
Z$W [�,��- 	 2��	V#� ;-��3........ dx.doi.org/10.22093/wwj.2017.18325.1806 

21����� � �� �������������	
���
����

��,,)� 2	-� �� 2�� 2"3 ��,)�� � 0�.�4�� ��
�� 
5	6 �� ��	1,�� 	�7�,8��	��� 96
� �
� 

��)!9 R�!1\]��-? ��!� !�>�^

D>.��,E  �
���� ���#� .��
�� .;�I-�  ��J 7�)���  .��
�� �H�	 .��)0\� 	 ��
W ���)��	]% 7�)'�3 
R>.��# �,-����#� .����� ./6#� &�F� 7	�B .Z�^ ����� �H�	 .;�I-�  ��J 7�)���  

(4
56� 7��6#
�)royagholami123@yahoo.com 


��
��)�/�/����
����/ /��(

����� 
�7 .1�
1 ������� >���_ �1 $1��9 $�&1�7��% E�� �!	 E�4�G �4�!FB 0�4!	 )4�
 �1�47 �24� .4�'1 �5 $
�4� �*=�4_ $�4&0;
�4VT

�
�<- W*����l
 
 H��9 S�L� $
�7 $��8G�� ���9 $�&1�
1 )�
 . p�4& �47 A&
NG j�*u�'�4%

 H4T�1 ��
 y�4T 9
 �1�@*4�
 �4���7
�7 H2�O �
9�
 �7z�- �
���$
�7 E��G 9
 E�� p8��/ ��K�
A���95 . $�&�*�
��G ��osB 
 �/ ��K�
 �*���G�� W*��� �1 �&pH �
�(� 0

E8- �����
� �?%
�� 0`��*� �7 �-�B�7 .H	�� �
�O ����7 1��� E�� ��'

 HP!C 
 j�2B ���9 0Ez�- E��Yc/h[�_�1 1�47 �1 �4%
pH j�2B ���9 
]
gZEz�- �
�(� 
 �(�O1\Z�7 �*�' �1 ��� �4_�1 
 ��4/ E84- �!	 �
�(� E�� ��'

 HP!C A�
�	
 �7 .��5 H�1

�1
1 .H	�� A�
�	
 p8� 47 E�4� E84- �% 1
1 ��D� Q�*��� ��'��5 .��1
1 ��D� ��2"�6 ��B
��
 �7 �7�T i7�VB �='�V� )�
 $�& ,�4� �
) 1�
1 H(7�V� �
1 �<B�� E8- ���*���hhe/Z=R2�� j�*u�'�%

 HT�1 ��
 y�T S��B E�� p8� $6�7 �����
� �7 �-�B �7 .( 9
 �
�B

�7 |
� )�
 �
��� �/
�1�2� �1�@*�
 E�� E8- $
�7 H2�O �
9�
 
 ��5��%.

/F
� �.�%G���:I�"&� QR6 IS�AT�	�9�
 L<-) /-
 U�< IQ�� VR;QW�6 L!��  
�-
 ��. 

_`2��G� 
\'	 R1B"+B*���$��1&;�� ��;*�H
�3� ��B� ���'( �� ���"

) �#
� \*$)�
- � U��)1SE +�B*$����(Sunahara et al. 2002; 

Malkoc & Nuhoglo 2005) _!&E� ��"�����
1"���&	� �"��
9�$)� �� ��$0 ���#�
# ��"�$Y# '#�
H �� K�'� � �
��$���"��
��N*

�B� R1B.(Sareejalekshmi et al. 2002) 
�'	 �
X�-$+P R1B \R!c�	 �� ��"&=%0*��� ��	�*�
��

(Davis et al. 2000) e�� 1�c�  _��  �� . ���"P
�%&�*�1��"
��
���N `����#*��� ���'+8 �� ���# ���� �
��8� U���E � RN*���� ��
��-

e�� ��*�	 �
�+�
B�1&'
�#� ���:=)� ��

�B�$
_���Y- � �
 ��)
*
�
�+) D�����(O’Connell et al. 2008) ��� .
��"� �� ��e�� 3���
��� K'(� �
1�%�\� �D�
� 1� �����#*��+#*$�)��� .$�)�� D��1���

:,-
��8 �� 5�:�e�� 3&	� ��"� ����� � D��B
&+*��� ��# �B�
���# ��+�*��1�"FQ- �� D��F&B�
R!c�	 ���"��� D�
�N ����� Dm
���
<#"e�� �� D��F&B� �� ���� �# �=B
- _�  �� ��"\� 1�H���%

)
� �� .$��� KB�%� $%&�
� 3�e�� 3��"���%	 R��8 ���H 1�� ����

1	��%$_��Y-�)
*	 R[8 �
\��;*�� �
+
�*�_��B �� ���"E��
1
���1���#"�\	�D$% �"�.��B� ��&	� D�� U��E �� Y)��8 _
�Q,� .*

�� �# �B� �%0 �� D�1&�� �
i�R
{ f1�"�
-
� $*�
� ���
�E
 _��Y- � R[8�)
*� ��<) 5�=��S� .����*D��F&�B� ���;�� �# $��

 ����R��8 �)
� 3���1�"R[8��
��"\'	"���� �
�8� �'&G� .
`��mH �'+8 �� ��*�X!Y� �# � ����� 3
��B� �&	1� 9�])� �% Z[ 
�R1B 5�\'	 �� *��N 4
�,� �� ����Yl � 9�1�l��� *i
�'G� �'
�B�

R��8 � D�� ��E "�� ��E�� ����B ��%��
�� ��l ��B� D� 3�1&�<
�
 5�\'	 Z[  ��\
� ��pH �� R��8 ��$:� �|�+- ���� �
�1�� ��%"

�����Yl � 9�1��l �R1��B��_
��',�ppm sp���� K��
-1- zq/�x�
�x/z��xp/sx�
� $0���B� D�1&�<
� R1�B \'	 Z[  ��\
�

 ���B� 5�\��'	 1��2�� �� (Hashemi Sharaf Abad 2012).��
<��mH*��
%P �� �
�� R[8 4�B
- *��N _
�',� �� ����Yl "\�'	

1
])� �E�� R
{ �� D$� �
�- _�=	 _�(� ���� ��<)�B� D$� D��l
T�� �
	1W �R��8 3��*�"�1� Z[  _
�',� �� ����Yl �
�� "���

 D�
�N *�N���� (Miritarhan & Ghasemi 2013) .<��mH ��*���



Z$W [�,��- 	 2��	V#� ;-��3........ dx.doi.org/10.22093/wwj.2017.18325.1806 

22 ���������	
���
��������� � �� ����

��
%P����l *B�1�*R!�c�	 �� �
����l Z[�  �� R
{ 1&�l�E
0�)� $
�
- f��% (���1l �
��%
�)��� *�T�� *����l R
{ 1&�l�E

 ��- R���8 ��\�
� `��\�	� �� *����l 3�� � �&��� �
���l Z[ spp 
91����������� R!���c�	 1���&
�tx����-ty$���0�� ����B� D$
���B� 

.(Malakotian et al. 2005) E�
X�1��
� �
V
�
�;*����
%P ��\���"
�D��B 1n�� ���1:� ���	10 �1�"FQ-
�R�)��� ��� �R!�c�	 ���� 
�8
- ����"�����
E K'8 D�1# .$)� U�E D�� �)�
-*�$�Y-���$��

�� �."����%	 �$��N��# U��H ������ �
��+ ��B
�&�� F�Q-
���
��B���� ���1���:��������12R��8 ��"_��$&� �
��+� 3�1�# 

_�=	 ����3���"_���Y- ����
 	1W �
�R[�8 �
1&�<"���� ���� 
\���%�"��
����# ��� ����*��*�
�� ��%�+�
3��B�� ��� �,�
4
�����B� .%�+�
3�E�� ��#��
|
&w �.�E�� ���1�
1"�

�
�*��&B� ��&B�
E �B� ������:� �����"��1���1� ��# ��N*�
$�� ��
���
�E*��hi��%� ���1�
1"���� �D��F&�B� ���N���� 

2+<{
1"��_�B ��"E�
1����&B�
E �&��� �B�.3�� D�� ��E
��� D���
�._
��Q,� Y)���8*���B� ���# ���� �
��i D�1&���� ���%��0�f
R
{ 1�"�
-
$*��
� .��+�
3�
�%� �����3`��m�H U��E D�� 

��3�E�� ����
%P R��8 \'	 2%B
3R1�B ��
�� ���;�� ]%�B*�
B�1�*��1� �	1�.

f`�>� > ��
� !�

f`_`k6!3 ��!)�!�� 

$=��- ��
��#�� �E�� D�� U�E R��8 �
�1� �|
&w"3�2+� ���B"
`� �� 5���q�D��F&B���1�� vw�B � $"� �1�� ��1�# Z1�i1�

� � ��Y(���
�N 12*$%{ D�� U�E ����$�� �&��� 1S:� RN �� ��� 3
��� �� vwB �"qp�'B �8��
.$� .<E ��N �� |
 

f`f`��!�� 7
#�� ��!) u�

') �!� 

) .+) ��
�1� R1B 5�1&"_
',� �E�B ��"&&%B
D��F&B� .�.$
� ���_
',� �$&�� �
�%� 3r��
'*� �� 91�
vw�B � ��
�- R1�B 1&
�B���'( 1��"�� �� R1B
��B h"'0� _
',�*D���N�'# .$�
�

� ��
�
+
�*�U1�� �#1�� �E��B D��F&�B� ��
��s�� �1� � �
��
���N���� �� `"�/p±rp��'B ��8��
��])� |
 ���'( � $�� 9
���
1&�
&	�1&;wB� D�2&B� 4B
- \'	 D$)�+"+-� R[8*_$�)2H*

1 Merck 

�E���B jG��<� (��&���'2)���� $.(APHA, AWWA, WEF, 
2005) 

*��+- `����N �����$  �B ��� ��1�- $� 3
2)�
� �D��� ��� �
~��&) ��
� D��F&B� ��1� �	1�.��� ��8
- ��� ��# ��B� 1�#� �� 9�T
b&�
��
� 1���1&����H"����%�0 R���H �� 1n�D��$�,� ���'&G� f

��G&)�*�� ��1&����H -�
0*�%-
�$)$� B� D1&�� �#
�1�� �� f�S*
3;+� �# �B��%0 R��H ���� �
��)
� f�N �
8���1� �� �� $
.�1 

f`e`��HnDpH k�) s:�  !��0�� �� 

�1�"=-

3pH ��
1
b&� D��$,� ��%pH D�2&B� D��F&B� �� pH %B~
_$� Inolab pH 720��E�B �
<# �� ���+�N
3q��-spR��G&)�
$� ��%- �� vH .
�pH �B� �� D��F&�B� ���
1'#$�$��� �
�B �s/p

��B 3&	1�� 1��) �� ����n ��� �_��1)���$�:� ����1&����H 1�/p91��
 �� R��8�p�
'*�
���'( �� R1B �)
+) 1&sp�
�'*� �� 91��
1�&

i �� vH .$� D��\	�*����qp��
��� R1B ��'( �:
=- D$)�+ 
�
 3
.$� 

f`i`k�) s:�  !��0�� �� k6!3 ���G� ��HnD �)��� 

� ���=- �
�%� �� �' 1� 3

�� ��$:� 3
1��) �� ����n ��� �R���8 �%
�B 3&	1����:� ���1&����H 1�1s�/p�q/p��/p��� D�� U��E 91�
_
',� ��"�p�
'*�
��� ��'( �� 1&
R1B �sp�
'*� �� 91�
1�&

 ��$:� �� �pH ��
� �%��� v�H .$�� D��\	� �_�� �' 1� �� D$�N �B�
qp ��
��� R1B ��'( �|�+- ���� �:
=- _
',� �� D$)�+

3$�.

f`p`k�) k:3  �L�� �� &!�D  !�� ��HnD �)��� 

B�1� ��*��B 3&	1� 1�) �� ���n �� ����� 1n���� v�H ����1&����H 1
D���N ��B"_
',� ���"�p�
�'*�
��� ���'( ��� 1�& �
 R1�B �sp

�
'*� �� 91��
���:� �1�&��� 1
� D�� U��E ��%pH ����� D$��N ��B�
_
',� �� �Y� � �1� ��%- � �	�c� ��
�$�� ��)
+) ���0�
	 �� ���

)���*�
3s���- srp ��
���)N ��
�� � ����E �\�+� �� ��:
��1�� \
.$%&	1� 

f`q`k�) 2�B>� @U#? ��HnDk�) s:�  !��0�� �� 

�� B�1� �
�%�*-On
��'( 1��"��� �
 � 1�� R1�B ��
��� �R[�8 ��\
 ��B 3&	1�� 1��) �� ����n � ��
��� ���'( ��$�:� ���� ��1� 1
b&��1



Z$W [�,��- 	 2��	V#� ;-��3.........dx.doi.org/10.22093/wwj.2017.18325.1806 

23����� � �� �������������	
���
����

_
',� ���1&����H ��"�p�
'*�
���'( ��� 1& ���"��� �
 R1�B ���
sp �s��rp�r��
'*� �� 91�
�%- �� vH � D���N 1&
���\�	� � �
$:�����
�%pH i � D�� U�E �*�� |�+- ����
� �%��� D$��N �B�

��)N ��
� � ���E �\+� �� �Y� �' 1�
.$%&	1� ��1� \

f`r`�)��� !�
*!) �v
B
��
� �B
aB
� ��� w!* @*��

&

��B!g>� 

�� 3�� �' 1� ���
�%� �B�%�*�V
�
	�
�"���+&E��B �
�;�
�*�
2)
2{*R[8 �� 1� R1B \'	"���#�� ��E�� D�� U��E
�� |
&w
D�2&B� ���"�
�)�1&;�� �
;�B�1;*�<���*s_$�� ��v�; _�qp
�E�B �#1� 	
'�
vw�
�<# i � $�%'� �
�]%�B*������ \��1� 

�
	��(FTIR) _$�� Perkinelmer BX-II �E��B �
�<# 1�N���; 
D��F&B�$�.

e`d�� > c�!
0 
e`_`�)��� ��HnDpH k:3  �L�� �� k�) 

�;���s���&)���- ~On
1pH����"����<) �� R[��8 $��0�� 1��� ���'&G�
�*�&) |�B� 1� .$����\	� �� �'0�  ~�`pH ��-xZ[�  ���$�)�� �

�\	��`�� `��# �N �� $=� � �&	�*�D$�� 9��])� 5�=��S� hYi .$��
 ��pH B�
$"��'(��
+H� � �BT�� _
',� ���-�# 3
� �
��

0

10
20

30
40

50

60
70

80
90

100

3 5 6.5 7 10

R
em

ov
al

(%
)

pH 

Fig.1. Impact of different pH values on lead removal 
percentage (amount of adsorbent=10 g/L, contact time 

=30 min, initial concentration of lead= 10 mg/L) 
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Fig.2. Impact of different adsorbents on lead removal 

percentage (pH=7, contact time= 30 min, initial 
concentration of lead= 10 mg/L) 
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Fig.3. Impact of different contact times on lead removal 
percentage (pH=7, amount of adsorbent=10 g/L, initial 

concentration of lead= 10 mg/L) 
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Fig.4. Impact of different initial concentrations on lead 
capacity and removal percentage (pH=7, amount of 
adsorbent=10 g/L, contact time= 30 min)  
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Fig. 5. Langmuir isotherm model for lead adsorption 
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Table 1. Results of Langmuir isotherm calculations 
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Fig. 6. Freundlich isotherm model for lead adsorption 
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Table 2. Results of Freundlich isotherm calculations 
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Table 3. Kinetic results of the first-order adsorption 
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Fig. 7. Kinetic model for the first-order adsorption 
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Table 4. Kinetic results of the second-order adsorption 
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Fig. 8. Kinetic model for the second-order adsorption 
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Fig. 10. SEM images after metal adsorption by Eucalyptus sawdust with 100 X and 1 KX magnifications 
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