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 ).Q� \
+!*#! C$�2 T!
3 (
��
�� � ������ P+U3

 '� \
+!*#! *-' �A*�'��,. 19 ������� .8 �3E. �

 ,�kii � ������ 'E
� ���� tj����  (
��
�� 'E
� 

���A �� �'
_ . ��� ���� ?��3 O!.#� �[�� �
! ,�

 ���� \
+!*#! C$�2 *�N
3 � *-'kj 'E
� ���� 

 (
��
�� � �������� *-..  

  

9;��,�� <�,=� ��� ��#�7 �>� ?��,�   

 CQ> \.�
� ?�[�.�� 1#�Q�)hh/k ����  (�A '�

���� ���N ( b
�! �9��3 ?�[�.�� ?��3E. �)ki�×j/~h 

 '� b
�!���� ���N ( 1 `
�� \
+!*#! C$�2 '�

 '.+�3kj�
 ������ 'E
� ����  . CQ> \.�
� ?�[�.��

 '.+�3 '� �N
�! �9��3 � �5$�2kii ������ 'E
� ���� 

 ��.�,� ,.�� '� �N
�! �9��3 � \.�
� 1 �$�� E. 1

 ?�� '� �5$�2 :�
3 �, �"#� *-' �[�.�.+� 19 �
 ��+9

 ������ *-. ���� ?���.# Rkii ������ 'E
� ���� 

()!��*�+��,� ���� -. /��0��1 � 2�-��0 -�3�� 45��61 7-8 6� 9:); 
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 *-' :*�'��,. \
+!*#! C$�2 ,� 1�
A ?�� ���

�� *-.) b�*2v.( 

 :g�� *-' )���� ?���Q� 19 ��� ).Q� }�.��)ixq/i 

,�' '� ( ��4+2 )*- ��� �� ).�, ?��3 :.3
9 �)~h/t 

,�' ( '.+�3 '�kj*�� �� �!* ������ 'E
� ����  . ?��

 '� 19 �!� �N.^ '����� .8�kii ������ 'E
� ���� 

 RE. 1C$�2 .8 *���� ).Q� �"#� *-' )b�*2v .(  

  

90�����% <�,=� �����#�7 �>� ?��,�   

 \
+!*#! C$�2 CQ> \.�
� ?�[�.�� ?���Q�

)ih/k ����  (�A '����� ���N ( �9��3 ?�[�.�� ?��3E. �

 b
�!)ki�×h/hj '� b
�! ���� ���N ( '.+�3 1 `
��

kj�
 (
��
�� 'E
� ����  . � CQ> \.�
� ?�[�.��

 '.+�3 '� b
�! �9��3tj E. 1 (
��
�� 'E
� ���� 

 ��+9 ��.�,� ,.�� '� �5$�2 CQ> \.�
� 1 �$��

 ?�� '� �5$�2 :�
3 �, �"#� *-' �[�.�.+� 19 �


 ������ *-. ���� ?���.# Rtj� 'E
� ����  (
��
�

 *-' :*�'��,. \
+!*#! C$�2 ,� 1�
A ?�� ���

�� *-.) b�*2v.( 

 :g�� *-' )���� ?���Q� 19 ��� ).Q� }�.��)iqh/i 

,�' '� ��� ( ��4+2 )*- ��� �� ).�, ?���8.3
9

)jm/q,�'  ( '.+�3 '�kj �� �!* (
��
�� 'E
� ���� 

*�� . '� 19 �!� �N.^ '� ?������ .8 �tj ����  'E
�

 RE. 1 (
��
��C$�2 .8*���� ).Q� �"#� *-'  . ?�#u+8

 ,� (
��
�� ���� ������kj .3 ji XW. 'E
� ���� 

 �5$�2 :�
3 )*- ��� �� ).�, )*- ��E
Y�� �
- 

)b�*2v .(  

   

���� <� /��0��1 � 2�-��0 =��#� >�? >�? ��+�� -�3�� �@-8 �5 A0�5��� ��B�01 )D/� F�GF�G FGHFIGF�HH��GH �J�� 9��� ( ���� %
�-� -.

F�	L *����. F����F ���� �� ��M+� N�! -.�-.�� N��6 � �O5� �!� N���� S. quadricauda  

��,!��  -�@7 "��@� ���(% 
$�� 
 -�#5�

;�A���  
;�A��� B�C���� ��D�� F 

 ��� �@A� EF)

����  

(�	(0& �� ��
��

×� ��
��

×��/� ���/��  **  

1(2 �� ��
��

×� ��
��

×��/�      G��) 4!��7  

�% �� ��
��

×�       

(�	(0& �� ���/� ���/�  ���/��� **  

(21 �� ���/� ���/�      *H' I�����  

�% �� ���/�       

(�	(0& �� ���/� ���/�  ���/�� ** 
(21 �� ���/� ���/�      

�J���K� ��D��  

)SGR(  
�% �� ���/�       

(�	(0& �� �/������ ���/�����  ���/� **  

(21 �� �/������ ���/����     
������� ���( 

��K ) DT(  
�% �� �/������       

** : ��� �� ��� �	
��/�) �/� P< ( 
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���� P� Q�R0��� )± ����0���� >�SL ( ���� ��M+� N�! -.�-. �� N��6 � �O5� �!� N���� F���� %
�-�F*����.S. quadricauda   

� �� ��! ���� �	
 /��0��1 � 2�-��0 =��#� >�? ��+�)D/� F�G F�G FGH FIG F�HH � �GH�J�� 9��� .( N��� -? �� �.�	� U�-'  

N�	0  VS� �� ��� 9,M� UW�L� ���� /�; ��,?�G��� �X�� .  

 ����

�������,��  

����#�7  

)���� �L��(  

*H' I�����  

)����  0�1 ��

���� �,��(  

����) 4!��7  

) �� G��)

���� �,��MN�×(  

�J�� �K� ��D��  

)(�� ��(  

 ������� ���(

��K )(��(  

�/�)'�("(  ��/� ± ��/�
c c

�� ± ���� c
���/� ± ���/�  

c
��/� ± ��/��  

��  
a

��/� ± ��/� a
��� ± ����  ���/� ± ���/�

a c
��/� ± ��/�  

��  
c

��/� ± ��/�  
c

�� ± ����  
c

���/� ± ���/�  
c

��/� ± ��/��  

��  
e

��/� ± ��/�  
de

�� ± ���  
d

���/� ± ���/�  
a

�� ± ��/��  

��  
e

��/� ± ��/�  
de

�� ± ���  
d

���/� ± ���/�  
a

�� ± ��/��  

���  
gh

��/� ± ��/�  
f

�� ± ���  ���/� ± ���/�3  3  

NO3-N 

���  
h

��/� ± ��/�  
f

��/� ± ���  ���/� ± ���/�3  3  

�/�)'�("(  
c

��/� ± ��/�  
c

�� ± ����  
c

���/� ± ���/�  
c

��/� ± ��/��  

��  
b

��/� ± ��/�  
b

��� ± ����  
b

���/� ± ���/�  
c

��/� ± ��/�  

��  
d

��/� ± ��/�  
c

�� ± ����  
c

���/� ± ���/�  
c

��/� ± ��/��  

��  
e

��/� ± ��/�  
d

�� ± ����  
d

���/� ± ���/�  
b

��/� ± ��/��  

��  
f

��/� ± ��/�  
def

� ± ���  ���/� ± ����/�3  3  

���  
f

��/� ± ��/�  
def

�� ± ���  ���/� ± ����/�3  3  

NH4-N  

���  
g

��/� ± ��/�  
ef

��� ± ���  ���/� ± ���/�3  3  

*  ������ ������ �� ��	� ������������ ����� ��!� ����"�� .  

  

����� � �	
 ���  

���� ���	 �
��	 ��� ������� �� ������ ���� �� �

�
��	�����  ���!���� ���!�"�# ��$%& �'����� �'�(�") 

��*�* ! ��+  ��"%�)Krauss, 1958.( /��0 ��!�"�# 

 12�� 3�"(����4��� �� �� '� 5�6� ��1�7��8  ! 

 '�5�6� �����!�) 1 92 :; ��!2 ! <��#��+ �=2�"�# 92 

��"%� �#�!�"�# >?�@ A����� ����� �� ��� (Vonshak, 

1986; Kaplan et al., 1986) .���4��� �� 2� <��#��+ 

 �2� ��!�"�# =���;�� ���( :� B�%# ��!�"�# A��� �2��7�

CD� =2�"�# 92 �� A��( 2� �+ ! ��2� E���� 5�6� 92 ! 

 FDG BH;�� ���;) McCarthy et al., 1977; 

Hyenstrand et al., 2000 .(��� 5�6� �� :I#��J 

���4��� ��<��#��+ '� ! =2�"�# '� ����� ����� !���  �

=2�"�# �2�0 F�K� ! ���$"(2 ���� <��#��+ F�K� 92 �7� 

���* �� (Molloy and Syrett, 1988) . :7?�L� ��2 ��

 ���������M�"N� 1��   =2�"�# '��(!����;  <��#��+ 

�2��� �� O���9+ 4� �8 :#�*2�� ��L� 3����� ���� 

 3��(��( ��( 4��� �� �P��� ';2�� ! 4HQ)S. 

quadricauda(  �(��� ���� ���RH���9+ 5�2�� �� �2�0

B&�*  . 

>(��� O�!S) ��2 ��  �4HQ 3����� �2��� ����

S�! ��� �2��� �T��( ';2�� ��� ��2��!� ���9 ! �

 ����� �� 3��(��( B�7��UV =2�"�# �W�� ���� 

) �� T��7�XY/U'��( =2�"�# �"�? �� <�*  ( ����� !UV 

 <��#��+ �W�� ����) T��7�Y/[ ����; �"�? �� <�*

<��#��+ (��+ B(�� .���2 �� �!\	  3��(��( ����� ��

 ����)]/X�W�� ���� ( BH; 5�6� �� BBM � ��# ���N
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���# ��� ��� ! ';2�� �� �P��� B�7�� /�PH� ! �

��� �� 2� ��(���  . <��#��+ ! =2�"�# >(��� �2�^�

 �� ���+ B(������ :��2� :7?�L�  =���;�� ��2 92

 �2� ��!�"�# 12�� A���� �� ��� _�2�* ����^� 92 �"H��

 �Q��4��� �� /��0 92 ��( 1Chlorella vulgaris 

)UX`aW�� ���� �) (Jeanfils et al., 1993( �

Ankistrodesmus convolutus) b �W�� ����) (Chu et 

al., 1994(�sp.   Scenedesmus)U[  ! =2�"�# �W�� ����

<��#��+) (Syrett, 1962( �Chlamydomonas sp.) V/X 

 ! '��( =2�"�# �W�� ����U/[ ����; �W�� ���� 

<��#��+ ((Paul and Cooksey, 1981)  �Dunaliella 

primolecta)  [[[XV/['��( =2�"�# �W�� ����  (

(Uriarte et al., 1993)! Dunaliella tertiolecta ) U/[ 

! =2�"�# �W�� ����U/[ �W�� ����<��#��+  (

(Levasseur et al., 1993)���  . ��R�� 1�( 92 �2���

>(��� ���( �� <��#��+ ! =2�"�# 4��� �� /��0 92 

������: �� !  4��� ����( 1` �� 1�!�G �� ��# ��+

4��� ��B(2 =!�$"� 3��(��( /��0 92 ��( 1 . 12��

 T�c�Levasseur et al., 1993 �� :; �#�2� _�2�* 

�d0 :������� 12 e#� Chaetoceros gracilis �"G  ��

Bf�@ �� BH; 5�6� �<��#��+ ! =2�"�# 92 1!�%� 1

 5�6� 92 �� A��( =2�"�# 12�2�; <��#��+ 12�2� BH

����# �� ��� . ��2 �� �!\	Sanz et al., 1995 ��H# 

2�#���( 4��� �� ��� �2��� ���� >(��� :; �` ��+

Anabaena variabilis Bf�@ �� U/[ 92 �W�� ���� 

 ! '��( =2�"�#U �� B(�� <��#��+ ����; 92 �W�� ���� 

��+ .W��7� 3�"(� /��0 A���� 92 1���%� :"�?2 Bf�@ 

 12�� 2� <��#��+ ! =2�"�# >(���4��� ����( 1`  ��+

 92 �"�;Y/X �#2 ����# ���� �W�� ���� (Coronil et al., 

1993; Sanz et al., 1995) %��^� ��L� :;: 12 ���%� 

 92 �"�;4��� �� ��( 1(Chlorophyta) �� ���� .  

 :; �2� ��H# g�^6� ��2 h��"# 3��(��( 4���

#�*: 12�^�  <��#��+ ! =2�"�# 1W�� �"�%# i�L( :� <!

B(2.  :#�* ��2 ������� jV '��( =2�"�# �W�� ���� 

)bj/a�"�? �� <�*  (!�����  V[ ����; �W�� ���� 

 <��#��+)aj/X�"�? �� <�* ( ��?�� ! ����# �� ��� 

 ��2� �?��0 /��0 3�����) T!��k .(� :��� ��: �2 :P�

 /�6� /��0 Bf�@ �c;2�G 5(�� �2� ��!�"�# =���;��

 Bf�@ �:#�* ��2jV ! =2�"�# �W�� ���� V[ �W�� ���� 

 <��#��+�� ����:#�* ��2 �2�  �� �2�� lQ�� �2��7� 

 �"%�95�6� �� ��!�"�# =���;�� 92 i�L( ��2 1!�G 1

 �&�7� �2��#�� .��L�%��^� : 12 /��0 Bf�@ �c;2�G �

Q�� 12�� �2� ��!�"�# =���;�� /�6���� �4��� �� 92 

 /��0Chlorella vulgaris) ]j =2�"�# �W�� ���� 

'�(�")) (Jeanfils et al., 1993( mCyanidium 

caldarium) X[ <��#��+ ! =2�"�# �W�� ����) (Rigano 

et al., 1989 ( !Trentepohlia odorata) bV  �W�� ����

<��#��+����;) (Tan et al., 1993 (�� _�2�*; B(2 � :

 1�!�G ���� #2�� :#�* 1W�� /�6� B����0 �� B?W� �

���� g�^6� ��2 �� �� :7?�L� ����.   

 ��2 h��"#:7?�L� =2�"�# Bf�@ O�2�&2 �� :; �2� ��H# 

 92 ��W�� :� <��#��+ !UV�W�� ����  O��;  3�����

! ��� �2��� ! T��( ';2�� �4HQO�2�&2  !� ���9  ��2��

 4��� B�7�� �����( ���D) �� =��
 3��(

) T!��k( � �� ��� :; 1��8 :� ����� U[[ �W�� ���� 

 =2�"�#)V/Y�"�? �� <�*  (!�����  jV <��#��+ �W�� ���� 

)[U/k�"�? �� <�*  ( M0�"��� ��� . n�6? �� ��2�����

 1������� �g�^6� ��2 <�o#2 5�2�� ����#U[[ ! UV[ 

 1������� ! =2�"�# 92 �W�� ����jV �U[[ ! UV[ ���� 

��� ��#�2�9�� <��#��+ 92 �W��  �� 3��(��( :#�* ��

����� . ��� ��� �*�#�2�9��4��� �� 1W�� i�L( �� 

 ��2� p����2 =2�"�# CD� '%�#�P� :� =2�"�#)Jeanfils 

et al., 1993 .( ��R�� =���7� 5�6� �� =2�"�# O�2�&2

 �BH;�� #2���# '��#+ B�?�7& 4��6� q	�� � =2�"

 �P��� T��( ��r�#��) �� 9�";!�� B��"�# ! 9�";!��

 B��"�# ! <��#��+ A�o� ! ��?�� :� �o�� :; ����*

�� ���; : �2 q	�� ! ���� ��( T��( 12�� T�K6� !� �

 �� ��� 1��;4��� �� �� ��� )Jeanfils et al., 1993 .(

 ����I�� :� ��# <��#��+ :��(! :� ��� �*�#�2�9��

"%� B��( �� <��#��+ ��Q '�^�� ���*.T�c� 12��  

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


 ���� !"��#� $%�&' (�)*� +�,� !�-�/ +#�	�01 ��)2/ !3 �)4� !3�5� +67 8� !95 ): 1�                                                                       �<  

 

Hillebrand ! Sommer  T�( ��U]]a :������ BH; �� 

Pseudonitzschia pungens ��!�"�# M�"N� A���� �� 

 :; ��"&����Bf�@ ��# <��#��+ 1W�� 1�� #2�� ��� � ��2

��; B���G ! ���d� 2� :#�* �"G !  ����# :&�s2 �� 

 �2��� =2�"�# 1W����#  ��� �2��� O��; ���I��

B�2� . ���;�� �2 2� ��2 ��2 /�?� �d#+ CD� �*�#�2�9��

 <��#��+ 5(�� =2�"�# <��#��+ ��Q '�^"%� B��( !

�#���# �&�7� . ��� 5(�� =2�"�# CD� /P� �� ��

4��� �� ! �L�6� 1����";�& 92 1�2�7� ���� B6� 

�Dt�: 12 ���� ��f# pH� ����; A��� :� �(�"(� � �2��

 ��# =�� ! �2��� ����2���� ���� :; �� #2�� 92 �HN� �

=!�$� ����# :���� 2� �� .  

 ��; ��L��� �2�� ���"d� :; B�2� ���� ���J 

 4��� 92 :#�* ��2 ��?�� ! ��� 1���"�2��) ��R#���

 Bf�@ �� 3��(��(UV �� ! =2�"�# �W�� ���� UV 

 /
�G <��#��+ �W�� ������ ���*��� :;  ! ��P��	 �R#

B(2 4��� ��2 �"d� ��� . =2�"�# �2��� O�2�&2 ��2�����

 BH; 5�6� �� <��#��+ !BBM ! ��� ���d� q	�� 

 :#�* �� ��?��S. quadricauda �� ��� . 92 �u7� ���

 ���4��� �� ��f# ��( 1Chlorella vulgaris O�2�&2 �� 

��0 ! ���� �� O�2�&2 <��#��+ ����; ! '��( =2�"�# B��

 �� 2� =���;�� ��2 /�6�XV[�#�2� �W�� ����  )Jeanfils 

et al., 1993 .(:#�* ��2W��; # ���N� �� #2�� 1!� �� �

 BH; 5�6�BBM BH; 5�6� ��2 2��9 ����# ��� 

 12�2� �d��]/X ����; ! '��( =2�"�# 92 �W�� ���� 

B(2 <��#��+.  

%��^� ��L� : 12� :; �� lNH� :7?�L� ��2 ��  4��

 ! =2�"�# O�2�&2 :� B�%# 1��W�� B�(�%G 3��(��(

+�� ��H# ��Q 92 <��#�� ��� . ��(��� B�(�%G ���J

 ��#�� �� p���� 9�";!�� 1�� '��#+ B�?�7& :� ����	 :;

 �o�( B%�9 12�� >(��� :#�* 4� :� 2� :#�* ��2

 �P���(Algal Bioassay)����# �� /���� � :; �� #2�� �

1���2��2 92 ! ����9�2 �� 'd� �92�#2 1��* C+ B�$�; 

����(Wong, 1995; Skulberg, 1995)  . :#�*

 ��!�"�# 19�( ��@ 12�� ��(��� /�%#�") 3��(��(

(Nitrogen enrichment) �� 5�6� ����2� ����� C+ 1� 

 �� <��#��+ ! =2�"�# =���;�� :� 2��9Bf�@ ��W�� 1 

��2� B�(�%G .W��; :#�* T�c� 12�� B%�9 ��; 12�� 

�?�G �� B%�# >(��� �P��� �o�(  :#�* :;

Selenastrum capriconutum (Walsh et al., 1984) ! 

 3��(��( :#�*)O�!S) ��2 �� ( �o�( B%�9 ��

 /�PH� ! _�!�) �*��( :; �#�2� �����; �P���

 �� =2���t� ���"�; �� ��� 9�& �� �P��� B�7��

�� �*S�! 92 <��#��+ ! =2�"�#B(2 �� �+ 1 .  

��!�"�# A���� =2���� �� �!\	 �& ! ��� �� �2�� 1��?��

4��� �� 92 ���$"(2 �+ �d#�� #2�� �92�#2 ! 1��?�&�� �� �

4��� ��fG\� /��0 =2���� : 12���� :"�2�  . ��2 ��

J�*2 O�!S): �2 �2�0 :7?�L� ���� ��; ��L� 'd� ���� �

 �$�; ��L� ��2 B&�R# ���� �(���0B&�* �2� . ���9 ��

 �2�7� _����T��( �� 4��� 1 �� 3��(��( ��

1�������92 M�"N�  B�7�� �� �d?��( 92 1�
�� =2�"�# 

) �!�GU[ `V�
��   (dJ 1�d?��( =��K�� �����(four-

cell coenobia) !  �� ���� BH� =��K� =����(eight-

cell coenobia)�?�G �� �� ����H�   1���G2! �� :;

���9+ 1�d?��( 92 :"(� ��2 <��#��+ �� ��� ����� �H

�#�� ���� '; ���%� ���%� ���� BH� ! ���� ��dJ .

�� =2���t� ���J  1��?�&��T��( �� 0 5(�� ��# \�

B(2 ��� _�2�* ��^^6� (Tukaj et al., 1998; 

Lurling, 1999).  

 ��; ��L��� �2�� 3��(��( 4��� :; ���# ���� 

#�*: 12B(2 >(���  92 ���$"(2 �� �+ _�!�) :; 

5�6� ��B(2 <�o#2 /��0 ��!�"�# 92 ��@ 1 . ����I��

 �� >(��� �"�%# �"%�9 lQ�� :#�* ��25�6� �� C+ 1

 ��# �+ 92 ! ���� i�L� <��#��+ ! =2�"�# 92 ��@ �����

�� �2�� ��2 �� �P��� �o�( B%�9 12�� 5�6� �� 
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������� � ����  

 �"7�
 ��RH#2� ����P� =\�K6� ! �H�!S) B#!�7� 92
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2
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Abstract  
Since increasing the NO3 and NH4 make eutrophication in waterbodies, microalgae tolerance to 

high concentrations of NO3 and NH4 and their growth in these levels indicate the bioremediation 
potential of nitrogen-rich wastewaters and produce efficient algal biomass in freshwater 
environments. To evaluate the tolerance of green algae, Scenedesmus quadricauda to different NO3 
and NH4 concentrations, cultivation of S. quadricauda in BBM (Bold Basal’s Medium) were 
carried out with seven treatments in triplicates (2.9,15, 25, 50, 75, 100 and 150 mM from NO3 and 
NH4) at 22 °C in laboratory conditions. Results indicated that this species is able to tolerate 75 mM 
NO3 and 50 mM NH4 concentrations, although the maximum number of algal cells (32.5×105 
cell/ml for NO3 and 25.2×105 cell/ml for NH4), highest algal dry-biomass (1.22 mg/ml for NO3 and 
1.02 mg/ml for NH4), and the highest specific growth rate (0.098 day-1 for NO3 and 0.082 day-1 for 
NH4) obtained at 15 mM of NO3 and NH4. Therefore, based on high tolerance to NO3 and NH4 
levels by S. quadricauda, this species could be used for waterbodies rich in these components. In 
addition, growth capability of this species in these high concentrations illustrated the 
bioremediation potential of nitrogen-rich wastewaters. On the other hand, with cultivation of this 
alga in 15 mM of NO3 and NH4, maximum algal biomass were obtained, therefore, this 
concentration could be used for improving of the chemical composition of BBM culture medium.  
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