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Abstract  
This study was conducted to investighate the adsorption of Cadmium from aqueous solutions 
by using the powder of excess sludge (biosolid) from municipal wastewater, at 24 to 26°C, a
pH value of 2 to 6, over a contact time of 5-420 minutes, and at 50 to 300 rpm stirring rate in 
a batch reactor on the laboratory scale. The pretreatment of biosolids consisted of dewatering, 
grinding, and grainsizing with sieves (mesh dimensions between 50 and 120). According to 
the results, the best conditions for biosolids to adsorb Cadmium was pH=4, 120 minutes of 
contact time, and a stirring rate of 200 rpm. Cadmium adsorption kinetics followed the pseudo 
second order model. Maximum equilibrium adsorption was observed after two hours. The 
adsorption isotherm was in accordance with the Langmuir model. Maximum Cadmium 
adsorption capacity of biosolids (qmax) was estimated at 0.38 m-mol/g of dry biosolid (41.5 
mg/g) and the Langmuir constant (kd) was found to be 0.1044 m-mol/lit (11.37 mg/lit). 
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 �A��8 1)�3 TX� �@�	�� 1�A�

��� [5I�
 ��# �
 ��#`
q�93?)@)�
 Tm	� ��( �
 �A�8 1)3 TX� 1�A� �3 �* (� v

����@	K �()�� �	��.B	4 4�%�k1ads ����B &��
	O;���#�#1TX��� (� 
��(� �93?)@)�
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�'( ��* (� TX�� � �@�	��� TX�� 6\��:� ��3(	W@ �@�	� 
1	4 %log(qe-q) %1	4 /
	0 (� t%��()Z (� &�'� ��
 �!Q! �E

 TX� v��!�' %�L	
 ��L�� �K: &@	I "�2%���(� � $�� 7�3� 4� 
&��N���!E ]�U.[(� 1)�'�#( �@�	��'( (���0 � ��!Q! 73� 

M()�Z ��
 �( $�� 7�3� 	�
 &�0
	K %1)��'�#( �W�5N�* [3�q
��� �*�): 1	_B ����.

1 Norton et al 
2 Lagergren 
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	O [5I�
 �� ��(� 	
 TX� �� ��� �
 ��# ��0�a� (� ��#

)g/mg.min(&'� .
�3�	0qe�k2ads ��K: ��!Q! �'( �
 ��)� 	
 )t/q ( /�
	0 (�

1	4 t
��2 �*�): &'� ]�U.[�
	�K� �'(�
 (� 1)�'�#( A�@	B2

 $� 73� 	
 TX� �� "��
 (	� �)L.

� 1	_B $� �� (� 1)�'�#( M;�	� �3	�B �;	�
 �
	�K� "�!*
 $� 4� ���	� TX� v��!�' �NL � �� ��(� �L	
 .&�@	I 7�3� (�

 �@�	�� TX� 1�A�)qe(U�/����� ��@	�')3	
 ��# �
 ���	� ��#
 
 v_: �"��� 	
 �E �2 &'� 
 �	* �v��!��' ��!Q! 4� "�2 &'�
TX� )Up/��(�(�� �B�)u�* .7�!>�* TX�� ���B &�
	O 1�A�� 

�� ��(�(k2ads)��hp/��3��# �N'	Q .
AB)�B2�1�(	S�* �P�')� C� TX�� �()� (� �E �0�0Q� (�

 ").a vN�� P�')� A�8 73� TX� �E �B�)�B �u_ �B��� �	RB� ��
 vN�� 	��8)��E �)'	#(	'�$� 4� �NL �� ��(�;�#�#1&���N� 
� �!E]�U.[

1��	�a�(��3� � 1	3U7�W!��' M�A���8 TX�� ��E ��B��� 1	�_�B
 P�')� ��( � ���	� %/9�B %T�' &534 "�B4 �9N�� "�)� ()�E) 

�5E�(��@�	� 4� ;�#�#1�9�
 "��9B &��N� 4�$� �NL �� ���(� 
4)*p� ����V �!E]��[.

�����20�1 pH &'( K�;�� 0� 
/SL ��~��OpH � D3	�B �( ���	� TX� �
 �*� .1	�* ��E ()�o

 /9L (���u_ &�'� �O~�� ��B�( �pH &�F�x �� (� TX�� ��
 
�U/��pU/������ &��'� 1	5��93 �	��N3�0� ���	��� (;)�� .(�pH 

$�	�<%� � &'� ��8�WB M()Z �
X� 73� 1�)�pH ���
 �( pH 
�)�B �	.!_�V �
X���.

D3�A��8�pH 4� <&���' ���
 =TX��� �N5��B D3�A��8� ����	
 %
� �)L .D3�A8�pH 4� =�
��L TX� ��W�_] D3�A8� ��	
 � "

3 Antunes 
4 Sargassum chromophyta 
5 Yan and Viraraghavan 
6 Mucor rouxii 
7 Ho’s 
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D3�A8�pH 4� �� �	R3� TX� (� �( ��E D3�A8� ��
 �
 ��!E`�X�@ 
A� 73��_�
1�(� ���	� TX� ���IpH �
��
�� "�*	_ �)L.

1�(	S�* � 1)�()B ��@	K (� �E �� 1)����V ��( A���8 TX��� 
�B��� �	�RB� ��@	�')3	
 P�')� �B���'( �R��B 73� �
 &�F�x (� ���E 

�p�/���� ;) (� (pH �
��
<D3�A�8� � "�	��8� �	H�� �
X��� %
pH 4� <�
=	�� � "�L TX� ��W�_] D3�A8� ��	
 pH $�	��d

')5�Q ����}� D3�A8� 73��&�'� ���L��B .TX�� D3�A�8� ��B�(
 �
 &N5BpH &F�x (� �/���� 	�
 "�)�
 [���� 7��* �
 �* (;)

 (� �E M�	H� 73�pH �
��
<"�)�
 A�]	B TX� %�	�H�� �
X���� 	�J� 
&'� "�	�H�B]��[.
1(	'�	��TX� �E ��� 1	_B A��8 v�N�� P�')� C� 	�!3�	V�

��O~� &Q�pH � �L	
 .(�pH �	* 4� ���E<%TX� � "�)�
 A�]	�B
	
 D3�A8�pH 	� ��0 (�4� ���
 � ���L�� ���W�_] D3�A8� TX� 

� A�]	B TX� D3�A8� 12 �L	
]�p[.
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�X���(� ���	� TX� �
 y\�:� 1�A� ��O~� (��)�B

�	.�F�x�U/��pU/���� (;) 
��	�1�(	S�* ���E %��B�(�2 &�'� ��
 �E �R3	�B �
 ��)� 	


 (� TX��� 1�A��� 1�)��
pH 7���
 �B)��3 Y3)���� ���
 �( 7�3	��V �	��*
1)3 �A��8 �	* 1)�3 � ���	�� 1?�(���* �	�*)(� ��9!3� &��� ��


 
1 Kaewsarn 
2 Padina sp. 
3 Mameri 

pH 7�3	V �	*%(��0 1?�(��* 1)3��	34 �(�� �)�� (C)3	�
 (�
 �FB �() �B��� &N5B ]��[.�W3� M(	N� �
 %(�pH &�� �
 7�3	V 

1)����V �;	
 &F�x �)��)1?�(���* 1)�3 (A��8 	�
 12 &�
	a( �
%TX� �() &3	' "�!!E �B	
 �	*%1)���V 8��!S�1�A�� �X�@ � "�L 

� D*	E TX� �
	3]��.[&3	' �	�.*��# /	�L "��!!E �B	
 �	*
 93?)�@)�
 �	.
m	� (� �E "�)
 TX� ���
 �@	�8��	�.*��# /	�L 

�q $	�8��� ����'� 	�3 �4	�
 {� �!�L	
 .%7��
 7�3� (� �	�.*��# 
���5E)
�E)…COOH(�. 4� 73�� �!�5* �3	.*��# 5� ��Et$)
M�A�8 TX��
�!L	.]��[.

����+�;Q] &'( 0� 45�6� K�;�� 0�12� 
(��)�B /SL (� y\�:� 1�A� ���}� 	
 ���	� TX� 1�A� M����}�

�&'� "�L "��� D3	�B .�] ���	� TX� ���
 �!�.
 y\�:� 1�A�
 &F�x (��U/�&�F�x (� �] �pU/�(;)� 1	��* (� ��E ()�o

 /9��L���� "�*	_�� �����I (� �)��L�U� ��� 	<�� ���0�a� ���
 (��
� �L	
 .

1	�* ��� "�*	�_ /9�L (� ��E ()�o �)�L%&�F�x D3�A��8� 
�( /9���B TX�� �
 y\�:� 1�A� ��O~� �B�( %���	� ���@�� $)�Q�

 &�F�x (� (��)���B [���L D3�A�8� �
 ��)�� 	
pU/����� (;)�
 &F�x (� (��)�B [�L �
 &N5B�U/���� �D3�A8� (;) �*�.

1�(	�S�* � ��	 ���E	�
 P�')� ��( A��8 TX�� ���@	K (�
 |)')�3( C�53	)�V��'�U1�A�� ��E ��B��E �u_� $	��8 ��x 

P�')� ��( A�8 TX� ���
 �!�.
 y\�:�=���E	�
 C)3	�
 ���# 
C�53	)�V��'� (� pH �
��
U/�%�	� ��&�F�x 1�A� � ��(� 

��@����� ���� ����@ ��
 ���#%�U� � ��
 (�� �� ��0�a ��L	
]��[.
1�(	��S�* � 1)���()B TX��� ����@	K (� A���8 ��@	��')3	
 P��')� ��(

 �( ��!�.
 y\��:� 1�A���� T	�u�B� ��0�a� ��
 (�� ��B���]��[.
�B����@	K (� ��%P�')� /�9�B TX�� (� ��!�.
 y\��:� 1�A�� 

��5E	: �( 7R@�p� T	u�B� �0�a� �
 (�� ���]�h[.
\�:� 1�A� (� TX� D*	Ey�� �( 7�3	V �	* 1�)�� 4� ��L	B

 ��5���' &�5��a v��3 (� Tm	��� 1���L ^����)�_��
 7�3	��V (����� �
$)�Q �	�� (� 12 �#�!E��V&5B�� .�	��� 	�
 [�'	! |	��� ����

 ['	! y\�:� ��� � ��5�' [�) [�'	! |	��� 1�A�� D*	E
 "�B)L TX� � Tm	� �� ����# .(� TX�� 1�A�� D*	�E 7��!>�*
� ��;	
 �	.���' "�3�V �	R3� &�� �
 �B�)��
���#p�L	
 ]sf.[

4 Protonation 
5 Stroptomyces rimosus 
6 Weng 
7 Vortex 
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��"�O�� +	,�	-� &'( :0��;�� � 	� 
/SL�T��Q� � "��� 1	_�B �( ���	� TX� ����A3� �@�	�� (��)�B 

1	_B �!Q! 73� �;	
 �
 �( �����A3� 73� 1�)
 T)�K(	�5
 "�!*�
� �L	
 ]<�.[

������A3� {����u n�)��B� 1	��� 4� �� %�)���) �	��* ������A3�
�3)���WB;���@���B��8 �������
 �;)���� ����$��� �	.
X��� �4	��'

 � "�	H�'� �93?)@)�
 �L �'(�
 %�B)L.�3)��WB; �@�	� �K: ��8
 �K
�( (�U&'� "�L "��� D3	�B 

)U(
eqC

1dK

eqq
eqC

maxmax qq
+=

(� �E 12 :
CeqA�8 &F�x �a	
 %"�B	 
qeq�93?)@)�
 Tm	� ��( �
 "�L TX� A�8 �@�	�� 1�A� %
Kd&
	O ��� [5I�
 ����@ �
 ��# "�)�
 ��5�
�� TX�� �?��B� ��
 �

TX� �B	
 M(�a "	# �* �&'� %D*	�� 12 (���0 ��
	3 D3�A�8� ��*�): 
&8	3 ]��%�����[.

"��L TX�� "�	 1�A� �3	V �
 ��@�B��8 �
�R� �@�	�)qeq ( (�
 �a	
 A�8 &F�x 	
 &N5B "�B	)Ceq ( ��K
�( (� �E "�)
 �"��� 1	_�B 

"�L &'� 
)�(n/1)eqC(FK

eq
q =

�K: 1)�'�#( A�@	B2%$�� 7�3� 	
 �( ���	� TX� �
	K� 1	_�B 	�*
� �*�.�
 �W�5�N�* [3���q �2 &�'� A��8 TX�� �
	�K� (� "��

 [����� ��
 ��@��B��8 � �3)��WB; $�� (� ��@	')3	
 P')� ���	�
hh/��h�/���L	
.��@	�')3	
 P�')� ���	� A�8 TX� �X@ %4�

����!E ���� &�����N� �3)����WB; $���� .1)����'�#( P���: ����@�	� 
)���p/�+xp���/�=y(���K
�( 	��
 �5��3	0 (�U�u_�� 
� �E �!E :p���/�=1/qmax TX��� &�8�G ������I 1�A�� �X@ %

)qmax (���	� �p/���� b_�: ��@	�')3	
 ���# ��
 ���	�� $)� 
)U/������� ����# ���
 ����# (� "���L �N��'	QM(	��N� ���
 ����)� 	��
 

���p/�=Kd/qmax %�3)�WB; &
	O)Kd(%����/���� �
 $) 
���@)p�/����� ��
 ��# ����@(�
��� &�'� ��32.)� � (	��2 �@	�B�

���	� TX� &�8�G �����I	
�3)��WB; $� �(p�/�±��/�p
��� ���# �
 ���# w(	a P')� ��!�' C�3��)
���B��� 1�)!� ]��[.

(	WB)5����)#U1�(	���S�* ��( ���	���� &����8�G ��������I pU/��
��� ���u P')� ��# �
 ��# �5�3��' |)93	�(	E	�'�	�
 $�� 

1 Langmuir 
2 Fraundlich 
3 Akar and Tunali 
4 Botrytis cinerea 
5 Göksungur 
6 Saccharomycos cerevisiae 

��B��� 1�)!� �3)�WB;]�U[.�	�*�(�p1�(	�S�* �TX�� ������I
 $)B��# P')� �( ���	� �
 �	* 7�R@ �4�)�*%U�/����� ��
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 ��#	
�B��� g(�A# �3)�WB; $� ]��[.

R2 = 0.9599
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�d�"�(� ��@	')3	
 P')� ���	� TX� �@�	�� ����A3� pH

�
��
�

"��e��8 �0�N 
&�F�x ��' (� �( ���	�� TX�� $�	�� 1	4�U/�%pU/��U/�

��� � (;) 1�)�=&�	' (�4� 12 TX�� v��!�' �� &8�# �FB 
$� �NL� �� ��(� �L	
.

D3�A8�pH 4� <&�' �
 ="��L TX�� �N5�B D3�A�8� ���	
 
D3�A��8��pH 4� =���
 �� "���L TX��� ��W�_��] D3�A��8� ����	
 
D3�A8�pH 4� �� �	R3� TX� (� �( ��E D3�A8� ��
 �
 ��!E.�X�@ 

A� 73��_�
1�TX� (� ���	� pH �;	
 �	*�� "�*	_ � �)�L
� 1�)�pH �
��
����
 �( pH �	.!_�V �
X������ .

&�F�x (� ��] ���	� TX� ���
 �!�.
 y\�:� 1�A��U/��
&F�x (� �]pU/����I �U� 	�<�� � �0�a� �
 (�� �L	
.

TX�� &�8�G �����I 1�A� (qmax)��@	�')3	
 P�')� ���	�� %
�p/���� b_�: ��@	')3	
 ��# �
 ���	� $))U/������ ���#

 ��# �
(	
� �3)�WB; $� �L	
.
C)3	�
 ��W3� 	
 �53	0 (� P�')� ���	�� TX�� &��8�G 	�*

 �*���8 �����S� M	�@	K ���
 �( �!�4 �� "�)
 ��)� /
	a ��@	')3	

� �(�2.

f��8���I 
���'� 73� �
 &3�3� �	.' &��L 4� M(�4� ��
 ��5
�� T2 ^
	! 

	�
 ��	0�0Q� "?��V 1�)!� &Q� %��0Q� 73� 4� �@	 �	Q@ 4� �� ���B
 ��f=s<=�sENV ����Q /!�'�V 4� 7�!>�* � �B�)�B &3	�I %

1��.� "	W_B�� &534 P�Q "�S_B�� "	W_3	42 ����
 (� �(	�S�* 
D3	42 �	RB� �	*� �(�AW'	j' ��0Q� 73� ���# .
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