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*M 1(�! H>f( JF���=+���F�  �	7? �Q,'=1�G�+ �	 1C �G-
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�D? �'7�% P��a 1(7�S=D? R7 G* G� �	�G? ��"	7G5)[(.;�G.:�I�
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�5�*��.(B�( �?�� J=1(B*	�?��*G@� �G? 1% m7G� �GX( #	7=n
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qe�=' 1(B=nG�7� ��G5 $�GV ;(�-SMZ)�ymmol kg(#M
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'=67>@� �	 ;(�-)�ymmol L (  V67>@� bka )L(��-9GF 

)�(.bFN=�g ' q�a 1���'(� =DI?(� +( �	�2-�( �? ;(�-�.�=G= N
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*��'% �	 Dq�=' 1(B=��5 $�V ;(�-)mmol/kg (  Ce �Z>f 

:	�.�"'=67>@� �	 ;(�-)mM ( G�"��G5�? .�GF�-�(���,	��G0

�?�X�F,(�R�� B�F,1�&' (� $�V G�"�G�F	 G* �GF�-�(��� D,

( �GGF �	 	7GGV7���] +( R�GG� BGG��	(	 �GG? 1	(	 �+(�GG? `�GGF,

��+%�F�0&"R�' n�7�  �(B�(DataFit .� =G= �'�G5 N.G���?"

I� ? `?�=�	(	 N�F,�+(�'( !=�,G�  ��5 =J?=G�"nG�7� ��G5 

6�� �F�-�(��� +( �	�2-�( �? �F,���% ,�R SEE  �G5 R�Gk'( 

D? ���=�] +( H�n?( � `e �.�==�'�5 N.

n

e i e p i p
i

/ /n n
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 − −
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∑ ∑
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*'% �	 D��qe�=' 1(B=�+(�'( $�V ;(�-!=�,��G5 )mmol/kg (

  qp� $�V �(�^� =J?=�"6�G� nG�7� ��5 )mmol/kg (  n

D'7Q' 	(�.� �F��-9F .*g7p�(�^� 1	7? SEE 1	7G? ��BG?  

�(�^�R21�&' G? �G-�? `?�I� ���F	=�	(	 N�GF,�+(�G'( !G=�, 

�=J?=�"� ��5"�5�? .

i."�0�1���%�!� �2�9:1; 

���?"+���F� ,'=nG�7� ;(�G-SMZ  � #,DG'7Q' SMZ �	 

� �+(�'(=>"D?  �-� .?�G� 1(7�S";��GM  1�G�+ +( �GF,G�'7"

u>-Y�)	 $%�'7=�B)DW(#*�>G��G� ��b��/�#�/� �/�

�h7� (� D� �	  )�(��5 R�k'( .

( D?��(�!��? (�-?( �7Z�� N,SMZ � �+(�'( �	 =>"n�7� �-�

'=;(�- : ( �Z>f �? =D���=>"�5 R�k'( �h7� .x��e/�R�G! 

SMZ �(�!��? ,' �? ��5 =�? ;(�-�e�=>":=	 $% �- G�'7= �B G� �

67>@��F"�;��GM �G? �GF,G�'7"��/�#�/� �/��	 �h7G� 

>� q �}"�(=N>e��=>":=�-,(�? ,1��+ �GF,uG>-Y� �e/�#

e/�#[e/�#�#�#{ ����	 �	 #�S�� ,��+%�� 	 �	  ��0&

�e�M	 �GG? � 	 =GG5 nGG�7� DGG^=)� �GG)�GG5 �	(	 1� .1% +( xGG�

9'���7�=17�-'�� �F�2=' �GZ>f  ��G5 C7=67G>@� �	 ;(�G-

  � 6	�.�"�I^� � � +( �	�2-�( �? =$% ��GY? �? ��+(�G'( !G=�,

�5 )e.(( D?���� N=� H=' 1(B= 1�G�+ �GF �	 ��G5 �GF� ;(�-

(�?,;��M �F �'7".�==�5 N.

�;20wH� � a
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5)P�' q�a 1���'(� =�Z>f �7ta �	 (� ;(�-�F,u>-Y� 

�M� 17=HCl-(�?  ,� ;(�T �+(�'(  	 =>"�-�7'�G'  �-�SMZ 

� 1�&'"�F	 .D'7Q'SMZ �+(�G'( DG? ��5 jW/( ��� �G/�	 

ECEC (�(	 ,*(��"�h�? "�' q�a �	 =;(�-��( .(G�-' N=DGk

(�(	,+��GG? 	�tGG� ,��GG-�� �GG? *>=-�7�=h7>GG�GG� �"�GG5�? .

*>=-�7�=h7>�F �=s�GQ� D'7!�>"' q�Ga  �G5(	�? �	 =;(�G-

Q' 1�&'"�F	)�v(.

f<:(<�: )8
\ 1x: �2 ��9:1; 

�-'�	(	 1�&' w*: ( �Z>f D=' D=�X�� P��S ;(�-,1���G'(� �	 

' q�a=� ;(�-"�5�?)5)P�.((B�( �?�: ( �Z>f J=' D=;(�G-

 ��� D? q�a 1���'(��wG*JF���G�� .-'=DG? DGk ��G�% �G�	

�GG-' �GG? `?�GGI��^@� w=� ;�GG^GG=&=N�GG�( )[ �v(.( �	GG� N

^@�=? ;�^=�-&�' q�a 1���'(� N=	 �Ga ;(�G-{�%��(BG!

 (B�( �X( �	 q�a 1���'(� JF�*  �5�: ( �Z>f J=' D=;(�G-

 �5 ��(B! .��] +("(BG�( �G? �: ( �GZ>f JG=' D=�G- � ;(G=1(B

�(�!��?,'= � ;(�-,SMZ (BG�( �G� J"��G?� .(G�-' N=�	 DGk

6 �V ���( ��F�&� P?�M .

�(&�:"2: 1x:SMZ 

�-'�bF w�+(�G'( DG* 	(	 1�&G' N=G�gSMZ q�Ga 1���G'(� �	 
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\ �3 9:1;�!�f
;g� Cl-`%	4 SMZ3&�:"2: ��!���

1;�)f<: (1;�	2�2 �)�(

'=��( �X�� ;(�- .(�G? q�a 1���'(�,SMZ�=G>"�G-�,G?=N

�{/������/{�:�a �	 #	7? �/�	 "*( D�	�^� N�(�? �,�+(�G'( 

? �-�7'�'=N{v/�[��v�/{eD? �/�	 �G'��% �G�	)G5)P�.(

�-'��+(�'( w!=�,ECEC :7i+ =�*>=-�7�=h7>��? �(,�+(�'(  	 

�=>"	(	 1�&' �-�7'�'  �-� G* �G? D*Gg7p#;(�T �+(�G'( 1�G5

�=1(BECEC(B�( �� J"��?�)D?��� G= H�ymmol kg[�  ��e

(�?,� �+(�'( =>"�-�7'�'  �-� .(�? dM(  �	*Gg7p�+(�G'( 1�G5

 �� #;(�T���F,6	�<� *��='7"@I� "(B�( �G� J"��G?�)��(.

QF D?=:	 N=( �? PjW/*:7i+ 1	�=��7� n�7� �)��  �'�-==�

@I� ��?"�� #1% ���GF,V��G3 6	�G<� "?G=�-&,-3( �	 G=��

'%=17(�? �F,SMZ ' �-�7'�' �+(�'( �	 =� �(�M B"!=	�. 7'c� G�p

QF  )G���? �	 1(��"nG�7� ;�29G� q�Ga *>=-�7�=h7> G� �

�+(�'(  	 �	 ��5 jW/(e/�y�e/��=>" �G-�*Gg7p+( �G�

���/��=>"�'	(	 1�&' �-�*�? D*g7p#;(�T �+(�G'( 1�G5 ��

�=1(BHDTMA nG�7� ��G5 $�GV *>=-�7�=h7> G� (BG�( ��J

�"��?� .� DGg �F ��'% ��(B! o��(�? G= $�GV 1(BHDTMA 

(B�(�J�&Y? �X( #�?�"' 1% =(B�( B�� J"��G?� .�G�'% bGF N=G�g 

�GG= ? ��GG5 $�GGV ;�29GG� 1(BGG=�-&,�	 (� SMZGG? �+(�GG'( �

*g7p��F�&� ��*�'	�)�(.

y(�	_7 1x:0�	Cl-

P)5�' q�a 1���'(� =�7ta R�S �	 (� ;(�- G� M� 17 G=  H

bF �7ta �	 N=�g�M� 17=HCl-�Z>f �	  �F,1% uG>-Y� 

)��/�#�/� �/��h7� (G� 1�&G'"�GF	 .( `?�GI� G� P)G5 N

(�>* �7ta�	 �a �� �,XO� q�a 1���'(� �	 =-G5(	 �#�G�( D

( Dg�!�XO� N=0Q&Gg 1(�G�g �=GQ' �"�G5�? .?G=�-&�� NG=1(B

 (�>* �7tGa R�S ;�7/ �	 q�a 1���'(� G� (�G? �,SMZ �	 

� �+(�'(=>"�-���/{�( DG* ��( �/�	 G�� NG=? �	 1(B G=�-&�N
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$�"C/.)��x �:1� S�'g4 3�:"2�;%: ��!�M� � S���4 L0:1P ��!NO3
-$	
H� �: &"( �6C 8
\ �� 
0�!)��! 

d-/d�,/d�-/d�Y	� Na+&�:"2: �� )�<	=� `%	4 �

�� ��!1;�	2�2 � 1;� 

:7i+=� ��5 jW/( �=>"�-�,:7i+=�-�7'�' ��5 jW/( �,
6�� 

���/��/��/����/��/��/�

:�' ��=


K�v/��v�/�[��/����/����/v���/�e��/��v�/�v

1/n ��[/����/�v��/�v�{/��e[/��{�/�v��/�v��/�

R2���/��e{/���[/���v/���[/���[/��e�/���[/�

SEE {{�/�{{e/��{�/���{/���e/e���/ev�{/ev��/v

7Q0'h��

qm (mmol kg-1)��/[���/[��{/[��{/[��v/���{/�{e�/�e��/�[

b (L mmol-1)e��/�e�{/����/����/��{v/�e��/�v��/��[�/�

R2�{{/��{�/����/����/���e/���[/����/���{/�

SEE ���/����/�e��/�v��/��e�/�v��/�{[�/���[/�

�Z>f*(�>��)�/��h7� (D?�[/e[�� �/�	 =�.( �	�D'7Q' N

SMZ #*�-Q�� N=q�a 1���'(� 1(B��/��(�G? �G/�	 ,R�GS 

7ta �*(�>� ��{/��(�G? �/�	 ,?G=�-&��GZ>f N*(�> G� �

D? �G�% �G�	 .DG'7Q' �	SMZ ? #�-�7'�G' �+(�G'( �G? G=�-&� N

*�-Q�� N=(�? q�a 1���'(� 1(B,�7ta R�S *(�>�D? ���� G= H

v�/{e {{/vv(�?  �/�	 ,?=�-&��Z>f N*(�>�D? ���� G= H

�[  {v/�[.� �/�	 ==�5 N)5)P�.(

*JF��N-�� �7tGa �X( �	 q�a 1���'(�Cl-O� G=��*��G��

(�.M(  N=��( �*h% q�a D�'% ���='7"'=nG�7� ;(�-SMZ 

D? :	='% 6	�<� P='7"@I� "�"�5�?)��(.G:"'G=G���? �	 B"

XO�=;��M �G�'7"q�Ga �G? *nG�7� ;�G� �SMZ #G*JF�

0Q&g=�,� �	 =�5(	�? 1(B*(BG�( �GX( �	 ;�G� ��;��GM J

�'7"� �X(  -?�M"Cl-��F�&� *	�){(.

�GG= 1(BGG* �7tGGa �GGX( �	 q�GGa 1���GG'(� JF�Cl-�	 

�Z>f �F,��=�' N=? ;(�-=	7? �-&)G5)P�.(( DG? G� ��� NG=H

: ( �Z>f=' D=�X�� P��S ;(�-,� �	 G=nG�7� 1% �G5(	�? 1(B

SMZ �7ta �	  �17�F,M�=� H"�5�? .5 �	 Dl'��g ��()P

�-a #��( ��5 �	(	 1�&' "	�7tGa �Cl-�GZ>f �	  �GF,

h�?,' 1% =BSMZ +( *(��"�h�? "�' q�a �	 =�(	�7G3�? ;(�-

��( .	 ;��<S D?��0SMZ �Q� �? P=�-&,' $�V �	 =�	 ;(�-

�^���? D9*(�>�� 1�&' 	73 +( �"�F	 .(�G� D:O9� N"DG? �G'(7�

 ��-3�� G�'7"*(�> G� �G5�? ��G<��( �	 �.*(�> G� (�(	 �,��-3�G� 

* �,7?(�(	  �	,F A�.5 =�� �? �G? D?�&� D�(�� G� G� �"�G5�? 

)Å��/�(�? ,Cl- Å��/�(�? ,Br-((�?��? #��� �? N��Q� ��P

'(��g"?�V �	 D�V"��?G�17*(�> G� GQ' 1�&G' 	7G3 +( �"�GF	

)�v(.(�-' N=�-' �? Dk�G5 nG�7� ��G5 DGi(�( w=pQF  G)1(��

'(7YQF"	�(	 .$�Y-'( ��'%�'7"� �	 (�  �a 67>@,�17�GF,

NO3
-#Cl-#SO4

2-  HCO3
-D? (B�( ;�7/�&"DG? ��� G= + HG��

Di(�(*�'	�)�v(:

- - - -Cl  SO @ HCO  NO<< <2
4 3 3

:"QF  )' 1(��=�Q� B�? P=' $�V �-&=n�7� ;(�-SMZ �	 (� 

�^���? D9*��(B! ;�� �*�G'	�)��(.QF  _G'(+ G) �	 1(��

���?"�=�� $�V 1(B*(�>�n�7� �SMZ �7ta �	 �17�F,

M�=HOH-#CO3
-#Cl-#SO4

2-  NO3
-�Z>f �? ���=>"#�h7�

 ��(B!*�'	� G* �7tGa �G��� DNO3
-( �G�( D-9G'(7� �R�G� B

�� $�V*(�>�D? (� �0Q&g �7]=�,��==�F	 �)�[(.
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T*( ��' N)QF( Bi�a D-=��( �*'% �Z>f D=17�F,�	 	7V7� 

��� �	 67GG>@�GG= �GG�'% $�GGY-'( HnGG�7�SMZ(�(	 ,QF( GG= �

�"�5�?)� �v(.( �	�' DG.:�I� NG=�Q� BG�PSMZ $�GV �	 

*(�>��Z>f �	 ���/��Z>f �? �h7� �/��h7� �)�	7G<' 1�9

 (B�( �?  ��Z>f J*(�>��Q� �? ��G� �	 BG�( 1% $�V P"	7G5

)5)P�.(

/.:0�14�G�!�2 �6C �9:1; 

�GG-'��	(	 �+(�GG? w�GGF,��+% GG�F�0&"(�B�GG? $�GGV R�GG� 

6�� �F,7Q0'h �:�' ��  �=6 �V �	 
��G�( ��5 Di(�( .

���?"�F�-�(��� ,��G�% ,�R SEE 	(	 1�&G' G* 	 �GF D

?73 D? 6��"�&� D? �	�M ��	(	 ~�F,��+% �F�0&"(�G? , 	

� �+(�'(=>"�-�7'�'  �-�SMZ (�?  ,�GZ>f �GF,uG>-Y� 

Cl-GG� "7GGQ0'h 6�GG�  ��GG5�?�GG/7� �	 �=�	(	 u�GGF,

��+%�F�0&">QS +( )��h�? 	�,��( �(	�73�? )6 �GV�.(

	�^����R(�? ,�+(�'(  	 SMZ �GZ>f  �GF,uG>-Y� Cl-

(�?,:�' �� 6�� =? 
=N��e/�����[/�:�Ga �	 #	7G? "G*D

(�	�^� N�(�? �,7Q0'h 6�� �? �=N�{{/������/�D?��	

��% .��] +("	�^� ��SEE (�? ,�� 6�� :�' =? 
=N��{/��G� 

v�{/e(�?  ,7Q0'h 6�� �G? �=N{[�/��G� �e�/��G'	7? .

>QS)7GQ0'h 6�G� H���� 	���&G� �	 ��( ~�$�GV R�G� B

'= � ;(�-,SMZ ̂@� �	 =: ;�^"5  =pQF  G)' 1(�� G= B

�5 ��F�&�)[ �v(.

���? �?":�'%  =? B=7Q0'h D:	�.� �-&��G.? 1 �G? �-�(��� #�

RL-�( �? DI?(� +( �	�2[D?� ��	"%��)�.(

L
0

1R =
1+bC

][[

*1% �	 DC0: ( �Z>f =' D=� H9a�? ;(�-=>": �	 R�!= �-

b7Q0'h 6�� �?�X �-�(��� �� �"�5�? .�-�(��G�RLDG? 1(7G�S

�3�GGG5Q]( PGGG?�M = $�GGGV 1�GGG�GGG� ��GGG�*(�GGGV �7-"�

)Separation factor (� D-��! �Z' �	"	75 .Q� �:�a ���g)N

(�? ��(,(G��G5�? D-G5(	 	7GV  �-�(��G� N:�.(�G? ,(�G5 �n

( $�V $7>I��? �-�(��� N= �2/ NG�p#	�(	 �(�GM �.(�G? ,

(�5�$�V H�����' nRL��B? +( �� G�pG�"#�G5�?�.(�G? ,

DG? $�V GI3 ;�7G/"RL�G? �G?(�? G�p v.(�G? ,$�GV 

�&!�?���'��RL�2/ �?(�? ��( )�(.

���?"��==� ;(� G= 1(BRL �GZ>f �	 �GF,: ( G=; �G2-� D

'=(�GG?  ;(�GG-,� �+(�GG'(  	 =GG>":7i+ �-�7'�GG'  �GG-�GG= �	  �

�Z>f �F,; �2-� Cl-	(	 1�&' *	�^� D��RL� DQF �	 =�GF��Q

?=�� �2/ N�p��( D-��! �(�M )G5)Pv.(�G!�(�M N-�RL�	 

(�1�&' �	 �@� N( ���F	�.M(  N=�G�( �G*(�G5 D�q�Ga n

'=(�5 ;(�-�D'7Q' n�7� nSMZ DG? G*( �	 ��G5 DG-��! �� G� N

� $7>I� D.:�I�"�5�?.

�-�(��� D? DV7� �?qm7GQ0'h 6�� �	 	7V7� �(�G? �,SMZ �	 

� �+(�'(  	=>"(�G?  �-�7'�G'  �-�,�GZ>f �GF,; �G2-� Cl-

�"�} 1(7��=$�V �SMZ .� (� ==	7Q' N)�(.��} �(�^� G= �

' $�GGV=(�GG? ;(�GG-,:7i+ GG=� �+(�GG'( �	 �=GG>"(�GG?  �GG-�,

�Z>f �F,; �2-� *(�>�? �=N��/[��G� �{/[��=G>"�	 67G�

*=D? R�!7> ��% ��	 .��} �(�^�=D? $�V �nG�7� ���% ��	

7Q0'h�	B' ��p��} �(�^� D? =��GZ-'( 	�7� $�V ��G�."[�

�=>"�	 67�*=� R�!7>"�5�? .�-'�	(	 1�&' w*�G? D*Gg7p�G�

 ;(�T �+(�GG'( 1�GG5SMZ� #GG=��} 1(BGG=(BGG�( 1% $�GGV ��J

�"��?�)6 �V�.(��}=' $�V �=(�? ;(�-,SMZ �+(�G'( �	 

? �-�7'�'=Ne�/�e���v/���=>"�	 67�*=D? R�!7> �G�% ��	

*	B' D�p��Z-'( 	�7� �(�^� D?��."��e �=>"�	 67�*=R�!7>

�"�5�? .G:"��} G=' $�GV �= � (� ;(�G-,:7i+ G= <] �=G."

��%��+(�'( D? ��5 jW/( �)��� �/�	 ECEC #���=>"67G�

* �	=D? R�!7> 	� % ��	)[(.

�-�(��� �(�^�1/n :�G' �� 6�� �	 =^� 
=G��"(�G? ,;�G5 

6	�<��'7"��( .6 �V D? DV7� �?�( #G�(�G? �(�G^� N,SMZ 

( �	 � �+(�'=>"? �-�=N��[/���v�{/�(�?  ,SMZ �+(�G'( �	 

? �-�7'�'=N�e[/���v��/��"�5�? .pg7* +( �G� G� 1	7G? p

(�� 1�&' �-�(��� N"(�5 D* �F	�' q�a n=(�? ;(�-,:7i+ G=�

jW/(( ��5�'(�"H���� ��( )v(.
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Abstract 
Nitrogen (N) loss from irrigated cropland, particularly sandy soils, significantly contributes to nitrate contamination in 
surface and groundwater and increases N applications to crops. This is because negatively charged nitrate normally does 
not have much affinity to soil particles. To retard the movement of nitrate, materials should have high affinity for 
anions, which most naturally occurring minerals do not have. The cation-exchange properties of natural zeolites can be 
exploited to modify their surface chemistries so that other classes of compounds, particularly anions and non-polar 
organics are retained. In this study, the ability to remove nitrate from aqueous solutions with different Cl- concentrations 
using Iranian zeolite (Semnan) modified by hexadecyltrimethylammonium bromide in millimeter and nanometer 
particle sizes was determined and the equilibrium isotherms were characterized. The nitrate release as affected by time 
and ionic strength was also evaluated. It was demonstrated that SMZ is capable of adsorbing more than 60 mmol kg-1 
and 80 mmol kg-1 nitrate in millimeter and nanometer sizes, respectively, and adsorbed nitrate can be easily released 
under different ionic strengths. The millimeter and nanometer-sized SMZ showed 26.7% to 82.3% and 37.8% to 85.5% 
nitrate removal efficiency, respectively. The average of nitrate released by millimeter-sized SMZ was 6.92 mmol kg-1 in 
deionized water while it was 14.68, 22.71, and 34.91 mmol kg-1 in releasing solutions with ionic strengths of 0.03, 0.1, 
and 0.3 M, respectively. 
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