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The main purpose of this article is to investigate the issue of human health due 
to the continuous consumption of nitrate-contaminated underground water 
among people of different age groups in the vicinity of Lahijan depot. 
Therefore, in this study, 34 groundwater samples were collected during the 
wet (November) and dry (September) seasons, and the main ions were 
analyzed in the laboratory. Nitrate concentration in the wet season varied from 
18 to 30 mg/L with an average of 24.2 mg/L and in the dry season from 8 to 
24 mg/L with an average of 14.5 mg/L. The amount of NPI nitrogen pollution 
index showed that in the wet season, 23% of the samples are healthy and 77% 
of the sample locations have low pollution, and in the dry season, 82% of the 
samples are healthy and 18% of the samples have low pollution. The 
noncarcinogenic risk assessment model showed that health issues are among 
different age groups, including infants, children, youth, adults, and the elderly. 
The results of the carcinogenic risk showed that in the wet season, 65% of the 
underground water samples and in the dry season, 18% of the samples are 
unsuitable for drinking by the age group of 6 to 12 months. Identified sources 
of nitrates include nitrate sources found in the study area, anthropogenic 
activities such as Lahijan landfill and village residents' waste. Therefore, 
periodic water inspection, health check-up and common treatment plant in 
rural areas are corrective measures that should be taken to reduce the severe 
effects of nitrate-contaminated drinking water in the study area. 
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Figure 1. Location of the Case studywith samoling points 
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4�� � n6Y: *&�� #� ������D "�' *2 �' A�� � 1� ���Rs #� *] J�� � � ��U� *$�d ���im . &E/'  
 

 
Figure 2. Flowchart of research methodolgy 

  

2- 3 - ���"����4� 2��5 2�& �������� ��  

2- 3 - 1- ��4� 2�����  

�����E �(�  ��� &�B� �'"  #� 1� \
*2 � ��
U �E��# gP�& #� �7���� J�� )Kovac et al., 2018.( B�2 JV�W�� 

� ������E 1� #� �'" �����&� /2�#�" � gP�& ������ %���4 J�� � 5 )Masoudinejazd et al., 2018.( � �2�4  	-�!



598                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

/2 #� ��%:�I k����2�#�" � JV�W 	�'#��] ������E 1� #� �'" �����&� *2 �8 M�:��#� " 	:�!�J  #� B�2 h��� �

�6D� -�!�a  � J���  ���� � � W ��(�$� #� -�ER� ���2�^��� 	 2��,�$
E � � % ��P���$&� �� 2� *�2 �# &��  #�

� ���������a5 ) ��5 ��Badeenezhad et al., 2021; Kuar et al., 2020(. 

 #�-�5�$� 'B���A 	�E��# ��&]�� �{]���  1� ����d �'" �����&� *2 ���&� �5� 1� T2�&�� � � J/5 �5� 

 ���fE���  �  &&]a�2 ��  1���d �'" �����&� '�| fN� *��,�* �" �E� . �#� ��` �2 �#�V�  4�q�& #� 6]�$E 1�*�I 

�E��#�� -�5�$�  �����  '�  *]�����E �F W \
 M���M2�_� !�H�J J�� )Javahershenas et al., 2020( .

 #������ 	a'�78 "�' a�2 -  �� �'" )HHRA( �&� ��6�D �2� 	4B��� & �'" :�� JD� � a] J�� 6]�$E �' 

)Amiri et al., 20204�� �� .(  	�#�H� G '�  4���'�78 #�]��#�2 	� � JV�W����E �5� 1� #��� � �I& #� *

�E��#�� -�5�$� �� ZR�5 ��b :�$E!�� � y�% #� 4ED�,#��_�4 � JV�W����E ��2"  ��&]�� �E��#� 5�2 . 

k����2 n�# �'" *��$� #���2"  �#� ��E��17 ��d �� *��$� �'�� g$� �2 �' "2 O�EC�4 `&8  ��15  MND -�P #� �E

 1�P�1400  ��)17 (��d *��! 	 -�� F�R MND1400  ��)17  *��! 5 J5���2 (��d ) M(51( .  

K?*+� 6:* ��L �(�E( ��: *��$� �'" � 1�����&� ��d �� �'" $��g n�# �� ���fE�� �2 �'" *��$� #���2"  �#� ��E��

APHA )1985 � (ISO )1993( T$U #��" T$U �� Mc_ . 5 #��" *��$� 1� 	�' �'" �����&� ��2" _�  &d�*� �C��*  ��  5

*2  ���&��$��� & � 1� *��$�����&� T$U #��" � ��  ]�# 1� [�}$8 �� � ��5�\E/ ��U,��" ��5. *��$� M� �' #� #���2" 	

*��$� �I2 �� #� �'" PET #� 
��"   � 5 �W ���, �� *2�� ��� " ��2" 6A��* ����� �� �� "  ��I_  &d �2 � 5HNO3 

��2" 6A��* ��]��� $] �H�&� � �'�1� /���\ ��  &���D #� . � 5� " �� ��I_  &d 	���]�  ���E�F �W�� ��2 Z:�R" V&��\ 

pH>2 *��$� *2 �'" D��E� �2 �  5 *D�L� � 5pHq� �E��  *��$� . 5 �'" T$U #��" � 5 �� #�" a5 *U#� �E��� ���,  #�

�� �#��A ��� ���M *2 �������� ��2" :����6 #� 
��"  � 5. 

  

2- 3 - 2- ������ �5��� 67�� )NPI(5   

�����E �(� �# ��� ̀���4 *d#� �'" B��� &  T2�& #� ��2 J�� *ER��1� �'" �I�� � �����&� �#� .J���2�� ��iq� 

 pI� � ��/�� J��M2�_ *U�� ,��:�� 1� �'" �����&� �F  U *�./" J��.  

NPI #�62�" ��2 �im" �#��2�� ,��:� pI�� 1� #� �'" �����&� J�� )Panneerselvam et al., 2020 .(  ! �{]� !

� *��E�� #� � ��A����E 1� #� �'" �����&� 20 ���: #� ��,��E EV�W .J��� 1� 	��# ����D *��E�� #� � �� *]�'" 

�����&�  *2 ���:�NO3  *ED�, �V� #����5. *I2�# )1( ��2"  #� � *c���NPI 1� #� �'" �����&� . 5 ���fE��  

 *I2�#1                                                                                                        (                 NPI =
����	


�	

  

� #� *]�	 HAV � *��E�� #� �����E *2 J�:�%D M�:� �'" �[�8��E���F  � J��20 ��� : #� ��,��E  �Cs JV�W 

�����E � 1� *��$�����&� .J��  

  

2- 3 - 3 -  ;<�� �������%�=�> ����? � ��%�=�> �������� �� 

�#��2�� 5�# ��/�� J�� �IR� ��2 \
" �#��2�� 5�� �IR� 2 JV�W ���a �'�E�#�8  ! ��" 5�$���� 1� #� �'" 

�����&�  .J��) M(5 g2�I2 (�#��2�� �H� *�!� #�
d M�5 ��/�� J�� �IR� J��j ���&5�� �#� 	�IR�2�� 

�#� 	y�% #� 4ED�,#��_�2�� $�� 	J%� ���4 H�NR���  �IR)Gerba, 2019aC2 �� F� �' *��� #� .( �' "

. 5  '��R ���� p�L�� #�NER� *2 a'�78 4�� "[�:� E 
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2- 3 - 3 - 1- �>����� �/7  

���&5�� :�� ��, �IR�* �#� #��2��  ��/�� J�� *2 x�2� M^�/*2 M�:� J�� � &�B� �'  M� ��� &�B� 4D��' J��. 

J�� � &�B� �'  *2���5�,��:� ���2  ����� � h�R��I��� 5 �,� � ��5�*2�� � 1� pI� *2����&�  ��2 	 -�$E!�

,��:�� 1��'" �����&� �#�� ��U�. %$U�J �C� M� #� 4]���* 5�� y�% #� t��$� �#��A #���  1� �'"  ���:�

�����&� �I� �� *2 � W #�P��E/��\ �vW ��� ��#�R �2��   5#�*ED�  �#�� #��_ ���:� h�R #� )Gerba, 2019.(     

  

2- 3 - 3 - 2- �������   �!�5���@A�.� ��  

/��'�" 
U��* :���* *ED�, �V� #� ��2 � 5" �#��2��  4ED�,#��_� #��4 *%:�I 	�E/ G�N�\ � 1�����&�  k�$� �

E��8� �P ���g :�%D�J ��$!  .��2 ���]���6 %$U *
U���J �C� M� G��P� #� ��R 6�D �2�* ��5 *2 *U�� �2�o 

�� ��R�J %���4   '��R��� K�� � #� � . 5�T �'�E�#�8" *ED�, �V� #� O�EC �# #� � 5���( �#��2�� #�F/ 

:�$E!��  #�-� U �' .J�� � 5 *^�#�  

  

2- 3 - 3 - 3 - 5���@ %��� �"���2 � A�.� �����42  

EF  u��]�D4ED�,#��_ y�% #� /��# �� %�)  � (-��ED � .J�� (-�� �� %�) y�% #� 4ED�,#��_ ��� � �4 

*2 M��� �] #�P� *2  ���&��F �$&'�# *�2�E] k����2 ��f& J2�i #� �" *
U�� M���  ���fE���� �2 . ��5�4  	-�!

��2" %���4 ]$�J Y������ � #��4 n#�6, gcP 	�'�E�#�8  	� 5��E& ��%:�I � �'10000 D��N� #� ��  ��� � #�

*��#�  5 )USEPA, 1997.(    

  

2- 3 - 3 - 4 - ) %"� %��BW(  

�����4  � 2 ���70 ]���,�� � #� . 5 *ED�, �V� #� � %E ��%:�I #��4 *%:�I 	��� 4����� k����2 *�2�E]  "��2

��# �'�&� O�EC "  #� 5 *ED�, �V� )USEPA, 2014  .(  

  

2- 3 - 3 - 5- ��%�C �D� EF�G��>� E �  �!�5���@ H>� A�.� ��  

��4  M���k����2 �$&'�# *�2�E]"  *ED�, �V� #� *
U�� M��� � 5 )USEPA, 2014  .( 

  

2- 3 - 3 - 6- ������� ���-J>��  

�#��2��  ��6�D *2 ��/�� J�� �IR��P�� �� W ��6�D ��� ��P�� �� /���\ � .��5 4ED�,#��_5�� y�% #��  ��

]�#�R G�N� �E/�\  ���:� 1�2� �#�H *�� %���4 )  5USEPA, 2014:(  

 *I2�#2                                                                                                     (CDI =
��∗��∗��∗��

	��∗	��
  

  

 *I2�#3                                                                    (                 DAD =
��∗��∗�
∗��∗��∗��	∗��

	��∗	��
  

  

 *I2�#4                                                                                                                         (����� =
���

�!�
  

 4ED�,#��_E��8 k�$� y�% #�� ��$! -�P #�  ���]�� :�%D�J � r�5 *2 �&5�� %���4  5 )USEPA, 2014(:  

 *I2�#5 (                        ��"#�$� =
�	�

�!�
  



600                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

.J�� � � -� U #� �� "�' !�� � �B��% ����� RfD  TU� ����F � *2 ���:� #��]����E  *] J��6/1 

��� ��, ] �2���,�� J�� ��# #�. �L #� ��b F/�# ��2" �#��2�� � J�� �IR����E ��2"  ���fE�� �2 J��8 � ��'�

 �B��% ��B�2  5 *c���  -� U)1( .  

 *I2�#6(                                             �%& = �����  + ��"#�$�    

 *I2�#7 (                                    �%)*+� = ∑ �%&
-
&./  

�L K�$A�b ��2 ���IR" J��8 � ��'� 	 M] ZR�5F/�# HIi  M] n�#� .J��F/�# ��2" *$' ��( �'" 

 *�I& #� *��$�*%:�I�#�  5 *c��� *:��% �� ���fE�� �2 *]  #� �a�2 ��  ��F�  �IRM2�_ 
U��� J�� 	:�!#��  *]

\] ��  �� F� �IRM2�_ 
U��� ��2" W �IR�� ��P�� �� ��2" �J� �#� � ��/�� .� *:��%�� ��2"  ��P�� �IR *c���

CR �����E k����2 #��JD� ]�#�R� .��2  

 *I2�#8(                                             CR = ADD × CSF  

~�D *:��% #� 	�P �� ��P�� �IR�g ]�#�R G�N� 5 #�E]�D #� � ��b ��P�� �� )CSF (�����E *2 b���� 5 - 10 

��� ��, ] �2���,��  ��# #� J��)Toolabi et al., 2021.(  

 
Table 1. The rate of Human Health Risk for various age category  

Parameters Unit 
Values for diferent age groups 

6 to 12  
months 

5 to 10  
years 

10 to 15  
years 

15 to 20  
years 

20 to 60  
years >60 years 

Ingestion ratio (RI) mL/day 0.8 1.35 1.9 2.2 2.94 2.6 
Exposure duration (ED) years 0.75 8 13 18 40 64 
Frequency of exposure (EF) days 365 365 365 365 365 365 
Body weight (BW) kg 11 25 35 55 76 65 
Average age (AT) days 274 2920 4745 6570 14600 23360 
Average age (TC) h/d 0.4 0.4 0.4 0.4 0.4 0.4 
Dermal absorption (Ki) cm/h 0.001 0.001 0.001 0.001 0.001 0.001 
Frequency of bathing (EV) times/day 1 1 1 1 1 1 
Skin surface area (SSA) cm2 4500 10500 15700 19550 19800 19400 
Conversion factor (CF) - 0.001 0.001 0.001 0.001 0.001 0.001 

  

3 - K�� � L���� 

3 - 1- NPI �� �&2 ��������  

NPI  � 1� *��$�����&�  -� U #� � *c���)2(  .J�� � 5 *^�#�*�cP " &2 NPI 1��'" �����&�  *] ��� ���� #�

 �� MND23 *��$�  H#�� \:�� �'77 *��$� ��(  H#� 	,��:�� \] 	 F�R MND #� �82   H#�*��$� �'  � \:��18 

*��$� ��  H#� \] �,��:� "�#�� �'.J�� 

  
Table 2. The NPI category of groundwater samples in case study 

Range 
Groundwater  

class 
Number of dry  
season samples 

Percentage of  
dry season samples 

Number of  
seasonal samples 

Percentage of  
seasonal samples 

1< Clean 14 82 2 18 
0-1 Light pollutio 3 23 15 77 
1-2 Moderate pollution    - 

   

E��*A ����M �wD ��NPI ) M(5 #�3( � ���� *]  '� �� MND #� 3 -10×23 ]�T2��E��  J!�/\:�� J�� 

 �3 -10×236 ]�T2��E��  �� "�#�� *�I&\] �,��:�  F�R MND #� �3 -10×247 ]�T2��E��  J!�/\:�� � 3 -10×13 

]�T2��E��  *�I& ��\] �,��:� "�#�� J��. � JV�W��[��E :�(:�� �� #� -��%� #� 	1� #� -���" 25  *U#�

�E���  	�f/$�� �2 ���,00005/0 ��� : #� ��,��E cP JV�W .J���%� �����E � 1�����&� *2 �] #�P� .J�� \]   
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Figure 3. Distribution of NPI index in wet and dry seasons 

  

3 - 2 -  ����������� �������  �+/�� ���.��/����  

,��:� Tc&� 1� �'" �����&� � *2 *%:�I�#� *�I&����E �P ���g ���2�  ��� � ] k����2 ��f�J � 1�����&� 

���&5�� *I�� Tc& K�� �� *2 Tc& . 5 �"  � &]��8 �/���\ � ,��:� #��E�� Tc& .��5� �����E �E��# *�I& #��� 

���&5 *%:�I�#� *�I&��  5  M(5)4(� T2�& �� .����E �JD� J�:�%D 	*%:�I�#� *�I& #� � 5 �'" ��/�� ����   &��

*:�2� � ��A�'B *:�2� 4D� M� E��# 4�&]�� "�'� � \' . 5�2 4�&d ��2 ���" *2 -�N� ��(�$� �'��] *2 � 5" 

��&N� n�# �� �  ���2 *E/2�� �'" &(� �# �F �'" �#���]" �'��] �� ���fE��  &��" &Ec� � �2��[��E  �#��  &��

 "��! *]45  	J�� �[��E��  H#�8���" �  ���].   

  

   
Figure 4. Distribution of Nitrate concentartion in wet and dry seasons 

  

�����A�� *] �����E �' #� *2 1� 2�R�  M!� �5   ���2�&2�4� 	 ���� & ���$' �2 1� ��#�2 #� h�R s�f� ���] � 

1� �'" �����&� �# ���:�  &&]. �L�! *%:�I #�  � JV�W����E  �� MND #�18  ��30 ��� ��, : #���E  �2�����4 2/24 

��� ��, : #���E  �� J�' F�R MND #� �24 ��� ��, : #���E  �2�����4 5/14 ��� ��, : #���E YE��  .J�� ��$�

*��$��'   ! ����A 45 ��� ��, : #���E H���*  ����D � 5�$� ��# *��$� ��$� � #� �' � �� MND70 *��$�  H#� #� �'
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 ��A  ! �� F�R MND10 ���� ����D � 5 *�H�� �E�: #� ��,) ��#WHO, 2017 .(*2�� �#�2�L�! � )Kazemi 

et al., 2021 Vahabian et al., 2019; (JV�W ���E�� � 1� #��� ��&� D &: G��P��M "�' 6:�" �  J5#�#  

*2 b���� 4/10 � Jf' ��� ��, #� :��E 2���  ���$� *] �8��4 �� ��  ! �#� ��E�� ��2 .*2 M�:� !���� ��2 1� G�N ���2" 

��/�� 	5����   1��(� \
 �� ���4 ��# �'" � &�B� �2 *����# *
U�� �'" �  &�� O�EC����E J�� )Kelava et al., 

2017(. 2�  ��/�� � ����  *2 �E!�# #� �  \]�����E �# 1vU ���] � TD�  &] 	 ���6D��a 2�a ��  ! ���6 ���[��E #� 

��R �A& *2 a'�] D���J -�N�� /]���7 2��,�$'�4 � �
�#��J J 2��,�$'�$&� � ��5 )Negi et al., 2020.(  

  

3 - 3 - ������� %�<�� H�M> �/7 

3 - 3 - 1 - ��? ;<��%�=�> ����  

�L�! *%:�I #� 	%$U�J ��/��� *2 M�:� D #� ���f��6�[�:�"  M$�� �� &�B� �' 2*  *E�� a5a5-12 *'� 	`&8-10 

-�� 	10-15 -�� 	15-20  	-��20-60 a�2 � -��  �� ��60 *�cP -�� &d ���i� .J�� � 5 " &2�4 ���f� �'��  o���

�'�E�#�8" R��M $C� #��4HQ  � -�$�� �5� )Zhai et al., 2017.(  K�$AF/�# ]�#�R�  ��E��8 ��2"  ���, �'

*%:�I�#� *�I& ��� �� �� #� F�R � �� MND J�� � 5 *c�����P����W F/�# ����� .  �� MND #� ���E�� ����

 ��85/0  ��36/1  4����� �21/1  �64/0  ��01/1  4����� �281/0  �19/0  ��31/0  4����� �2235/0  �58/0  ��7/0  �2

 4�����6/0  �48/0  ��7/0 ��� �2 4��57/0  �� �45/0 �� 72/0  4����� �25/0 *2 b����  "��2a5  F/�# � �&� ���,

��W��P�� �� �� F�R MND #� ���E�� ��66/0  ��13/1  4����� �27/0  �27/0 �� 27/0  4����� �25/0  �12/0  ��25/0 

 4����� �216/0 � 21/0  ��6/0  4����� �239/0  �19/0  ��55/0  4����� �23/0  �� �2/0  ��57/0  4����� �222/0 

*2 b����  "��2a5 � �&� ���,. 5�2   

�E��` ) M(5 #�5 ( ����� *]  '� #�  �� MND83  H#� *��$� �'" � 1�����&� ���2  &�����&� ���, " a5 

 ��12 5) �����#��R�� (  20   H#�*��$� �' �&� ���, "��2 `&8  ��10 ��]��]) -�� #� � ( F�R MND25  H#� 

*��$� �'" � 1�����&� ���2  &����" a5  ��12 5) �����#��R� (����2  &���� "�# ���i� ��A�� E��� . ��5 

6A��* ��� ��M �wD��  *] ��� ����  �� MND #�3-10×203  ]���T2��E ��2 *�I& ��" a5  ��12  y�% #� ��

.J�� �IR  3-10×10 ]���T2��E � *�I& ���4$  �3-10×28 ]���T2��E ��2 �IR *�I& ��"   �� `&810  .J�� -�� �
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Figure 5. Non-carcinogenic risk assessment of different age for dry and wet seasons 
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Table 3. Nitrate carcinogenic risk (CR) values for different age groups 

Period  

Nitrate carcinogenic risk (CR) values for different age groups 
6 to 12 

months 

5 to 10 

years 

10 to 15 

years 

15 to 20 

years 

20 to 60 

years 
>60 years 

Wet season 

Max 1.36×10-5 1.01×10-5 0.23×10-5 0.78×10-5 0.72×10-5 0.75×10-5 
Min 0.81×10-5 0.6×10-5 0.14×10-5 0.47×10-5 0.43×10-5 0.45×10-5 

Mean 1.1×10-5 0.81×10-5 0.18×10-5 0.63×10-5 0.59×10-5 0.6×10-5 
Max 1.08×10-5 0.81×10-5 0.18×10-5 0.63×10-5 0.58×10-5 0.6×10-5 

Dry season 
Min 0.36×10-5 0.27×10-5 0.06×10-5 0.21×10-5 0.19×10-5 0.2×10-5 

Mean 0.67×10-5 0.49×10-5 0.11×10-5 0.38×10-5 0.35×10-5 0.36×10-5 

 
\'  4�&d$C��4  �IR��P�� ���� ���E��  #�*��$� �'" � 1�����&� �P ���g ]�#�R G�N� ��2 (T�2)" ��# �' "

�&� M(5 #� )6 (.J�� � 5 ���� ���� 

 

  
Figure 6. Carcinogenesis risk of different age group for wet and dry seasons 
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*��$� �' ��2" �5���  �&� ���, a5  ��12 �� J�� b��&��  ���� ����, �' F/�# �IR �� �&� "��P�� �� ��

 �� �5�� ���E���$� `�# � �5�� . ��2  

�E��` a'�78 �'" *'� #� �'" R���  �����  '� B�2 JV�W *]" ���E�� �5� 1� #��� � ��P�� ���IR �2 ���� 

J�� oc�� 	E!� ��2" JV�W �� *E�� �� �'��  *]*2 #�P M2�_ 
U��� \] �� �%D ��A  ! ��� �� ��J ) Schullehner 

et al., 2018( .��%:�I /2�#�" ��P�� ���IR �#� #� ���� �����E ��2" �5� 1� #� ��/�� J���� � �#�� ��U� 

)Noori et  al., 2022( .�E��` *^�#� � #� � 5�4 H�� *%:�I�* �  &]  ��A pI� *]�����E �2�   a'�]� 2�  ���IR ��

��P�� ���� ��2 ���:�2" �
� ���2#�]��  a'�] ������� ��NR M��� 2��E� .�` *^�#� � #� � 5�4  ���� *%:�I�  '� 

 x��� �{]�*��$� #���2" % ����'#�" ��5�o ��4$ �A r�I� �{]� ! *2 *U�� �2� ���E�� �#�� #�  "�' F�R �� � #�c�

�$�  &&]	 ��  �� a5 �&� ��# #�12 �IR ���2 ����P�� �� ��� �5. � 

� M������" D��YU  &���� 	���6 D�N 1�� c� �, �� F� ���D� 	�6U� �2 ����" �5� 1� #� ��U��� � 	

. ��5 ��P�� ���2 J�� 4($  
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5�*2�� �'" ��&�  O�EC gP�& #������  \'1� �'" �I��  \' �1� �'" �����&�  ���:� �#�  &] �P �� ��g 
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(f� �2 *:�2� 4D� M� �,� .J���F  #� *:�2�� c E�#� *2� ��5 -�E&] 	 ������ ���� ��� *2 �# *:�2� O�EC K�n�# �'" 
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�  ��5 :�! ���J �� B� h����� & �' ��� #� �#�u( ��I�  &'� a'�] G��P�. � �2 #�,��� ��� _��o ��J/ ��� 
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��2" �����E fN��* . ��5  
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. &&] G�N �IR�8  
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5. Nitrate Polluion Index 
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