I�� ���

��� E$��+���.D��9 
 3��8�����H�- 
����2� B��	�* �# #�$��� ���2 �n
���V �
%�&�� `V2�����+� !#$C" �2&<�9 �#��� 
# ��!�L�@�� �3�+-# T2�+6�

"��$+D� �$> 
� b�.I� 
 b������)h �� 
��# 
�,"� 
��<�� �2?
.D9 �L@�����-#$� �� �#�.��'� ��� !#��# #$�/
 �3�8 
0�8�����2

)"$�� b�.I�$���
� 
 R(���� �#238 
�Y�' ��H<.
'�' !��� ��I���I��/ %� �# 
� ('� �2�/
�Y %���L�@�� 
' ���� 7�# 
 �38 ���Y ��I�' 
 ##���� ��I ' !
�I ����I�(�'� 

�/ %� �# 
�2�/
�Y %��' #��
 K�#3�N� �L�@�� ��
�� 
 �3�8 ��I
 
10 Gillard 
11 Rhiter 


���� � 
������ ���	�
 ����



71

�/ %�$+�2#
�
 %�0�� T��� �L@�� �3�+� .(�1/ ��I��' 
��19 
�2���� 
&<� !�0�N; 
� ��� 	����# 
� ��0�2�8?�(�I�* �# �

�V�2
 �L�@�� %M��� %�$�+� 
�� #$�� %� �$��� ���" �# %$��y"LV
 38 
���� .�8H+)�
�28 
� %� �' ?�# ��' 
 TD��� 
&<�� �2��H

 =�� 
� %�t�� 	���0� #��
 �#
�
 %�$+� 
� !380
�� �L�@�� 
=���t��	�����0�# �1�3��F ���A���'� T���� 
��] ��I���'������ 2�

���$�+� 38�� ��32# .�2?��8 # ~+)2" ��H �� �/
�Y %�$�+� 
�� M�
!�L@��2=�� 
� %� �' ?t��	���0�' 
 TD�� #2�# %� ��H

�I�'���� �# ��� �)�9 T��� %�$+� 
� 
] ������* !#$�� �L�@�� 

(��� )Ty8�(
' �#��> �� 
�I�� ��I �2 [�2K�#3�N� ���V �
�� 

#
�
 %�$+�0$��� �L@�� %M�� 
� 0$��� #��
 %$�y"LV��3�8
)Ty8�(.

���� R�N"� �$�+� 
�2� �����)�'�3��� !%$���# �� =3�F R�� 
# ���* =3F ���A�'� _$D�� =��8 
 �#����9 �#��� ��� �� 
&<� �

�/2� #��
 Z$�'3+' 
 W�)� ����- 
� �L@�� %�2=�� �)=��
 =3F ���A�'� (38.> �#�%��� b3� ��� *# ������ �� 
A2��- !�

��*#�
��A2
��"$�" ����C& �����0$����� �L��@�� �� 0��%$���&"LV$�
#
�
0)���A��'� =�� 
���=3�F �#$�9 R��� (

�"$�" ����0��
L@�� $��� �0��/
�Y %$�&"LV$��)���A�'� =�� ����R��� 

=3F �#$9 (3�� T�� 
� %��M�- �$> 
�.��2
�"$�" ����2J�'$9 ��1
 ���3"� 
� 
 ~"�'��)�� ���	 R�N"� ��38.�2T�� �(.- �# 
�C9�� 

�#$9t�
��=3F R�� !�#I�'�� R�N"� 
�I� ��
 32# 0����� ��- 

"$�" �� 
 ���� ��I��' �- �# 3�8 ����&9 ���� X+�V !
�I .������ M��"

 � P���8��.�'� ��� !%$�&"LV$���'��- RW �� �#��R��N"� ���$x"���$�
(��� .�2���� �2��-�#�
 �#$9 �-�" ��9��#�� ���y9 ��� 32.
�

�'��� �$�+���8����L�@�� )���" (��)h �-��� %�M�
 b����
b�.I��� (�#��I���'����� �� 3��6� 
)��F��L� 
�I��� 
 ����� 
��&)� %#��

8�!�L�@�� %M��� �2 ��N; 
�� 
�"$�" ?t�� �' ��'��	
� �� ��
#
�
0�� 36� 
 �L@�� ��� *# �# 
"$�" !
A2�H0��N; 
�� t�� 

'�'��Y� �� 2/
�Y ��38 
���� �L@�� .����2�0��- �8 ���
�L@��2+6����3"� ���0"�� �# b�.I� 
 b���2A�9 ��Z�'��� [
�18
�0��j ��'� ����� �# �3�8 �� 3��� #��3"� 
3��� T��� .� �# �2 �
A�9�������� [0���3��"� �����0"�;� P
� b���������0#0����� 
 �#��
0

���3"� ���0P
� b�.I� 	$��#�"�
�b�3�Cc���
�)� �2�.I�� ?2?
'��3(�� ��� 
� .

1 Vanadamolibdat 

&%���$ن "! ����ب
و",)'+�*()�����'ن

�ب��� !" .���,/1 %0��2&

&2��1 ا7���)56ار
 0��'د; :��9ف 

&2���1 *@'*���. ?���,5ي از ورودي

 AB5و���C ,5ي از���. ?��1 *@'*��2&

AB5و��Cورودي

 

/^1_�'�.D9 ��� ��I�� 
�n$	$2y�

&%$ن "! �ب
و",)'+�*()'ن 

�ب !" .,/12 %0&

&12 ا7)56ار
 0'د; :9ف 

Dاز ورود D5,? .*'@* 12&

 EB5وC از D5,? .*'@* 12&

���

/^1��'�.D9 
�I� ��I�
��n$	$2y�

�������	�
 ����
���� � 
� 



72

���� R�N"� �� pV2��-��- ��<�;� 
 ����� !�2�#$�9 �� ���-0

�'$V �� =3F ���Y %�88��# �# 
 30t��"�' 
/�# �
�� 
 #���

 b3�t����* %
� �# !(��' (��� #$8 ?<Y �9 .B��9�9 ��2� 
� 
�1�3F �#$9 ?<Y %�
 3��� (�'# 
�� .� #3����'���)�
�S��� �� %$

� �I+��/ 
3�� ('#]�[

)�(
wt

)C(Ln)C(Ln
VwV nt0t

×

−
×=

%� �# 
�:
Vw:��� %�M�'���)�BI;�� %$�)�� ���	 ��- �# 
�A�*# ��� 
�� 0

=3F �#$9 �<Y %�
 R�� �-�
V:=��� �N;)�#$�9 ���A��'� T��� ��-0' �# =3�F ����I (

BI;���)�� ����	 
Cto :� (���)h���F %����� �# %$���&"LV$� �.)���- �# #�3��69

��)�	���(�
Ctn:� (���)h��V �# %$���&"LV$���2������ %�2�)���- �# #�3��69

��)�	���(�
t:���� %���2*# BI;�� ��
A


:WR�� BI;�� ?<Y %�
 Z�'��� �$"�/ %�
 .
�#�# �-0���� �� TF�; 2�0�- ��'���)�h =`; 
 %$�A�I����
" (�)h��#$�9 
�' �# b�.I� 
 b��� ��"�
 ��!t�
���� R��� 

�� �# =3F��A� #�$� TI�� J2'��� 
 
I�	��"� 
 (���� ����* �M
����0�> �� �2�A� [�2� 
I�H"����1+ P
� 
�� ��'���9 ("#$�(I�9 

)��
2�H�- p"� (T*�3; :���;� ��u�� !3F�# 
3�� T�� .

%�a��C, 
'�����"�$9 �2=3F ��)V �3�+I2�# ����$� �#���'���)�" %$�b���� 

)BI;�� �b�(b�.I� 
)�.I� BI; �� (�#��I�' ��� #�# %�<"
��H"��� " (�)h���:
� =3F �#$9 J'$9 b� ����/�
�� �t/�!

=3F �#$9R
# ����/�
���/�=3�F �#$9 
�� R$�' ��/�
�� 
�u/��)�� �� R�����	 �-�] 2('� 
��� .	�"������ M0�3�+-# %�<"

 6� =L��Y� ��+ ��#�#���� �� 3�6� 
 T�C* �2(�'� �.)�t�/�<
P!���/�(t =)T&�8�(.��H"���� (��)h b�.I�� �#$�9 J�'$9

 :
� =3��F ��t�/�
��� t�/��# !=3��F �#$��9R
# ����/�
��� 
uu/�
�#=3F �#$9 �� R$'��/�
�t�/���)�� ����� R� ����	 

�-�]2
��� ('�.	�"� ����� M0=L��Y� �3�+-# %�<�" ��+6� ��#�#
���� �� 36� 
 TC*2�('� ) .�t�/�<P!���/�(t= )T&8t.(

�#��I�' !
�I� ��H"��� " (�)h���:
� =3�F �#$9 J'$9 b� 
����/�
��� �u/��# !=3��F �#$��9R
# ����/�
��� ��/�
�#

=3F �#$9 �� R$' ��/�
���/��)�� ��� R�� ����	 �-��] 2
���� 
('�.	�"� ����� M0=L�Y� �3+-# %�<" ��+6� ��# �# �6� 
 T�C* �� 3
�����2(�'� �)�t�/�<P!���/�(t =)T&�8�(.��H"���� 
(�)h b�.I� :
� =3F �#$9 J'$9 �� t�/�
�� t�/�!�#�#$�9
 =3FR
# ����/�
�� ��/�
�#=3�F �#$�9 �� R$�'��/�
�� 

tu/��)�� �� R�����	 �-�] 2
��� ('�.	�"� ����� M0�3�+-# %�<" 
=L�����Y������+6� ��#�#������� �� 3����6� 
 T����C* �2(����'� �.

)���/�<P!���/�(t =)T&8�(.
��"X2��+,�- �� ��<� ��# #���' ��I��' !
�I�� 
 ���� ���� 
��H"��� (�)h b����" #
�
 �# b�.I� 
�12�0
 �L�@�� ���%�M

��'���)�%$b����" H�IC�- b�.I� 
�.+� �#��# #$/
 .%�$�+� 
�
 �-���] ���� :�������H"�����" (���)h ��# b����� �L��@��#
�
0�� 

��/�
��� ��/�
��/����)�� ���� R����!�����	 %�M���� %$���'���)�� 
b����" �#$�9 J'$9 ��-0�9 
�� =3�F B��9 t�/�!��/�
u�/�
����)�� ������	 ����- �# 
���A�*#��� 
���� 0�<���Y %�
 R����� ����- 

�� 38��)u��/�=R2(.	�"������ M0=L�Y� �3+-# %�<" �+6� ��# 

1

1.5

2

2.5

3

3.5

1 2 3 4 5 6

 �
&�
f
jjL



��
�
��
C$,
?
E.
OB

$F
,�$
�

(�
��	

��
R�
��
)��

)

/01X�o9 3"
� �b���(�)h b����" )�b�� BI;�(=3F �#$9 
' J'$9 ��� ��I�'�# 

hI� U	 * aI	 U	 * a 3 U	 * 


���� � 
������ ���	�
 ����



73

0

0.4

0.8

1.2

1.6

2

1 2 3 4 5 6

�#
L
8f

L


��
�
�#
L
8?

E.
OB

$F
,�$
�

(�
C$"
��
4�
5!
.$�

)

/01i�o9 3"
��b���(�)h b�.I�)BI;���.I�(=3F �#$9 
' J'$9 ��� ��I�'�# 

1

1.5

2

2.5

3

3.5

4

1 2 3 4 5 6

 �
&�
f
L


��
�
��
C$,
?
E.
OB

$F
,�$
�

(�
C$"
��
4�
5!
.$�

)

/01Z�o9 3"
��b���(�)h b����" )b�� BI;��(=3F �#$9 
' J'$9 �#��I�'
�I� 

0

0.4

0.8

1.2

1.6

2

1 2 3 4 5 6

�#
L8
f
L


��
�
�#L

8?
E.
OB

$F
,�$
�

(�
C$"
��
4�
5!
.$�

)

/01k�o9 3"
��b���(�)h b�.I�)BI;���.I�(#$9 
' J'$9 =3F ��#� ��I�'
�I 

aI	 U	 * a 3 U	 * hI� U	 * 

hI� U	 * aI	 U	 * a 3 U	 * 

a 3 U	 * hI� U	 * aI	 U	 * 

�������	�
 ����
���� � 
� 



74

�#������ �� 3��6� 
 T��C* 2(��'� �)���/�<P!���/�t =(

)T&8�(.
����'���" 2X%$��'���)�� $��� %$��y"LV W��)] 
Z$��'3+' 

%�<" =3F �#$9 J'$9��3-# �M��� ���2�#$�9 �<�Y %�
 ���-0
=3���F ����/�
������/�
��/�R�����!������ %�M����'���)�%$

$���%$�y"LV J'$9 �- =3F �#$9 B��9�9 
�� ����/�
�� �u/�

uu/��)�� ���	 �- �# 
A�*# ��� 
� 0�<�Y %�
 R��� ��- �M���2�
2(�'� 
���.����+� �2� ���� �#$�9 �<�Y %�
 ��-0
 =3�F ���%�M

��'���)�����%$$��� %$����y"LV H�I���C�- ����-�#$���/
 (���C�� #��# 
)uu�/�=R2) (T&8�(.

X2��" 
� 
/$9 �� b����o9 %��� �<Y %�
 �#$�9 ��-0
 =3�F 
%�M�� %$�'���)�� " �`/ 
�b���� b�.I�� 
=3�F �#$�9 J�'$9!

H�IC�-�#��# #$/
 (C�� .���0�# :���� ��I��' ���� �M��� ���2�
��H"��� �#$9 �<Y %�
 ��-0=3�F ����/�
����/�
��/�

R���!����� %�M���'���)�%$b������" ��H"����� B���9�9 
��� ��t�/�
��� 
��/�
u�/��)�� ���	 �- �# 
A�*# ��� 
� 0�<�Y %�
 R��� ��- 
�M��2�2('� 
���)u��/�=R2(.

0

1

2

3

4

0 1 2 3 4

 �
&�
f
L


��
~
�	
�	

�
��
C$,

?
E.
O
B$
F,
�$�

(�
C$"
��
4�
5!

.$�
)

0.2

0.4

0.6

0.8

1

1.2

(m
l.m

in
�1

.g
r�1

)
�
��
C$,

��
$�
��
C.$
8�

�P
$�

���C$, ��$���C$8

���C$, ?E.O

R2= 0.972

/01Y�" (�)h �-�]�b���)(NO3#
�
 0
�M��2� ��'���)�%$(Vw)"�b������ ��I�'�# 

5.2

5.6

6

6.4

0 1 2 3 4

(m
l.m

in
�1

.g
r�1

)f
L


��
��
C^
,�
N�
C$8
��
$�
��
C.$8
��P
$�

0

1

2

3

4

(D
W

)�
@
3
�&
	
f
L


��
d
�7

;�
��
�&
	

Series2

Series1

R2= 0.996

 

/01l��2�M�� 
S�����H"����#$9 %�
 �-0=3F (DW) %$�'���)�� �2�M�� 
(Vw)%$�y"LV$��� �-I�'�# ��� �� 

�	e��	�
 1/ �/ s�+

s���!/ � !3���,!�

!/ K@,B�s��

e��	�
 1/ �/ s�+�	


���� � 
������ ���	�
 ����



75

i��Q$C, 	`>� 9�$5 
��
���2y��18
� �� 0I� �� ����� 
 �Q2��� X0:$�)�� #�$�� =`; 

" _$D��Y 
��� 
�b�.I��� 
 b�����!� �� �#�.���'� ����-��)0���2�I�
�� 38��.�2�8 �� %��+���" �� �#�.�'� �3��2�3�8 (<�] ��C)/ 
 �
���0W�V 2�`�h #�$�� ��2��I�V �� �#:��' cdrk ��*� J�'$9 0
�2��S�38 z�.��'���)��� �� #�$�� %$2�&�F$D�Y �� ��9�j b��

� ����" 
"$��-�38��.
!�"���y�- 
 �I+��$/ 
�.� [C>%�M�� %$�'���)�� ��.8 
�(

:#�6� 7*�
 �#��N; �� ����� 
�] 3�8�� =3�F 
 [�)6� #�$�� ��
��%$�y"LV$� `�o9 %���� 3�;�
 �# �- 
�2 ��� 3�2��".����+� �2� %�M��� 


�.D��9����" ������� n�����V ���� 3��8��]�[.
��� �����-����� �$���+� 0
���3"� 0��� ��" %$�'���)�� $9 (<] �� �RW�)] 
Z$�'3+' �� 
�] 
$���%$�y"LV �-0o9 #�$� `
2 �2� �# =3F ��I�'$�� 0��- ��6�C> 
�� �#�.�'� !38��32#��.���� �"���y�- 
M�" :�' �#�uu����0

���69 
� !p�� b�M�)� b3�� ���9$] b���Q� 0�� 
���#� =3�F ��� 
�)V �3�+I2�# ���$� ��" !%$�'���)�� �2� �> �� �� =3F 2�-��] [
� �1yC)/ (�)h 
� 
�� 
 �#�
� ('# �2 b�$�F �%�M��� ̀ �o9 ��2� 
�2

�� �$]`� b�M)� �� ����" 3"#$�" 
C'���]�[.
(1/ ����69 ���" %$��'���)�� ���" �-��] �� ��2 b��j )2�+6�

" (���)h =L��Y��#
�
 b�.I�� 
 b�����0Y 
��/
���L��@�� (
#�� �#�.�'�23.69 �$�+� 
���9 �gQ�' %#$�� 
�I�� �����I ��� �`�/

"��#$��9 J��'$9 b�.I��� 
 b����� ���-0�� =3��F ��2 (����Q 
��"$�" ?
	�$�� �$> 
� �L@���' !�' ���+� �# 
�I� ��I �� �;��> ���� ��I�

#��23.
�1&C)/!"�b���!"$�� ���	� #�$�� 
 R$�"�%n
��� 
 ��
� T��� ��#

�.I� � 
� �� � =�D��� 
 3+"�'��2� �#�.��'� #$�Y 38� (1/ #�$� 
�� 3++]]�[.
� 
/$9 �� X2��" �2� [�A�9 !��H"���� " �-��] �b����

 ' �#�:
� =3�F �#$9 J'$9 ��� ��I �� ��/�
�� �t/��# !�#$�9
R
# =3��F����/�
��� ��/��# 
=3��F �#$��9 �� R$��'��/�
��� 

�u/��)�� �# R�����	 ��38��.
/$9 �� 
��#$�9 �$ �; R3�� ��-0
' �# =3��F���"����� 
)��F�� �# ��I�
#������2	�$���� ���-���] 


" (�)h��L@�� b��� ���t/�
���/���)�� R��� �� �����	 �� 

��/�
���/��)�� R���	 ������ �" %�$�9��-��] 
�] (���� 
�N

 (�)hb����" 
�� TC* 
);�� 
� (CI" 
);�� �- �# �L@�� T��	# 
=�D� ��$�%$�y"LV �-��3�8�� .����- ' �# ���� ��
 
�I�� ��I �#

#�� �3-�<� b�.I� (�)h #�$�23.���+� �2� " (�)h �-�� �b����
� J'$9 :$)�� b�.I� 
�%$�&"LV$� R�N"� �1�3F 
 �-��32#��.

��� 
�0�3F �#$9 ���!t�
��!R�� %$�'���)�� ��1��)h �# 0
W��0b����" b�.I� 
)�� �9W�����)� �� R���	��(�� !�
 ��Q� ��2 

�.+� 3"#$� .- 
 �H)'�" ?�� 
� 3"#�� ���8� M2" �1�3F ���3�+"�$9
$�����" (�)h �� �� ��� �� ��)�� ��� R��� ����	 ��� 
 3�++] T���9 
�M��2�.8 ��" !(�)h ���
.]
# J'$9 (�0�-�] �-���23�]u[.
�# ��"2X[�A�9 �2�"�38��<� M
��-��] ��� ������H" (��)h 
"�b���)����/�
���/��)�� R��������	 (b�.I�� 
)��t�/�

���/��)�� R�������	 (#
�
 �#0!�L�@�� %�M��� %$��'���)�� 
"��# b�.I� 
 b�����I�'�M�� 
�I� 
 ��� 2����23�.

:�' �# �H+-$/�u�� 
� ('� �#�� ���8� ��� %�
 )%�
 
� 
 I�]�Y %
3� %�
 
  
 �<Y��(
%�M��� %$��'���)�� 
�S��� ��2� 

#��# #$/
]��[

)�(Fr = a (W) b 

%� �# 
�:
Fr !� ����"���'���)�
 %$W!=3��F %�
a
b(����Q B2����@ 

��38��.M�" [�A�9 �2� �# 
"$�" %�$+� 
��#'�� ��I��!�M��� ��2�
��H"����#$9 �<Y %�
 ��-0=3�F ����/�
����/�
��/�

!R����������� %�M����'���)�%$b�.I���� ���t/�
���� �t/�
tu/�
��)�	��- �# �� *#����� 
A0�-=3F �#$9 �<Y %�
 R���M��2�
��2(�� .

�� �� ��+  X2��" �� 32� 
� ��� �b����" �`/ �# =3F �2� �2 !
fs/f�9k/f
�`/ �# b�.I�fk/f�9fe/f�)�� ����	 �� R��
����0�� =3F �#$9 �<Y %�
 38��.�L�@�� 
�.D�9 ��" �� �`	 

=3��F ���2� �2���"�$9 !0�1��8)����3��; %��3��"�� 
 b������" �-����
 �9 b�.I�kf3F�# (��" ���] 38��.

�L�@�� �	�$��� #
�
 T��	# 
�� 
�I�� ��I��' �# %��3"�� �2�
 
 ��I�' 
� �/
�Y ��2� E$�3�� 
C�8 
 E$�3�� b��$�'� �2�M���

 �� ���� ���I� !��� ��I�' �� 
I2�A� �# �1�3F 3�8�� .
�] �9��A�A�9
 �� %�<" �38 R�N"� ��	$V 
 �2�# �# 3-#!��� �1�3�F ��2� 
] 0
�

 
����" 
Y�  
 (�)hn��Q� b��j %#��] ���)�� [�2�> �� �.I�� 
 %
�� ��`�"
 3qf�9sf
 %n
����" 3F�# ef�� 3�F�# ���)�� �� �.I

�#$�" �� �$'� E$�3� 
C8 
 E$�3� b�$F 
� 
3-#]e[
��+2� �� 
���� 
���"�Y#
� �� 
�.D��9 �# �� �1�3���F ����2� %�$���9 �2����' 
 ����-

��I�'$�� #�� #�1+<�V ��� 0�- .%��- 
�� �$�> �� b��A�A�9 
T���
 �� %�<" 0M]�� 0�V
�� �# �3�� 3-#!�S' �(6�'
 
�� cff ���� 

�� 7��� =3F �2� � �#�* %$�'���)�� 
qff �9 ksfff B�6y� ���� 
�� �
� �2 �# �� ��� b���)�� �2� �> 
 38�� #
3�; 3�"�$9q/q


 b�.I� R��q/cc�� b����" R�� ��3+] ��)�� �� ]cc[.

�������	�
 ����
���� � 
� 



76

Z�R ��� 
��� �n83 ��"�0.�����	"� ��) .��l�.(M	#3 �X@�+& <\L')��� � o�a � I& (����9@;� )�;�? �� �pl.

A�L;�%q � ���.)���f.(”/	*D
 /R��
 /��a )�*\" � )�� 	� ,-. ;�Q83 /
 ��%� I^_�" ���)/	*D
 �@;�3 /R+�$3 /��a ���

���%
 /	���5Z.�N � =�8X;'(.“��L�C ��;� ���8�;�9 /3����3^��@�'& =�>?��@ ���L�L;@ ��8" � ��!0 �.�� ���h.

3- Arnott, D.L., and Vanni, M.J. (1996). “Nitrogen and phosphorus recycling by the zebra mussel (Dreissena 

polymorpha) in the western basin of Lake Erie.” Can. J. Fish. Aquat. Sci., 53, 646-659. 

4- Holland, R.E., Johengen, T.H., and Beeton, A.M. (1995). “Trends in nutrient Concentrations in Hatchery Bay, 

Western Lake Erie, before and after Dreissena polymorpha.” Can. J. Fish. Aquat. Sci., 52, 1202-1209. 

5-Javanshir, A. (2001). “Influence of labratrema minimus trematoda: digenea on filteration rate performance of 

edible cockle cerastoderma edule in the extreme temperature and salinity conditions (an in vitro experiment).”
Iranian Journal of Fisheries Sciences, 73-94. 

6-Bunt, C.M. (1993). “Pumping rate sand projected filtering impacts of juvenil Zebra mussel (Dreissena 

polymorpha) in the western basin of Lake Erie, Maclsaac, H.J. and Sprules.” W.C., Can. J. Fish. Aquat. Sci, 50, 

1017-1022. 
7-Kraak, M. H., Toussaint, M., Lavy, D.,and Davids, C. (1994). Short term effects of metalson the filtration rate 

of the Zebra mussel (Dreissena polymorpha).” Environment Pollution, 84, 139-143. 

��r ��.�L;.)����.(KZ!c ���8����O+� =�>?��@ )�;�? �� ����%
 �.

9- Selegean, J.P. (1994). The use of Dreissena polymorpha (The Zebra mussel) as a biofilter of municipal 

wastewater with special reference to bioaccumulation of heavy metals , heidtke, T.M.,  Wayne state university, 

625-632. 

10-Lei, J., Payne, B.S. and Wang, S.Y. ( 1996).“Filtration dynamics of the Zebra mussel. Dreissna polymorpha.”
Can. J. Fish. Aquat. Sci., 53, 29-37. 

11-<http://www.biofilter.htm> (Jan. 8, 2005). 

 


���� � 
������ ���	�
 ����


