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In order to investigate the quality of groundwater in September 2022, 35 samples 

were collected from various groundwater sources in the Azarshahr plain, and the 

main elements, nitrates, and trace elements such as chromium, cadmium, nickel, 

lead, and arsenic, as well as two types of pesticides such as imidacloprid and 

chlorpyrifos, were analyzed and compared to drinking water standards. The 

drinking water quality index for the study area was calculated based on the 

concentration of parameters in the samples, and the health risk of cancerous and 

non-cancerous diseases for two age groups, children and adults, was calculated 

using the criteria of the United States Environmental Protection Agency (USEPA). 

According to the findings of the studies, the region's water quality index is 

average, and the non-carcinogenic risk index for children and adults is less than 

one. It is hazardous, but the risk of carcinogenesis in the entire region is greater 

than 10-4, and its consumption poses health hazards due to skin contact. The health 

risk of cancer is many times higher in the region's south, in the cities of Azarshahr 

and Gogan, as well as the adjacent villages. The correlation between the GQI map 

and the health risk maps revealed that the correlation of carcinogenic risk is 

greater than the correlation of non-carcinogenic risk, and based on the correlation 

between the parameters in the region's groundwater, the elements influencing the 

health risk of carcinogenesis caused by geogenic factors and human activities do 

not play a significant role. 
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Figure 1. The basic map of the catchment area of the Azarshahr aquifer study area and the location of the sampling points. 
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Figure 2. Geological map of Azarshahr watershed (taken from the map of the geological organization of Iran). 
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Table 1. Statistical description values related to the concentration of analyzed elements in the study area in September 1400. 

Parameters Units Range Min Max Mean Std. Deviation Variance CV (%) WHO Standard ISIRI 

pH _ 1.7 6.5 8.2 7.1 0.4 0.1 5.4 6.5-8.5 6.5-8.5 

TDS (mg/L) 8106.8 265.2 8372 2194.4 2229.2 4969122.5 101.6 500.0 1500.0 

EC (µs/Cm) 12472 408 12880 3391.8 3424.6 11727858.5 101.0 500.0 1500.0 

Ca+2 (mg/L) 1562.93 36.07 1599 377.7 393.0 154418.7 104.0 75.0 300.0 

Mg+2 (mg/L) 402.99 10.21 413.2 98.4 112.2 12579.0 114.0 30.0 30.0 

Na+ (mg/L) 855.21 29.89 885.1 201.4 212.2 45049.2 105.4 200.0 200.0 

K+ (mg/L) 25.024 2.346 27.37 10.1 7.0 48.9 69.6 10.0 12.0 

HCO3
- (mg/L) 6208.24 45.76 6254 575.4 1000.1 1000213.5 173.8 150.0 150.0 

SO4
-2 (mg/L) 1756.5 20.5 1777 320.2 351.0 123170.8 109.6 200.0 400.0 

Cl- (mg/L) 4139.41 26.59 4166 689.8 1033.8 1068662.9 149.9 250.0 400.0 

NO3
- (mg/L) 34.9 8.6 43.5 26.9 7.0 49.1 26.1 10.0 50.0 

Cd (µg/L) 0 0 0 0.0 0.0 0.0 - 5.0 3.0 

Cr (µg/L) 72.45 0 72.45 21.1 19.5 380.0 92.6 50.0 50.0 

Ni (µg/L) 176.18 38.92 215.1 90.4 51.5 2648.5 56.9 20.0 70.0 

Pb (µg/L) 191.72 67.18 258.9 145.9 52.0 2703.9 35.6 10.0 10.0 

As (µg/L) 360 4 364 81.4 75.5 5696.8 92.8 10.0 10.0 

Imidacloprid (µg/L) 0 0 0 0.0 0.0 0.0 - - - 

Chlorpyrifos (µg/L) 5.2 0 5.2 0.1 0.9 0.8 591.6 30.0 30.0 

Color Code Pesticide Trace Element Minor Element Major Element Properties Bold Value Exceeding Standards 

  
Table 2. Correlation related to the concentration of analyzed parameters in the study area 

 
EC pH K+ Na+ Mg+2 Ca+2 SO4

-2 Cl- HCO3
- Cr Ni Pb As NO3

- 

EC 1 
             

pH -0.65 1 
            

K+ 0.78* -0.50 1 
           

Na+ 0.96** -0.56 0.89** 1 
          

Mg+2 0.99** -0.63 0.77* 0.95** 1 
         

Ca+2 0.99** -0.65 0.71* 0.93** 0.99** 1 
        

SO4
-2 0.94** -0.52 0.86** 0.97** 0.94** 0.92** 1 

       
Cl 0.99** -0.62 0.71* 0.94** 0.99** 0.99** 0.93** 1 

      
HCO3

- 0.35 -0.44 0.78* 0.46 0.33 0.27 0.43 0.23 1 
     

Cr 0.72* -0.65 0.52 0.64 0.69* 0.73* 0.58 0.70* 0.33 1 
    

Ni 0.98** -0.7* 0.71* 0.9** 0.98** 0.99** 0.90** 0.97** 0.32 0.76* 1 
   

Pb 0.84** -0.36 0.81** 0.83** 0.85** 0.8** 0.84** 0.79** 0.53 0.52 0.84** 1 
  

As 0.58 -0.43 0.91** 0.67* 0.57 0.50 0.63 0.48 0.92** 0.44 0.54 0.76* 1 
 

NO3
- -0.31 0.43 -0.12 -0.15 -0.34 -0.31 -0.11 -0.30 -0.11 -0.16 -0.39 -0.43 -0.20 1 

** Correlation is significant at the 0.01 level (2-tailed). 

* Indicates the degree of reliability of the calculation of the correlation coefficient between the data. 
* Minimum confidence 0.95% and ** Best assurance 0.99%. 

Items with a high correlation are marked with two asterisks that have an R above 0.05. 
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Table 3. Parameters for calculating the average daily dose of each element through water consumption and skin contact 

Parameters Unit 
Oral Dermal 

Adult Child Adult Child 

IR (Ingestion rate) L/day 2.2 1 - - 

EF (Exposure frequency) days/year 365 365 350 350 
ED (Exposure duration) Year 70 10 30 6 

ET (Exposure time) h/event - - 0.58 1 

BW (Body weight) Kg 70 25 70 25 
AT (Average time) Days 25550 3650 10950 2190 

SA (Skin-surface area) cm2 - - 18000 6600 

CF (Conversion factor) L/cm3 - - 1.1 _ 
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 "ZD�#12 (                ELCR oral = CDI oral × CSF oral   

 "ZD�#13 (                 ELCR dermal = CDI dermal × CSF dermal  

 "ZD�#14 (                 ELCR total = ELCR oral + ELCR dermal  
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Table 4. Oral and Dermal reference dose of trace elements and Nitrate in the body (USEPA, 2018) 

Element RfD oral (Kg-day/mg) RfD dermal (Kg-day/mg) CSF oral (Kg-day/mg) CSF dermal (Kg-day/mg) 

NO3
- 1.6 0.025 - - 

Cr 3 0.075 4.1 4.1 

Ni 20 0.8 0.84 0.84 

Pb 1.4 0.42 0.042 0.042 
As 0.3 0.12 1.5 3.6 

Cd 0.5 0.025 0.63 0.63 

  

3. �	��
 7/� �  

3 -1.  )�
 �" 89�: �	��
GQI 

P�B "D "Y�� 
D)3 ���
0� C+�,- ��� #� �( �>�? @A
BU
7��D �
[�� c

7
b� V
� ����� <�B <6 �#���
87�  "8N� 

�� 4/58  
�6/68  <6 =�>�? ��	�� "? =7� ��� �  �
�
G� � ���D ��s8�C+�,-�#�� ����b� U
7��D  <6 �#���
87�

� ���D a7�8� �\ #� �����
B6 =�>�? ���JD6 <6 <�B �E� ��  ("�ls� "0Z(�) �e�B =G'e #�PD
e %�
e��  ��

=G'e .=7� ���JD6 ("��J� "0Z(�) �D�; X
+ U
7� ��� �D� �� <6�
 �  �
87�FB #� �(����  �6 g���� X
+
87�# �

=G'e ��
7 
D "'�
0� #����
- =�>�? ���JD6 X
+ =B� �Y��A ���JD6 �� =G'e ��� "? =7� �?L "D ��] �#�� X��

� ���D c#�
[� #�   "���#� "S
�#�=7� Ke��.  

  

3 -2. ��6� ��	
 �" 89�: �	��
  

	�/
�6 d�
8� "D "Y�� 
D� 
+ ���
0� ���D]
D =E�; <
�G? �M
(� � c��8�� ������X��  ��B #� =B� ���JD6 �FB#L6  =
'�

�#���
87� "Dd��# X
+ ) X��D#
? � ���b8� c]
�� ='�� a�b� =^
>\ �
��
7 �#���
87� � ��
FY =B��FD �
��
7

�(����� �����
B6 <6 �8�(M c
0�0b� �
��7 :'�# %
G8\��
��7 ��; � �������FD ��(?
7 X��D ��� <6 �� �(�

 ����b� �����
B6"�/
Z��#�� .�#�� ��Y�  

  

3 -3. 4
�3�� ��	
 ����� ��$ 4�,�	"�  

 ��; :'�#�
��7 ���� ��#�M #� �ZA =
'� "? HI total C�D ��  ��:�  #� ��
��7 ��; c��j� ���D %
G8\� �B
D

�#�� ��Y� "Y��� z��� #� =��GY� � � "? �/
\ #� HI total R? ��  X�
'� 
� :��B
D� �G� ���F� �# =��GY X�ZA

) �(?Kamarani et al., 2019.(  



<+��= >?�; 6�@�. AB ��"���9� 8 �!"��C �B �0 �5��D 
�EC ����: ���� 8  ...  /���
��� �������	 �
�� ��
�&H� 8  379 

  
Figure 3. GQI groundwater quality index map of Azarshahr Plain based on the drinking water standard of Iran. 
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(a)   (b) 

Figure 4. Distribution map of Non-carcinogenic health index for (a) Adults (b) Children. 

 

   
(a)   (b) 

Figure 5. Carcinogenic health index distribution map for (a) Adults (b) Children 
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Table 5. Correlation of health risk index with GQI 

Correlation coefficient (r2) GQI 

ELCR (Adult) 0.72 

ELCR (Child) 0.71 

HI (Adult) 0.19 

HI (Child) 0.18 
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1. Water Quality Index 

2. National Sanitation Foundation Water Quality 

3. Groundwater Quality Index 

4. non-carcinogenic 

5. Carcinogenic 

6. The Institute of Standards & Industrial Research of Iran 

7. World Health Organization 

8. U.S. Environmental Protection Agency 
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10. Chlorpyrifos 

11. Health Risk Index 

12. Oral Hazard Quotient 

13. Dermal Hazard Quotient 

14. Chronic Daily Intake (CDI) 

15. Reference Dose (RFD) 

16.  Fraction of contaminant adsorbed in gastrointestina tract (ABSGI) 

17. Permeability coefficient (Kp) 

18. Average Time (AT) 

19. Excess Lifetime Cancer Risk (ELCR) 
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