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Abstract  
This paper studies the effect of different molarities of sodium bicarbonate on enhanced absorption 
capacity of rice husk to remove cadmium in low concentrations. Maximum absorption efficiency was 
achieved at a pH of 6 and absorption equilibrium time was 1.5 hours. Results of chemical experiments 
and photography by electronic microscope from improved rice husk revealed a good relationship to 
exist between number and average diameter of absorber pores, on the one hand, and absorption 
efficiency, on the other. Meanwhile maximum absorption efficiency of rice husk in cadmium removal 
was 99.1 percent which shows improvement due to 0.3 molar sodium bicarbonate. In this study, 
kinetic absorption models were also studied. Both Lagergrn (1898) and Ho et al. (1996) models 
satisfactorily described data with a confidence level of 95 percent; however, the latter model was 
found superior in this respect. Comparison of the coefficients calculated here with those reported in 
other models showed a faster cadmium absorption rate by improved rice husk due to 0.3 molar sodium 
bicarbonate. 

Keywords: Rice Husk, Cadmium, Absorption, Sodium Bicarbonate Solution, Porosity. 
Z�s��- ,�[��� C) ,5�( 4����&�
^� 4����&�-��/� ���	� ���? ,�[��� \C) *�89 �&���� ,�Y��� 
g����= ,�[��� \E?���� ,�Y��� 4����� -��/� 4�F�? 
k�s��- ,�[��� C) ,5�( �	89 Ed�/ �b9 

1. Assis. Prof., Department of Agricultural Engineering-
Water University of Zabol 

2. Assis. Prof., Faculty of Water Sciences & Engineering, 
Shahid Chamran University, Ahwaz 

3. Assoc. Prof., Faculty of Health, Jundishapoor University of 
Ahwaz 

4. Academic Staff, Department of Agricultural Engineering-
Water University of Zabol

�������	�
 �������� � �� 
www.SID.ir



Arc
hi

ve
 o

f S
ID

28

������� 
 M	�@	K W!' M�A�8 TX� �
 y)
��4� "�	H�'� 	
 7	0
3	�#��*	�

�	���� *� 4� �s©e� 	�s©f� n��L�L.� (�37�()� ���
 1�)�� �
()o (� �E ��L � 7'(; M	�@	K �
 �u_ $	��8 7
��E 4� 12

 ��
 "	E��	�E 6XI �"�	H��'� ���# �3����E "(	�L� %]s[.M	��@	K 
TX� � (� 3�	���� "(�� 7�() (� 	0
 4� "�	H��'� �3	�#��*	�� �	�: 

M()Z 12 $	xm�&8�#.
*� �:��� 4��©���\�H��'� 	�
 TX�� M	��@	K �E �)
 4� "�	 

	0
3	�#�*	�� $)Q� �*	L 3�W��L%
�()o�
 �E �	��"�	H��'� 
g�( 4�$	�8 4	'�8�A39�)$	xm$	�8($	�8 4� %4	�'��L���	�3

3L r\Z� 	���	�3��# "�	H�'� 12 3�.� (�3g�( 7,�A�8� 7��q3D
8�G�A* %$�	��� 1	�4 D*	�E � TX� &3��! 	�*�$	��8 ��
 �4	�'

 $	�8 g�( 4� ���E [��� 4	�'�8�A3&�'� ��9.�) �: 7�3� (� 
� 
 1�)� �1�(	�S�* � $	��2 M	�@	K �
 �u_ ()o �"(	�L ����

 1	�B�( %12 |	'� �
 �ETX� P')� "��L r\�Z� �)���L ��')V

����'� $)�Qs(;) M	H5�8%4� ��_��
 (	�5�
 �)���L ���')V 

&'� "�L g(�A# �	: ]<[.
@(	���L ���')V 4� "�	H�'� 1�(	9�* ���
 �( "��L r\�Z� �)��
 1�)!�3No Tm	� v���W!' M�A�8 ���
 7��	�E A��8 �%T��' � �

�B��� (��a ��@	K �() ]=[.	�B3�
�	�.B2 P�')� "��2 &'� 1	_�B
 ����E"��L r\�Z� �)���L ��')V $)��Q 	�
 e�/��)�' (;)�

(�24)' 8�G 4� �	: �)��L ��')V �
 &N5B �
 TX� &���_���
 �
A�8 �� �* &'� (��():�
 .!>�*�7%� M	�@	K 3��E ��� 1	_�B ����A

)���WB; $���3
 &��0
	K 4� ������_�$��� ���
 &N5��B ��@���B��8 
(��():�
��L	
.
0Q��M	��0E)���B	
 � (	�� ��	V�	���*�( ���
 ��	��E TX��� �4� �

2 $)�Q�"�	H�'� 	
 4�"�L r\Z� �)��L ��')V 
��'����' ��3�


�&F�x 	
 M	!
�E�/�;)� %(� "�	�' M	I\�Z� ��E ��� 1	_�B 
�E A*3!��L���	�3���A�8� ��
 ��B�)�38�G D��4� TX�� &�f/f
����	�: �)���L ���')V P')� ��# �
 ��#)RRH (  ��
s</ss%

<�/<�%sf/sd4� $�	�� 1	4 D*	E �s����
 &�	�' ����')V 
�
 %�	: �)��L<%��s��� �
 &�	' ����
 [��V� �*���E ��(�37

�)��L "�L r\Z� )ERH("��L r\Z� �)��L %�
��'���)�' ��
 (�24)')NRH ( "�L r\Z� �)��L �$)�Q 	
 �'3
 ��M	�!
�E

)(NCRH �)��L ���R! ]�[.� (� ��3 � ���
 ����)� 	��
 g(�A��# 73���9!
A*3�!	*�.���' �3
 ��4� ���E M	!
�E =�* �Z(�3A�!	*�.����
V��*���E �(�3 7��L	
%�3�)!� �
 "�	 7I\Z� $)�Q 1�i��(� 
V�&'� "�L �	.!_.

6(	���	B �	�.
2 4� ���	�� &�F�x D*	� 6�* 	
 ��0Q� 73�
 "��L �	�RB� 1	��'4): ��0K! n(�A� �(	��
2 T2 (� "�	H��'� �() 

&'� .	.
2 ���� 4��*4 %6(	��	B 	� �4(�	_�� �	.
���E �!�L	

 � (��a 1�4(�	_E "�	H�'� �() 1	E	�E�#���B� .���)� 	�
 ��S!3� ��


 �(	��
2 T2 (� ���	�� 4	�R &F�x �����Ippb ���� (� %��L	

 ��(� &F�x %�q	I ��@	K�D3	�42 ���
 ���	� �	.@)�Q �	�* 

%TX�ppb s��&'� "�L ��8�# �FB (� .

��	
�� � ���� 
�B	:(	E 4� �	: �)��L ��')V ���
� 	*��Q �4�)�*� �.�L 6��o� (� 

.��"�	H��'� 	
 � �L �	�.9@� 4��"(	��L =����"4���B� %	�*��
�7
�<� 	� d�� �1��9)'�!* P')��%M�(m ��Ka �s� �1���9 (
��
�	42 3��# T	u�B� D3�.Cj�' � 1�����8 T2 	
 �)��L M�(m

 
�] "�!!E �	V ��) 4� "�	H�'� 	
��
�
)�:�"()�E (� � ��L ��5�L 
M(��I &Q�©���B	�' ���(� M�� ��
 � ����#=�: &�	�' v_

��#3�.

����O	,] 	� z5h� &}	( ��	���� � 	� 
�B)�B � "�!!� �	V ��) 	
 Tm	� "�L ��.� �	* �L ��5L 1����8 T2

 �3��# A��� %�K0 T2 	
 �.�B)�B Cj' M(���I (� %"()E (� 	*f�
��B	' ��(� M�� ��
 � ����#=��# v_�: &�	�' �3 ���Z	8\
 � �
D3	42 �	*�( �
 �4; ��
 	.B2 �2 /�� .

	.
m	� n�)B� ��.� ���
)��	*(	�(� �RI ���
� %�!��	.@)�Q 4� 
s/�%=/�%�/��e/��3��' M	�!
�� ��
 (;) )NaHCO3(

��# �*��83�.(��0 Cj's�� 	�
 "��L b_�: �)��L ��')V ��# 
<�
 $)��Q ���@���' M	�!
�E3�s/�M�� ��
 (;)� �&�	�' 

� �!:)
 {�a 4� � y)�u �L "��� ()N .����
 M	�!
�� ��4	� 6X�I 
	�
 (	�
 73��!] �)���L ��')V %"�L r\Z� �)��L ��')V 4� �3�'

 1)3 1��
 �K0 T2%&5L ���# )L �3�.�
 Tm	�� �(� "��2 &�'�
 �	�f���B	' ��(� M�� ��
 ���#���# b_�: &�	�' �3(� � �

��L �(���.WB ��5�
 (� ���K
 b�3 (� �	�� �	� .����
 (	�� 7�3�
;)��3( �	*=/�%�/��e/�
 %�L (��S� A�B �()o ���E�n)�B 

�FB �() Tm	�%(��0 �
 ���� �* s�� ��# ���.� ��# �3�.�	�.
m	�
 [������ ���
 "���L ����.�NCRH1%NCRH3 %5NCRH �NCRH7 

�	��B (�X��#����L ._��u
 %����
 ����I� (�����B)�B 4� ����
 	��*��	��RB� 
	423D�	* (��.WB TX� �_u
 ���3�Q� %��W C�9� &(����
�

 P')��9'��9)��9@� �B�SEM) ( &�8�# (���a .4� C�V �	�RB�
 D3	��42�( ���
�(	��.]��(	���NCRH1%NCRH3 %5NCRH �
NCRH7 B � ¡�8 � /�: ����� g(	�L 	
 %�"4��B� A#��� �Ka ¬�O
� /u�u�3�'(�
 �()� r)K�' (� "��L �	�R���* �3� 4� v�%	�*(	�

����� � ������� ���	�
 ���

www.SID.ir



Arc
hi

ve
 o

f S
ID

29

(	2 M	 u_���# 7���� 	.B2 3�.!>�*�"	W��'� 4� "�	H��'� 	
 %7
SEM�AR� %3E ��H���	*(	��&8�# �	RB� Tm	� .

����j��,� pH?���	L &'( �*�
� 
���
 �� ��7pH .
 ��	E TX� �!������ %�DLT	�u�B� 7@(� � ��L

 M� �
<�'� $)�Q (� &�	' �(��.WB ����# �3�.T2 	�
 Cj�' 
1��
 T2 � �.L3�\	E 1)�L ��5L �s�����@�A��8 $)��Q ���

�	E��)&F�x 	
ppb s�� (:m $)�Q 4��"�� ��3��# &�L���
 (�
 �*37@(� 4� v( 	*3�L ��u .��
 7@(� 4� ���E �* (� (��0 %	*s���# 

Tm	�NCRH1 (3��u �L �pH 
 	.B2 ���� �� (� [=%�%�%d%e
�fF!� ���# �3�.7@(� 	*��	I �M�� ��
 $)��Q s<	�' 	�
 &�

 &��'sf� a� (� (�� ��01A��* ��( � ��L "��� (���a 12 4� C�V
����R pH "4��B� 	.B2 #���}� ���M��3��# &L���	3�.4� "�	H��'� 	


a��L {����_��8	��Z X��x	E �����B)�B %7������ o)��a (� �( 	��*�	��*�
�'\V�9��\Na �E �\	E ( �)�
 "��L ��5L 3(���0 1��A�8� 	�
 %���u
��!�'��B �����3%vpH 4 ��
 	�.B2 �3�<�'( ����
 ���Z	8\
 � ��

"4��B� #����	E (��0 �a	
 ��	42 %$)�Q (� "�B	3D�	�* TX��
 �	RB�&8�# .�3��
 %(	E 7��Tm	� n)B �' 3B �W���# (��9� A3�.

����/�	� ! M��*�� &'( �	� 
�����&H* �\Na �E �( 7@(� '��)L ��3�.�L T2 	�
 ���
� %�)
 "�L �

1��
 T2 	
 Cj'3�\	E 1) � ��5�L s������@�A��8 $)��Q ���
�	E�&F�x 	
 �ppbs�� ( 12 (� 3�L ��u .7@(� 4� ���E �* (� %	�*
(��0sTm	� ��# NCRH1 (3� ��upH �3	��B ��
 ���)� 	
 $)�Q 


�D3	42 4� "�2 &'� �	* �( %��Na �d�F!� ���# ��3�.	�.@)�Q
 �( �
�1A�*	
&��' sf� a� (� (�� �M�� ��
 � �0�%s�%<�%
�� %d�%©��s<� a� �(��a �0�!�8�# .%"��L ��j' �	.B	4 4� ��

�B)�B ��� �
 	*��( 4� [�1A�* a 4� "�	H��'� 	�
 � ��L ���L���
 ��{
L��_��8	Z Xx	E ���B)�B %7���� o)a (� �( 	*�	�*���'\V �9�

�\Na �E �\	E ( %�)
 "�L ��5L 3� ��u � (��0 1��A8� 	
��!��'� ��
B���3%vpH 4 �
 	.B2 3�<'(���
 ��Z	8\
 � ��"4��B� #���(���0 

�	E���# ���a� $)�Q (� �3�.�3���
 (	E 7�	�.
m	� �%NCRH3 %
5NCRH �NCRH7B��L (��9� A.

��<=� � >�	�8 
� �3	���L �3AR��	*(	���L r\Z� ����')V ��� ��� 1	_�B Tm	�� 

)��L 
 "�L r\Z� ����(�� P')� ()o©�/<d��Z(� �' ���%C
ss/<s��Z(� � 7
���E ©d/�s��Z(� 5��E� ��� 1z ���L	
 .� ��!�

 
1Scanning Electron Microscope 

�	E�E�� (� ��&�L��B �)��� �)���L ���')V [.��
	�!
3���')V %7
 	42 �() �)��L3�	E �a	8 D�@�� "��L TX� ���	�K: � "�)�
 ��

L	B�� 4� %TX� 1	�B�( 4� 3I 7��H�! ��&�'� .4��8�o�(	�F�B� 
���� �QK' /�5���(��* �	.*��# /�S_� 	
 ��( � 1)S���' �	*

 D3�A�8� �)���L ���')V �QK' TX� &�Z	: %7
�� ��5���(��*
 �!� ���V]s[.

����+	,�	-� pH 
pH Q �K���8 �E 3 �	RB� 12 (� TX� �!�� %�)L~O�4 ��3�	��(�
��(�� TX� 1�A ._u
���
 y)�
� TX�� 4� �31)	�*�*��1?�(�

 a( 1�)!� �
 �E &'��QK' TX� (� [��	E �1)� �*	�G 	�*��)�L 
]��d[.

0Q��	�' P')� "�L �	RB� M	03�00Q ����E &�'� "��� 1	_�B 7
pH .
 �
 %TX� �!�7�	�f}� ��&�'� �]e�f[.��* ��
�@� 7��%/

"���QpH �'(�
 �()� �� (� �30Q� 7���
 %��7=	�� f� T	�u�B� 
	423D	*�� TX� �L �	RB.

�O�pH �( �
 ��	�E TX�� 1	�B�( ��)���L ���')V P�')� �
/9L (� "�L r\Z�s&'� "�L "��� 1	_B .1	�* /9�L ��E �B)#s

 1	_B�6�Z �*� �3��' 4� 1�A� �] 	
 �)��L ��')V �S!3� 4� �FB
�
 ��L	
 "��L r\�Z� M	!
��%(� TX�� 1	��B�( /a���I ==pH 

�	�H�� �� ���8� .TX�� 1	��B�( (� ==pH ���
��
 =/©=%=/©f%
f/©��e/©���� ����
 ����Z(� ���������
 [�	���.
m	� �NCRH1%

NCRH3 %5NCRH �NCRH7��L	
 .�A8� 	
3(��� D3R�pH%
B TX� 1	�B�(�A�A8�3 D�3
 �
	 �()o �(� ��Ed=pH 1	��B�( %

�	E TX��� (� ��	*(	��
 �EX@� �)8 �������
 [d/©e%s/©©%
d/©f�f/©d��'( .(�pH 	* �d	�f�E 	.
m	� (	�8( ��* 	
 

&'� M�	H� .Tm	�� (� TX�� 1	�B�( NCRH1 (� %e=pH ��
 
"4��B��/�D*	E �Z(� 3(� Cj' � ��8	f=pH �����R �A�8� 3D

V��()Z (� %&'� "��E �����
 TX� 1	�B�( �E � �Tm	NCRH7 
4�d=pH 	
 %��
 �
 3L v�\ [3�A�8� �3� D�3��
	 .Tm	�� ��
�34� ��
 %�WdpH=B��0� 1	_
X� (��0 A3�	Na	
 &
	O ���B	.

1	�* /9L (� �E �B)#s �FI\ �D3�A8� %�)LpH 4� =	��
	� �	��� (� ���	�� TX�� (���0 ���)� /�
	a D3�A8� �
 �R!m	�.


 &'� "�3��# .�	�N5B D3�A8� 73� � �( TX� 1	�B�( (� ^3�' 1�)��
L	B�&5B�� /	� �� 4� :s��	�0 �)��38	�E ��1)�3 	�*�H+(� 

(� $)�QpH	*�	�V �3	�
 �QK�' TX�� ����
 ��� 7�3&�N� 1)
�	E�� &
	a( ��!!�.<���!�� b�3 �)�� pH ��* ����
 ��B��Q
 

����: (���0 4� TX� 1	�B�( �� �3	� %"�B)L A�@�(��* �A�8 1)3
 (��0 �
 ���!�_�
 � 73� �
 �E %�'( �QK�' TX�� �B	��'2 (���0

 � ��H# �)L]©[.!>�*�TX� (� D*	E %731)	*��	E �(� �pH 

�������	�
 �������� � �� 
www.SID.ir



Arc
hi

ve
 o

f S
ID

30

4� ��;	��
 d� (� �(	��� NCRH1�;	����I�@� ���
 ���/9��L /#�����
��)�R 	*�*�5E�(����/�I X�V3&�'� �]d%s�[.A� (���0 ��c 

(� TX� D*	EpH 4� ��;	
 d� (� 30Q� 7��	��B 	�
 %�3�
 ��&�'�
@	K 4� "���2 �E %1�(	��9�* � 	���V)# M	�����3B� � 1	!_�� 1	��*���

�	��(�� &0
	K 1�(	9�* � 1;	#	 ]ss %s<�s=[.
	03!Q! �5�	*�/9L s 1	_B �(� TX�� 1	��B�( ��E �*�

��(	�NCRH3 (� %�	�� pH 
 %	* �W�_] ()o���4�0
�� ��	*(	�

�&'� ��_ .@��� /3 �( 6\�:� 7� (� 1�)��� /�: 1�A � ¡�8 �3 7
��4 %&5B�� (	�3������ ��E ��� 1	_�B ¡��8 � /�: ����� g(	�L ��

 � ¡�8 � /�:3�( �
 "�L �	R�Tm	�� iK�' NCRH3 �
 %�4� D=
� ¡��8 � /�: ����� �
��
�(	��NCRH5  �
 %�4� D�� /��: ��
��
 

� ¡���8�(	���NCRH7��
 ��4� Dss¡���8 � /���: ������� ���
��
 
��(	�NCRH1��L	
 .$���s1	_B��E �*�pH .
 �� (� �!37

0Q����	���B 	��
 �3�	 M	���@	K ���	 %1�(	��9�* � 1;	��#	�� 1;	��#	
�3E %1�)��x(�����@ � {��E � /�����3� 1	!_ B��1	��*��� �(�� &��0
	K 
]s� �s<�s�[.

90

92

94

96

98

100

3 4 5 6 7 8

pH

(%
)&

'(
K	
��
8�

NCRH1
NCRH3
NCRH5
NCRH7

 
�X�����O~�pH ��')V 4� "�	H�'� 	
 ���	E 1)3 TX� 1	�B�( �


"�L r\Z� �)��L 

	03	.B	�B�( �5�� TX��	*(	��"��L r\Z� �)��L ��')V 
0Q� (�� 1	_B %�q	I ��(� �E �*�pH.
 ��	�E TX� (��0 %�!��
� (��(	�NCRH5 %�/=
 �Z(� �� 4� ��_�(	� M	��@	K (� �
	_�

�	���*�	V ����B	
 � (	��)�&��'� ]�[.��!>�*�(� TX��� 1	���B�( %7
��(	�NCRH3 (� %pH .
 �%�!<
 �Z(� �	�B�( 4� ��_ (� TX�� 1
����Q	L M	�@	K (� �
	_ (	��� 1�(	�9�* ����L	
]s�[.(�

�	E $)�Q &F�x %"�L �Em M	�@	K��s�V�V�"��L g(�A# �� 
&'� .�3 6\�:� 7�@� �
 �B�)��@�� &F�x (� M�	H� /��$)��Q �
�	E�4 �L	
 �3�A8� ��3@�� &F�x D��	�E ��D*	�E ���	
 ���1�A

 1�L "	�)E � TX� $�	�� 1	4��)L]e[.

����M��*�� &'( +	,�	-� 
/9L<%}���(� �( |	��� 1	�4 	�
 TX� (��0 M��d=pH ���
 �
� �	��� 1	_B 	*(	���*� .1	�* �B)# �� /SL<�� 1	_B ��*�%(�
	.B	4�@�� |	�� �5
 TX� &��' %��
 &'� ;	
 (	 �()o �(� ��E
�4� D�
 $�� �0�a���F�x �Z(� ��# TX� ���	� &�3C�V � "�

 4�s�a��
 �0�4� Df��	�E ��Z(� �&�'� "��L TX�� �.	�
 ��@� 
#� D*	� ���	� 6XI M�L %1	4 &LX 
 %�
	3 ��()o ���
 ���

 4��/s� �)�: ��E���I �
 TX� (��0 %&�	'�12 4� C�V � ��'(
 �	N3�0� TX� M�L � �HZ �)L .�3� ��* �() (� n)q) 7�	�*(	�

 &'� ��	Z .��
 $�	�� 1	4 (� TX� 1	�B�(�	.
m	� �NCRH1%
NCRH3 %NCRH5 �NCRH7��� ���
 ��� ���
��
 [</©�%©/©�%

�/©���/©= �Z(� ���L	
 .QK�' TX�� ��E���I�Tm	�� (� 
NCRH3 	��B 	
 �E &'� "�	�8� �	H�� 3�
 ��/9�L (� "��2 &�'�s

�(�� &0
	K .�
 $�	�� 1	4 �� (� "��2 &�'� �3 0Q� 7���	��� (� �
���
��
 	*(	��/s�
 $�	��� 1	4 4� �E �)
 &�	' �(� "��2 &�'�

 	�423D	�*��	��*�	V ����B	
 � (	�)� ����')V Tm	�� ��
(	�E (� %

 	
 "�L r\Z� �)��L��E
�' M	!3��/�
 % (;)� ��&�'� ��_ 

]�[.@��� /3� �( ��� 7���(� &�F�x (���0 (� 6\��:� %1�)���
�	E�4 %&5B�� �3 (� D*	E ���@�� &F�x 1�A �� �	�E ����
 ��R! �
�A8�3 $�	�� 1	4 D����#]e[.

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009

0.01
0.011

0 5 10 25 40 60 90 120

(���I�) K	� 

(m
g/

g)
7�
�
&
'(

?�
��	

#
��
��

NCRH1 NCRH3
NCRH5 NCRH7

�X���{��u �	*(	��� (� ���	E TX� 1�A� �
 |	�� 1	4 ��O~�
"�L r\Z� �)��L ��')V 

��
�Z)� ��' TX� {��!��	�E v��( ��
 ���)���L ���')V 
$��� %"���L r\��Z� 	��*�1���#�#; )sf©f (1�(	��9�* � )��* �

)s©©d (
 �E ��� ��
 [�P�
��( M()�Zs�<"��L "��� 1	_�B ��B�
&8�# (��a "�	H�'� �() 

)�()e1(qq tk
et

l−−=

����� � ������� ���	�
 ���

www.SID.ir



Arc
hi

ve
 o

f S
ID

31

0

0.002

0.004

0.006

0.008

0.01

0.012

0 50 100 150
(���I�)K	� 

(m
g/

g
)&

}	[
[(

o
[[�

��
7�
�
&
'(

?�
��	

L
���

�

Observed
Ho

�X���)* $� g4��
 ���	E TX� "�L "�*	_ y	0B �
 1�(	9�* �
Tm	� P')� NCRH3 1	4 	
 

)�(
e

2
et q

t
kq2
1

q
t +=

(� �E12
qe�	E (��0�$�	�� &@	I (� "�L TX� �)mg/g (  %qt(���0 
�	�E�1	�4 (� "���L TX�� �t)mg/g (  %kl���q 3M���L &�
	O [

1�#�#; TX�)1h −3	1min −(%kQK' TX� &
	O ���L �3P
)B	O���3W�:	���' ��)g/mg.h���3 	g/mg.m.min ( �t1	���4 )h
3	min(��!L	
.

	�B3	42 4� /Z	I �3D�	* �Na ��)���L ���')V ��E ��� 1	_B 
	
 "�L r\Z�=/��' (;) 3
 ��M	�!
�E)NCRH3 ( 1	��B�( 4�

�X��.
 T�� �
 &N5B 3� �W�%	�*(	� &�'� (��()�:�
 .��
	�!
3	�
 7
(�A8� ��B 4� "�	H�'�SPSS)�u5B©(@	B2 ���'�#( A�x 1)��K:��%

$� 1�(	S�* � )* 	�B 	
 %3	42 4� /Z	I �3D�	* �' TX� ��!�v
��(	�NCRH3 /9L (� � g4��
 =&'� "�L "��� 1	_B .�* �] �#� 

"��� $��� �� 	��*�?���B� �_��N!� ��	������ iK��' (� �( ©����Z(� 
�Z)�@� �B��E {�1�#�#; $� )sf©f (	0 (�3� )�* $� 	
 �5

 1�(	9�*)s©©d("��� %	*Z)� ��.
 �(����E {.$����s%���q 3[
$�  1	_B �( 	*��*� .1	�* � "�*	_� ��E ()�o�%�)�L)1/min (
sdf/�=kl�)g/mg-min (=</s=k��3�@	��I (� 	�1	��4 ���E 

	
 "���L ����8�# ���FB (� &�	��' [5��I�
 %���L)1/h(�f/s�=kl�
)g/mg-h (</e©=k��L	
 .	03� �53���q 73���q 	�
 [3�
 [�


 "�2 &'� �'��	�' ��3�00Q ��7)$����<(� 1	_�B���E ��*�
 QK' TX���	E ��( �
 ����' 	�
 "��L r\�Z� �)��L ��')V 3�


�M	!
�E=/�5
 %(;) ��'(	3 ^��L	
 .�3 n)q) 7��
 �B�)�
@�� &F�x��	E ��
 Tm	� n)B � ��W�5
 ��8( (	E��L	
 ��L�� .

����� �[Q6 a�,l� 0� +	*�0L �� ?��� O�Q=� abQc 01� 
&'( K�;�� � 7�� z5h� &}	( �	�	��� m0] 

(	2 M	 u_��q� �� (� /�u�u� &�	�*(	��I\�Z� ����')V 
�' $)�Q P')� �)��L3
 ��$��� (� M	!
�E=&'� "�L �c�(� .

��� g(	�L r\�Z� �)���L ���')V �E ��� 1	_B ¡�8 � /�: /E ��
 $)��Q P�')� "�L�/���' M	�!
�E (;)� 3�)NCRH3 ( ��(��

 �!�3 ¡�8 � /�: ����� 73��_�
ss= � ��� ��(	�NCRH5 %�(�� �
=�  ¡�8 � /�: ��� ��L	
 .!>�*�� %7�(	��NCRH7 �(���<��
(��3��NCRH1 �(���s�¡�8 � /�: ��� ��L	
 .
�4� "��L ��8�# �3�	  ��B���S@� �S�'��S� "	W��'�)SEM (
1	_B �E ��� ��3(�� AR
 NCRH1 ��3(�� ��0
 %�	N3�0� 	* 
�/	� ()o

 � &Q�~�
 $)�Q ��O "��L [�3�u� � ���8�# (���a M	!
�� ��B� �@� �
����u� �x(3� (� %iK' /E [3� 7��A8� 	
 /u�u� ����� %	*(	�3D

I\Z� $)�Q &F�x�)4�=/�	� (;) e/�(;) (V D*	�E �� ��
��!E )/9L�(.43�u� ��3	�.�F�x (� Tm	�� iK�' [�4� ��;	�
 
=/�
 (;) ��' M	!
�E3
 %� ��A�8� M()Z3¡��8 � /��: ��Ka D

�B (� � "�L �*	G�� ���'	E ¡��8 � /��: /�E ����� 4� �R��)�L .4�
��8�o�	0 %��3	.B	���B�( �5���
 TX��� �� 7�	��*(	��NCRH1  �

NCRH7 (�/9L�% 1	_B ��A�8� ��E ��*�3¡��8 � /��: ��Ka D
N5��B D*	��E ���
 ���R!��� TX��� 1	���B�( ������# .4��3 (� ��

��(	���NCRH1���WB	�� /���: ���Ka 7���
��
 ¡���8�/<�1����9
�����E �E �L	
  4� ��WB	�� /��: ��Ka 7� (� ¡��8�(	��NCRH7 
)e/e�������9 (��@� %&��'��12 TX��� 1	���B�( )d/©e���Z(� (

���_ TX�� 1	��B�( 4�NCRH7)©/©d��Z(� (����L	
 .��37

 n)q)�0
 �() (� �B�)��� ��B 	*(	����L	
 ��	Z A.��
	�!
3�
 7�
 �FB�¡��8 � /��: /�E ������ � ��Ka 1	�A�* �O� &'� ��.
 �'(

�3�( �
 "�L �	R��A8� �
 %Tm	� iK' 3���8�# ��FB (� 1	��B�( D
�)L .�* �
�@� 7�
 �K
�( %/��B�( 7� 1	X� /��: ����� &N5B � T

 �
 ¡�8�WB	�¡�8 � /�: �Ka 7)N/D ('(�
 �()�&�8�# (���a .
��
���3(�A�8� ���B 4� "�	H��'� 	�
 (	�E 7SPSS)�u5�B©(@	�B2 ��A

��'�#(����u� 1)���!Q! 7�/��
	0 (� TX��� 1	���B�( %N/D��'�� ��
��#3/9L (� � "��&'� "�L "��� 1	_B .

O��(��� �	*���(	V$�	���� iK' (� 1�(	9�* � )* � 1�#�#; �	*hU�Z(� 
O�� ���	,� R2*

1�#�#; )]168.0exp(1[(095.0 tq t −−=©©f/�
1�(	9�* � )* 

)1019.0(])1019.0)(32.1(2[
1

2

t
q
t

t

+=©©d/�
*�	���� iK' (� 1�(	9�* � )* � 1�#�#; $� �	*���(	V©�&'� "�2 &'� �
 �Z(� .

�������	�
 �������� � �� 
www.SID.ir



Arc
hi

ve
 o

f S
ID

32

O��(��3	0$� [3��q �5 ���	E TX� (� )* � 1�#�#; �	* 

g(0� �� O�� ��0lK(g/mg-h) 
O�� ��0l

 K0N0N�Kl(L/h) 
?���	L abQc 

)mg/L(
&}	( 

]s=[ de/= <©/= s &3;�V 
]s<[ �d/s< e/� � w(	aA.biusporus 
]s=[ ��/�� �s/s� s w(	aL.edodes 

]f[ � �s=�/� � &�V 
]sd[ � ��/� s� Pretreated A. niger 

�q	I ��@	K </e© �f/s� s/� 	
 "�L r\Z� �)��L ��')V 
=/�M	!
�E �
 �3�' (;) 

O��(��M	!
�E �
 �3�' $)�Q P')� "�L r\Z� �)��L ��')V �	*(	��� ¡�8 � /�: &��q� �(	2 M	 u_ 

0

20

40

60

80

100

120

NCRH1 NCRH3 NCRH5 NCRH7

p��Q� ����q &}	( �����

m0
[[]

��
Q6

���
,�

Efficiency(%) = 0.9829Ln(N/D) + 96.048

R2 = 0.9131

96.5

97

97.5

98

98.5

99

99.5

0 5 10 15 20 25 30

N/D(1/micron)

(%
)&

'[
(
K	
��
8�

�X�"�¡�8 � /�: ����� �
 M	!
�E �
 �3�' $)�Q &F�x �O� X��f��Ka � ����� 7�
 �K
�(� /�: ¡�8(� TX� 1	�B�( ��E��I 	
 
�)��L ��')V �)��L ��')V"�L r\Z� 

���0�N �e��8 
	�B30Q� 4� ��Z	I ���E ��� 1	_B �q	I �:
{@� ((���0pH .
 �(� TX�� ��! �	�����	�*(	����
��
 Tm	�� d
&'�.
T(��E��I �	E TX� 1	�B�(�
 ��'��r\�Z� �)���L ���')V �� 

�' $)�Q 	
 "�L3
 ��M	!
�E =/�(;) )��(	�NCRH3 ( �	H�� 
�	0 � ��8�3	�B �53� M	��@	K 	
 �q	I M	�@	K �31	_�B 1���W 
�	.�F�x (� TX� 1	�B�( �E �*��	V�3 ��)� /
	a 7��
 � �L	
 

��E��Is/©© �Z(���'(.
¡("��� 1�#�#; $� 	*�?�B� �_N!� �
 �( �
):�Z)� �"�)��B {

��q �3
 [� 1	_B "�2 &'��5�
 TX�� &���' �E �*��;	�
 (	
&'�.
�('(�
�
 �K
�( �%TX� 1	�B�( 7B /�u�u� ��Ka � ������ �� A

W�5N�* �E ��� 1	_B�
): �
���
 ������ &N5�B � TX�� (���0 7
�WB	�¡�8 � /�: �Ka 7)N/D(m	� �(�� �)�� T.

NCRH7 NCRH5 NCRH3 NCRH1 �	�! +	|n��
s� ss= =� <� ����� ¡�8 � /�: )N(
�/< �/� �/d e/e ¡�8 � /�: �Ka 7�WB	� D

)1��9�(
</� s/<� �/� =/= N/D 

����� � ������� ���	�
 ���

www.SID.ir



Arc
hi

ve
 o

f S
ID

33

f�g(�0� 

1- Larson,V. J., and Schierup, H. H. (1981). “The use of straw for removal of metals from 
wastewater.” J. Environ. Qual., 10, 188-193. 
2- Ajmal, M., Rao, R. A. K., Anwar, S., Ahmad, J., and Ahmad, R. (2003). “Adsorption studies on rice 
husk: removal and recovery  of Cd(II) from wastewater.” Bioriesource Technology, 86(2), 147-149. 
3- Teixeira Tarley, C. R., Costa Ferreira, S. L., and Zezzi Arrud, M. R. (2004). “Use of modified rice 
husks as a natural soild adsorbent of trace metals: characterisation and development of an on-line 
preconcentration system for cadmium and lead determination by FASS.” Microchemical Journal, 77, 
163-175. 
4- Kumar, U., and Bandypadhyay, M. (2006). “Sorption of cadmium from aqueous solution using 
pretreated rice husk.” Bioriesource Technology, 97, 104-109. 

h�R �$�J0' .)��D](.”*Q &' K41��0 � *�� �$�� ��� ��a�1 )� �H4[ 2'&�' �"4J, *i�� j
 2'��S )� 3�P�� �����0 �����.“

&'�(' R�@4@;� � C�MS -�'� ��1N�' �'&Q 5�67!'� �-/�' ����/��0 )1�! 2�
�%.

k�d ��H<�� .)��D�(.”��Q :4;1 &' E46�� R'LM8 ��� �� 2� !' $�1 �����0)*�� � K41��0.(“�-/�' ����/��0 )1�! 2�
�% 

&'�(' R�@4@;� � C�MS -�'� ��1N�' �'&Q 5�67!'�.

l�C ��0��� .)���B(.”m��[ &' 5��A<�' �� �<"�# *NO�8 &' K41��0 *��.“-/�' ����/��0 )1�! 2�
�%N4P 5�67!'� �2.

8- Raji, C., Manju, G. N., and Anirudhan, T. S. (1997). “Removal of heavy metal ions from water 
using sawdust –based activated carbon.” Indian Journal of Engineering & Materials Sciences,, 4, 254-
260. 
9- Viraraghavan, T., and Rao, A. K. (1991). “Adsorption of cadmium and choromium from 
wastewater by fly ash.” J. Environ. Sci. Health, A26, 721-753. 
10- Mathialagan, T., and Viraraghavan, T. (2002). “Adsorbtion of cadmium from aqueous solutions by 
perlite.” Journal of Hazardous Materials, B 94, 291-303. 
11- Gupta,V. K., Jain, C. K., Ali, I., Shahram, M., and Saini, V. K. (2003). “Removal of cadmium and 
nickel from wastewater using bagasse fly ash-a sugar industry waste.” Water Research, 37(16), 4038-
4044. 
12- Krishnan, A. A., and Anirudhan, T. S. (2003). “Removal of cadmium (II) from aqueos solutions 
by steam activated suphurised carbon prepared from sugar–cane bagasse pith: kinetics and equilibrium 
studies.” Water S. A., 29(2), 147-156. 
13- Mathialagan, T., Viraraghavan, T., and Cullimore, D. R. (2003). “Adsorption of cadmium from 
aqueous solutions by edible mushrooms.” Water Qual. Res. J. Canada, 38(3), 499-514. 
14- Kiff, R. J., and Little, D. R. (1986). Biosorption of heavy metals  by immobilized  fungal biomass,
In: Immobilization of ions by biosorption, H. H. Eccles, and S. Hunt, eds., Ellis Horwood, Chichester, 
West Sussex, England. 

nh�& �$�-4� $-H;1�/ .�.( �-O�"1.2 ��@4@� 5�'&�A"� �.'.2 �����"� � �.)n�oh(.”� �����p�� K
-� )<
�Z�1 �4q �.� R����0

 K41��0 �H� LM8 )4AT� �� I�<M/ )<��% *i�� �48�g r
'L8'��Q :4;1 &'.“)@c�1 r
�H( E4G�' 5�	� $' *Q f���1 &' )�4	� $�'���

��� 5-�
'& � 2���0 )O�����0�	/ .

16- Kapoor, A., Viraraghavan, T., and Cullimore, D. R. (1999). “Removal of heavy metals using the 
fungus Aspergillus niger.” Bioriesource Technology, 70, 99- 104.

�������	�
 �������� � �� 
www.SID.ir


