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�� :  

max/ q e+ C max=1/b q e/ q eC  
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�$.�) 8
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)Kaushik and Malik, 2009(.  
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�,� - :K��� S;^3 6E :;,�<� )El-Naas et 

al., 2007(:  

  

 >E
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� #$� ��6p� :

 G���t )mg/g(. cq) 5	�I� 5�! �	 &�( :mg/g(  
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 7.+�., :�	�I� :;E 8�	 :(�	 �� #.C

 :K���4  6�B �,	 :�)El-Naas et al., 

2007 :(  

  

 >E
��4: 
c+ t/q  2 cq 2= 1/k tt/q  

 
k 8�	 :(�	 2�>�� �Q
, ���� : }1! 
�

)min/g/mg(. tq:  �	 )6E �<K, &�( #$� ��6p�

 G��� "6�t )mg/g(.  

  

 ��� h,� ��
�7.+�., ��<��  ��)	�	 �� 

�,�
� �	 	�(��  )	�*+,� 5	�I� G��� 
�� 6E

)El-Naas et al., 2007(.  

  

  

  

�!"�%�� H0I �-
 �4�J$�� �
 +	,�� %� 

@�� ��	�&<� .EK !�� �&	L$" (MLR)  

56� ��
� ��� �� �./�, #$� %�! ���,

,
@� G�.K�� U+� 6�T)
. (MLR)  )	�*+,�

 V��E :I��K� ��� �	 Vp+1� �� 
.U+� .6E

 ��6p�pH  #$� �M$N � &'�( ��6p� -G��� -

 )	�6<� �	 :> 6C	��2  ��6  ��
�pH -5  ��

120  -G��� ��
� :p.A	5  ��20  
+.� 
� 8
@

 � &'�( ��6p� ��
�10  ��100 �$.�
@ 8 �	

 
+.�)	�	 .6C6E 2����B #$� �M$N ��
� �� 

)6�B �,	 :� %�! 6O�	- 56� ��
� ���,

 )	�*+,� 	���6�+�
@ ��
A)	�	 �� . �� �
D� �

 :� )6�B �,	��
�  :�	�I� },��� �..I�

:$F( 6�T G�.,
@� 8�	 :(�	 �� :K���)5 (

6E )	�*+,� )Myers et al., 2016(:  

  

 >E
��5: 

  

y: (�./�, #$� %�!) 
,��. x: Vp+1� 
.U+�. β: .56� }�
4  

  

56� ��
���� �� ���, MLR8
C �� - ��#��

Design Expert (Stat-Ease, USA)  G���

6  � )6E 	�D�� 56� ����B :I��K� .6E )	�*+,�

)	�	 S��K� ��6p� �..I� �� 56� �� ��
D� �� 

 ?C����� #.��CB �� )	�*+,�(ANOVA) 

7�8
C 9,�� :�
^ ��#��SPSS 16  8�DC�

.��
@  

  

� = �� + � ���� +	
�=
 � ������ +	

�=
  
� � ���
	

�=�+

	−

�=� �����

�<�
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M��$2  

�4�1� ��"% &B� 

 5	�I� G��� �..I� �,�
� �� VO�! J��+C

 V�E �	1  .�,� )6E )	�	 G�=C X�,� 
�

J��+C-  #$� &�( �����> X�F� G��� 2��#�� ��

 &'�( 9,�� &
, �./�,Chlorella 

vulgaris  ��
� 8�R G��� � 	
> �6.� 2��#��

 WK, ��� )6E &�( #$� G�.� 5	�I� 	�D��

 	�6! 5�$<� �	 )6C�� �A�� 
1> � 6��(60 

 :p.A		�� V�E �	 :> ��^ G�F  .1  )6 �=�

��2.� -	�E�( ��
� & G�� �� &
, 

% 	�6!)90(  G�F  �	5  �� ���6+�� :p.A		�	 

 G��� �	 &�( 
H>�6! �60 6E )6�	 :p.A	. 

G�� ��6p� -G��� ��� �� 6I� ��  
� )6E &�(

 �i(�� V��A 
..U� G��� 2��#�� �� &'�( ���

C �6.�	
�.  

  
 N��1:  ��� H0I �4 O��� ��"% &B�'&� �4  ��-
 ��-7"mg/L80  �
 '&� ���pH 5 &
 ���  &�	� 

rpm125  ��"4 �
°C25 �   6C-Dg/L 10  #R-) �4�SChlorella vulgaris )+	,2�	" ± ��EK (4��!2�$��  

  

 &B�pH 

 
.��� �,�
� �� VO�! J��+CpH  &�( 
�

 &
, G�� V�E �	2  .�,� )6E )	�	 G�=C�� 

V�E :� :(�� 2- 9.<� �	 ��  �6.,� ��.1�

)3< pH -( �.��� ��.1� &
, G�� %�! 6O�	

.�,� �	 pH 3 �� 5 ��6p� &�( �;�
p� ���� 	�� 

 �	 �pH 5  )6 �=� &�( ��
�R��.6E  ��6p�

&�( G�� &
, �	 9.<� �� pH 6 2 �> .����  
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'
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N�� 2:  &B�pH '&� �-
 ��� H0I �4 �4  ��-
 ��-7"mg/L 80 &
 '&� ��� ���  &�	�rpm125  �


��"4 °C25 � 6C-D g/L10 �4�S #R-) Chlorella vulgaris �4 ��"% 60 >?	W4 )+	,2�	" ± ��EK (4��!2�$��  

  

 '&� �-
 ��� >	��� 6C-D &B� 

 V�E �	 )6�B �,	 :� J��+C �,�
� ��3 

 se=��� :> 	�E�	 K��
E�  :> G���

 ��	�I� X�F� 5	�I�60  -:p.A	pH :�.i� 5  �

 ���	 9.<�25 �+C�, :(�		�
@ 	��-  ��

5�$<� �	 �#$� G�� :.��� �M$N 2��#��- 

) &'�( 8
@ 
  ���� :� #$� &�( G�#.�q (

 2 �> %�! 6O�	 ��� -2��#������.  

  

 &B��&) '(�) 

 V�E �	 
+����� ��� �,�
� �� VO�! J��+C

4  )6 �=� :> ��^ G�F  .�,� )6E )	�	 G�=C

�� 2��#�� �� 	�E8
( &'�(  
+.� 
  �	

�M$N)  -(&'�( 9,�� #$� �$> &�( G�#.�

&'�( 2.� 6O �	 � ���� 2��#�� �� #$� �� �
�

 %�! 5�$<�E ���� :� #$� &�( G�#.� ��� -6

 8
@ 
 &'�( )q (.���� 2 �>  
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N�� 3: H0I �4 '&� �-
 ��� >	��� 6C-D &B�  �4 ��� +��pH 5  &
 ���  &�	�rpm125  ��"4 �
°C25 

�  6C-Dg/L10  #R-) �4�SChlorella vulgaris ��"% �4 60 >?	W4 )+	,2�	" ± ��EK (4��!2�$��  

  

  

N�� 4:  &B�6C-D '&� ��� H0I � '0) ���	" &
 '(�) �4  ��-
 ��-7"mg/L80  �
 '&� ���pH 5  

&
 ���  &�	�rpm125  ��"4 �
°C25 ��"% �4 � 60 >?	W4  +	,2�	")± (4��!2�$�� ��EK  
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&
 .��&
�'0) ��A!�� .$/�% 

��<�� �� 8
��#�� F/CR� 
�� 2.�6���
� 

X�,� 
� :> )	�	 �� �� )6�B �,	 :�  �,�
�

�M$N 
�� �� #$� G�� �� :.���  h,� &
,

)6E 6C� }.�
� :�V�E �	 �� 5  �6  G�=C

)6E )	�	6C�.  

  

  

 N��5:  �&����� .�7�"�,2F�&�  ��&
.$/�% '0) '(�) ��� &
 '&� �-
 ���. eq:  '0) 6C-D

!"�) %�
 �4 .7E� ).-	" �&< &
 '(�) �&<( �4�1� 6��I �4. ec: 6C-D '0) �!2�� �4�1� 6��I �4.  

  

  

 N��6:  ��&
 :	�!���&
 �&����� .�7�".7E� '0) (�) ��� &
 '&� �-
 ��� .'eq:  '0) 6C-D

 !"�) %�
 �4 .7E�).-	" �&< &
 '(�) �&<( �4�1� 6��I �4. ec: 6C-D '0) �!2�� �4�1� 6��I �4.  
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V�E �	 )6E 
>' �/+1;F  }��
4 �� 

5  �6 ���� � ��  56� )6E :;,�<�F/CR� 
�

 5�6( �	 2.�6���
� �1  G�=C�� :> 6 	

 &'�( 9,�� &
, G�� %�!C. vulgaris 

2.� 56� �� 
�F/CR� 
� �.I;�	
>.  

  

��!) 1: 6
�B�,2F �!" �!� >R��7" ��A�'0) ��&
 :	�!���&
 � &� .$/�% '&� �-
 ���  

�-
 ���  maxq b k  n  1/n  

+2Pb  68/22  1  63/2  49/1  67/0  

maxq7� &�( �.�
x :&'�( :�R. bF/CR &�( ���� :�
�. k2.�6���
� &�( ���� :. n/1 }�
4 :

WK, ��/F �C.  

  

 #	$�	�'0)  

 h,� ��
�7.+�., ��<��  ��)	�	 ��  :�

 )6�B �,	�	 �,�
�  )	�*+,� 5	�I� G��� 
��

6E V�E �	 8�	 :(�	 7.+�., ��<�� .7 

.�,� )6E )	�	 G�=C  

  

 
 N��7: ��4 >)�4 #	$�	� .�7�" .tq ).-	"�&< &
 �&< ��"% �4 '(�) \E� &
 �-
 ��!?" :(t .(>?	W4)  

 
 
 

 

y = 0.1283x + 0.0388
R² = 1

0
2
4
6
8

10
12
14
16
18

0 50 100 150

t/q
t

t(min)
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 ��� J��+C2 �3�  ��.1� S��K� 
/C���FC

)	�	 	���	�� 8�	 :(�	 7.+�., �	 �  ) 5�6(

2(5�6( S��K� . 2- q  �	 ��
D� � ���]�

 7�	#C h  :� 8�	 :(�	 7.+�.,6C	�� .

 ��	�FC �� VO�! �/+1;F  }��
4 �.�LF 

 	6Q -8�	 :(�	 7.+�.,1 G�=C ��	�	 .

 :> �,� ��� )6� 	 G�=C 6 ��E :F  ���
����

 �� 7;$( 9,�� �./�, "�#$� &�( 7.+�.,

�� �.I;� 8�	 :(�	 56�.6�>  

  

 ��!)2: M��$2 ��4 >)�4 #	$�	� >
 ]�
&"  

��� ��-
  
.
&^�  ���_�  >)�4 6
�B2    

eq  qe k  2R  

Pb  82/7  79/7  4332/.  1  

k) 8�	 :(�	 2�>�� �Q
, ���� :min/g/mg(. eq5	�I� ���! �	 )6E �<K, &�( #$� ��6p� :. 2R :

�/+1;F  }�
4.  

  

�!"�
 ���"� �	��2� � �%�� �4�J$�� %� @�� 

��	�&<� .EK !��  �&	L$"(MLR)  

?�
��� 6O�	 � � 
.U+� %�!  #$��./�, 

:� �,	 �	 )6�B 5�6( 3  )6E )	�	 G�=C

.�,�   

)	�	 S.;K�� ��
D� ��  : �� )6�B �,	

56�u$+e� ��  G�=C  56� ��
+i� :> 	�	

 8�	 :(�	 56� �./�, #$� %�! u.O�� ��
�

 :K��� ��6 :	��  

 >E
��6:  

Removal (%) = +93.58 +22.73A +1.84B +6.35C -1.68D -19.36A2 -5.97C2 -7.18D2 

A :pH .B .G��� :C .&'�( :D#$� �M$N :  

  

 �..I� }�
4)2R(  )6�B �,	 :� 56�

9078/0 G�.,
@� 56� � �K� 6�T  )
.U+�

 G��.F^� WK, �	95 ��I� 6O�	 	�� ��	

)0005/0=P.( )	�	 S��K�� �  �./�,#$� %�!

�
D�� � �.�/=�� 56� 9,�� )6E  V�E �	

8 V�E .�,� )6E )	�	 G�=C 9  #.C 5�F+!�

)6C�� 5��
C�  �� G�=C �� GB 
/C�.� � 6 	

.6C	�� 5��
C d���� ����	 � �K� :> �,�  
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 ��!)3: :��"%���A ��^2� +	,�� �-
 H0I !V�4 � �!�  

+	,�� �-
 H0I !V�4 
 6C-D�-
  

.-	")(&$	� &
 �&< 

'(�) 6C-D  

(&$	� &
 �&<) 
(>?	W4) ��"%  pH  `�4� :��"%�  

42/43  80  10  60 2  1  

46/73  80 10 60 3  2 

70/93  80 10 60 4  3 

56/84  80 5 60 5  4 

41/90  80 10 5  5 5 

41/94  80 10 15  5 6 

00/96  80 10 30 5 7 

75/97  80 10 60 5 8 

13/95  80 10 60 5 9 

43/93  10 10 60 5 10 

26/90  50 10 60 5 11 

56/84  80 10 60 5 12 

66/83  100 10 60 5 13 

13/95  80 10 60 5 14 

00/97  80 10 120 5 15 

26/97 80 20 60 5 16 

05/95  80 10 60 6  17 
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N�� 8: a
�E� �4�4��A H0I �-
 +	,�� .
&^� � .��,b	S �!� *��� �!" ��	�&<� .EK !��  .�&	L$"  

  

  

 N��9 :�!2�" ��"&2 ���$I��A ��	�&<� �!" *��� .EK !�� .�&	L$"  
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 ��!)4: �!"� 6�4 >
 ��4 >)�4 �!" c2����� �	��2� M��$2  

P value F value 3�1
&" *��$" �4�%� >)�4 3�1
&" ��0^" dR�" 

0005/0  12/65  67/366  7 68/2566  �!" 

< 0001/0  73/55  04/1615  1 04/1615  A )pH(  

5842/0  32/0  33/9  1 33/9  B (��"%)  

1296/0  78/2  64/80  1 64/80  C ('(�) 6C-D)  

6254/0  26/0  40/7  1 40/7  D (�-
 6C-D)  

0055/0  21/13  71/382  1 71/382  2A 

2529/0  49/1  23/43  1 23/43  2C 

2406/0  58/1  73/45  1 73/45  2D 

- - 98/28  9 80/260  �!2��	W�
 

6426/0  77/0  34/26  6 02/158  a
�E� �!e 

- - 26/34  3 79/102  f��K ��EK 

- - - 16 49/2827  N5 \	7g� 

  

 �!" %� �4�J$�� �
 �A&$"���S N
�?$" &B� .��&


MLR  

���� G�#.� �	 � 
+����� V��p+� 
��  �M$N

) &'�(5/12 (
+.� 
� 8
@ ) &
, #$� �55 

�$.� (
+.� �	 8
@ V�E �	10 -  u�� G�=C )	�	

�,� )6E �	 �./�, #$� %�! hF�#>�� .pH 

1/5  )6 �=�6E. G�F   )6�	 V�E �	 :> ��^

�� �	 )3�� :� 	�EpH  
�� �� 5 2��#�� -

 #$� %�! 2��#�� 
� �	��� 
.��� G����E�6C .

 V�E S��K�10-  �� 
+����� V��p+� 
�� :> &

pH  G	�� ���� "��O �	 �� &
, #$� �M$N �

) &�( G��� "6� �� 
+�����5/62  � (:p.A	

) &'�( �M$N G�#.�5/12  G�=C (
+.� 
� 8
@

�� �	 �./�, #$� %�! hF�#>�� -6 	pH 

1/5 �M$N � �� �.��� )6 �=� #$� 
�6E .

 V�E10-  �� 
+����� V��p+� 
�� fpH  �

 G��� "6� ���� 
�	�p� �	 �� &'�( �M$N

 &�(5/62  #$� �M$N G�#.� � :p.A	55 

�$.� G�=C 
+.� �	 8
@�� -V�E S��K� .6 	

 �	 �./�, #$� %�! hF�#>��pH  1/5  �

 &'�( ��6p�41/16  )6 �=� 
+.� 
� 8
@6E.  
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 N��10: `�� N
�?$" &B� �!�A4 ��b2 �!1
 >� ��4��2 : pH ��"% �� ': pH '&� �-
 >	��� 6C-D ��  

h :pH '(�) 6C-D �.   
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i7
  

 ��
� hi� ��.1� ���+>�� -X�F� G���

 � &'�( 7� �$FQ 	
���> �	 �.p��� }1>

 � �*,��) �,� "�#$� &�( �Q
, 
/C�.�

 -G����F 1390 V�E �	 :> ��^ G�F  .(1 

�� )6 �=�2.� -	�E&�( ��
� G�� �� 

&
, % 	�6!)90(  G�F  �	5  ���6+�� :p.A	

�� �� G��� �	 &�( 
H>�6! � 6 	60  :p.A	

 )6�	G�� ��6p� -G��� ��� �� 6I� � 6E �� 

 
..U� G��� 2��#�� �� &'�( ��� 
� )6E &�(

 �6.� �i(�� V��A.	
�C  �	�IO 
., �$Q

	 &�(G��� � �� ���, ���� -�1eC �� 

)����	 WK, �	 &�(  7;$( ���$,.�,�  ���

:� J��6�- �� �E�@ G���- :� V.�	 2 �> 	�6I� 

���, ���A� 2��#�� � 5�I� �� ��
�  5�UE�

���,5�I� ��  )6C�� �A�� G�� 9,�� -#$� �� 

�> �	�IO 6C��6� ��	�E �+��iC �  ��6p� 7� :�
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Abstract  
One of the most effective technology to remove heavy metals is using of bio-

absorbent. In the present study modeling, kinetics and isotherm of lead sorption 
by the unicellular green algae Chlorella vulgaris from aqueous solutions was 
assessed. After culturing algae in Z+ medium and reaching the logarithmic 
phase, it was harvested and centrifuged, then dried by freeze dryer. Afterward, 
through the evaluation of parameters affecting the biological absorption, the 
isotherms and adsorption kinetics of the metal were calculated and determined. 
Results indicated that with increasing of adsorbent amount, adsorption was 
decreased. Also, after increasing of the initial concentration of metallic ion, 
metal removal rate was reduced. Furthermore, absorb kinetic studies showed 
that the biosorption of lead by C. vulgaris following second-order kinetics and 
adsorption isotherm is well fitted to the Langmuir model. Also, modeling heavy 
metal removal using multivariate linear regression indicated that the biosorption 
process and the effect of parameters on it can be described by a quadratic 
equation. This equation revealed that pH is the most effective parameter on 
metal removal by C. vulgaris. 
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