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Abstract  
Increasing surface and groundwater pollution by ammonium and nitrate makes it necessary to find 
solutions with minimal environmental impacts. For this purpose, using abundant and high sorption 
potential soil minerals offers cost-effective and environmentally sound remediation techniques. In this 
study, Firoozkouh and Semnan zeolites were used for removal of nitrate and ammonium from 
laboratory solutions and groundwater (Batch method). Zeolite minerals were modified by using the 
organic surfactant hexadecyltrimethylammonium. A one to tenth ratio of absorbent to solution was 
used. Results showed that the Semnan natural zeolite and the Firoozkouh modified zeolite treatements, 
respectively, had the highest and the lowest ammonium sorption levels. The Firoozkouh modified 
zeolite had the highest nitrate sorption while Semnan natural zeolite had the lowest ammonium 
sorption. The highest sorption level for ammonium was found to be 0.96 meq g-1 for the Semnan  
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natural zeolite treatment at a concentration of 10 meql-1 and pH=5.5 while the highest sorption for 
nitrate was found to be 0.8 meq g-1 for the Firoozkouh modified zeolite. Isotherms of nitrate and 
ammonium sorption levels by natural and modified zeolites showed to match with those of the linear 
and Fraundlich models. 
 
Keywords: Zeolite, Fraundlich, Langmuir, Surfactant, Hexadecyltrimethylammonium (HDTMA). 
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��)L .���F!� 4� ���
pH �	�* ��FB �()� %�4� b�3 ��* 4� ���# 

	.
m	�)")�4���8 � 1	!�' &�@)c4 (�
����� "��A�8� $)��Q ���@
�L .��* ����
 (	� 73���1)�3 (� �U/U=pH 	�
 ��' �	�RB� (���S� 

&8�#.
1)�5B	j')' 	
 �_3	42 �	*pH �S���'\V �	.3�K
 (� 7�� 
M� �
 %��5
 (���&�	' &���' 	�
��� ��0�a� (� (�� P�')�

 "	W�'�1A�* $� �B�(�� So1 
 1��3� &:	' ���L "�4 �* .Cj�'
�� 	
 ?)H3��B	' (� �0�a� &��'�U�� ��0�a� (� (�� "��� T)�'(

����� � ������� ���	�
 ���
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&3	.B (� � �L 7����� �8	�Z Xx	� 4� "�	H�'� 	
����L 6	�Z .(�
�a	
 &F�x &3	.B "�B	1)3 	�* "	W��'� P�')� 	�.@)�Q (� ���9�

$���E�� �3��# &c��a(��0 1)3 �N�'	Q "��L TX� ��3��# .�4;
 �L "�	H�'� �K0 T2 4� �HZ &F�x ��.� (� &'� ��m �
 .&�3	.B (�

�* �QK' TX� �	*	�1)3 1)�3 � �B)��	�E �	�* �B)��B2 �	�* ��
 
�L �'( Tm	� ��) ��( $�� g4��
 ���WB; TX�� �	�*)3���

�@�B��8���* {3��� &.� �!� b� &@	I �� �* ���
 	*	� � �� 
 ���R�)y)�u �1)�3 1	�A�* M()�Z ��
 ((���a ���@	K �()�
&8�#.

��"�O�	,� K	�  01� ��0� 
"�B)�L TX�� ��	� 	
 Tm	� |	�� 1	4 �O� �'(�
 ���
%�	�.B	4 

�* M�	H� 1�4 �U/�%U�/�%�%�%�%�%�����&�	' �()� 
&8�# (��a D3	42 .���
 D3	42 73�1)3 � M�����B �	�* ��B)�2 

��@�� &F�x (�������@ ��
 1;�� ���� ���� �U/U=pH ()�o ��
 
�B	#��� &�@)c4 ���
 ��L �	�RB� ")�E4���8 � 1	!��' �	*.$)�o (� 

D3	42 �	RB� ��
��
 � &�
	O 	�� 	�*�±�U5��' ���(� �|))(0C

�3��# ��F!�.

��%�7 ��8� 0h	*i �h� �0�N 
J�� ���B A�@	B2 �:	' (� �)�) �Z	!� �Tm	�� ��) (	%���.� 4� ���
 

���B)�B 4� ����a 4� �	��: ")���4���8 � 1	!���' &���@)c4 �(�)��V �	��*
 "	W�'�EDX-SEM $�� Cj����8 ���' XL30 ��)� "�S_�B�� (� 

1	.HZ� ���!Z "	W_B�� ()�F! �
 (� �)��) ��Z	!� (���0 7����� 
&�@)c4 �L �	RB� 	*.

��.�7 ��8� 7w�� x-� �0�N 
&.�7���� 
X� M	�Z) : �B)�B �"z3� iK' %D3	42 �() �	*
�B)�B �� ��* (� ")��4���8 � 1	!��' &��@)c4 "��L (	��� � �	: �	*

 "�L ��m "4��B� "���Q%	
&�!�Z "	W_*�zV (� M4� 4	# 4� "�	H�'�
 "4��B� 1��.� &HB �L ���#.4	�# g�( 7�3� (�N2� &��@)c4 iK�' 

� �V �( X8	! /:�� �!� ��QK' ��E "�	� ����
 &�'� ��
 Tm	��
 
1 Micro Keljdal 
2 Langmuir 
3 Fraundlich 

� "��L TX�� "�	� ��� &�'� �QK' 	
 �
��
 �32 ��
 b�� M()�Z 
�3; ��&'�(�� �( 12 DL)V 1�)� ]���U[.

��3��*�� 0�  �	
�!  � ���0� �8��8 
n)���R 4��p^���� T2 ���B)�B � 1	���E �	.B	���'� 4� "���L �(�2

 �AE�)��(� � 1	R!58( �	.B	�'�.L(73��;	�
 ��E ��B)�B (	�.] %
&F�x T	�u�B� �!�L�� �( ��B)2 � M����B �L�.��B)�B �8	�q� 	�
 	�*

 &F�x 	� ��B)2 � M����B �	.@)�Q 1��E����
 1;�� ��E� ���� 
��L �4	' �!x ���@ .��* � v��!��' Cj�' 	���� ��B)�2 TX�� 


 �B)�B �* ���
 M����B ���# �'(�
 �B	#��� ()o3�.

��9�y��� ��� �	��;]� :08 � �	�! z0{ 7�	 
�3M()Z �
 r�o 738�	 �� �\	�E r�o v�	�
 �M()�Z (���9� 

&8�# ."��� �(	2 A�@	B2 � �3	�B �c�(� ���
 	*%(�A�8� ��B 4� SPSS �
(�A��8� ����B 4� 	��*(��)�B ���'( �����
Excel���L "�	H���'� .�5��3	0

7�WB	� iK' (� � 7SB�� 1)42 	
 	*U�Z(�&8�# �	RB�.

��<=� � >�	�8 
����a���u  +	�h�|6 K��[*i �[� 7�[# �0�] � K	*�� �	�

&}	( ���� 
�� 4� �����0Q� 7���3� (� �	���.�B	� "�����# (� ����� &����@)c4 �B	����

 �L "�	H�'� %�B(�� (��a &3;)���V)!��� .@���	.����[����� ��
 
�3	�B &��@)c4 �3	����L A�@	B2 1	_�B �( ")�� 4����8 � 1	!��' �	�*
� *�!�.7�!>�* (�@���	.����$�	N� &�8�G 1�A� [���� �
 

")��4���8 � 1	!��' &�@)c4 �	.�B	� (� "z3� iK' � �B)��	� ��c�(�
&'� "�L.�) u 14� �@)��� ��)�!S�V ���#(	�� ��
 	
 	.�B	� 

�
��
��/���B	' �
 ��# [��S �� �
 ���2 &�'�.b�*2 ��Z(�
 &�@)c4 ���
 [���� �
 1	!�' � ")�4���8 �	*�/��U/�N�'	Q �

�3��#."4���B� /�
	a �@2 ��) &��@)c4 (� ����# 	�*����@	K �()� 
�_B "�*	_.�B)�B2 $�	N� &�8�G 3	AEC � 1	!��' &�@)c4 ���
 

[����� �
 ")E4���8h��/�(� 1;�� ��E� ���� ��� �B	�E ���# 
"4��B� 8�G �3�	0 � �L ���#��	E $�	N� &�B)��(	�: ��3	ECEC  

�� �
 	.�B	E 73� ���
 [���h� ���� ��#)���E ��
 1;�� �E� ��� 
�pH [���� �
 n	NL� "(	 � �/p��/�
��2 &'�.

O��(��1	!�' &�@)c4 �B	� �3	���L A�@	B2 

LOI* P2O5 K2O Na2O MgO CaO TiO2 Fe2O3 Al2O3 SiO2 0|*i 

�h/�� ��/� ��/� ��/� �U/� �p/� ��/� ��/� �/�� �/�� )�h�(

* Loss in Ignition 
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O��( ��")�4���8 &�@)c4 �B	� �3	���L A�@	B2 

LOI* K2O Na2O MgO CaO TiO2 Fe2O3 Al2O3 SiO2 0|*i 

�p/�� ��/� �h/� ��/� ��/� ��/� U�/� p�/�� ��/�p )�h�(
* Loss in Ignition 

O��( ��� "z3� iK'CEC �B)�B �4	
 � ���'� %�	: �	*(	��� (�
1	!�' &�@)c4 

7 ��8� 

)�Q�� 0��(

o��0�

/�	� ! 
CEC 

(C mole(+) kg-1)

x-�

7w��)m2/g(

���No U/��� ��

���'� �h� �� U/���/�

�4	
 ��p ��

���No �/��p �

���'� h/�p� ��
�/��U/�

�4	
 �/��p ��

O��( "�� "z3� iK'CEC �B)�B �4	
 � ���'� %�	: �	*(	��� (�
")�4���8 &�@)c4 

7 ��8� 

)�Q�� 0��(

o��0�

/�	� ! 
CEC 

(C mole(+) kg-1)
7w�� x-�)m2/g(

���No ��p ��

���'� �/��p �h U/���/�

�4	
 ��� �p

���No �/��� p

���'� �/��p ��
�/��U/�

�4	
 ��� ��

����/�	� ! �	�&'( �8	��q ��)�~l�� a�	1 �	�(
������O�	,� K	�  01� 
	�B3�(�� �
	_� �B�( �B	E �� �* ���
 TX� v��!�' �E ��� 1	_B �

)/SL�.(!>�*�7��
 $)�Q 	
 Tm	� |	�� 1	4 D3�A8� 	
 /��@� 
��_�
 |	�� 1	S�1)3 	*Tm	�� iK�' 	�
 %D3�A�8� TX�� (���0 

3&8	 .���
 TX� (��0 73��_�
 M�����B 1)3 &��@)c4 (� r\�Z� 
"�L 1	4 (� ")�4���8 ������
 TX�� (���0 73��_��
 � &�	�' 

No &��@)c4 (� ��B)2 1)3����1	�4 (� ")�E4���8 ���
 &�	�' �
�2 &'� .08�.�
 1�(	9�* � 1	��_�3 7��TX�� 1�A �3 B 1)�M����

 � ���� 	
 "�L r\Z��B)�2 /�$)��Q (� �( ��������E� �1;�� 
@ �
�%����	�42 n��L 4� CV &�	' 3�
 D���B�(�2 &�'� ]��[.
	L3�39�;� 4� 30Q� (� TX�� ��E��I 1	4 1�)
 ���E /��	�.B2 �

	�B �
 &N5B3� �30Q� 7�y)�
� 12 "4���B� � &B	�98()�' n)�B �
 �
�)L .v�])E &B	�98()�' $)�9@) "4���B� �]�* �;)�� %��L	
 ���

 @� �
 TX��/�@	W]
 (	
 ���_%�A8� 3� D�3��
	 .��E "��L g(�A�#
 � �����v�])E "4��B� �E ��� /������ ����� ��
 &N5�B ��%�(�� ���� /
	B�)��3B TX� ���;	�
 M�����B �( ��&�'�(�� A]��[.��
 ���)� 	�


 &�8�G � �3	���L [�E�� ��* ��
 v�3�AB �B)��	E $�	N� ��* (� ��
 �B	�E n)�B �� ���
 TX� &��' �
 y)
� �3	�B %&�@)c4 �B	E n)B

 �@)�� &@	I (� ()EX)���No(� "�)�
 1	5�93 M����B 1)3 ���
 
�!� M�	H� (�� &L��B .(� ��B)�2 1)�3 TX�� (���0 ��E �@	I (�

 )E4���8 ���No &�@)c4 4� ��_�
 1	!�' ���No &�@)c4 �)
 ".1	�4
 1	!��' � ")�E4���8 ���No &�@)c4 (� M����B 1)3 �
 y)
� $�	��

�	�42 ��0
 (� � �3��# �N'	Q &�	' 3D����
 [�'	! 1	�4 	�*
 $�	�� �I �
 1��'(��
 &�	' ��2 &'�.
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(ai	�) K	� 

 (m
eq

/L
)&

'[[
(

SMZ�NO3

SNZ�NO3

SMZ�NH4

SNZ�NH4

 
�X���1)3 TX� v��!�' 1	!�' &�@)c4 %��B)2 � M����B �	*

 ���No)SNZ(8()' 	
 "�L r\Z� �&B	�E	 )SMZ(

������&}	( ��8 01� 
&��@)c4 TX� M(�a 	�* 	�42 (� M�����B 1)�3 ����
 3D&��@)c4 

"�L r\Z� ")�4���8 	
 �
��
 �/����# �
 1;�� ��� ��� ���1�A
 	42 (� ��B)2 1)3 ���
 TX�3D1	!��' &�@)c4 	�
 ��
��
 h�/�

��# �
 1;�� ��� ������;	
3�)
 (��0 7)$���U.(
1)3 Y3)�� ��� &�8�G &'� �.3�
 &N5�B 4� ��
	�� 	* SiO2

�
Al2O3� �L	
 .&�@)c4 (� 	.B)3 $�	N� ��NKa 4� ��L	B 	�* 1�)�
 
M��HI � 1	��:	' 
 M�(m�)"&'� .(��0 ��;	
 �Z(� �;	��I�Al 

����� � ������� ���	�
���
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O��( %���0 �5�3	0�TX�� (1)�3 ��( ��
 ��B)�2 � M�����B �	�* 
[5I �
 {��u �	.
m	� meq g-1 (�U/U=pH&F�x �meq L-1 �� 

&}	( /�	� ! o��0� +�0��8 ?�8��! 

���No ��/�dh�/�a

1	!�' &�@)c4 
�I\Z� �U/�c�U/�b

���No ��/�b��/�c

")�4���8 &�@)c4 
�I\Z� ��/�a��/�d

)"��L "��� 1	_�B �
	_� 6��I 	
 1)�' �* (� �� ������ iK�' (� ��B�U��Z(� ��a	8 
�(�� �!� M�	H�!�5*(

�* �!3AW3	� 4� �L	B �� 1	!�' &�@)c4 (� ��SLAl �	�� �
 Si (� 
TX� 1�A� %&'� 1	!�' &�@)c4 ��B)�2 1)3 �B	�� 7�3� P�')� �( 

&'� "��� D3�A8�`�* �!3AW3	� 73� �� ��] �)��� ��
 ��	
 %��SL
 ��
 &N5�B 1	!��' &��@)c4 (� ��_��
 ��H! (	�
 	�
 �(	�:	' 1�2

@)c4 � ")�4���8 &� ���# .|	�'� ��
 &��@)c4 �B	� (� TX� (	�8(
 �	*(	�:	' (� C�c)@ 4	
 � ��'� �()t� A3( X8	! � 1	�
 �)�L .��
 

�B)# (� 1z�5�� ��� �� M()Z 73�Si-O-Al � ���@�� (	�:	' (� �* 
�SNL (	�:	' (� �* ���Q %�H! (	
 �)�� &�� �
 &�@)c4 �B	� ��

 � (	�L �
 TX� ���
 7�3	V &N5B �
 "�\� CV %��( ���
 C���'
��!�)@2 (	�:	�' (� �)��) 1z�5�� %�H! (	
 �	R3� /	� 1�)!� �
 
�SNL (	��L ��
 TX�� ����
 ��	� 1)���V "�B�3XV 1�)!� �
 �* ��
� ��( �E %1�)!� �
 1z�5�� 73� �Bz�5�� &�3	��a �� "��	B �)�L .

�5��B	S {���u ^
	! (� 	�� TX�� �	�*1)�� &��@)c4 P�')� 	�*
 �SN�L D!���V � T)'( %CS�j�� �	R3� M()Z �
 �;)�� 1	��
 ��

 �SNL D!���V �5�B	S 	.!� �� %&'� "�L 1)�3 $�	�N� ��
 (�	a �� 	�*
� �L	
 .CS�j��� 1�A�� 1�B	'( /a��I �
 ���
 ��0Q� 73� (� �X@

 �* %�B�L 6XI �@2 ��) � b*2 1)] �I�A /�)� %T)'( ��!] 
�� (��0 "4��B� /
	a �@2 ��	 ��B)�B (� ���# "�*	_� &��@)c4 �	�*

�3��WB.
1)3 TX� v��!�' �'(�
 ���# (	E �
 	
 ��B)2 � M����B �	*

&�@)c4 No �	�*������E ��� 1	_�B &B	�98()�' 	�
 "��L r\�Z� �
@)c4 ��
 y)
� M����B 1)3 TX� (��0 73��_�
 �� "��L r\�Z� &

��L	
`@	I (� �
 �E �_��3 7�TX� 1�A3B)�2 1)�@)c4 (� ���&
No����3 "���)L )/9L�.(3�9�;� 4� �3� ��. /�3}� ��� 7��� �

Z) :�QK' (	
 M	�B	E �&B	�98()' P')� HDTMA �E �3v

1 Oxygen Alkalinity 

�	E &B	�98()'�B)� &'� ��L	
 .}� 	
��QK' (	
 ��B	�E �TX�� 
B���;	
 (� M���3
 �
 �I 7��A8� �
��
 �� 4� D3D3� ��8	 ����I �


�� ���E��@ ��
 1;�� �� ��� �3 	��/������E� ����# ��
 1;�� 
@)c4�'( &�&'� "� .� &N� ��O~� n)q) 73�3(� �( &B	�98()' 7
�A8�3B TX� 1�A� D�B	�E P�')� M�����@)c4 ��� &��3~ � ����!E .

08 M	���@	K�.���@)c4 r\��Z� ���E "��� 1	_��B 1�(	��9�* � 1	��� 	��
 &
���� &B	�98()' ���2 /B)���A�8� ��
 ��R! �3B TX�� D�4� M����

��/��
��/����E��@)c4 ��# �
 1;�� � &����# ]��[.
1)3 ���� n	�L �93 	.B2 �L)j
2 �?�B� � 	*�;� 4� �3(� ��. /

1)��	E TX� &�@)c4 ���'� �
 	* � 	* �L	
 .���I�( ��
 ��B)2 1)3
 4� �( �): ���(��* T2 $	�B	E �(�� � "��� &'� 	�* ���:�� r)K�' �

�)L ���@)c4 .TX� n)�R (� 1)�3 ��B)�2 � M�����B �	�* P�')� 
7�3� �3	��8 �z�3� (	�:	�' ��
 ��)� 	
 �� "�)
 �	34 &�@)c4 �	.�B	�

 ;� 4� �B	�3� 12 /1�)�CEC �;	�
 �z3� iK' %�B	� 73� (� ;	
 
�b�� ��B	W�@ b�3 1�)!� �
 &�@)c4 D0B �	H3� � �B	��B��B� 	�3 ��

� �!]�B�B� �0�I ®(A
 �����L�
 �( .

����?�&'( �	�	�� 
������?�&'( �	�	��+�0��8 

��* D3	42 TX�� �	�*	� 1)�3 M�����B � 1	!��' &��@)c4 ����
 
(� ")�4���8 &�@)c4 &@	I �� &��@)c4 � ����No �	* r\�Z� �	�*

���3��# ���'(�
 "���L ."��� 	��42 ����* �����
 	��*3D4� "�	H���'� 	��
 	��*
$� �	�*WB; �3)�� �@��B��8 %��B��L "��� g4���
 ��K: �.�3	��B
�* &�@)c4 (� TX� �	*	� �3	��B ")�E4���8 � 1	!��' ���No �	*

 ��� 1	_B �( �.
	_ .7���N� [3��q 73��;	�
 �B	�E n)�B �� ��* (�
�)
 �K: $� �
 y)
� )R2= 0.86-0.89 .(�B)�B (� &��@)c4 �	�*

 �� �* (� M����B 1)3 ���
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