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1. 2�/H�   

  I=	���A9      �<i� �< �<��� �	<�� �� ��	
� �=�
��)�2�� � j�D � \�) Y��) � Y dZ   �i��=<5

�=k�8 � �N�@$@>- ���=2 Y>-  6�=) l</�,   �<8
�� ��m�� =��. .������ 9  �� ��	
� �=�8�  �<, ��

ln�  ���� �=<,� ���4Q ��=� � j�D ��=8 � *-.  ��
?�)  6�8 �	D� 9 I=	���A9 K70��  o�)�    0<12 .��<>

 .	/�)  6���� 9,=>U�( �)�.    0<12 .<�� 6�<C�p 
 (=M7�j�N�HD  6�� ��q) ���N� �)� )Alvarez 

et al., 2007.( .�� ?=��� �P1Q j�D �� �C�p  �8
01/0  �>2 �1	�  I�:=1	A � I�:� .���@	  �P1Q

 *- �� I=	���<<A ��<<m�  6�<<8  r<<
� �NU	��<<�-
���UN��)�   6�<8     �� �<��A �N�<_, �<�U_ �����<)

005/0 �1	� ��	7 �� I�: �)� .VX=��� I=	���A  ��
  �<<2�� ����<<% r��<<���<<� �=<<�.  0<<12 .<<�� ��

�P1Q  6�8��	�   G<A  0<	N  o�<) � �<)�  � E<,=� 
GA ��N=D ]� �:U����=s�)� �8�  � 6=	1A 6�8���

�8�����
Cp � �  �� (U�A��Z���N�  6�<��� I�N 9 < 
 6������ �=�.   

 K	1s>97��  6�8 t��s�)� �� ���N e�<	7-  6��<)   ��<8
 �#�0<<12 *�+`	���<<) 6��<<) �<<8 �#�0<<12 6��<<]- �

9N�U/N�    � *�<) t��s�<)� � 9u��Z � *=u ����% ��8
     *- 9< I=	���<A ���� �1<%� ��<�� �� *qv�2 .m7

 �<�8U� )Eckenfelder, 1989.(  (�� �� I=	���<A   6�<8
 �$1�s���   �8�<	: ���4Q ��=� �(�=7- *- 3�C� l	
;

�  d$�>��: �   �U< ���� ��
Q �<�   �=<�   �U< �=<u �
���N�=> ���N� ���UN �� #�012 �2�� I�UN� ��  6�8 w1�s�

�U	Z ��m> �U ��  U�A E	<)- E,=� �   6�<8  6U<,
�� =�� ..������  �=<� 345   6�<8   �� .	/�<) 60<12

  G<_� ��	� 9���, ��q) x$5 6�� *qv�2 �<)� 
)Zuane, 1990.( [��  6�<<8 34<<5 6��<< �<<$1�s�

 �� .	/�) #�012*qv�2 UN��� �=,� �8 l��� 9A :1. 

)����	�	� *=y 2 .�N=� ?��
>y 3 .���]7�  0	7�<��y 4. 

  L=<]�� 0�<)�y 5.    � ���<@Q �=	<)���1	26.  *4<, 
U��<<�8 )Gavrilescu et al., 2009(. ��<<	� �� 

[��  6�8�A+ 9 *4, �v�5 ?�5 �� (U� �K70�   `<�
 [�� �iz<<� ���<<A   6��<< 6��<<C�;� � U<<�- K	$<<C>

*qv�2 �)� (U� 9�2�: �PN �� �8 .G_� � .��>  �<�0
 � 9���M� �� *4,[��  6�8�/�� �N���� #��
p �  U<N

�� :1 .X� ���UN��y 2 . K��08GAy 3 . 0<12 �2���� ��]�� 
� 4 . � ���	�	<� ��=� �UN�)� l;�U5 9  �]�e=<7=	 .

�2 �� �]� ��H) *4,�U��  6�8��A   34<5 6�� U�-
?=1�� �� .	/�) #�012  6�8 ��)� �- 9<  6�=<�   9<A

<< #�<<�7�H� �<<D��<<)=> 3U<<8 �K U<<�U, ��=<<�  �
9 � ����� B=CD  *+�<,   ��U<��Z ���<8    34<5 6��<

 �� .	/�) #�012*qv�2 (U� I�mN� �8 �)� )Brinza 

et al., 2005 .(?�) ��  6�8*+�, �	D�   6�<8  �<�	
�
 6����<<<@A #����<<<v �� �<<<$1�s���  9<<<1�, K;�<<<)

��2-  �#�+ L=
<) �L=�{	7�A� �)=Z �����/  K�<)=Z
 #����v �l	:��N ��D�� |� �WN� (�A �6�u  K�<)=Z

I��� � ��	��  345 9 �U	)� 6�� ���: �)=Z �iz�
 ������ .	/�) #�012(U�  U<N� )Sun & Shi, 2007( .

6����@A #����v�  *+�, ��=�GA   34<5 6�� 9��08
 *qv�2 � *- �� #�012��8� U�  �2� ��(U��X-  0	N �8

 ��m�� �1]@���N U��A . 6����@A #����v9  B=CD
N-07=1) 6��5 9A ���_ ��8U�  �	2�b  6��<��  6��<

.	/�) #�012 345 � o�) � l<n�    �I=	���<A �*�<)
 I��<A � 6�� �l]	N �d� �(=	,  U<N��� )Demirbas, 

2008.(  U<<����2 ��H<<) *4<<,�<<�> <<>} ����<<� �	i
 ?=1����  91�,pH�� E	A�> �1� ?=  �P1Q K	7�� 012

���; ��  ��<	: )Jiang et al., 2010(.    *4<, �<	2�b
 ��@	     �<		f> �< *+�<, ��=<�pH    #��<		f> ?=<1��

 6�	/�<@u   ��<@N ��(���   U<N�)Voleskey, 1995 & 
Chong( .  *4<, �	2�b 9A U� (U8�@� �@����- ��

 ?�M>�Z �)=Z #����v �)=> I=	���A9    ��]<�- �=<�
��> >} �	ipH  ��2�: ���;9 6�=�   Y��0<2� � 9ApH 

+�, .�� �)=> I=	���A *4,   ��<A �U<	Z Y��0<2� * .
 9 012 *4, �/���� .��pH  ~�
>�� �� �)� .]��

(��: �     U<�� ?=<1�� ��	<� � d�=<	 ��1��p 6�8 
)Lee, 1998; Annadurai, 2002 .(  

   9< 9<,=> �  �<N����2  K;�<)   6�<��M � ����/�<�2-
 � E	<) L�8  �� �=</N�     �<�Q ��<m���+- ���<)� �

   9<< 6����<<@A #X=<<C�� 6�<<��M �<<	�8� K<<70�� 
*+�<<,  6�<<8    �� .	/�<<) #�0<<12 *4<<, �� �<<7-
?=<<1��  6�<<8Y8��<<Z .<<�� �� ��<<- �����<<A ;�<<)K 
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����/��2-�     �=</N� � E	<) L�<8 6�<��M   34<5 ��
G��	) �� I=	���A  6�8 �� �-pH  6�8 w1�s� I�mN�

�2�: *4, ���2� � ?U� � I=	���A  6�8  ���=<� \NX
.	]�> � ^	7UN��2  �)��U�.  

2.  . ����.I ��   

 ��Y��<<��- .<<��  K;�<<)<<�2-� L�<<8 6�<<��M � ����/
 �=/N� � E	)��,  `@D�=8 �� dZ � 6��- ���A  9<
 `� #��H;��N�)  ��=Z �U���: � � ��D 6���UNU� .
`7� �� d{)  6�85/0  �1 �1	�  (UN��4: 6���UNU�. 

 �<<H; �<< #��+5/0  �<<>1 �<<1	�  �� d<<Z �<<��3  ��<<
��� � � �HM� *- � =�`@D U� ��- �� �9   #U<�

24  6��� �� �p�)65  K,����N�)   < ���<:9   ��=<�p
UNU� (��$�)� *+�,  �� �_N- #�Cs@� 9A ?�U<, 1 

�)� (U�-. *+�, .��     �07=1<) �� ��<@	 �<�	
� 6�8
��8  l	]@> .	�/	7 � 07=1)(U� UN� .  07=1<)  ��<	mN�

 �NX=��1Z    �� l]<@�� 6U���A�<)7000   <<15000 
 �0A=1: ��=N=� U5����8  6���� 07=1) ��	mN�(�>=A  �>

)500  <3000 ��=N=� ( ��  l]��)� .   0<	N .	<�/	7
 �1�2 `	>����- d]1{�A�  l]��)� )?�U, 2 .(  

3�5& 1. $%�& 7�89:�  1�2	/0 ;��< )� ;5� =����0 �� 

	/0 $%�& >+? 	������ @�(�A  7��% �BC)	4�� � �( 

;�)K ����/��2- 07=1) )41(% ���8 7=1)0 )35(%.	�/	7 � )20(%  5/0  �>1  

 L�8 6���M�=/N�  07=1) )30(% ���8 07=1) )21(%.	�/	7 � )17(% 5/0  �>1  

E	) L�8 6���M   07=1) )31(% ���8 07=1) )25(%.	�/	7 � )17(% 5/0  �>1  

  

3�5& 2.  7�89:� �� �+&+� 7���(�A 	4G� 1�H&�$%�&  1�2	/0 ;��< )� ;5�  

@�(�A *�?  I	������ 3+��  	��JI �� '�) �� 	:9�  

07=1)  x)5O10H6(C  

  

��8 07=1)  m)4O8H5(C   

  

.	�/	7   -3O10H9[C 

n]0.9−1.7)3(OCH  

  

  

*4, Y����- 9  #�=%  9�<)=	Z�N G�<�	)  ��
�P1Q   I=	���<A w1�s� 6�8)0  �<> 200mg L-1 ( 

�� �N=� #�U; 03 /0  �X=<�   G	<)��Z #��<�	N �  ��
TH<<) 9<<) pH )8 �6� 4 ( 6�� �<<g5/0  9<<) ��

*+�,  ���UN��  �<H; )5/0   �<>1  �<1	�  �<��(   I�<mN�
�<<> ��<<2�:  �<< I=	���<<A *4<<, ��0<<	� .<<�� 6��

*+�,  .		�> �8=��.     *+�<, 9<) Y��<��- .�� ��
 �7-��       � �=</N� �E	<) L�<8 6�<��M l<	
; ;�<)K 
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����/��2-   Y����-U�UN .   Y��<��- 6�U<�� ��25 
�1	� ��	7 ?=1�� ��   6�<8 <A I=	���) mg L-1200-

0 (9	_> � dZ G	P�> �� pH ?=1��  TH<) 9) �� 

)8� 6� 4 (� 92�v� A� ��*+�,  ��89N=�N  �84 �p�) 

 `	� 6��U_/N E� `� �  �=	<�N�{)=) �> UNU�
U)� ?���> 9 ) l]�1(.  
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 KL�1. AM ��N$%�& �)+A *+����( $-& ��H�� �� O��A ����  1�2P�QA  �� ;5�C�)R S�� I0 1���T� � ����

�+S?� � @�) O�2 )Cd=100 mg/L(  

 9���� ��9N=�N  �� �8  4<Q�A �2�<% )  .<�>��42( 
 UNU� (��� �=
p�  ��U<M�   I=	���<A �;�<   �� (U<N��

 ?=1��   �<�>� *4<, (�/�<)� �)=> )AA- 6300 

Shimadzu( (��UN� U� 6�	:�  [�� �����A(U���� 
 �� (��$�)� �H��K  9
)��� ����U:  

)1(  ( )i f iRE  C  C / C *  = − 100  

   \<NX #X��<�� 6�� �< W���N d{)  ��=<� )2( �
^	7UN��2 )3( .	]�> � )4(   �< I�<N   ��0<2�Sigmaplot-

10 UNU� (��� [���:  

)2(  ( )e L e max L eq  K C q /   ( C) K= +1  

��=� \NX K7���� 

)3(  /n
e F eq  K C= 1

 

^	7UN��2 K7���� 

)4(  
e T eq  A  K ln C= + 

.	]�> K7���� 

 

Ce   �7��<�> �P1Q *4<,  (UN=<� )mg L-1(y qe 
 ���*4,  ��� U5�� �� (UN=� *4<,   (U<��A)mg 

kg-1(y KL \NX E��v  ?�C>� #�U; �/N�@N � ��=�
*4,  9 (UN=�����  � *+�,qmax .���@	   *4<,
`<<> 9<<�X 6� )mg kg-1(. KF  �n  E���<<v<<7����K 

 9A ^	7UN��29   �<���N E<	>�>   #U<� � �<	2�b �/N
 *4,��8 �U�KT  �A  E���v7����K    9<A .	<]�>

9    �� ��<p � E	<� E	>�> U<
��   9<7���� �<�8U�. 
  ��=<<� \<<NX 6��<<)�U, �=�A�<<2)RL (�- 6e�<<N�� �

 d
	:)Gr∆ (6��  U<����2  *4<, 6�� �� �� <�r 
���� ��� �>		. U� .  

( )L L

L

R / K C

Gr  RTLnK

= +
∆ = −

01 1
 

R ��i �8��: )314/8 J mol-1 K-1( T ��� )K 
298 (KL   \<NX E��<v   ��=<� �<)� . 9<N=:   6U<�

I=	���A 0	N   �< I�<N   ��0<2�Visual MINTQ   I�<mN�
U�.  
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3. J��K)   

1.3.  ��������� ������� ��� � ��   
  l]<� �� 2      *+�<, 9<) 34<5 �����<A �<7- )  K;�<)

� E	) L�8 6���M � ����/��2-  �=</N� ( 9<) �� pH 
)8� 6� 4(  (U� (��� ��@N <)�� .    �<P1Q Y��0<2� �<

 �� I=	���A0  9200 �1	� ���A ���	7 �� I�:345 �� 
 9) �8 ��pH  Y8�A �<2��y  9<  6�=<�    ��=<� �� 9<A

 K;�) �� ����/�<�2- 8pH     �<P1Q Y��0<2� �<  K<	7��
�� 345 �����A ��0	� I=	���A 96   U<%����   �<P1Q

5 �1	� ��	7 �� I�:  98/78   U<%��  �<P1Q ��200 
�1	� �	7 �� I�: �U	)� .  E	<) L�8 6���M ��=� ��

 0	N �=/N� �9 E	>�>   ��0<	� I=	���A �P1Q Y��02� �
�� 345 �����A 94  U%�� �95   U<%����   �<P1Q5 

�1	� ��	7 �� I�:  970  U%�� �73  U%�� �P1Q ��
200 �<<1	�  �<<�	7 �� I�<<:U	<<)� �  ��0<<	� .���<<@	

      9< ~=<�� *+�<, 9<) .	< �� 345 �����A  K;�<)
��2-  ��0<	� .<�� 9A �= ����/ 96   U<%��  �<P1Q ��

 9	7��5 �1	� ��	7 �� I�: �� � 8pH ���2� ��$>�.   

  

  

  

  

  

KL� 2 .$%�& P) ,-. 	����( 	/0 )C�)R � @�) O�2 1���T� �����S�� I0 �+S?� ( �V4W ����� ���/�� R *+����( ��pH  1�2

X4 9� )8 �6 �4(  
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2.3.  ������� F�L�� ��M�   � -/M6pH   ��M�
N�KO�   

*+�, 9) �)=> I=	���A *4, ��UM� �7- ) ;�<)K 
� E	) L�8 6���M � ����/��2- �=/N� ( �=H) ��

 w<<1�s�pH )8 �6  �4( l]<<� �� 3  (U<<� (���-
 ��)� �)=> I=	���A *4, 9A ��� ��@N W���N �8

 *+�, 9)-�7 9 ��> #U� pH  ?=1�� �<)� �   �<
Y��02� pH  ��4  98 ��A *4, ��0	�I=	�  �)=>

 0	N *+�, 9) �89  �=�����   ��<2�� Y��0<2� 6���

9 6�=� 9A ��  ;�<)K     9<	7�� �<P1Q �� ����/�<�2-
200 �1	�    Y��0<2� �< �<�	7 �� I�: pH ��4   9<8 

 I=	���<<A ��0<<	�*4<<,  �� (U<<�6912  9<<7887 
�1	�   ��<A �U<	Z Y��02� I�:=1	A �� I�:.   ��=<� ��

E	) L�8 6���M  �=/N� �0	N  <2� �Y��0 pH  ��4 
 98  I=	���A ��UM� *4<,     9<	7�� �<P1Q �� (U<�

200 �1	�  ��	7 �� I�:9   E<	>�>�� 6213  �6534 
�1	�  9 I�:=1	A �� I�:7115  �7310 �1	�   I�<:

 ��=1	A ��A �U	Z Y��02� I�: .  

   

  
 KL�3 .*+����( ��5T� $-&  $%�& P) �)+A ;5�) RC�)) O�2 1���T� �����S�� I0� @� �+S?� (X4 9� Y+B) �� pH )8� 6� 4(  
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3.3. �/� !� ��� ������� ��� ����   
�  L�)�?U�  ����>�0�� 6�8(���  6�89 �)�   (U<�-

 � Y����- �� ?U<�      � ^	7U<N��2 ���=<� \<NX 6�<8
    l]<� �� � UNU<� (��� [���< .	<]�> 4   [���<

�	Q   �<HD I�<>�0��      � ��=<� \<NX �^	7U<N��2 6�<8
.	]�> � 9A   �� (��$�<)� <��N�K SOLVER   I�<mN�

?�U, �� � �)� (U� (��� ��@N �9�2�:  6�<83   �<> 
5   ?U<� 6�<8������Z � .		
> E��v   6�<8 (U<���� 

 �<)� (U� (���-.   l]<�3  ?�U<, �   6�<83   �<>5 
 ��@N�� 8��?U� U   6�<8 \<NX   � ��=<�  ^	7U<N��2

     6�<�_ [���< .	<]�> ?U<� 9 �
�N 9<�2��   U<N�
)95/0– 99/0R2=(� �  E<<	>�><< [���<<9  #�=<<%

��=<<� \<<NX ?U<<� <  ^	7U<<N��2<  .	<<]�>�<<)� 
)U, ?�  6�83  �> 5.(  E��vG8  �<��6   ��=<� \<NX 

qmax (mg kg-1) ���	 U��A� .���@	   *4<, ��UM�
`> 9�X  6���      �=H<) l<��A ��
<�� ����<� ��<�� 

 *+�<<,�<<)��. E��<<v ��U<<M� qmax  ��pH  6�<<8
   Y��0<2� �< 9A ��� ��@N w1�s�pH�    9<) �<8 ��

  *+�<, 9<   �=<� <����  ��<<A �U<	Z Y��0<2� 6���.  ��
pH 6�84 �6  �8  6��;�)K  ����/��2- 9<  E<	>�> 

)8106 �8408  �8905 (�<<1	� I�:=<<1	A �� I�<<:� 
 E	<) L�8 6���M 6�� )7000 �7526  �7895 (

�1	�     �=</N� L�<8 6�<��M 6�� � I�:=1	A �� I�:
)7500 �7829  �8255 (�1	� 1	A �� I�: I�:= < 9

 U�- �)�)?�U,  6�<8 1   �<> 3 .( <���M�K   E��<v
qmax      9<A ��� ��<@N �<7- *+�<, 9) �8 �� ;�<)K 

 TH<<) 9<<) �<<8 �� ����/�<<�2-)8 �6 �4( pH 0<<	N 
qmax  �=/N� � E	) L�8 6���M 9 �
�N 6��@	

 ��<<)� 9�<<��� ��)U<<, ?� 6�<<8 3  �<<> 5.(  �<</�� ��
      ���=<� \<NX �<�m> ?U<� E���<vKL (L mg-1) 

)�   ����<M� ���� *4<, 6e�N� 9 �/�� 9A ��KL 
9 �)� (U�-       9<) �<8 6�� �< I=	���<A *4<, ��

*+�, �7-  Y��02� �pH ��2�� Y��02� 9 6�=�  9A
 E��v .�� ��UM� ��pH 6�84 �6  �8   6��< ;�<)K 

 ����/��2-9  E	>�>)08/0 �13/0  �21/0 ( �� ��	7
�1	�    E	<) L�<8 6�<��M 6�� I�: )05/0 �1/0 �

12/0 ( �� ��	7�1	�  �=/N� L�8 6���M 6�� � I�:

)07/0 �12/0 �16/0 ( �� ��	7�1	�   I�<: �<)�.  ��
 TH) 9) �8pH  ;�<)K     �� 9< �
<�N ����/�<�2-
 �/�� *+�,KL �)� 9���� 6��@	 )?�U,  6�<8 

1  �> 3.(  ̂ 	7U<N��2 ?U� E���v KF � n  9<   E<	>�>
  l<���> � *+�, *4, �	2�b ��<��    6��< *+�<,

�=<<� *4<<,  6�<<8 60<<12�<<�8U� .����<<M� KF  ��

pH 6�84 �6  �8 9   E<	>�>1114 �1496 � 1895 
�1	�   6��< ��	7 �� I�: ;�<)K   � ����/�<�2-775 �

1282  �1424 �<<1	�  6�<<��M 6��<< �<<�	7 �� I�<<:
 � E	) L�8962 �1397 � 1679  �<1	�   �� I�<:

 9
)��� �=/N� L�8 6���M 6�� ��	7�U . <���M�K 
KF �� pH Y��02� � 9A ��� ��@N w1�s� 6�8pH 

 �� ?=1��4  98 �KF  9<   �=<� <����  Y��0<2� 6���
 9A �2��9  �� E	>�>;�)K �� ����/��2- 1114  9< 

1895�� E	) L�8 6���M �� � 775  9< 1424  �
  �� �=</N� L�8 6���M ��962  9< 1679   Y��0<2�

�2��.       ^	7U<N��2 �<�m> ?U<� E���<v �</�� ��n 
9A �)�  l���> 9���� �=� *4, 6�� *+�,  6�8

���� �7X� 6012 .����M� 1/n  ��pH 6�8 4 �6  �8 
9<<<  E<<<	>�>46/0 �43/0  �40/0  6��<<<;�<<<)K 

 �����/�<<�2-50/0 �41/0  �42/0   6�<<��M 6��<<
� E	) 47/0 �42/0  �40/0   < �=</N� 6�M 6�� 9

�� ��@N � �U�- �)� Y��02� � U8� pH�  �<:�   9<u
�=� *4, 9 l���>  6�8 �)=> I=	���A *+�<,  �<8 

9�2�� Y��02� �)�  Y��02� .�� �7�������	N ���. 
 Y��0<2� � pH    E��<v ��U<M�KT   .	<]�>)  E	<�

���=�N (�2�� Y��02�.  �� E��v .�� ��UM�pH  6�8
)4 �6  �8 (9<<<  E<<<	>�>)1219� 1306  �1393 (

 6�� ;�<)K   �����/�<�2-)1091 �1147 � 1232( 
  � E	<<) L�<<8 6�<<��M 6��<< )1140 �1251 � 

1283 (   < �=</N� L�<8 6���M 6�� 9   U<�- �<)�
)?�U, 6�81  �> 3(.  E���v �/�� ��7����K  �.	]�>

 E��vA     �� I=	���<A *4<, ��0<	� �/N�	 � (�=
 U5�� �P1Q�)�. �7- *+�, 9) �8 �� �   Y��0<2�

pH�  E��v .�� ��UM� 9<   �=<� <����  Y��0<2� 6���
 9�2���)�  �	  9<) �8 �� E��v .�� ��UM� .���@
 TH)pH 0	N  6��;�)K  ����/��2- 9U�- �)� .  
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 KL�4.  [����;���  �� *+����( $-& 	:����0 1�235� \?] 1�2 ^�L�A � _�/5?��I ���+�  

 3�5&3. ���N �	��A�H�� 1�2 ���+� \?] *�A�H�� ^�L�A � _�/5?��I )4pH(  

 7]��
�

$-& 

 1�2� ����`

7]��
� 

	/0 $%�& >+?  

@�) 1���T� �+S?� 1���T�  RC�)����S�� I0 

��=� \NX 

  

qmax (mg kg-1) 192± 7000  190±7500  183± 8106  

KL (L mg-1) 003/0± 05/0  004/0± 07/0  004/0± 08/0  

R2 99/0  99/0  99/0  

 
^	7UN��2 

  

KF 110± 775  125±962  154±1114  

1/n 038/0± 5/0  03/0± 47/0  04/0± 46/0  

R2 97/0  96/0  96/0  

.	]�>  

A 299± 649  258± 933  259± 1115  

KT 109±1091  103±1140  109± 1219  

R2 91/0  93/0  93/0  

 ��qp �� U� ��Up�± ��@N U�8�� ��UN��)� 6�HD .	/N�	� ���8U�.  
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 3�5&4. ���N �	��A�H�� 1�2 ���+� \?] *�A�H�� ^�L�A � _�/5?��I )6pH(  

 7]��
�

$-& 
7]��
� 1�2� ����` 

 	/0 $%�& >+?  

 @�) 1���T� �+S?� 1���T�  RC�)����S�� I0 

��=� \NX 

  

qmax (mg kg-1) 120± 7526 120± 7829 172± 8408 

KL (L mg-1) 004/0± 10/0  006/0± 12/0  007/0± 13/0  

R2 99/0  99/0  99/0  

 
^	7UN��2 

  

KF 209± 1282  229± 1397  194± 1496  

1/n 047/0± 41/0  04/0±42/0  04/0±43/0  

R2 94/0  94/0  94/0  

 
.	]�>  

A 247± 1304  230± 1404  219± 1679  

KT 103± 1147  101± 1251  100± 1306  

R2 93/0  94/0  94/0  

  U� ��Up���qp ��± ��@N U�8��  .	/N�	� ���UN��)� 6�HD��8U�.   

 3�5&5. ���N �	��A�H�� 1�2 ���+� \?] *�A�H�� ^�L�A � _�/5?��I )8pH(  

 7]��
�

$-& 

 1�2� ����`

7]��
� 

 	/0 $%�& >+?  

 @�) 1���T� �+S?� 1���T�  RC�)����S�� I0 

��=� \NX 

  

qmax (mg kg-1) 178± 7895  124± 8155  255± 8905  

KL (L mg-1) 008/0± 12/0  007/0± 16/0  019/0± 21/0  

R2 99/0  99/0  99/0  

 
^	7UN��2 

  

KF 194± 1424  242± 1679  241± 1895  

1/n 04/0±42/0  045/0±40/0  04/0±40/0  

R2 94/0  93/0  93/0  

 
.	]�>  

A 203± 1551  206±1848  178± 2166  

KT 89 ±1232  95± 1283  87 ±1392  

R2 95/0  95/0  96/0  

 ��qp �� U� ��Up�± ��@N U�8��  .	/N�	� ���UN��)� 6�HD��8U�.  
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 KL�5. P?+a  �� *+����( 15��*�?  ��HI�Visual MINTQ �V4W �� mg/L 200 *+����( 7�� �? ���� �� 	?+� 7�5C �� 03/0 

 �]+�KNO3 (P=1atm, T=298 0K, PCO2=0.0003atm, KNO3=0.03 M, Cd(NO3)2= 1.779 M, Cd=200 mg/L)  



592   ��� �	
�� ���� ���� ���� ������ 	
�� ��68 ����� �4 �� ��� �1394  

 3�5&6. 5G�� 7����cA P?+a  1�2 *+����( dQ� =��HI� ��pH P�)���  �� ;5�*�?  ��HI�Visual Mint-Q  �V4W ��mg/L 200  ��

	?+� 7�5C �� *+����( 7�� �? ����03/0  �]+�KNO3 (P=1atm, T=298 0K, PCO2=0.0003atm, KNO3=0.03 M, 
Cd(NO3)2= 1.779 M, Cd=200 mg/L)  

P?+a  1�2 dQ�

*+����(*  

pH 

4 6  8  4/8  9  

Cd2+ (aq) 2/95  2/95  7/94  5/77  8/4  

CdNO3
+ (aq) 75/4  75/4  73/4  89/3  24/0  

Cd(OH)2 (perc.) 0  0  0  5/17  7/94  

*  ��N=:9  6�8�/�� ?=1�� �� �=,=� U�N�� (aq) Cd(NO3)2 �Cd2(OH)3+ �Cd(OH)+ �	� U%�� �1p 9 (�	Q �3�% .	��Z � �)� (U� �PN.  

 3�5&7.  f��a ���0 1g�?�)∆Gr (P�)��� $%�& �)+A *+����( $-& =�(�� 1��� ;5�  1�2	/0  

	/0 $%�& >+?  ∆Gr (J/mol 0K) 
pH4  pH6  pH8 

E	) 6���M  26132-  28581-  29023-  

�=/N� 6���M   27529-  28753-  29646 -  

 K;�)����/��2-   27967-  29104-  30294-  
  

 3�5&8.  ��+� \?] 1��)�5& �+ (�I)RL ($%�& �)+A *+����( $-& =�(�� 1���  1�2	/0  

	/0 $%�& >+?  RL 
pH4  pH6  pH8 

E	) 6���M  80/0-09/0  66/0 -04/0  61/0-03/0  

�=/N� 6���M   74/0-06/0  64/0-04/0  55/0-03/0  

;�)K ����/��2-   71/0-05/0  61/0-03/0  49/0-02/0  

  

4. �� . P2Q�K) �
�*  

�� l<<%�5 W��<<�N  �� I=	���<<A 34<<5 �����<<A K;�<<)
�P1Q �� �=/N� � E	) L�8 6���M �����/��2-   6�<8

����M� � I=	���A w1�s�  w1�s� pH   9<A ��� ��<@N
  Y��0<2� �pH       Y��0<2� �< � Y��0<2� 34<5 �����<A

 �P1Q K	7��I=	���A�      9<) �<8 �<)=> 34<5 �����A
  Y8�<A ��7- *+�, �<�  U<�� .Kannan  ����<]�8 � 

)2010(  I=	���<<A *4<<,9<< 1	<<)�K  ?�<<�2 .�<<A
9<< �<<)� (U<<�- �� �<<D��Herea- brasiliensis  ��

��U��� pH 2  <10   9<m	�N .�� 9 � UN��A 9�7�H� ��
   Y��0<2� �< 9<A UNU	)� pH     I=	���<A 34<5 U<%��

 Y��0<<<2� *+�<<<, .<<<�� �<<<)=>�<<<� � U<<<�� 7pH 
E)���  .��>pH  �	s<@> I=	���A *4, 6��  (���

U�. pH  ?=1��9  ��=�p G<_�    l<��p .��<>  �iz<� ��
�=� *4,  6�8   �<)� (U<� �s<@� 6012.   �<	2�b

 *4<<, ��<<@	 �<<		f> �<< *+�<<, ��=<<�pH  ?=<<1��
 #��		f> ����� ��@N �� �_,=>(���   U<N�)Voleskey, 

1995 & Chong.(   
�  W���N L�)� 9<  �<)�    �s<@� (U<�-  U<�  9<A

  <, 9<) �8 �)=> I=	���A *4, ��0	�   �< �<7- *+�
Y��02� pH Y��02�  ��  �U�� 9<  6�=<�  9<A   .���<@	

 I=	���A ��0	�*4,     �� *+�<, 9<) �<8 �)=> (U�
8pH << 9U<<�- �<<)�.  �� l<<%�5 W��<<�N9<<N=:  6U<<�

 �)=> I=	���AI�N   ��0<2�MINTQ    �<> ��� ��<@NpH 
 ���8  KN=:�=� I=	��A E7�QCd2+   (�=<95   U<%��

   �<� l	]<@> �� ?=<1�� I=	���A  <8�  .<�� �� � UpH 
 *=<<)� I=	���<<A�<<�N U<<8� )l]<<� 5 ?�U<<, � 6(. 
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.������      9< ~=<�� ?=<1�� I=	���<A �P1Q Y8�A
 *4, U����2�� �=� . �<  Y��0<2� pH    *+�<, TH<)

�=<<>��Z �<<���� �<<� <<� �= �<<P1Q Y8�<<A E<<,=� �
�=�  6�8H+  Y��02� �(��:  6�8�   TH<) �� �$�� ��

 *+�<<,�<<� �� �=<<� ��<<A *4<<, ��0<<	� 9<<m	�N I=	�
  �U<<	Z Y��0<2� �<�  U<<�A)Nuhoglu, 2003 .( Y8�<<A

�� 012 *4, pH  G<8 .	��Z 6�8 �<�   U<N�=> 9<   l<	7�

�=� 6X� j��> � �P1Q 6�8+ H  V�<�	,�> 9<A U�� 
�=� 6�, 9  6�8*4, 6012 ��   UN=<�)et al., 2002 
Annadurai(.  W���N � W���N .��Y����-  <8 6�  *4<,

 �)=> I=	���A   ?�<M>�Z �<)=Z #����<v )Marin et 

al., 2007( �     �<D�� �<)=Z �<)=> I=	���<A *4,
  �8=<A ��<) )Shin et al., 2007(    0<12 9<) *4<, �

 U	)� `	�=8 6�� � *�) � d� �I=	���A)Liu et 

al., 1999 (<<5 � *�<<) 349<<  K1	<<)�*+�<<,  6�<<8
 w1�s���  j�D � #�+ ?q *=u �WN� L=
) l	
;

(�� )Abdel-Ghani et al., 2007 ( �M�H�����.   
7����K  l]� ��=� \NX�	Q    ^	7U<N��2 �������</7

 .	]�> � ������/79�	N    ��<�2� T	<v=> 6�� ������/7
�=� �4,  6�8 6012� 6�*+�,  �8��8U�.   9<) .��

 97����(����:  ?U<� .��>   6�<8  (��$�<)�  (U<�   6��<
�� T	v=> 012 .	 9H*4, �P1Q � (U�    0<12 ���<_N

��8U� � �� ?U� 91�, �8 6��    6��< 9<A U��<�8 �m�
 [���<<(��� �<<8 *+�<<, ��=<<� ��  6�<<8�<<7-  (��$�<<)�

 �<�  =<�UN )Kaewsarn & Yu, 2001 ; Saikaew & 

Kaewsarn, 2010.( [���<< (���  6�<<8 �<< �<<@����-
?U�  6�8\NX *4,  .	]�> � ^	7UN��2 ���=�  ��<@N

9A ��� \NX ?U� 9A ^	7UN��2 � ��=�  ?U� 9 �
�N
.	]�> �_ [������ � �� 6�(  6�8 �@����- U��<��� 

 )95/0 – 99/0 R2=( .Rao ����<<]�8 � )2006 ( .�<<A
 ?��2r�@�  ��=� �� (U� U���  34<5 6�� �� 6����@A

    (��$�<)� ?=<1�� G�<�	) �� I=	���A U<N��A  �<�i �
��=<<� \<<NX  qmax  �KL  I=	���<<A 6��<<9<<  E<<	>�>

5/19�1	� �� I�:  � I�:48/0 < ��	7 �� I�: 9 �<)� 
 U<�-. Marin   ����<]�8 �)2007 (  �< K<�7�H�  *4<, 

I=	���A   9<m	�N .�� 9 ?�M>�Z �)=Z #����v 6�� �
 Y��02� � 9A UNU	)�pH  ��9�7�H� ���U��  (U�6 -

2qmax  �KL �� ��@N .�� � ��A �U	Z Y��02�   9<A U8�

*4, �	2�b     ���<) .	< �<]��0N � l<���> �   6�<8
�=� � ?��2 � � I=	���A 6012 6�8   ��U<M� Y��0<2pH 

 Y��02� �<�  U<�� .Gaber   ����<]�8 �)2012 (  �p=<N
    I�<N 9< 0
<) `<
1,  -Chorella Vulgaris   6��< ��

� I=	���A 345   �� ?=<1�� G��	) �� *�)7pH ��  
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*+�,  6�8 (U����  I=	���<A *4, �� ��X� �	2�b
   ��� ��<@N Y�<A�� d
	: ���- 6e�N� #��		f> � UN���

�=D *4, Y�A�� 9A9 �=D  Y��0<2� � � �)� 6pH 
 d
	: ���- 6e�N��$��  �)� (U� �>)  ?�U<,7 .( �< 

9,=> 9 #�
)��� I�mN� (U� �  L�<)�  K<7����   \<NX
  6��<)�U, �=�A�2 ���=�)RL(   .	<02/0   <<80/0  < 9

 �)� U�-) ?�U,8 ( 9A��@N U�8��  *4<,   *=<1H�
I=	���A � 6�� *+�, 6�8  �)�� (U� �)� �  9)�8

�7- *+�, )�) K;    � E	<) L�<8 6�<��M �����/��2-
�=/N� (V��
�N �����A   I=	���<A 345 � *4, �� ��X�

?=1�� ��  6�8�U����� �� �-   I=	���<A ��H) *4,
9 6=; �/���� pH  �P1Q � K	7��  ?=<1�� I=	���A

���� . �� K;�)������Z ����/��2-  6�8  *4<, �	2�b
)qmax, A, KF (*4<<, #U<<� � )KT, KL,1/n  ( ��

�=/N� � E	) L�8 6���M � 9���M�  ��@	 9  �<)�
�U�-  345 �����A .	�k�8 K;�)   �
<�N ����/�<�2-

    TH<) 9<) �<8 �� �</�� �7- *+�, �� 9 )8� 6� 4 (
pH  ��<<@	U<<� l<<%�5 �<<� 9<<A  9<< ��=<<> � 07=1<<)

��8 X� 07=1)>��_b� �7� ��N�� �
>�� *+�, .�� � 
 �PNr	;� �>� � � ��@	 #��7�H� 9(��: ���)��   6�<8

 � �1��pFTIR  ��NMR  ��	N����.   



594   �� ���� ������ 	
�� ����� �	
�� ���� ��68 ����� �4 �� ��� �1394  

REFERENCES  
 

1. Abdel Ghani N.T. and Elchaghaby, G.A., 2007. 
Influence of operating conditions on the 
removal of Cu, Zn, Cd and Pb ion from 
wastewater by adsorption. International Journal 
Environmental Science and Technology, 4(4), 
451-456. 

2. Aki M. Awwad, Nida M. Salem. 2011. 
Kinetics and thermodynamics of Cd(II) 
biosorption onto loquat (Eriobotrya 
japonica) leaves. Journal of Saudi Chemical 
Society. 18: 486-493.  

3. Alvarez-Ayuso E., Garcia-Sanchez A., 2007. 
Removal of cadmium from aqueous solution 
by palygorokite, Journal of Hazardous 
Material. 147:594-600. 

4. Annadurai G, Juang, R. S., Lee D. J., 2002. 
Use of cellulose-based wastes for adsorption 
of dyes from aqueous solutions, Journal of 
Hazardous Material. 47:263–274. 

5. Brinza L., Dring M.J., Gavrilescu M., 2005. 
Biosorption of Cu2+ ions from aqueous solution 
by Enteromorpha species, Environmental 
Engineering and Management Journal. 4: 41-51. 

6. Chong K H, Volesky B. 1995. Description of 
two metal biosorption equilibria by Langmuir-
type models. Biotech Bioeng, 47: 451– 60. 

7. Demirbas, A. 2008. Heavy metal adsorption 
onto agro based waste materials: A review, 
Journal of Hazardous Materials. 157:220-229. 

8. Eckenfelder, W.W. 1989. Industrial Water 
Pollution Control, 2ed., McGraw Hill, New 
York, p.104. 

9. Gaber, E., Yahia, A., Abdulrahim, A. 2012. 
Cadmium and Lead Biosorption by Chlorella 
Vulgaris. Sixteenth International Water 
Technology Conference, IWTC 16, Istanbul, 
Turkey. 

10. Gavrilescu M., 2004. Removal of heavy 
metals from the environment by biosorption, 
Engineering, Life Science. 4: 219-232. 

11. Jiang, J., Xu, R.-k., Li, S.-z., 2010. Effect of 
ionic strength and mechanism of Cu(II) 
adsorption by goethite and -Al2O3. J. Chem. 
Eng. Data, 55: 5547–5552. 

12. Kaewsarn P. and Yu Q. 2001. Cadmium (II) 
removal from aqueous solutions by 
pretreated biomass of marine alga Padinasp., 
Environ. Pollut. 112(1): 209–213. 

13. Kannan, N. Veemaraj, T. 2010. 
Detoxification of toxic metal ions by 
sorption onto activated carbon from Hevea 
brasililiensis bark. Global NEST Journal. 
2(12): 197-205. 

14. Lee, S. H. Jung, C. H. Chung, H. Lee, M. Y. 
Yang, J. W. 1998. Removal of heavy metals 
from aqueous solution by apple residues, 
Process Biochemical. 33: 205–211. 

15. Liu, A.G. and Gonzalez, R.D. 1999. 
Adsorption/desorption in a system consisting 
of humic acid, heavy metals, and clay 
minerals, Journal of Colloid and Interface 
Science, 218, 225–232. 

16. Marín, A.B., Meseguer, V., Zapata, J.F., 
Ortuño, M., Aguilar, J., Sáez S., and Lloréns, 
M. 2007. Removal of cadmium from 
aqueous solutions by adsorption onto orange 
waste.J. Hazardous Materials. 139: 122-131. 

17. Nuhoglu, Y. Oguz E. 2003. Removal of 
copper(II) from aqueous solutions by 
biosorption on the cone biomass of 
Thujaorientalis, Process Biochemical. 37: 
1627–1631. 

18. Rao M. M., Ramesh A., Rao G.P.C., 
Seshaiah K., 2006. Removal of copper and 
cadmium from the aqueous solutions by 
activated carbon derived from Ceiba 
pentandra hulls. J. Hazard. Mater., Vol. 
B129, pp. 123–129. 

19. Saikaew W. and Kaewsarn, P. 2010. Durian 
Peel As Biosorbent For Removal of 
cadmium ions from aqueous solution, 
Journal of Environmental Resources, Vol. 
32, No. 1, pp. 17-30. 

20. Shin, E. W. Karthikeyan K. G. Tshabalala 
M. A. 2007. Adsorption mechanism of 
cadmium on juniper bark and wood, 
Bioresource Technology. 98: 588–594. 

21. Sun G, Shi W,. 1998. Sunflower stalks as 
adsorbents for the removal of metal ions 
from waste water, Journal of Industrial and 
Engineering Chemistry. 37(4) : 1324–1328. 

22. Zuane J. 1990. Handbook of Drinking Water 
Quality Standards and Controls, Van 
Nostrand Reinhold, New York. Pp: 64–69. 

 


