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23-��/� 
�� �� ��	
�� ��� ������ � �� ������	�� ������ � �
!� ���

 "#� $%"& $%��"�� (Pacheco & Cabrera 1997; Spalding & 
Exner 1993; Kapoor & Viraraghavan 1997; Ota et al. 

2013; Iida et al. 2013) .���	(� )* ��� )* $%�� ��+� ��"+� "�,
 -�.�� )* 	.�� ���%���&� �� /*��� �� ���%��
#� %0 �� 	1�	� ��	
��

�	
23 ��4�451$�� 	"�6� )"�� �� �� ."#� $%"& )"���� 7�� �� ��
�� �� ��	
�� ��� �8�9+ :�"& �"* )�;�# �����	�� ���<�"1=

�"��� "#� )"
��� ����"�� 	"
�> �� -	"3(Chen et al. 2010) �� .
8��� ����� ��?>�@� �8�	�� �� ��	"
�� $%�����%"�� "��� $%���

A2B 91 	9& �� C�D�E!� ����� F�
!� ��� #� 8�	(Madani 

2014)�� . G�%+<$���� 8�	"�� HI�"�� �"6	* �� ��	"
�� ���

 )"* ."#� $%& ��	"* �����"�� ��"���� �� $�� 
"#� ����"�� J"�>�
$	9* ������ �>�?� ��� )* 7��KA� � ������� ��� ����"�� J"�>�

�>�?� )"* ��	"
�� ��� ������ JL?� ��
?�D ��� $%"�� ��"+�
 #�(Rao & Puttanna 2000).

��".�� :M"# ���%��
"#� �� 	"1�	� ��	
�� ��� �* �� 8%���&�
N	E� ��	�� �� �1OP�� �� $%��� Q6�& )R ��& ���"A�* 8� 7�	1

���*��3�A9
�"<-�%�"# �M�*�"�* ��T"#� 8�"����(Hassan et al. 

2010) U	� N	E� 7��KA� ��� ��� 7"PA� ��	"
�� �;�"* ���
�OP�� ��.�� :M# #� ��".�� 	��� 8�2�� �O# ��	* �	(��
 ��& 7��+ V4# � 8�I	#(Esmaeili et al. 2014) 	(�� %���A� . 

1 Methemoglobinemia 
2 Syndrome blue baby 
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Table 1. Nitrate pollution in water resources in some Iranian cities 
 45��233��>����*� /*��� �� ��	
�6	*���	9&���8�	

City/Province Comment Nitrate concentration (mg/L) Year Ref. Min Max
Gilan-Mazandaran Groundwater 0 110 1994-95 

(Panahi & 
Moghaddam 2012) 

Western Tehran 
(Karaj) Groundwater 5.19 85.49 1998 

Behshahr Groundwater 3.1 45 1997-2001
Ghazvin Drinking water 

distribution system 6.95 96.6 2000-2001 

Isfahan Groundwater 21.4 248.3 2002
Zanjan Drinking water 

distribution system 17.4 69.1 2003 

Kermanshah Groundwater 4 84 2004
Malayer Groundwater 19.36 74.4 2004-2005
Hamedan Groundwater 5.28 17.6 2004-2005

Arak Drinking water 
distribution system 19.93 132.9 2005-2006 

Northwest of Tehran-
Hashtgerd Plain Groundwater 9.70 62.63 2007-2008 Wosrati & Van Den 

Eeckhout 2012)
Tehran Groundwater 5.50 124.80 2000-2001 (Joekar-Niasar &

Ataie Ashtiani 2009)

���%��
"#� ��+��"6 	"M
?� ������%��
#�<WX= 	Y��%"0 �"�� 8�	"��
)* �� �	
�� � ��	
�� ��%4� :�1	1XW�=�"��� 	"�Z 	"
�> �� -	"3

 ""#� $�	""�(WHO 2011; EPA 2012; Instiute… 2012) 
�[+ ��	* 7���\ J��A1 � ;�* �>O0 �* ���%��\ 8���� ]� ��	
��

^� �� �� �*�#� 	"��� N��"?
� ���%"���	� �� $�� 
#� 7��	*��* .%&�*
��)
!> ���4? ��%���"&� �� �� �� $%"��;� 7"�� �8��"#�	
��� �� ���#

 �	� %���!� N[0(Bhatnagar & Sillanpaa 2011)������ . ���
 �A""#� ����""� _��""?1 ��P�`�"">��* 8��""#�P� �	
��� J��""& 	""(��
 �"P�	
P>� � ����A�"& ��"4?�� ��5@"# �[+ ���>����	
P>� �a�P?�

)* �� )?>�@� ��	
�� N[0 ����� )*$%& $�	* ��� "#�(Kapoor et 

al. 1997)b�� 7""�� 8�""�� �� . ����""E
B� � �����""* $�""(� �� ��""�
�� )* �� �5@# �[+ b�� 8��1 $	9* � �0�	I �
0�� �, ����	"*
)* b�� 7��(��+ �1���A, b�� ]� 8���, ��"A� ��	?� ��?� ���

(Tofighy & Mohammadi 2012; Bhatnagar et al. 2008).
�� ]� �� �[+ %���	� �� 8��
* )� #� ��A, �1��D �� c�d�� 7

��	e �* �Z�+ �� )� "E1 )"���� �� G�?� 7*	� .��A� $�� 
#� ;�* 
��	"P�A, � "#� $%"& J�%"M1 ��A
,� J*�B �Z�+ ]� )* �Od��

$%��;� �� ����2* N[0 �� 8� #� $��* :#��� ��(Nunell et al. 

2012) �A, ���+� 7�� �* )"f � ����"\ >�0 �� )f G�?� 7*	� �	P
)""��� "">�0 �� �""9�1 � $��""* F�?""d C�""M�	41 ��	""
�� N[""0 �� ��

 $��"A� b���"3 �� G�"?� 7*	"� �"* ��	
�� �[+ ��%�� ��?>�@� %"��
(Bhatnagar et al. 2011; Nunell et al. 2011).)*�"�� ���"D

 7*	"� �"P���� g��"6 �5@# ��0OD�h� i@"# 0�"2� 	"���
 ^.0��	 0h����A�& g��6 7��KA� �h$�	3 ��	?� ��� ��%���,

 �5@"#h�"� 	"��j1 �� 8� %"��(Wang et al. 2005) ��""?>�@� .
 8�"�� G�"?� 7*	"� �"* ��	"
�� N["0 )���� �� � �
!� $��� )"� %"��

 �	
""��* ""�A�� �� �""P���� g��""6 )""* M""2� ����A�""& ��
6�""#
 �"� �����"6	* %"&�*(Ota et al. 2013; Tofighy et al. 2012; 

Bhatnatgar et al. 2008) 
b�� )""?>�@� 7""�� �� )� ""E1 F""�
!� ��""� )""�A+ �� ���""9�

 �� $�� 
"#� �"* kO"D� � %�"2���%�� ^�%"# �"* ��
2& ����&%�#�
)* ����1�� ��
P���# )"
�	3 ��"� ��"M9* 	"�� )"@4� �� lm"# .%"&

 )"* .%"& ��"!
�� )� E1 b�� 7�	
9* ���	
�� N[0 8��%��� ��"��� 
������ �	
��* ��,OI� )* �*��
#� � �"P���� �"3n�� 7�"�?1 ���

)* 7��KA� .%& -�.�� )��9* �	P�A, �* �Z�+ ��� 	* ����A�& �����
 �a�A1 )��9* 8��� ��Z�+ ��	e 8%& 7&��pH 8�"� 	"o� ���"�

)* �[+ %���	� ��� 	* ^0��� ���"��� 8��"�, -�".�� �"��AP1 ��"�
.%& 

73�5� 5 ���� !8
������ -�.�� ��	* %"���� ����"#� �� $�("������ �� 	�� ���� ���

 ��>�
�.�� ����	1 ��2�I��j� 8�A�pH G%"� 	
��
��	
Pm"#� �	
�
GBCUV/VIS 911 ��""�� ���""� ���(""������ �>�""A?� N�	""e �

$��%�� ��	* .%& $�� 
#� )"E!�� �"* N	"?� �� ��	"
�� ��� �	�3
NitraVer 5 HR p	� �	& 6�#<#�%& $�� 
.)"� �>�?� 7*	�

 �
?�D %�	3 �* �>���	3 G�?� 7*	� c�� �� %& $�� 
#� H�451 7�� ��
 �� ���# ��=WhqW$�	3 .��* V"#�1 ��Z�"+ i@"# ����", ��"�
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3 ��������	
������� � ��

)���� J�%M1 ��	B 8���� 	
��	
Pm#�<	"A>� 7�R	"\ G%"�TQ!"��
 8�"��� G�"A,� �"* ���	 0 ^.0 � i@# ���!�!1 ��
6�# .%& �"� �

DR=�BETq$��� ��� 	""* �[""+ ��""�����A� �� J""D�0 ��""�h
8`�	""
�� ��""3 �[""+��X)""* l""P, .""#� $%""�� ""#� ����	""*

��*�� ���	
P>� r�P#�	P��s�f�"
�� $�(
"#� V"#�1tG�"E5�
 7"\�` ���R )"* ���"� ���"A1 .%"& -�".�� )"M1	� �"* 	"(�� )"
�� ��"�

.%& )�91 8�A>� p	� �	& �� � $��* ���(������ 

7323��!�9 :;!� ��!< 
$��%"�� �"* � �
?�"D %"�	3 ����� H"�451 7"�� �� )>���	3 G�?� 7*	�

 ���Zq/W�1Xv/W�"��� ]">� �"� ) ��"* 	"
�=WhqW�� J"MB .(
)* $�� 
#� 	"@4� �� �"* 7*	� 7�� �E>�6�� )��3	� ���#�%+ �����

)* G�?� 7*	� ���
2& �� %?* .%& $��� ��
2& y�� �%�Tq,�"#
 )"+�� �* 8�� �� ���	"0sW��	"* � %"& ]"�6 a��"2�# )"+��

 )"* .%& $��� ��	B ��1�P�#� �� �%?* N��E� 7"�� �� �"
0�� ��"���
 -�� �* G�?� 7*	� 7�� l\VGz�� $�	* -�� H�451 �� .��& 

7373
+�(��<� 
H"�451 a�"#� 	"* ���"&%�#�Moreno et al. 7"�� )"* .%"& -�".��

 �� -	3 ]� ������VG �*<W���� � 	
�> ) {�"�� ]�	
��%�#v/<=
���� �� (�;��zW���"�� �1 ����� .%& $��� ��	B a��2�# )+��

 l\ � 	@4� �� �* lm# .�	� �%�\ )���� ���& ��!* CO��� G��5� )�
 ]��%�	�� %�#� �* 8� ��X/W^.0 �* G��	�<WW ��"# �"#=��"*

)* �%�=W8%�#� �1 .%& $��� ��
2& )4�B�pH )"* �"��� G�"�5�
 8����pH 8� �� %?* .%& $��� ��
2& 	@4� �� �* �Z�+ �	@4� ��

 �%� )*Tq8�� �� ,�#sWCO��� �1 �	3 ��	B a��2�# )+��
 ���E
6� )R $%& $���� G�?� 7*	� .��& ]�6 AGv�� $%���� ���"&

.%& ���%9(� ��1�P�#� �� ������ �%?* J0�	� ��	* 

73=3��>?5���8 @+�< !� �A$>( 
)""* ��%""
*� �%�""2���%�� ^�%""# �""* �""�
2& ��""��X^�%""# -	""3

 ^.0 �� %�2���%��<WW )* 	@4� �� �# �# �%"�<W	"* )"4�B�
 ��""�� �� lm""# .%""& |�""�!� ��""2�I��j� 8�""A� ���tX)""+�� 

1 Fourier Transform-Infrared (FTIR) 
2 Perkin-Elmer model Spectrum Two 
3 Dubinin-Radushkevich (DR) 
4 Brunauer, Emmett and Teller (BET) 
5 BELsorp-mini II, Japan 
6 Scanning Electron Microscope (SEM) 
7 SEM HITACHI S-4160, Japan 8 Virgin Granular Activated Carbon 9 Acidic Granular Activated Carbon 

�a��2�#<W$%& $���� G�?� 7*	� �� -	3VG) )"* JMB )�0	� �� (
)* � %& )��d� 8� �%�t"* �"1 %"& $��� $��"+� ,�# 8�"A� ��� 	

8�	"�* ���� G��5� �)�0	� 7�� -�A1� �� %?* .���!* ^9* �2�I��j�
 -�.�� ���&%�#� )�0	� �� ��
2& %���� ��
2& J0�	� .%& )
!��

 C���E
6� $%& $���� G�?� 7*	� .%&BG<W $%������.��& 

73B3
C��D!? EC!$FG��< �� ��!H$<� !� 
	I< JK�� 
J�
�"# �� �5@"# kOD� ��	* �	"1 %"����	* -�"����� J"�
��<< �"*

 ����A�& G��	�C19H24NBr ����"E
6� -�"� �"*<T CTAB����� �
""��� �""��	5* J""2��<= vT/W�""��� �;�""� ��""�� �� TX)""+�� 

a��""2�# �>�""� -	""+ �X/=sq %""& $�� 
""#� -	""3 	""* G�""�
(Baghdadi et al. 2014).����A�"& ��
6�"#CTAB J}"& ��~

."#� $%"& $��� 8���CMC  �� )"� "#� ��
P���"# �� �"
���
G�""P>�� �8� �� 	1;�""* ��%""4� ��""�CTAB � )
""&�� ��%""��\ "">�0

 �""� J""2�� J�P""�1 ""��� �� �"">� %""��� 7���""\ ��""� �8� �� 	""1
G�P>�� ���CTAB )*)
"&�� ��	"B V�5� �� $%���	\ � ���� ���D

�A� J2�� J�P�1 �F"E� ��%"4� 7��	*�"�* .%"���CMC )"* 8��"�,
 ��%4�)����* )� ��AG/BG ��7�� 	* .%& ��!
�� �%�� �[+ %���1

 ��%4� a�#�<stt/W�� -	3CTAB 	"@4� �� 	"
�> ]� ^.0 ��
 %& J0(Choi et al. 2009).

Fig. 1. Chemical structure of CTAB 
 LF(23��
6�# &�A����CTAB (Baghdadi et al. 2014) 

8�	� )��"d� �� %?*<stt/W-	"3CTAB �� 	""
�> ]"� ^.0 )*
)t=pH G��5� �()"* �%"�~�)"4�B� ."�	3 ��	"B 8�"A� ��� 	"*

 lm#T�� -	3AG/BG �� ,�"# �� C�"MB�?
� � %"& )��"d� 8� )*
V�5� �����	"* ��"��� ��"�� � 8�"�� ��"!
�� .���6 ^9* G��5�

 %"& -�".�� 8���"PA� � ��"#�* )"?>�@� a�#�(Basar et al. 2004) .
3 ).�
� �9�� )"* a�"A1 8�"�� )"� %�
�	 J"��� �["+ ��"���CTAB 

�� 	
A� �G�?� 7*	� V#�1<TW )��3 ��� ��� ��	I �� � $��* )4�B�
 G�"�5� �kOD� �� %?* .���%� �[+ ����� ��� 	* �9+�1 J*�B 	o�

��� �1 %& $��� ��
2& 	@4� �� �* ��* 7�%�f �� F"� �� �	o� )��3
 .��"�� $%��"�� G��5� 8�� ^� -�(�� ��"�� �"* 8�� �� lm"#sW

��"E
6� �* l\ 7�� �� $%& $���� �Z�+ .%& ]�6 a��2�# )+��
 
10 Basic Granular Activated Carbon 11 Cetyl Trimethyl Ammonium Bromide (CTAB) 12 Cas Number:57-09-0 13 Critical Micelle Concentration (CMC) 
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4����� � ����������	
��

<CS-AG �CS-BG T�""� $%""���� )""* .��""& 	""o� )""2��4� ��""���
 V��	"& �� ���	
�� N[0 8��%��� ������ �� ���9�1 )* ��
P���#

 8�2P�VG )"���� �� �Z�+ 7�� .%& ���9� )� E1 ��
P���# �* ���
 -�� �*CS-VG �� ��	?� .��& 

73M3N+!��9 -$<��&!C �!8 
)"* N[""0 8��%""��� ��� 	"* $%""& -�".�� ��0O""D� �"#�	* ��""���

������ C�%
*� ���	
�� 	"� �� �
*�"o ��%"4� .%"& -�".�� )
#��\�� ���
) �Z�+T/W^.0 �� (-	3XW���� G�"�5� �� 	
�><WW �"��� -	"3

 .%& )��d� ��	
�� 	
�> ��pH ��	* ��� ������� 7�� -�.�� �� ���
 � �Y�6 $��%5�TX8%�"#� �� %"?* .%"& )
&�� )(� a��2�# )+��

 	"
��� V"#�1 G�"�5� V�"5� �� �Z�+ ���6 �>��?1 >�0 )* �[+
 G�""�5� ��	""
�� � �$%""& �%""+ �[""��� b�� V""#�1 8� �""���

 $�� 
"#� �"* ��	"
�� N["0 %D�� 8���� .%& ��	B �\�P#�	
Pm#�
 )M#�5� 	�� G��	�%&

)<(100
C

)CC(
(%)Uptake

0

e0 *
−

=

8� �� )� 
C0�Ce)* ��� :�1	1 )�>�� ���� �>��?1 �"��� :20 	* -	"3

��	
�� 	
�> �� #�.
)* 	�o�1 �#�	* �����pH 	"* ��	"
�� �["+ ��� 	"* G�"�5�

$%& $���� �Z�+ 7�	
9* ��� �pH G�"�5�<WW �"��� 	"
�> �� -	"3
 $��%""5� �� ��	""
��T�""1vG�""�5� V"""#�1 G�"""�	� ^�""� ��""�

)* .%& ^���1 %�2���%�� ^�%# � ]��%�	��%�#� 7"�� -�".�� �����
 ^.0 �� ������ �� )�0	�XWG�"�5� �� �"# �#<WW �"��� -	"3

 �� ��	
��pH ��%4� �$%& 	�Z ���T/W� %"& )
!�� �Z�+ �� -	3
��+�)* )� %& $��� $�%�T^"9* �"2�I��j� 8�"A� ��� 	"* ,�"#

���!*.) ��	
�� �[+ 8����qe(:"20 	"* 	�� ���� �Z�+ V#�1
���� -	3 	*�� #� )* 	�� )@*�� �� $�� 
#� �* -	3 %�� 

)T(V
m

CC
q e0

e 






 −
=

8� �� )R 
V^.0 	
�> :20 	* G��5� �m8�� �Z�+ 	*:20 -	3 .#� 
)* )* ����� V"#�1 �["+ ����� $%��� G	
�� ]�
��# 8���� #�

 �$%"& $���� �Z�+qG�"�5� �� 	"
�> ]"� ^".0 �� �Z�"+ �� -	"3
 "��� �� ��	
��<WW �"��� �� .%"& )��"d� ��	"
�� 	"
�> �� -	"3

 
1 Cationic Surfactant-Acidic Activated Carbon 
2 Cationic Surfactant-Basic Activated Carbon 

8��� ��%4� �Q!�� ���<W�"��� � $%"& )
"&��	* G�"�5� �� 	"
�>
 �[""+ 8��"�� .%"& "��	B �$%""& 	"�Z b�� )"* 8� ��	"
�� "���

��	
�� (qt)) Q!�� 8��� ��t:"20 	* 	�� ���� �Z�+ V#�1 (
���� -	3 	*%& )M#�5� 	�� )@*�� �� $�� 
#� �* -	3 

)�(V
m

CC
q t0

t 






 −
=

8� �� )R 
Ct"&��	* Q!�� 8��� �� ��� �"��� :"20 	"* 	"
�> �� -	"3

.#� 
$��%"5� �� ��	"
�� "��� 	��j1 a�#� 	* �[+ -	1���� ������ 

TX �1TWW ���� ]�
��"# ���"��� �"* )*��� V��	& �� 	
�> �� -	3
.%& -�.�� 

�B� 	o� �#�	* ��	* 8�"� "* 8�"��� �^0��"� ��"� ��"�−2
4SO�

−Cl�−3
4PO�−2

3CO )*8���� 8���, )"�6�%� ��"� %"��� �� $%"���
 	o� .%& ��!
�� ������ 8�"� 7"�� �� -�%"� 	� ��"L0 �� ��"�<WW 

���� � ��	"
�� 	
�> �� -	3TWW �"��� �� ^0��"� 8�"� 	"
�> �� -	"3
 ^.0XW�#�Z�+ ��%4� �* ��#T/W8�"�� �%"� 7�"�KA� � -	3

.%& )?>�@� ,�# �� 
)* )# ������ �� )�0	� 	� �B� ������ ����� %& -�.�� )M1	�

451 7�� �� 8� 7�(���� ��%4� �.%& b���3 H� 

=3O	� 5 P+!$C 
=323-�HQD #�RSD ,�#$�C TU ���!� �5� #� 
+!�C 

JP& �� )� ��@��A�T�"� $%���� ���"9� ��0O"D� ���"A1 ���"&
 $%"& N["0 $���"* ����"�� :M"# �$%& -�.�� )"� "#� i"d�� .%"��

 J"A, 	1	o�"� ����"&%�#� )"* M"2� %�"2���%�� ^�%# �* ��
2&
�� 7���\ �[+ .%��AG )* M2�BG ��)"* %���1 ���"#���� J"�>�

 �* ���&%�#� �� $%��A�B�* ��	
��HNO3�Z�+ J6�� ��AG .%"&�*
 )"* 2���1 �����1�� ��
P���# �* kOD� ��?� �)� E1 -�� )�0	�

 .%�� ������ �� ��	
�� N[0 8��%��� ����� ��%4� JP"&T�["+
�Z�""+ ��	""* ��	""
�� ""��� �""* F""�
!� ��""� )""�>�� ��	""
��<WW 

���� ���� �	
�> �� -	3TX�Z�"+ �� ��%"4� �a��2�# )+��T/W
	* -	3XW�#� �#pH 	*�	*t�� 8��� �� .%�� 

]1 kOD� �#� Q!�� )� ��@��A� )�0	� ��
P���# V#�1 ��
) ����1�""�CS-VG�""A� �()""�0	��� kO""D� %""���A� %""���1 )�CS-

AG/CS-BG �� 1� 7�� .%�� JA, 	o�� �(�"� )"* 	
"��* %"���1 "�,
,"�� -%"� �3��"?� 7*	")* G� 	* ����1�� ��
P���# �[+ ����� 
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5 ��������	
������� � ��

Adsorbent 
Fig. 2. Nitrate adsorption by different sorbents (initial Nitrate 
concentration = 100 mg/l, temperature = 25 oC, and absorbent 

dosage =  0.2 g/50 cc, pH = 7) 
LV( 73� �[+��	* ��	
��Z�+ ���>�� ���) F�
!��� )���	

<WW ����-	3��>���� �	
TX)+��a��2�# �Z�+ �� ��%4� �T/W

	* -	3XW#�#��tpH=(

�%�"2���%�� ^�%"# �* ��
2& �� ���&%�#� �� %?* .%&�* ��6 ���
�� ���
�� $�	"3 �� ����� ��%4� )� ��� 8n�"2�� ����", ��"� 	"* ��� 

7*	� i@# ��� �"� ����1�� ��
P���# �[> ��	�3 ��	B G�?� %"���1
 MY� 	# � 7*	� � �� i@# �� �&�� ]�1�
#�	
P>� )*Z�+ H�	I ��

 �	"�3 ��	"B 7*	"� i@"# ��� 	"* ��
P���# G�P>��(Patterson 

2011))""* . 	1;�""* �[""+ J""�>�CS-BG���""��� )""���� �� ���""�
�Z�+ �4*�� �)
#��\�� ���� �� )
"&�[3 )"* .%"& �"\ ��"��� )"* 8�	"*

�3n�� �Z�"+ ����A�"& � �P���� ���CS-BG 7"&�� 7�"�KA� �
������ ��[+ ����� �� J�6� ^2���P� 8%& ���FTIR�[+ �h

� 8`�	
�� ��3 �[+��SEM .%& -�.�� )��A� 7�� ��� 	* 

=373
WX+5 ���YD :;!� 
	I< �!8 
=37323N+!��9FTIR 

�� $�� 
#�FTIR �"� �"�9� �� 8�"P�� 7�� $�	"3 �"1 %"�� ����", ��"�
8n�2�� $�	3 	(�� � ��� 7"�� ���"
� .%��& Q!�� i@# ��� 	* ��

 JP& �� F�I=.#� $%& $��� 8��� 
$��%"""5� �� �["""+cm-1 =sWWh=TWW ���%"""��* )"""* |�"""*	�

���#��O-H  )* |�*	� ���� $�	"3 �� ��"+�� J�"2���%�� ��"+
� ����"", �� %""?* �$%""& �[""+ �""P���� �� � %�""#� ]���""2��*	

G�?� "#� ����A�"& ���#(Park & Jang 2002) ��	"* .CS-BG �
$��%5� �� cm-1=vWWh=qWW �� $%�� �1���#�� )"* )"� ��"& J"�>�

 %"��* �	�3��	B ).�
� �� � �� G�P>�� �[+O-H  H"�?
� �"��� 
]�\ �Z�+ 7�� ��� 	* 7��KA� .#� J�2���%�� $�	3 )*�[+ 

Fig. 3. FTIR spectrum curves of the VG, BG, CS-BG 
adsorbents 

LV(=3����A� I�FFTIR �Z�+ ���VG�BG�CS-BG 

$��%5� �� ^9�cm-1=vWWhTtWW 8�"#�� )".�
� �� )� ���� ��+�
 8��""4
��� � 8��""4
�CH2�""� �� �""��� ��""+� �� �""&�� 8��""1
 ����1�� ��
P���# 8���"PA� � �"f )"?>�@� �� )".�
� 7�� .2���

 %& $%���� ���(Cho et al. 2011) 7*	"� kO"D� ��	"* �"�� �"9�� .
 �� $%"& N	E� ��
P���# )*��� ��
6�# �* ����1�� 	A��\ �� G�?�

 $�	"* $	"9* H"�451 7"�� $��%"5� �� $%"& �["+ ���%"��* .%"�� cm-

1<zWWh<WWW $��� ��� G�A
0� ��)� ��& $�	3 ��+� |�*	� ��"�
8n�""2�� 	""��� ���C=O �����
6�""# �C-O-R a�""#� 	""* .""#�
b���3 F"�
!� G�P"&� ��"+� )"* $��%"5� 7"�� �� ���C=O :	"���

%��� 	
"#� ��� ."#� $%"& $��"&� $	"�� � ��%�"#� ]���"2��*	� ��"�
 G�P&� �� 7��KA�C-O-R ��J�� �J�P>� � J��� ���	1� )* 8��1 ���

JP>� ���%���*	� � �� )* �(
2* 7*	� �� ��
6�# 7�� .��A� $��&� ��
���� 8%& �>��� $	
23(Park et al. 2002) %"��* .C-Cl �� �"���

 $��%5�cm-1 zXWhXXW �� 8��� �[+ ��6 �� %��(Mahapatra 

et al. 2012) �Z�"+ �� ]"�\ 7"�� . ��"�VG �CS-BG $%��"��
�� �>� .��&�Z�+ �� ��\ 7�� $%���� JG�?� 7*	� )R #� 7�� ��

VG %�"#� V"#�1 %�"2���%�� ^�%"# �"* �"�
2& )"�0	� 8���\ ��
�� )� #� $%& $��� ��
2& G��	� ^�� ]��%�	�� 	"�� " 3 8��"1

�Z�+ i@# �� .#� $%��� �B�* �� 

=37373:U� N+!��93Z[5#$�C �!W :U��5 
)4MI a�#� 	* ��\��� �%�*<�� �-	1�� )* ��� ��"� 7�� �� $%�� #�

�� �� )4MI �� 8��1IV,H4 JP"& �� .��� ��	"Bq�["+ -	"1���� �h
���� �� 8`�	
�� �[+��tt7*	"� ��	"* 7��"�� )+�� G�"?� ��"�

�� :M# ���\�	P�� ��
6�# ��+� .#� $%& $��� ���A� �� )� ��&
$	 0 8%&	\ 7���\ ���6 �M2� ������� "+� .%
�� �� 1� �� )"4�0 ��

8���A� l�	
2�� c�"� a�"#� 	"* G�?� 7*	� ��\��� ��
6�# 	3H4 
"#�(Khalili et al. 2000; Li et al. 2011).�� 	"(�� �"�	I ��

 
1 International Union of Pure and Applied Chemistry (IUPAC) 
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��

Table 2. BET and DR test results 
45��738���� �� JD�0 ���
� BET �DR 

Micropore fraction (%) )
g

cm(V
3

mesopors  )
g

cm(V
3

total  )
g

cm(V
3

mircopore  )
g

m(BET
2

Adsorbents 

780.104 0.4800.376888 VG
820.09 0.4900.400901 BG
740.11 0.4200.310722 CS-BG 

�� 	1;�* �M2� ����</W-	1���� �8%& i@2� �� ����� �[+ ���
 $	" 0 ��"+� 	(���� )� %���%� �� �� ��"\��� ��"� 7*	"� i@"# 8�

 ""#�(Eddaoudi 2005) 8�""?�� ��"".�� �� �""&�� �[""+�� )""4�0 .
)�����<��""+� $%""��� 8�"�� )""4�0 7"�� ."#� ��"\�� ��	 0 ��

+� �� �&�� 7��KA� � ��\��� ��
6�#")"�; ��
6�# �* ��	 0 �� ��
JP&T�� %���A� ���	 0 ��
6�# )R #� 7�� )+�1 J*�B )
P� .%&�*

 kOD� �� JMB�� ��
P���# � ��* �* %"&�* (Yazdankhah et al. 

2010) )4�0 .H4 � �	P�� ��
6�# �� 	� J��& )R ����� �� C;�A?�
�� $%���� �%�
2� ��� ��&(Thommes 2010).

Fig. 4. Nitrogen adsorption-desorption Isotherm at a 
temperature of 77 Kelvin Degrees for VG, BG, CS-BG 

(LFB3����A� ��-	1�� �[+h�[+�� ��3 ��8`�	
 ������tt)+��
7���� �	*�VG�BG�CS-BG 

8�""��� ��""�BET �DR $��� ��� 	""* )""* ��""� �� $%""�� ""#�
�[+h)* 8� ���
� � %& -�.�� 8`�	
�� ��3 �[+�� )"DO6 ���D

 G�%+ ��T.%& $���� 
%�2���%�� ^�%# �* ��
2& #� Q!�� )� ��@��A� $%"& �",�*

 8���� )* ��\�	P�� ��	 0 ^.0 )� #�q7�� .%*�� ������ %D��
�� ���
�� �	(�� N	I �� .#� ��f�� ���2* ������ kOD� )� ��

 7"�� )� �%�� ���� �� ��\�	P�� ^.0 8���� ���
P���# �* �5@#
 c�""d��$��� ��� �� 8�""��� ��""�DR )"".�
� J""*�B .""#� �	""�3

 
1 Capillary Condensation 
2 Slit-shaped 

� ��	 0 ^.0 ������ $%"& ���&��* G�?� 7*	R �� ��\�	P�(VG) 
�� 7*	"� c�"� �* |�M1�� �� %���1 .%"&�* $%"& $�� 
"#� G�"?� 7"�� ��

 )"* J"�3��� "#�\ ��"��� �"* )">���	3 G�?� 7*	� �� H�451 ���"D
�� �� 7�� �� .%& $�� 
#� �$%& G�?� �P���� �"�
2& )"�  3 8��1

 )* 7��(�> ���#���� :M# %�2���%�� ^�%# �* 8�"�� �� $%"��� ��+
 )"*; �� 8%& G�?� 7*	"� ��	" 0 �; ^"2���P� ."#� $%"& G�"?�

 -�� )"* ���Z 7�*�"� �"2>���%��� ��	�� ���� H�	I �� ���#����
 7*	� � $��
�� "#� G�"?�(Sun et al. 2009) J"��A1 ��
P���"# . 

�� %"?* �7�"�KA� .%"��A� G�j"&� �� ��\�	P�� ��	 0 C�%
*� )� ���� �����
 ��%"4� )"* ��"\�	P�� ��	" 0 8���� �%�2���%�� ^�%# �* ��
2& %���	�

�� l\ �#� )
��� ������ ���f�� i@"# 8��"�� )"� "&�� ���
�� 8��1
 .%*�� ������ ��� $n��8���� BET %���1 ��� ���"� 7�A� $%��� "#� �� .

 i@"# 8���� ���
P���# �� $�� 
#� �* �5@# kOD� �� %?* �	(�� ��#
� )*�� ���� �8� �� ��
P���# �	�3��	B J�> .%*�� 

=373=3����#�#+�QD N+!��9SEM 
JP& X�Z�+ i@# �� �\�P#�	P�� 	���E1 �"� 8�"�� �� �"� .%"��

JP& �� )� ��@��A� ��	* �� %�2���%�� ^�%# �* ��
2& �� %?* �%��
)* 7*	� i@# $���6 ���D �� %"?* ."#� $%"& 	"*� � $%���� $%&

 kOD�)* ����1�� ��
P���# �* �$	" 0 �� $��"� 7�� �	�3��	B �,
)* ��� � �	P�� ��	 0 )"* i@"# � $%"���� $%"& 	\ ���D ���"D

�� $%�� N�D .��& 

Fig. 5. SEM images of sorbents (a): VG, (b): BG, and 
(c): CS-BG 

LF(M3��E1�	SEM �Z�+ ��)�a(:VG�)b(:BG�)c(:CS-BG 
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=373B3-�HQD �� -�#� #8 #R� L��	D ,�#\$�C :U\� @>�C!F� 5 
+!�C
 :;!� ]<�DCS-BG 

�Z�+ %�2���%�� ^�%# �* ��
2& �� l\VG $�	"3 �����", ��"�
8n�2�� �Z�+ ��� 	* ���BG F"�I ���"
� )"� %�
�	3 ��	BFTIR  

�"�
2& �%"& $��"&� )� ��@��A� 7��KA� .�	� %���1 �� c�d�� 7��
�%�� ^�%# �* )"* �	
"��* ��"\�	P�� ��	" 0 )"� %"& :M# %�2��

 �Z�+BG ��
P���"# G�"P>�� �J"��, �� 7�� 	o� �� .��& )��d�
�� �""MY� 	""# V""#�1 �	
""��* �� J""D�0 �"" �� i@""# )""* ""#��

$�	3 8n�"2�� ��"� �Z�"+ ��� 	"* ���BG �Z�"+ � %�%"& �["+ 
CS-BG G�"P>�� �� $%�"&�\ "MY� i@# ����� ��
P���"# ��"�
����1�� H"�	I �� ��	"
�� � �� 8���� )� %& :M# J��, 7�A� .%&

 c�"d�� 7"�� .��& �[+ 7*	� i@# ��� 	* ]�1�
#��	
P>� )*Z�+
 JP& ��s)*.#� $%& $��� ���A� ]�1�A& ���D 

=3=3#R� N+!��9pH 
�Z�+ G�MB J*�B ���
� )* )+�1 �*CS-BG)* �8%"& Q!�� �����

 V��	& 	�o�1pH 
�� �[+ ��� 	* � %"& -�".�� 	"�� ���"��� ���	
 JP& �� 8� ���
�t.%& $��� 8��� 

pH 	�o�""1 $%""& kO""D� )>���	""3 G�"?� 7*	� �* ��	
�� N[0 ��
�� ���
�� .���%� ���""�� �� )� ��pH )* 7���\ 8%"& "MY� J"�>�

* ��	
�� ��Z�+ i@#")�	"
P>� ���D��"�� ���"& �["+ �"P�1�
#
)* �� )P��� J�>�pH G�"�5� �� �"�� %��	�� 8�� 8���� ��%�#� ���6

�� 	1;�* �"� �",�* ��	"
�� �"* %��	�� *�B� ���� ��%"4� )"� ��"&
 �� .��& �[+ ��	
�� �	
A�pH)* ��� ���* ��� 8%"& �" �� J�>�

 )"* ��	"
�� �["+ ��%4� ��Z�+ i@# �P�1�
"#��	
P>� )"?��� J"�>�
�� ���� �� .%*�� �Z�"+ ��	* )�  3 8��1 "�� 7�	
"��* �$%"& $��

 $��* �� N[0q�1z�� �� 1� )*�"�� ��"?>�@� �"* )".�
� 7"�� .%
��
 "#� 8�"2P�(Bhatnagar et al. 2008; Cho et al. 2011; 

Ozturk & Bektas 2004) 

=3B3:U� ^�$��< 
)* �["+ )��"��* )"* 8%�"#� ��	"* G��"?1 8�"�� )"* �*��
#� �����

 �["+ %���	� ]�
��# 6��& � ��	
�� a�"#� 	"* ���"��� 7"�� �
)* COMB )� �@��	& .%��	3 -�".�� �%& $��"&� 8�	* a�A1 8��� 	o� 

Fig. 6: Schematic of impact analysis of each step of final 
treatment and nitrate adsorption mechanism by the CS-

BG sorbent 
LF( _3]�1�A&�51�J	o� 	�)�0	� �� E1�)9�������P��^2�[+ 

����	
 V#�1 �Z�+ CS-BG 

Fig. 7. Effect of pH on the efficiency of nitrate removal 
by CS-BG (initial nitrate concentration = 100 mg/L, 

temperature = 25 degrees Celsius, sorbent dosage = 0.2 
g/50 cc) 

LF(`3�����A 1�o�	pH 	*���8��%��� N[0 ����	
 �*$�� 
#� ��
CS-BG ��	
�� )�>�� ���)<WW ���� -	3 ����� �	
�>TX)+��

a��2�# �Z�+ �� ��%4� �T/W	* -	3XW�#(�# 

Table 3. Synethetic coeffecients and constants for the CS-BG sorbent 
45��=3�Z�+ �P�
��# *��o � :��	dCS-BG 

Pseudo-first-order Pseudo-second-order Intra-particle diffusion 
qe exp. 
(mg/g)

Kf×10-5

(min-1)
qe (cal.)  
(mg/g)R2Ks×10-2 (g.min-

1.mg-1)
qe (cal) 
(mg/g)R2k2 (mg/g min1/2)R2

6.41.8468.390.898.426.4020.990.0330.70

Table 4. Langmuir and Freundlich isotherm coeffecients and constants 
45��B3�	d�� )* |�*	� *��o � :�A(�; -	1���	� � 	�>%���

Adsorbent Langmuir isotherm model Freundlich isotherm model
Qmax KL RL R2 KF 1/n R2

CS-BG 15.34 0.02 0.20-0.67 0.99 0.78 0.54 0.99 
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Table 5. Comparison of the coeffecients and isotherms for nitrate removal by carbonic sorbents obtained in the 
present study with those reported elsewhere 

������������	
��	 � ��
��� 	
� ����� ������� ���� ������
� � �! �� �	
"#
Ref.nKfQmax (mg/g)KL (lit/mg)Isotherm modelAdsorbents

(Ozturk et 
al. 2004)0.359 0.00026 --Freundlich Commercial activated carbon 

(Ozturk et 
al. 2004)1.133 2.49 --Freundlich HCl activated sepiolite 

(Cho et al. 
2011)--14.25 0.0268 Langmuir Untreated activated carbon

(Cho et al. 
2011)--27.65 0.0476 Langmuir Activated carbon post-treated by 

cationic polymer

Present 
work ��45.34 0.02 Langmuir 

Granular activated carbon post-treated 
by two-step:  alkaline followed by 
cationic surfactant post-treatment

Fig. 8. Impact of time on CS-BG sorbent capacity 
(nitrate initial concentration = 100 mg/L, temperature = 

25 degrees Celsius, sorbent dosage = 4 g/L, pH = 7) 
��	
�$	%&'� �()�
*��+ 
��$�,
-�.� �!CS-BG  

�	
"�� ����	 ./01)344 #0�� ��% 5
"�� 
� �
678#"��9 �!$% 5%	
6
� �! +% $	:�� ;�
6$%5
"��<pH=(

>?@A $% � �@! B�:@�C �@� �	
@"�� ��� ��$DE:@A E%	% *�@��
F�'� #�%��� *��+ ..9	374 �	
@� ���H%CS-BG �@� .:@�I .@9% 

#�
� $	%&'� +	 �� $&���'J *��+ $% �	
"�� ��! 5:�I B�+�@1I ��J
#� ��K�	 #�L�� .M
9 �� � %&A84.M�9 N�� $% �O�� ��! :P$%

#� Q�R�	 S��	� T�	 	$ #�	:@"�	 *�@�+ $% ��@! .M
@9 B@�	 .:",	
#� ..��	% �	
"�� ��! �	
� �U, *%&� F
"9% $% �� V&�
� *	&� 

�� 
"��� #9$
� $&/�� T:@� 5��@! :��	
, �W@A #?�"��@9 ��@J
T�	 �@@!$%3��% �@@!$% �W@@A 57E$  B�@@�  &@@R� T:@@� ��	X��$ 
@@�

E%	% �� ��J $% *I Y��@"� � :@A E%	% Z@�W�� 5S��@�+I +	 E:@�I .9%
 T�:!X:A �P[\(Li et al. 2011; Ho 2006).

B���� �
� 5��% �!$% �WA ��%��� �	
� R2
�%��� �qe�qe(cal) 
#@� 	�@� 5:�"@A	% N@J �� #�&\ #�	&]'J �@K�"� *	&@� �@� %
@� �
@�6

 
1 Pseudo-first-order 
2 Pseudo-second-order 
3 Intraparticle Diffusion Models 

#@� ��
@�^ T:@� B@�	 +	 ��! _�"��9 Y��@"� �@� �@K�"� B@�	 .:@��
 %$	% #�	&@@]'J �@@�� 
@@`�% *�@@��a�(Bhatnagar et al. 2008; 

Ozturk et al. 2011; Namasivayam & Sangeetha 2005) 

������ ������� 
>?@@Ab@@! �
@@����	 #@@� *�@@�� �	
@@"�� ��@@! �	
@@� 	$ �� .:@@J%

 T:@@� ��$ 
@@� ��@@! ��@@M[c	 d��:@@��
, E:@@A �"\��@@A ��@@J;�

@@�'`�L8T�:@@! $% *I Y��@@"� � :@@A T�@@'M	;e@@'! :@@A �$�I 

(Hayati and Mohammadi 2012).
T:@� �@� .W@�� �
�L�@� $	:@�� 
@�'`�L T:@� �	
� B���� �
�

#� f^ ..A	% d��:��
, � �@! g@9&� �	
"�� ��! �� .R6 *	&�
CS-BG #@@� T
@@"�� 
@@�'`�L �
@@����	 T:@@� g@@9&� .@@�,
- .%&@@A

 $	:�� � �! 
�'`�L ������X;/38#0�� �� �
6 
� �
6 .:@�I .@9% 
T�:! $%8�� ��M[c	 5��@����� �@� Z@��a� B@�	 $% E:@�I .@9%

..9	 E:A ������ 
`�% ����� 

Fig. 9. Nitrate adsorption isotherm for the CS-BG 
sorbent (temperature = 25 degrees Celsius, sorbent 

dosage = 0.2 g/50 cc, pH = 7) 
��	��� �! �	
� �	
"�� ��! �
����	CS-BG ��%)78�!$%

F&��09 � �! +% $	:�� 57/4
� �
684#95#9<pH=(

4 Freundlich Isotherm Model 
5 Langmuir Isotherm Model 
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=3_3Z�+ #�R!D @��� �!8
���"��� ���A1 	d�0 ���n\ �� )"* �"� �� ��"9�1 8�"� ]"� $�	"A�

G��5� 8�"� 7�%"�f �"?B�� ">�0 �� .%"& -�".�� ��	"
�� ���"0 
�� )� %���� ��+� ^
2�# �� ��� 
� .%"��� "*�B� ��	
�� �* %����1

8�� ��L0 	�o�1 �[> ��"� 	"* %"��	�� � ��"�*	� ��� "2� ��� >�"#
 �9�1 ��L0 �� ��	
�� �[+ ��	e .%& )?>�@� ��	
�� N[0 ���

 8�""""� 	""""(�� ��""""L0 �� 7�""""�KA� � ��	""""
�� 8�""""� �""""�
−−−− 2

4
2
3

3
4 SO,CO,PO,ClJP& ��<W.#� $%& $��� 8���

Z�+ !8
Fig. 10. Impact of the presence of disturbing ions on nitrate 
removal efficiency (initial nitrate concentration = 100 mg/L, 

temperature = 25 degrees Celsius, disturbing ion 
concentration = 200 mg/L, sorbent dosage = 0.2 g/50 cc) 

LF(2c38�� ��L0 	�o�1 ��	
�� N[0 8��%��� ��� 	* ^0��� ���
 ��	
�� ���)<WW ���� -	3���	
�> ���TX)+��a��2�# ��� �

8�� ^0��� ���TWW ���� -	3 ���	
�>tpH= �Z�+ �� �T/W�� -	3
 ^.0XW�#(�#

��L0 ��TWW �"��� ��� >�"# -	"3TWW �"��� �%"��	�� -	"3TWW 
���� � �� 2� -	3TWW ���� �� ��	
�� N[0 8��%��� ����*	� -	3

X/=t)* %D�� )"* :"�1	1<T�X/TX�X/Tt�=t.%�"#� %"D��
8�� 	�o�1 7�	
��* )* :�B� ��� � %"��	�� ��� >�# )* |�*	� :�1	1

� ��* �� 2� 8��%"��� 	"* �"D�6 	�o�""1 ���*	"""� 8�"""� ��"L0
 �"� 8�"�� ���"
� .&�["(� ��	
�� ��	"* "A0��� 	�o�"1 )"� %"��

8���� ���"� G��"M1 ����� )* J��A1 )� %��	�� � �� >�# 	��� ����
9f $�	3 �*id�� ���2* �%���� �Z�+ ��� 	* -������ )��3�� #� 	1

(Cho et al. 2011).��pH )* 	
��* ���*	� 8�� ������� ���D
H2CO3%"���!� �� ��	"
�� �"* *�B� ��*�B >�0 7�� �� )R #�

 �� )� #� 7�� ��	
�� �* �� 2� *�B� )* J��A1 -%, �, .&��
 V��	""&pH �� �� ""2� JP""& ����""��� )""* �""*� V�""5� ���""D

−
42POH��	
�� 8�� �* ��* 	�� �� ��� 2� )��3 7�� 7��	*��* .#�

 J"��A1 ���"� �",�* )� �	(�� c�d�� .���� ��	B 	*�	* V��	& ��
 �"� 8� �[+ ��	* ����1�� $%& kOD� �Z�+ �"� �� ��"& )"* 8��"1

 ""2��� |�""*	� ��	""
�� J""*�4� �� �� ""2� 8�""� 8��""* U��""* 
(Krasicka-Cydzik 2012).

B3-��$C �#�W 
G�"?� 7*	"� �Z�"+ ��� 	* ��	
�� �[+ ��	* 	d�0 )?>�@� ���
�

�� �� $%& kOD� )* 8��1 /A+	�� ���D :��A� �%�* 
<h������FTIR ��� 8�"�� %�"2���%�� ^�%"# �* ��
2& �� %?*

$�	3 )� $�	3 	��� ����, ��� 8n�"2�� ��"� 8�"
�; �]"�>��� ���� �
�Z�+ �� ]���2��*	�BG )* M2�VG ��?� ������ �%"�\ ����

�� )"* ����1�"� ��
P���"# �� �"&�� ���%��* �[+ .%�� �� �*�"6
 �Z�+CS-BG .%& ���#��& 

Th������SEM :M"# %�2���%�� ^�%# �* ��
2& )� ��� 8���
�� ��	" 0 � $%"& ��".�� ���"D�� � �	"*� �7*	"� i@# �� )� ��&

 ��""\�	P�� V""#�1 �5@""# kO""D� �� %""?* .��""& ���� �8� $%""&	\
G�P>�� V#�1 �Z�+ i@# 7�� ���
P���# 	"\ ��
P���"# ��"�
�� J�%M1 6���P� � N�D ���D )* � $%& .��& 

=h)"BO, ��"� �>�"��	3 G�"?� 7*	� ��	"
�� �["+ )"* M"2� ��
)* %��* � )
&�%� $���� ���	
�� N[0 ����� -�".�� 8� ��� 	"* ���#

[m* 	"�Z V��	"& �"* ���"&%�#� � %�"2���%�� ^�%# �* ��
2& .�	�
$�	3 )� ��& �� �,�* �H�451 7�� �� $%& 8n�"2�� ����", ��"� ���

 )"* ]"�	
�� %�"#� �"* ���"&%�#� ��� .�	�(* ��	B i@# ��� 	* J"�>�
 �"� �",�* �)� "E1 �� %?* 8� i@# �� ��	
�� $%��A�B�* �� )"� ��"&

$%& ���� ��	
�� ��[+ -�(�� .�����* 7���\ �� N[0 8��%��� �
qh��� 	"* "�4��� �"* -�� )+�� )M& ]�
��# � 	�A(�; -	1����

$��� �Z�"+ "��	e .%"& H"M@�� ��CS-BG -	"1���� )"* )"+�1 �"*
4� 	"�A(�;"��%=q/<X���� )* -	3 	* -	3 .%�� #�

Xh���"��� V��	"& �� a�A1 ��	* )��9* %��� 8��� )
"#��\�� ��"�
<TW )* )4�B� �� N["0 �� �A�� )� %�� #� ���%"
*� H��"B� 8�"A�

.��
�� �� 1� ������
sh)* �[+ �(
2*�� -%,pH $	
23 �� 8� 8��* �1���A, �pH q
�1z�3n�� �� �P� �Z�"+ 7�� �[> .#� $%& $���� �Z�+ MY� ���

�� $��%5� ��%���1pH ����"6 �� )��9* �	P�A, ��� �����	�� ���
���.%�� 8
th8�� �#�	* ���
� �Z�"+ ��	"* ^0��� ���CS-BG V��	"& ��

"""""""""A0��� 	"""""""""o� )"""""""""� ��� 8�"""""""""�� ���"""""""""���
−−−− <<< 2

4
3
4

2
3 SOClPOCO7�	1%"* �� ."#� ���D 7�� )*

 8��"�� )"* 8��%"��� �G�"�5� �� �� >�"# 8�"� ��"L0 ��?� V��	&
X/TX��� 8��� ���� ������ V��	& �� �%D��.
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