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&��#
 ��3� ��;(Kalantari et al. 2011) �����
1#
 H; ���Q�0 .
K1M� &��
 U.� �� �3� 4S,� a- ����1�� �� 1�?@�- ���- ��# � "��0 1

�����J ":�.�F ����� *�/�,: 1�?� 4�#� *�0 �1��� ��1�! �1�/� ���:
�� ���.�; .�$�' ��#13 1�?@�- ���- �� H; 
� K��Q �3� �.�' "'�.-

 ��.�,� ��F�"M� ��1�� �� �-�1���B� � ":� ��1! ���/ '� Z�#1� 
�
���,�� "��0 ���7#� ��: (Todd & Mays 2005).�� �
�8� ��'�1T'

 &�.�B�; 
� K��Q 3� ��.,� ��>3 ��:�A��3; R�"�:� ��1�� 1#��]
W7�3 &�"� H1F 4��@�- ������ �� .�3� �'.Q�"V �# %*�Q�- ��:

A�3; H; 6�$#� %*��'�C *�,: <��O�O�- X��7'� �� �:��-.0 %1#��]
�2J� �� H1F H; ���.�;�� W# ":�(Cool et al. 2010).H;�:�


#�
1���K�.��; 1�PD MC.�- (���!���1�� ��� � 1�/� ��>�3��

#�$�� H.$�� "'.F(Charbeneau 2006).


� K"�#Y; ��: H;����
1#
 �2C��*�D1b &��1� �' %��3� *�� 
*'.� ��*0���.�; ����� H;�����
1#
 *�� <�1� �' ��U��9 1�V�9 

���S# 
�+��M� 4#1��- ()���$� ���$#
 ���P��� H.��$�� ���� �.��F
(Tabatabaei et al. 2009).*3�/�� +M� Y;#K"� ��: �'�&��1�  ���

H; 
#�
1������������ '���$'��%�N-����'�&��1��  ���3.- �1J#�:"����
���.�.#S��<Y�2' .�C���3�(Kumar & Anderson 2014) .

1N\� ���.� �.Q' <�1 �' ��H;��: ����
1#
 *�<�.8 �#K"�#Y; 

� ���/ '� �
���/\ �F�' ���.F ��^
` ��: <�1 �' ����&�.-

��"9 �-���&�2�� K��Q �3� 
����:�.\ *�-�1 �' ��5���-�� ��$'�� 
(Lerner & Papatolios 1993) .6��:�b ���: �����C�K���b)���:�
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(H>V�J��"'�.- ?@-�<�1 �
���1�� ��.��;�H;��: �
#�
1����
* F�� "F�� (Fetter 2001).
�#&.'�<�1  ��&�.- *��.^�� 3�1��

?@-�16:�b �:���C�1���.�;�H;�:�
#�
1���K��Q �3� �.�,' 
(Lu et al. 2007) *����(�2J�#W���J���:�1MF���.-�"��1 �/ 

H>��V�J ���: %��.���;�'�<�1��  ������� ���;���*��� �2��J�#W����3� 
(Freeze & Cherry 1979).&� 31�! '�2��"'�.- 
������ Y;#K"�� 

'�<�1  ��H;��: �
#�
1����"�F��(USEPA 1993)  . K�>�� 1�� 
������� '���$'��%1J#��:"��������F.�,���#'���2����.���;�H;���: �


#�
1���WO' "'��� .��H;
#�
1���'�&��1  �����9 �$0��"�
'�<�1  �'.�;�X.#�J� ���.F (Lu et al. 2007).W��0�� �2�C��
'�&��1  ��� ���������1��K"'1%A�3 $0��"&"F &;�:���.F*0

�� �M'#���.�;�&�.B�; ����]����� .K��� ���.� '�&��1�  ��� ���
WB� *� ���� `�1o��F� *�'.�;.�X"�-#(��.F"'.���#6�����

$0��%&�" '.�;.�X��- �1J#"�� '�<�1�  �)�
�)'�1 #Q��3�S�&.(*�� 
'�<�1  "�-#(���.F .#S��#1T
������ Y;#K"� '�<�1�  H;��: �

#�
1���<Y�2' .C��3� .(9&"�F ��.�� '�&��1�  �� ��� H;

&���� ��- ?@-�1*O��8 �:�*��.C� K"�; ��1Q$,-� �W��0�� 
��� 
'�&��1  ��"�'�.- *�� &�.��� �������#1�T �1�����.�� '��'��1 ���

H; �:�
#�
1������� �.F *0��$' *��#1T����� Y;#K"�� +M�3 
1 ,0�����.�;�&;���� (Shahsavandi 2008).

U�zF� U.,�� &��1� �' ���;1�` (���F %<�1� �' %��#1 �' 
��� 
%&��1 �' �'.�;.X�"�'��3 ��"�F�� *0��4#� 4�� <�1 �' ��*&�.��� 

K",� 4#1- (SF &��1 �' ��#�F 4#1�- K"��#Y; H;���: �����
1#
 
A��O� *�� J1� ���3� (Fetter 1999).'�<�1��  *��� &�.���� Y;#K"��� ��

K�1 $� �U��" � H;
#�
1����
����J �����: �'��$'���1M�F�
��/�� �����1(Goulding 2000).'�<�1  ��H;U.�
�� ��3� �
�3.- ��D �:��`�
�L�H�C ,'��.F .*�,:�4A��3 d�] 
�
���� *�H;
#�
1���*�<�.8 #6�:*�[*� �,�3 k��,�� ��1 �/ 
* J�����MC 1C#&��019 ��"�0(Kenney 1989).

��� 1PD�' *�H; �� <�1  �:���F;�'"�'��
�� k�Q-��*�0 " J�
 	��.� K�T 3� �� &���
.�' �#&.'�<�1�  9� 
� d�] �� *�� �'�1 �#�

"�-#�.F (.'�1 #$0� ���� ���.�
�.,: �� �.�C.� 4�:; &"F "�4
U.�
� �:�2�1!"�- �#(�.
�.,:�4*��.�
�.,M ��4q���*�0 �.�F

 
1 Plume 
2 Methemoglobin 

J1_��$0��&j'�3��$��1 ,0 ���
��.
�.,:�4���� �� � '�*�7 
*� �J�� �:$0��&jJ�0�,'�"3� 
�"��� �-"�����'� ��3.] )��

9�'�*��� +/b &�:� �(*�-��1����1�#"&; *� *0 X�"�3 *m� ��;
��.�#"�(Petakove & Vanove 1970; Maila et al. 2004)�� . 

%&Y�$��2� '�<�1  ��&"� *�01-����2'��1�3 *�� X��' '��;
�1� �4
"�-#(���.F �U�, 9� 
�1� &��13 �:�K�T 3� 	��.� �*�'�N� ��
�2J�#W��K�>� .":� 1��#%4��O�#1��W
�"�9 
��7� '�<�1�  ��
H; �:���F;�'"�A�3 �#��7 ����,��:�%1-�.� EO' ����� ��
�%

&��13 K"�� ��.
�� ��4��&�$'� ���.�F .(Majudar & Gupta 
2000) 

�^
` ��#
 <�1 �' ��1� <�'�.�9 ��.B/' K"��\ "��'�� ���� �
2�' "�Q3.� ��,�3 ���7#� ��� "��\ .(Khosravi Sehkordi et al. 

2006) 
'��:��"'� ��3� A��
`� �� <�1�� �1��� �� H;����F;�'"��! 
����(

�,�:���0�Q��H;��F;�'"�&��
�3 ��F�"M� '��MC�%���"'� �3� 
���-�#*���"'� 3� %�]��� �_�Q9 ����
#��$ 1��#� ��S ���"'� �3� 

,0�*�  H;���F;�'"�����'�0 �C#�,M� K��T����� .(WHO 2011; 
Council of  the European Union 1998; USEPA 2000) 

��#D1� �� *0 �F�� 1^' �� "��:���"'� 3� ��/�*�
��7� �^
`
Y;#K"� �:�'�&��1  ' A$91� �����D1� �� � &��1 ��:��"'� �3� 
�

 A$9 1�#Y; &.#*)��� K"� ���.F .��/�*�
�7� �^
`#' &.�<�1 
 ���"'� �3� L�3� 1� ��: �� �.�/0 �# '��MC ��F�"M� &��
��3 %&�1��

���-�#�]��� *t���
�� �� X1��,0 ���"'� �3� L��3�1� � 1 �*�  H;
��F;�'"����'�0�t��
�X1�����1 �3� 

.(Institute of Standards & Indusrial Research of Iran 2010) 
���"'� 3� �� �_�Q9 ����
#�$1��#�S��/�*���^
` 
��7� 

�1��#&.'�<�1 e���
�X1� ����' A$91� 1 �.�3� &��1  
�� ��� ���:�*%* ��F�� ��.��;�'�<�1��  
� s����D � (�D�� ��

 �.���/\��.���� *������P� �����3�1� �1 ���/����1���! *��� J1� ����3� 
(Kenney 1989; Lui et al. 1997; Pacheco & Cabrera 1997; 
Bowers 2000; Obeidat et al. 2007; Fetouani et al. 2008; 
Zheng et al. 2007; Jiang & Somers 2009; Stamatis et al. 
2011; Zhong & Hiscock 2011; Latifi et al. 2005; Jukar 

Nyasar & Atai Ashtiani 2006; Nasseri et al. 2015) 

����D�7
 !��
 ��78
 
 J1�; &�.B�; ��3����"9 +!t�� 0���1� 1 �.
 �3� W�B� �� .

�1` U�,F�
�J *'�D��� &�.B�;�&�.B�; ���� ��1,! �F d�] � K"
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�� J��$����"�9e�0�s���D &�.�B�; 
� 1 �.�
 ��� �.�F �� .
J1��*��3.- +! 1MF ��1,! 4#*�� %*� J� �.�� �1�V�9 U��9 �� *�0

 ��"��9 &; *���.9 � 1M��F ����3�e�� 0�����1�1 �.
���3��a- .��# *
*�:� �� ��1,! 
� A3��� ��:�� &; &"�F 6�/D 
� (��! � * �F��

K�b A
`� �3� K"F ���� ��1,! 1 $� �� ���1- <��.3� �:��@�-�4
H1F H; F�9 �� 1MF�� 1 $� *#��- *'�D��� 4�(��� 4"'.�FH; .

H1F 1MF +!
������ -��Q ��
��!�(*D�F13 �:�
�%"�3 K�2'��] 
%���1D K�b �:�&�.B�; ���7�)�F� 
�����; (�K�b �:�H1F 1Q9 

K"F ��K��"�� 1MF �@-�4���.F .'�
��;�"F#"��1MF ��.��,0 
����� �@-�4H;A3��� ���� K"F K�b �:�H1F (�D�� 1M�F W�O' 
,M��*0��* F�� ���@-�4H;H1F * F�� "'�%&�0�,0 �Q9 "��0.

�_�Q9 �,0��0�Q�
��#4W�B� 
�*�0 &�.�B�; ��K��"��� 1M�F 
�!�� FK"�3� *����(�#4*0K�b ��: �H;H1�F 1M�F ��&;��!�� 

FK"�3� $�����9)2,:����3� 
#K��"��� �� �1 ��: �1M�F�*��
���
 +79 (#Y; ��#K"� �:&�.B�; �:3; A
`��A�]#1-1 ."� $: 

K�� �  !��
 �"
*� �.^�� �]#W0��Q�K��b ��: �+�! H1�F H; *�� <�.�8 J����-�

*'Y�3 ��"�b#4��.' 
�K�b �:�H;H1F *'.,' ��1��*�'.,' ��: 
�� ��
;#K�T/ �01F H;�H>V�J ��.� +! ��';�2��1! �������1.
� '#i��';�2<�1 �' �#4K�b �:
�U�3 ehvt �-U��3 ehfu ����#4

W:�j�] ��.�� K��Q �3� ��1�! *� J1� ��3� .(Qom Water  and 
Wastewater Co. 2013) 

� �� o.,7� ����#<"� 4g�� ���';�2NO3
� K��b ��: �H;
+! H1F ��"��- .��3� K�.�� �.C.� ��';���:2�1�: K��b <���Q � �

��/�*���';��:2 �1��#6K�b ue� *'.,' ,0�*�� ��M'; e�.�� *�'.,' K
�3� .

*�� *�C.- �� *�'��1�� &�.�� H>�V�J � H; <���>�� ����#4
O�-�ZX�' K�b ��: *�3��F *�� ��:�`��1��!���e%u%h%%...te%tu
a-��1#�J� �*)��� 
� */O' �:�'�S��H�� C� "F.

��"�- 
#��K�b �:�K��� �:�*'.,' ���1��%��$Q-�1K��� ��: ����� 
(S/� �1���� ���"��0 .H��B '� J����-�*�'.,' ��: ��#�K��� ��: �
*�'.,' ���1����'��2���#"
���0�
�*��m';  �K��� &��/' "��:�.B' ��� .

<��3��� ����;���O�#*�$ ��: �����;��1���*�'.,' ��: �1��1���' 
]�m�K"1-�3� .K��� �:������ H;*�<�"' �!.����:��# ��(���F 

���.F *0K
�"'� �:�1��1� * F�� 1�P� %"��F�����: �*�'.,' ���1���
��%"�S�F ���';�2���,-�*�'.,' ��: ����
;#K�T�/ ��1�$ �,'�%�.�F 

*��'1� �:�*'.,' ���1��a-��1��%"�0 K�b �:�"C#"�1Q9 ��"'.F 
��:�b�#'�2
���"� s��D ��"'.F (Helsel & Hirsch 2002) . ��

,' K"F 10� ���.� �.C��K��� 
� &�.�- ��:�1��1���' A�
`� "�,�F
��
"!#,�F.] +/b�*� .�10 �.^��#&�$S 
�3�K��� �:��1�� �3�1��
a-��'��
 <�1�� %�T'��4<�1 �' ��"O� *'.,' ��:��� K"�F ��F��1�

 � � *��3��� U�3 1: ��T'��*'Y��3 4<�1� �' �� �� K��b 1�:�U��3
ehvt �-ehfu �*K�b �� ."�; �3� �:�#*0#6#�� 1N0�"9 �U�3

��T'��4*'Y�3 <�1 �' �.C� �F�"'%1� 
�#&��� Z#��%�K��� ��:�
� * J� �3� 
�*-�.8 �� � "�; �3��K��� *�0 ��:�*� J� ��3� 
�

��� 
� W#�.� ��"O� 4%"F R�9 K�b &; <��>��.
�m,:�*� 4,�� �.^���� ' 
� &��#��
; i#W��: �� H; �01�F

�3��F %+! 1MF H>V�J�#�!.�����: ��.��; *���?��- ��(���.� 1
�xK�� ��; �� &; 1� 1?ehfu 
�u�,� K�b *O
9�1MF K��"�� �� Z

*'.,' ���1��*�'.,' 5��O' H�B '� �� ."F ���1�����3�A�
`� "�F
*'.,' 5�O' ���1��K��b 
� ��: ��.�F H��B '� H1�F ��7'; 
��#*�0

K�b �:�WF.] �� 1MF K��"�� (0 H1F ,'�*� "�:� �- �.�^�� ��� 4
��.�; *��: (�����"�- 
��,� K��b �� ��� 1M�F wP�3 �� K"��0�1] Z

1�����0�`���' H1��F 1������1��� *��'.,' 2�Y; ."��F#K"��� <�1�� �'��
��
;#K�T/ 3"�M��4���/� �;#44J��
; ��'� 	�� *� 7��3����

 1 �. J�1 Sl3� K�T 3��:[U"�DR2800 ��';�� 2��1�� ��3��F�#
<�1 �' 3�1� R1�� 
��."�F K��Q �3� 4*�� �.�^�� 
�� �#�����.��;�
<�1 �'
���F; H; ���"'� 3��'"��#"F K��Q 3� &�1 .(Institute of 

Standard and Industrial Research of Iran 2010) 

L�*+�  &'�() 
�� (SF e0�Q��K�b �:�H;H1F �01�F H;�H>�V�J 1M�F 
+! 
����� #&.<�1 �'���O�#*$�����"'� 3� H;��F;�'"���#&�1 
�,'#WK��� K"F �3� .� ��#���.,' 4�:�O�#*$0�Q��K�b ��: �H;

H1F �01F H;�H>V�J 1MF +!
����� Y;#K"� �:�'�&��1�  
�� ��F; H; ���"'� 3��'"��#�,' &�1#�3� K"F K��� W

(Institute of Standard and Industrial Research of Iran 2010)

1 HACH 
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�z# 
�+M� 4#1- �#�_� ��<��O�O�- H;%�����
1#
 *�,C1- 
K��� ��: �#��,�F *��O#1� A�3��� ��� "�F�� *�\ &�.� � ��M'; ��*�� 
:�T'���.� �3�
�� ��1! ��� (Freeze & Cheng 1979).

1�$Q- ����"C *\i#� ' W7�3 ��: �#��,�F H;����
1#
 ��
&�/' ��%"�:� (z/� �3� .��1� Z)�J &"�; 1�� 4�#� %(z�/� *�)��� 

����.,' K��� �:*���:�.^�� W#��,' K��� %��: *�$#�O� W7��3 ��: �
"�\@- 1�<�M��/- �<��Q- ���: *�'.,' ���: H;<�.�8 ��� �1��� 

(Nasseri & Aligani 2002)� 
� .#�3 �� 4��9�1� �� �3� K"F�
� 1� ��D U�"C#b <>S/� 4�
�� � "F K1#�����.��;�&���
 ��

� �&��S �� ����3 *������� X���7'� U�"��C)e� �� .( �# ��"��O� U�"��C 4
^
`�,' ��*'. W��� 
��/�7� *��Y; 
�#��K"[�
 �'� ���� 2��1! *�

 �^
`�
 �'� �� &; 
� 1 ,0��; *����m,: .��3� K"�F EB/��4
�B/���; <������-�,' ��"�*'. :�*'.,' ��"�- %� �:�"�8�� %K�.��;
*'.,' �:�,0 %K�.�;�� %*��T'��� � 4�/��� 
� R�1��'� � *���� %*� �� ��

Y; �^
`#� �� K"��*'.,' 4�� �: 4�#� .��3� K"�F *�)��� U�"�C ���
 U�"C *� *C.-e� ���U��3 ��: �eehvt ��-ehfu K��b 
� ��: �

,��1MF (D�� H1F Zg�� *'.,'<�1 �' �� *�0 �3� K"F �F��1�
 
1 Maximum Contaminant Level (MCL) 

ehg Y; �^
` *'.,'#K"�<�1 �' ��� 
� 1 /��/�� (K�.��;) 
��7� *�
 ���g� � 
� 1 ,0 *'.,'�/�K
�"'� 
�7� *� ��1�*� .�3� K"F <�����

�#��.�; 1T�*�<�1 �' ��uh"�8�� *�'.,' ��: ,0 .���� �.�C��*��
Y; �^
`#K"�<�1 �' � ���*�'.,' (�0 4��: e����
��� X1�� ��%1� 

��/�&; *�vf��
�� �� X1��1�  � ���T'��4��^
` ��#Y; 4#�� K"�� 
K�b �:�H1Fhf��
�� �� X1��1 �� .�.� (SFe,0�� %*�� ��T'��4

���/�*��^
` <�1 �' K�b �:1�L�3� *'.,' ��: ���F��1� K"�F 
�
�� K�b 1: ��U�3 �:�ehvt �-ehfu &��/' K��� K"�F ��3� .��

��4tu*O
9 K�b H1F %��T'��4��^
` <�1� �' ��ee*�O
9 K��b 
)e�%ee%eu%eh%et%u�%h�%�u%�g%�v��f(��1 ������/ 
�
��/�*�
�7� #&.<�1 �' )t��
�� 1 �� �� X1�(��"F��.��(S�Fu

*'.,' ��"�- ¡��] � K�.��; ��: ��*�'.,' ����1�� ��:�K��b ��:�H;
H1F �� +! ��U�3 �:�ehvt �-ehfu &�/' K��� K"F ��3� .��

4�� *'.,' �:��F��1� K"F 
�1:K�b ��ef*O
9 K�b )h%g%v%f%
ev�ue%uf%he%hu%h�%ht%h� %hv%�h%�t%te�tu(����: 

*'.,' K�.�; ��K":�/� "/' ��� ��hh*O
9 K�b 1T#� (!�"�9 6�# 
*���'.,' K�.����; �.���C� ������F .��"����- *���'.,' ����: �K�.����; ��

Fig. 1. Minimum, average, and maximum NO3 concentrations in each of the Qom drinking water wells 
#=�
�%*��,0 4�T'��� �*��/�� �^
` <�1 �' K�b 
� 6# 1: ���:�H;H1F +!
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, 	-
�*$#�O� ��Q�0 K�b �:�H;H1F �01F H;�H>V�J 1MF +!
����� &.# <�1 �' �����"'� 3� H;�'"���F; &�1#� 
Table 1. NO3 ion content in the drinking water abstracted from Qom water wells versus the Iranian drinking 

water standards 

Fig. 2. Comparison of polluted and clean warter samples with respect to their NO3 content from each of the Qom 
drinking water wells 

#=� ��*$#�O� *'.,' �:�K�.�; �*'.,' �:���] &.# ���� 
�<�1 �' ��K�b 
� 6# 1: +! H1F H; ��: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52
4 1 3 3 4 2 6 2 3 5 3 6 5 3 6 5 3 4

5 2 4 4 2 0 2 8 3 6 4 7 3 6 2 8 .6 3 2 4 7 3 0 2 5

6 3 2 5
1 8 4 8 4 0 2 3 3 0 2 7 2 9 3 4

7 4 3 0 3 1 .5 2 4 4 8 4 0 5 3 3 1 3 2 3 2 1 8

8 5 3 3 3 2 3 6 2 2 6 5

9 6 4 5
4 0 2 8 5 8 3 4 2 8 2 7 4 0 3 6 2 7 2 6

10 7
11 8
12 9
1 10
2 11
3 12
4 1 2 5 1 9 1 8 3 5 4 2 2 5 3 8 1 5 1 0

5 2 2 6 2 4 3 5 4 7 2 9 3 1 4 7

6 3 3 0
2 9 4 2 4 8 3 0 2 2 3 2 4 8 3 2 3 5

7 4 3 5 3 0 2 5 4 7 5 1 3 8 6 0 3 2 4 0 2 6

8 5 5 0 3 3 4 0 5 2 3 4 3 0 6 0

9 6 5 9
3 0 4 1 2 7 1 8 3 6 4 0 2 8

10 7 3 5 3 4 3 2 5 8 5 6 2 6 4 6 3 9 2 7 2 9

11 8 3 5 3 8 5 2 3 2 3 0 5 6

12 9 5 9
2 9 3 5 6 5 3 0 1 8 4 3 3 4 2 2 2 5

1 10 3 8 4 6 2 4 5 3 6 0 5 5 5 6 .4

2 11 3 5 3 9 2 7 3 1 6 2 4 7 2 8 3 6

3 12 4 9
3 5 6 8 6 6 6 2 6 8 3 0 2 3 4 2 4 8 2 5 3 0 2 0

4 1 3 8 2 2 3 8 3 2 6 4 5 2 4 9 3 8 2 2

5 2 4 6 3 2 2 8 3 2 6 4 5 2 3 8 2 4 4 9

6 3 8 0
3 5 5 2 5 6 3 0 2 7 4 6 4 5 3 0 3 0

7 4 4 0 3 2 2 0 4 8 4 8 3 0 4 5 3 0

8 5 3 5 2 3 2 7 6 5 6 4 3 2 2 9 6 2 3 0

9 6 5 8
3 4 4 7 7 0 4 4 5 4 5 7 3 4 3 2 4 3

10 7 4 7 3 8 3 3 6 8 6 2 3 5 6 1 3 8 4 7

11 8 4 1 3 2 .8 4 6 .3 7 5 6 4 3 2 3 0 7 0 6 5 3 7 3 2

12 9 3 8 5 2 6 7 3 8 7 1 6 5 3 0

1 10 2 5 3 1 5 4 6 4 4 8 5 0 4 7 4 8

2 11 6 4 2 3 4 0 7 5 6 4 2 9 3 0 7 2 3 1

3 12 4 0 6 5 6 6 5 3 3 8 3 1

4 1 3 0 3 4 5 2 4 2 1 8 .2 3 0 3 2 1 0 .4

5 2 5 1 2 5 2 2 6 2 4 9 2 4 3 7 2 8 5 5 3 4 1 0 .8

6 3 5 2
3 0 7 1 5 4 3 2 1 8 .5 4 3 3 1 3 1

7 4 3 5 3 3 3 0 5 7 3 0 2 8 4 0 1 2 .7 1 9 .8

8 5 3 0 1 8 2 4 3 8 3 2 1 5 .5 2 5 3 7 1 6 1 7 .5

9 6 4 8
3 9 6 0 5 5 3 0 3 0 2 8 .4 3 3 2 2 2 6

10 7 3 4 3 6 2 4 6 6 3 2 2 6 2 1 1 8

11 8 4 8 .6 2 2 2 0 3 2 5 4 3 8 .4 3 4 2 2 2 0 .8 3 0 .1 6 3 .4 2 8 1 2 .8

12 9 4 0 .4
5 5 4 9 4 8 3 2 2 1 .8 5 5 .6 4 3 3 8

1 10 5 7 .4 3 2 .5 3 3 2 8 .6

2 11 3 0 .2 2 6 2 4 3 3 .2 4 0 3 0 .5 2 5 2 0 .4 3 2 4 4 .2 1 6 .9 1 5 .2

3 12 6 0
2 5 5 0 6 2 .3 4 0 .4 2 1 2 2 3 2 3 0 3 0

4 1
5 2
6 3
7 4
8 5
9 6

10 7
11 8 2 0 .5 2 4 2 4 .5 3 0 3 9 .7 6 6 .5 4 2 .6 2 5 4 8 .5 4 9 .4 5 4 4 0 .1 2 4 .2 4 8 .6 3 1 6 2 .5

12 9 3 2 .4 3 0 .5 4 0 .6 3 1 .2 3 0 2 6 1 6 3 0 3 2 2 1 1 8 2 5

1 10 2 4 4 8 .6 4 5 .2 3 8 .9 4 4 .6 2 4 .5 2 0 .2 3 8 .7 2 5 .4 6 5 .4 2 8 .8 1 6 .5 2 4 5 6 4 7 .2

2 11 3 4 .2 3 1 .8 2 4 .5 2 5 .3 6 2 .8 3 4 .3 2 8 .6 2 8 .6 3 9 .4 6 2 .8 2 7 .5 5 2 .8 3 6 .5 6 3 .5

3 12 2 8 .4
2 6 .5 4 7 .2 4 4 .6 3 2 .5 3 6 .2 2 5 .6 4 7 .6 3 2 .5 3 1 .5 2 1 .2

4 1
5 2
6 3 1 6 .8 2 5 .8 2 7 .6

1 9 .6 4 0 .3

7 4 2 6

8 5 2 4 .6

9 6
10 7 3 5

2 8 2 5 2 8 2 6 2 7 .6 2 2 2 6 4 0 2 8 3 0 .5 2 8 2 5 .6 2 5 .6 1 5 .5 1 8 2 7 3 8 2 3 2 5 2 4 1 8 2 1 2 5 2 4
2 5

3 5 3 2 2 8

11 8
12 9
1 10
2 11
3 12
4 1
5 2 3 8 3 2 3 8 3 2 .2

6 3 5 0 .2 5 5 6 2 .4

7 4
8 5
9 6

10 7 5 2 3 2 2 8 2 5 2 6 3 0 .2 5 0 .2 4 0 4 4 3 4 .6 3 0 .4 3 2 .5 2 2 .6 3 0 .3 6 6 .6 2 2 2 4 .6 2 5 2 1 .5 3 0 .2 4 2 .2 3 4 2 4 2 5 .6

11 8
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2 11
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4 1
5 2 4 9 .6 3 6 .5 3 7 .8 4 8 4 5 6 3 6 6 .5 5 9 .5 3 7 .5 3 5 .6 2 7 .5 4 7 .6 5 6 .6 6 1 .8 6 3 .5 4 4 .9 4 4 .9 3 2 .9 2 3 .6 4 1 .6 5 0 .8 4 1 .5 3 8 5 6 .5 4 8 .6 3 1 .5 7 1 .6 5 8 .3 4 1 .5 4 9 .2
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7 4
8 5
9 6

10 7 4 1 .6 3 5 .6 6 1 .5 7 9 .6 6 6 .5 4 5 .8 4 2 .5 2 6 .8 3 5 .9 7 5 .6 7 8 .9 7 5 .6 7 8 .6 6 9 .5 3 6 .8 6 9 .5 4 1 .8 4 8 .4 4 6 .5 3 2 5 1 .2 5 5 .6 3 5 .6 5 4 .5 2 7 .5 6 2 .6 8 2 .6

11 8 5 8 .6 5 6 .6 3 6 .6 4 8 .3 4 2 .5 4 8 .6 7 4 .5 8 8 .5 8 2 .4 7 8 .6 7 9 8 1 .2 7 8 .6 4 5 .2 6 1 .2 7 2 .6 2 2 .9 6 6 .6
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K�b �:�e%e��eg%uh%ug�u�(��! *�C.- ��� "�F��.K��b ��:�
������ *�� *C.- �� A3��� ���; ��T'��*'Y��3 4<�1� �' &; �� 
� ��:

��.�; ������ *�#Y; 4#SQ- K"��U�"�C �� � 6uK"�F K��� &��/'
 � 1�� .��3���# ,0 L��3� 4�� %*��� ��T'��4�����/�%*� ���T'��*'Y���3 4

<�1 �' K�b �:�H1F ����U�3 �:�ehvt �-ehfu (S�F ��h
&�/' K��� K"F �3� .��'�T�4<�1 �' K�b *'Y�3 �:��3�1� ��.���

U�3 ��ehfu 1��1�tg��
�� �� X1��� � 1� �� 
� 1 �/��/�
��7� *�
�1���#Y; 4#U�3 �� .�.� K"� �:�K��b "��b 1: (�! ��:�#�� K�.��;

��K�b 4�� �F�� �.C� �:���T'���^
` 4<�1 �' K��b 
� 1� ,0 ��:
��/�*�
�7� ��.�;�.�.� ��*C.- *��#4*0*'.,' ���1���:�#*�0 ��

U�3 ehfu <�.8 * J1� �3� A
`� K�b �:�H1F ��W�F.] K��� 
�3� *�,:�4���(���P!����&�.- ���M_� ��F�� � 9�5> �D� 
H; K�b �:�K�.�; �`�1K�.�; '��2�,'�"�'�.- ��^
` <�1� �' ����

*� H1F H; 1 ,0 
���/�*�
�7� "'�31�.��W' 
��,�
�*'.,' �:�
�F��1� K"F ��U�3 ehfu K�.�; K�.�� "�'�.��U��3 ehfu K��b ��: 

�*<�.8 O $��+*�*S�F '�31�;��2- �#Z���K"�F ��3� �&��S�� 
5> D� H;�:$����+0K�.� �3�.
�U�3 ehvt �-U�3 ehfu *0

<��>�� ��L1 3� �.� K�b �:�H1F K�.�; *�<�1 �' ��&�.�B�; 
,:�*/�.C� * F�� .�3� 

K"�#Y; 2���'; i#� ' �:*'.,' �� &��1 �' �����1� <�.�8 *� J1� ��
4#� Z�O�- ����; K�� hfu e��U�"C hK"F *)��� ��3�.��(S�F 

�*/O' �^
` <�1 �' ��*C.- 4#� *� *'.,' ����1�� &��/' K��� K"�F 
�3� .��(S�F 4#� *�'.,' ���: K�.��; *�� <�1� �' ��� ��'� 2��1! �
*'.,' �:���] ���'� 2�3 EB/� K"F "�'�.
�u�*�'.,' ��F��1� 
K"F ef*'.,' *�<�1 �' K�.�; ��"F�� .*���,0 �*���/�� <�1� �' ��
4#� *'.,' ����1� *�A�-1- eh�evu ��
�� X1�� ��%1� �� 4�T'���� 
�� �
�� X1� ��1� �� &; ������ 
� R�1��'� �h��.��.*�� *�C.- ��� 

(SF��:*����.�; *�<�1 �'K��"�� ���3� 
�1M�F ���1�J *� J1� 
� �.� 2C *� ��.' �S#��� ��U�,F �H1` *�F�9 1M�F *��O� �9�.�' 
1MF *�<�1 �' K�.�; K"F �.�*'.,' 4#� �� . K"�#Y; �^
` ����1� �:

, 	-�����#
�� ���.�; K�b ��: H;H1F �01F H;�H>V�J 1MF +!��*C.- *�4�T'��� �^
` <�1 �' *'Y�3 K�b ��: ���B '� 
Table 2. Evaluation of the pollution level of the drinking water supplied by Qom Water and Wastewater 

Company from wells based on annual average NO3 concentrations in selected wells 

Fig. 3. Annual minimum, average, and maximum NO3 in concentrations of Qom drinking water wells 
from 2006 to 2013 

#=�%�%*��,0 4�T'��� �*��/�� �^
` *'Y�3 4�T'��� <�1 �'K�b ���:�H;H1F U�3 
� +!ehvt �-ehfu 

Ave.
Gregorian Pers ian 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52  mg/L

2006 1385 3 5 4 2 3 1 .5 3 6 .7 5 2 2 2 3 3 5 3 0 .5 3 4 4 7 4 8 6 2 5 5 3 7 .5 4 9 3 5 2 5 .5 3 2 .3 2 7 2 8 .5 5 3 7 0 4 2 .5 5 6 2 8 3 2 .5 3 1 3 0 39

2007 1386 4 9 .2 5 3 8 3 3 .2 5 3 2 .2 5 2 4 .7 5 3 0 .7 5 3 5 3 0 .6 6 6 6 6 6 6 7 3 8 6 8 5 4 6 2 4 8 .2 5 5 2 .2 5 5 5 .5 5 0 .3 3 3 3 3 3 3 3 2 9 .2 5 3 0 .5 3 0 .5 2 0 .2 5 4 9 .7 5 7 0 4 2 .5 5 2 .5 2 6 .7 5 3 0 3 2 .5 2 9 .7 5 41

2008 1387 6 9 4 4 .8 3 3 .5 3 4 .7 5 3 4 .7 5 3 6 .7 5 2 7 .7 2 8 3 6 .3 2 5 6 9 .7 5 5 4 6 1 6 1 5 2 .5 6 4 .7 5 4 1 .2 9 1 6 6 6 6 7 3 7 .3 3 3 3 3 3 3 3 3 2 .7 5 2 8 .2 5 2 7 4 8 7 0 5 5 6 2 3 3 4 2 .5 3 6 .7 5 3 4 .6 6 6 6 6 6 6 7 45

2009 1388 5 0 .1 3 9 .9 5 3 3 3 4 .3 3 3 3 3 3 3 3 2 7 3 1 .3 3 3 3 3 3 3 3 2 8 .2 2 2 2 7 .8 5 1 .3 3 3 3 3 3 3 3 6 2 3 9 .8 5 5 8 .1 3 4 .1 2 5 5 5 .0 7 5 3 2 .2 5 2 8 .7 5 2 3 .6 6 6 6 6 6 6 7 2 3 .4 2 5 2 1 .7 8 4 5 .8 5 2 8 .7 7 5 4 0 .9 4 9 .9 3 1 .5 2 9 .2 5 3 0 .4 3 1 .2 5 36

2010 1389 2 8 .4 2 7 .3 5 2 4 2 7 .6 1 6 6 6 6 6 7 2 7 .5 2 9 .4 5 2 7 .9 2 4 .5 2 7 .6 5 4 4 .3 3 3 3 3 3 3 3 4 3 .9 6 6 .5 4 8 .6 4 5 .2 3 7 .9 3 8 .4 5 3 1 .1 2 6 .8 2 8 .6 2 0 .8 4 3 .7 4 4 .4 3 8 .8 5 8 .4 3 2 .2 5 2 0 .2 2 5 .4 2 3 .1 34

2011 1390 3 5 2 8 3 0 .2 7 5 2 0 .9 2 8 2 6 2 7 .6 2 3 .9 2 6 4 0 2 8 2 7 .6 4 9 .4 4 2 .6 5 7 .6 3 0 .5 2 5 .6 2 5 .6 1 5 .5 1 8 3 8 2 3 2 5 6 0 .0 7 5 2 4 1 8 2 1 3 7 .6 5 30

2012 1391 5 2 4 0 .5 5 3 0 .2 7 5 3 5 2 8 3 5 .3 7 5 2 5 2 9 3 0 .2 5 4 .3 7 5 5 8 .2 5 5 5 5 0 .2 4 0 5 7 .6 4 7 .1 3 4 .6 3 4 .2 3 2 .5 2 2 .6 4 7 .3 3 0 .3 6 6 .6 6 0 .0 7 5 3 8 .5 2 4 .6 2 5 3 0 .2 40

2013 1392 6 3 .4 5 3 .1 3 6 .5 5 5 2 .1 3 6 .7 4 4 .7 5 5 2 .7 5 4 5 .2 5 4 6 .8 6 8 .7 5 8 8 .5 8 2 .4 7 3 .0 5 6 9 .0 5 7 7 .3 6 5 .8 5 4 1 .6 5 3 9 .0 5 2 7 .1 5 3 6 .2 5 6 .6 6 8 .6 6 9 .5 5 6 1 .7 5 5 7 .2 4 1 .7 4 4 5 4 .5 56
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Table 3. Dec. 2013 nitrogen pollution (mg/L) test results across the city of Qom 
, 	-%�i#� ' 2���'; K"�#Y; �:�K����; +! 1MF K��"�� �� &��1 �'ehfu )mg/L(

Drinking Water Well
Well ID 2 8 10 12 13 15 20 21 25 27 29 30 32 34 39 41 47

NO3 51 40 103 87 94 97 36 41 91 182 43 101 56 42 13 71 79
NO2 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.03
NH4 0.03 0.05 0.03 0.04 0.04 0.03 0.02 0.01< 0.03 0.05 0.05 0.01< 0.01< 0.03 0.03 0.01< 0.01<

Well
Well ID 1W 2W 3W 4W 5W 6W 7W 8W 9W 10W

NO3 88 141 27 76 107 70 80 53 94 33
NO2 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.02
NH4 0.04 0.04 0.1 0.01< 0.03 0.02 0.08 0.06 0.07 0.02 

Fig. 4. NO3 pollution plume in the city of Qom (Dec. 2013) 
#=�.����.�; *��:<�1 �' ��K��"�� 1MF +!K����; ehfu 
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(Paul et al. 2004; Cimenti et al. 2005).
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.(Hounslow 1995) 
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&; �:*�%&�.B�; ����$� ���'1PD 1�- 
������� K"��#Y; K�1 �$� 
�� "�F��.(Maila et al. 2004) 
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�1- wP�3 ��� �$#� �+�0 &"�F K1��D� 
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 ��$' *��^
` ������ 
�%K"��#Y; 1�7�� 

*� W#�2J� �^
` K"F "F��.

��SF ���(���MC���9 ����C �01�&�#1 #
 H; ����:�������
1�� �
*� ���.�; ��"�0�1]<�1 �' ��3� K"�F K��� &��/' +�! 1MF ��.

U�,�F �,�3 
� +�! 1M�F �� ����
1#
 H; �
8� &�#1C �MC
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C�&�#1 H; ��: ��: #
�' ����
1�*'., :���� �<�1 �' A
`� +0 

Fig. 5. Groundwater depths and NO3 pollution in the city of Qom (Dec. 2013) 
#=�/����.�; � ����
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 H; Z,�<�1 �' ��K��"�� 1MF +!K����; ehfu 
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Fig. 6. Average aquifer depth within the city of Qom 
#=�0�+! 1MF K��"�� �� &�.B�; ����
1#
 H; wP3 Z,� �3. � 

Fig. 7. Groundwater flow and NO3 pollution directions in the city of Qom (Dec. 2013) 
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Fig. 8. Drinking water supplies for the city of Qom during the period 2001 to 2013 
#=�a�U�3 �� +! 1MF H1F H; 4��@- ����� ��:ehv� �-ehfu 

Fig. 9. Volume of urban wastewater collected in the city of Qom from 2001 to 2013 
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