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Abstract  
The problem of toxic-metal-contaminated water has become a great environmental concern and 
presents significant hazards to the public health and economy. In this study, drinking water 
treatment sludge was activated and used as an efficient, cheap and cost effective sorbent in the 
removal of Pb (II) ion from water samples. The prepared material was characterized by Fourier 
transfer infrared spectroscopy (FTIR), X-ray powder diffraction (XRD), scanning electronic 
microscopy (SEM), surface analysis (BET method) and X-ray fluorescence (XRF) analysis. The 
effects of various parameters such as the solution pH, adsorption time, adsorbent dosage, and 
initial metal ion concentration upon adsorption were investigated. Equilibrium isotherm studies 
were carried out with different initial concentrations of Pb (II), and three models (Langmuir, 
Freundlich and Temkin isotherms) were utilized to analyze the equilibrium adsorption data. The 
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best adsorption performance was obtained at the following conditions: pH of sample, 7.5; 
contact time, 15 min; adsorbent dosage, 0.3 g; intitial concentration of Pb (II), 20 mg/L; 
agitation speed, 200 rpm. The results revealed that the adsorption process obeyed the Langmuir 
model, with the maximum monolayer capacity (qmax) and the Langmuir constant (KL) 
calculated as 54.9 mg/g and 0.973 mg/L, respectively. Kinetic studies indicated that the 
adsorption process followed a pseudo-second-order model based on the obtained R2 values. 
Comparison study with the other natural adsorbents revealed that the activated sludge has the 
highest adsorption capacity and provides the lowest adsorption time. Desorption study exhibited 
that the Pb (II) ions can be desorbed from the adsorbent by 0.25 mol/L HCl solution with a 
recovery percentage of 98%. The results exhibited that activated sludge is an efficient and cost-
effective material for the adsorption of Pb (II).

Keywords: Activated Sludge, Removal, Pb (II), Adsorption Isotherm, Kinetic Study. 
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��@Z� D@�� ��� # +��GME �0���@��� A . /4 $\�,� D��4 ��  ��

0� y68 RM� 	#/ *� ��� ! �68 +�� *@� �� &3�� ��) ���
D���4
b5�) !��&3�U�@��� ( +�/4 	�� &3 �j`3 �/  ��D���� *�� i���

 �:Z� b� 	�Y.� 	����&. v��� &�� &����, U� �4/����  ��S�� /4 .
�Y.�	�j. 0�� 
����4 
�Q3 ��@Z� !&3��� &3����!��&�3� 
�� 
�) 	�

 /����� �j�. ��� !� �� U���� �� �Y. �� D��) 	����&. ��B  ����
��@�� �� ���Y. ���� ����� 0����� 1')�# .&���  �j� D�,�4 	���
��� # ���� ��? &��. ��? 	�� 03�� C��-� &'�� ?+��� ? *�� . &�'�

 A �3 �03&-� 4��� $j8 	� �  �S�� # �_# ���3 $j�8 # �� 	����
b3 0� !4�6��� 0��4� D�8 b��@6� # 	�����&. .4��� !&3��� 	���

+S" � C��-� o� N �� +��# �@�� ���  �j� U�:Z� # &��. *�� ��
0� d�6�� +��# �@�� 0������ 1'�)�# b�� +��8 *�� D;� /4 .&�?�

 *�� D��2�� ��?��� # &��. ���� q�63 *�'c� # �� &���. ���? /4 ���
+��.

!4��� �0����" I�-��O # 0�'� ) 4���� �0����� # � �x�� 	���
�q�. 
:. �� D�:��� *�Q'�� I�Y:? $j8 	� � !&� !4�6��� 	��

 .&'����� ������ # �� �� �q���. ���(� # 	4 �/���) I����;�%, ���� 
I/�G� �1'�Y�" ��j. +�? 9 �4&�� !4�6��� +�:��E �� &3 �	 �j��

 �q��. i��3 
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���� .
�'�Y� # �j�. b��'��� �	/�"�������@��
1'�Y" $j�8 	� � 	 �j��!&�'�J 0��/��) # ��� �� ?�*���-� &�'�

0� 0��/�) �� <��'� �q�. ����3� *�� ��'� .4�� 4���� 
�� 
�.�� ���
�(� !&'�J� i�3  ? *��� /4 D��� *� ��+��� &�'�.(Moghadam et 

al., 2013).
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�� 0�;�, 
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� 
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� �� 	��&���)� *����4 D��4
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0� �j. �/ .&'') 
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��� (�� !&��� 
��) $/���-�� 
�6��%� &��'�� ? /4 !]���# &��'�� ? *� ���

�6%� 
3�, 0� D�@S� �/ /�S) 	�� &�4 D@�S� �# �� 0:;� D:� �� �
) +��Ekhtiarzadeh, 2002 .( 

�� 1�� 
) 0��8 /4 �� �� /4�0�'-� �#/ /4 <�-@� �� ���:��
 4#&��8��
�6��%� K����� 	&������ �� �� &��;/4 
��3�, /���S) 	����


� 0� 
�6%� $/�-�� [#/ 
�6�%� &�'5 /4 �('� �4�� I���&�E� 
�3�,
� A��3� *�� 	#/  � 06�-O w��G�3 0�� �&�0*��� �02���� /4 # 4��


�6%� /4 0��. 0�� �&� ����� 
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:f��� *��� .4/�&�3 �� 	��

�6%� /4 �('� 
3��#/ 
) +�-E�# *�� 
� 
.�� 
3�, �� 1�� �� (� 	��

�0� $ %� b� ? /# :) *� !&�'')4���� D����� ��� !� �� 
) 4��
D��E ��8 �� I/#&) 0�� &����� *�� 0(.�� ��  ��S�� �&�'') +��

0� ��S3 �/ 4�, .&�4 4#&�8 &����� 4��.# ��� �� (� /4 ~���� *�� 
*�� /4 U�� w�G� 2� v�Z� +� �&�� �� +� �&�� 	��Q�� /4 0���.


�6%� 
�6�%�  ��� /4  �� *�� 
�G�� �4/�&3 �� 
3�, 
�3�, /��SB 	���
e M� Y�3 !&S3 ) +��Fazeli and Soltani Sarvestani, 2006(.
*�� /4 +�� 0��8 /4 
B
-��� 	��/�SB !&3��E�� 
�?�� D;�8 

�� �� 
� ���'� !4�� &n�� ��3 M, 
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0� 4�� +?����� �� 
B !/��#4 �� *�� !&3��E�� /4 	��&'�� ? 
�  Q�4

�Z3 *� �(� !!4�6��� ��?4 # 4 B 
� +��� e �M� 
'�Y" *� ,� ���'�
)Ekhtiarzadeh, 2002.( 
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�6��%� 	��&��8�# *����

� �q�. ���'�U�-? $j�8 	� �� # &� 	��� � ��������
/��)

 .&� 
�? " 1�#]� *�� U#� $&�-���*I�%�S� *�� ��� ��&	/4
6��%��

��3�, ���� +��Z� �q���. *���� 
����4� /4 .4���� 03&������� �� 	
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	� �� .&�� 0�/ � Y�3 �!&�� U��-? �q��. 0�����'� ��+��� 	���
03# �@�� ��@�# @�� 0S�#/k�a��N Y�� E �#4��� 0�'��rY����3� �

	 %'� Y���3� #�q�. RM� +8��� 0�/ �t!4�6���� &�� .L`��
��� $j8 /4 !&� U�-? *�� 4 �/�) +�:��E �� �� � �� 0�� 	��


� .&� 0����/� /�H'� *���Tp� /�&2� �q�. #+H:W �#��
��� 	��
 p� �� � pH  # U�:Z����� ^�� /4 .&� 0�/ � �j. &'�� ?  �

A �#Y�� 
��4� .&3&� 0����/� �j. b��'�� # 0�j. 	�� 

1 Scanning Electron Microscopy (SEM) 
2 Fourier Transform Infrared Spectroscopy 
3 Brunauer Emmett Teller (BET) 

�58�� � ��9� �"
�5�5)@�$�$� ��9� 

# 0�%%�� 
�:8 � b�� �&���� �1�# �� *�� $&� 
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0� 
�,�4 � �(3� 
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��4� /4 
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�,��� !&��  ��M2� /���#4 �� b) �� 1�#]� *�� /4 !&� !4�6���
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 0����Q5 �U�����{�/k0�3����  ��� A ��" [���. 	����4 # <��-@� ��
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./4 
s��H'� 	� �pH U#�� ��� U�:Z� �� U�:Z� 4��� b� :)#/&��� #

&���k/�.&� !4�6��� F � +) � +,�� U�� 3 

�5�5�C<�� 6� ��.<�� 1�" 

� /�H'� !��&�3� 	 ��" � �� 
:-�� 0��� �j�. !�Q���4 	��U&�� �

AA-240 +) � +,��Varian U��N /4 &��)���� ��J �� �@� ��
 X���/��� .&� !4�6���  ���3�3 

	� � ��H'�pH U�:Z� !�Q���4 b�) 
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 !�Q���4 �� !4�6���� ��� L�@�� ��� � [� � 	�Q�� .&�STADIP ���


� L� �G'� U��-? �� &-� # DGE �q�. RM� Y���3� .&�� +�4 ��� 	�
 !�Q��4 ��SEM U&��1455VP 03��`) +,���LEO .&�� A���3�
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L@���PW1410 Y����3� .&�� *���-� &�':� L`�:�? +) � +,��

 [#/ ���� �q���. RM���BET !�Q����4 #BELSORP-mini II /4
~��s.&� A��3� ^���:� 
./4 

4 Merck 
5 Flame Atomic Absorption Spectroscopy (FAAS) 
6 X-Ray Fluoresence (XRF) 
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3�3 # &� D�2�'� 
���#� 4��� 	/�&(Q3 |�%�� $ 9 
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� �#�� w�4&�� �b�� 	#/  � !&3��E�� &�� !4 �� /��).(Fazeli and 

Soltani Sarvestani, 2006).

��4� /4�/�
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��3�" 0�4���-� +��H:W 
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��4�-� +� �� 	 ���9 +���p ��Y���

G� 
G� 
�4�-� /4 .+�� U#� 
./4 0�@�Y�? 0ZM� �j. �U#� 
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)Moghadam et al., 2013(.

s:A#4 
./4 
G� 0@��'�� U&� 
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Fig. 1. FTIR spectra of the a) sludge and b) activated sludge 
2B�*5a�N 	��FTIR  (a # !&S3 U�-? *��(b !&� U�-? *�� 

Fig. 2. X-ray diffraction pattern of the activated sludge 
 2B�-5	�Q��XRD !&� U�-? �q�. 

a) 

 
b) 

 
Fig. 3. Scanning electron microscopy micrographs of the a) sludge and b) activated sludge 

 2B��5 �#�%�SEM �(a # !&S3 U�-? *��(b !&� U�-? *�� 

a) 

b) 
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��60*5!&� U�-? *�� 0����� <�) � 
Table 1. Chemical composition of the activated sludge 
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 /4 � �� �j�. &�;/4 *� ��S�� .+�� !&� !4�4 ��S3  ���/��pH 

U4�-��/�.&� !&��S� 

Fig. 4. Effect of pH on the adsorption efficiency of Pb 
(II) ions, conditions: adsorbent dosage 100 mg, 

adsorption time 60 min, agitation speed 200 rpm, 
initial concentration 20 mg/L 
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Fig. 5. Effect of adsorbent dosage on the adsorption 
efficiency of Pb (II) ions, conditions: pH 7.5, adsorption 

time 60 min, agitation speed 200 rpm, initial 
concentration 20 mg/L 
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Fig. 6. Effect of initial concentration on the adsorption 
efficiency of Pb (II) ions, conditions: pH 7.5, 

adsorption time 60 min, agitation speed 200 rpm, 
adsorbent dosage 0.3 g 

2B�c5K�� � �� � ��� $j8 ��Y��  � 
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 :1�����pH U4�-��/�j. ���� �����4� �� +� � �
2�E4��� 
�q�. ��Y�� �
2�E4 /4 /#4�/�A " 

Fig. 7. Effect of agitation speed on the adsorption 
efficiency of Pb (II) ions, conditions: pH 7.5, adsorption 

time 60 min, adsorbent dosage 0.3 g, initial 
concentration 20 mg/L 
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Fig. 8. Linear form of the Langmuir isotherm for Pb (II) 
adsorption into the activated sludge, conditions: pH 7.5, 

adsorption time 60 min, adsorbent dosage 0.3 g 
2e�f5:1����� K�� � �� � ��� 	� �  �Q3J A �#Y�� 0M, D@�
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Fig. 9. Linear form of the Freundlich isotherm for Pb (II) 
adsorption into the activated sludge, conditions: pH 7.5, 

adsorption time 60 min, adsorbent dosage 0.3 g 
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Fig. 10. Linear form of the Temkin isotherm for Pb (II) 
adsorption into the activated sludge, conditions: pH 7.5, 

adsorption time 60 min, adsorbent dosage 0.3 g 
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Fig. 11. Pseudo-first order kinetic model for Pb (II) 
adsorption into the activated sludge, conditions: pH 7.5, 

adsorption time 30 min, adsorbent dosage 0.3 g 
2e�**5
G� 0@��'�� 
�4�-� ��q�. 	#/  � � � �j. U#� 
./4

 :1����� K�� �pH U4�-��/��j. ���� ����
2�E4 
�q�. ��Y���/�A " 

Fig. 12. Pseudo-second order kinetic model for Pb (II) 
adsorption into the activated sludge, conditions: pH 7.5, 

adsorption time 30 min, adsorbent dosage 0.3 g 
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et al., 2016) Rashed.
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Table 2. Results of the adsorption isotherms study 

Temkin isothermFreundlich isothermLangmuir isotherm
R2KT (mg/L)BR2Kf (mg/g)nR2KL (mg/L)qm (mg/g)

0.998210.3926.4550.992329.21.4480.99910.97354.9

A �#Y�� 	� � *��-� 
� *�@� # ���&3# ? � �Q3J 	��  ��� � <�� �
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�c3� ��� l����3 *�� .&3�
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(Nageeb et al., 2016) . 
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Table 3. Effect of potentially interfering ions on the removal efficiency of Pb (II) ions 

Potentially 
interfering ion 

Tolerable concentration 
ratio X/Pb(II) 

Removal±standard 
deviation

K+ 15000 99 ± 6
Na+ 15000 98 ± 3
Ca2+ 5000 99 ± 4
Al3+ 1000 96 ± 5
Co2+ 1000 97.7 ± 4
Fe3+ 750 99.5 ± 4
Ni2+ 750 96 ± 6
Mg2+ 5000 98 ± 7
Cu2+ 500 98 ± 3
Zn2+ 250 97.1 ± 4
Hg2+ 750 96 ± 5
Cr3+ 300 95.5 ± 7

��60�5	&��� 	�� U�:Z� �� �q�. �� � � �j.�# 0�/ � 
Table 4. Desorption study of Pb (II) ions from the adsorbent using acidic solutions 

Recovery (%)Concentration (mol/L)Desorbent
500.1Nitric acid
820.25Nitric acid
830.4Nitric acid
640.1Hydrochloric acid
980.25Hydrochloric acid 

97.50.4Hydrochloric acid 
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Table 5. Comparison of the adsorption capacity and equilibrium time of various adsorbents 

obtained from waste for removal of Pb (II) from water 

ReferenceAdsorption capacity 
(mg/g)

Equilibrium time 
(min)Waste material

(Porpino et al., 
2011) 

1.08840Crab shells (raw)

(Rose et al., 
2012)

0.2690Bark of wild jack tree (carbon active)

(Rose et al., 
2012)

0.2090Bark of wild jambul tree (carbon 
active)

(Shukla et al., 
2006)

2.84120Coir fiber (raw)

(Shukla et al., 
2006)

7.49120Oxidized coir fiber (raw)

(Ahmad et al., 
2010)

1.88150-180Wooden charcoal (raw)

(Acemioglu,  
2004)

2.0330Calabrian pine bark (raw)

(Moghadam et 
al., 2013)

18.5240Pomegranate peel (carbon active)

This study54.9415Activated wastewater treatment
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