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Abstract 
Anthropologic activities in our environment had been continuously associated with the release of nitrate a 

contaminant that has been linked with some dangerous health effects. This study assessed the 

concentration and health risk of nitrate in groundwater used by residents around a dumpsite. For this study 

groundwater samples were obtained randomly from 12 sampling sites near the Solos dumpsite at Igando, 

Alimosho local government area, Lagos, Nigeria. The water samples were analyzed for nitrate and some 

other physic-chemical parameters. The water quality index of the water samples was calculated to 

determine the suitability for consumption purposes. The non-carcinogenic hazard health risk associated 

with the nitrate level in the water samples was also assessed. The relationship between the nitrate in the 

water samples and the drinking water quality index (DWQI) was a positive one with r= 0.21 at p=0.517. The 

hazard index for ingestion (oral) route (HIoral) range were 0.024-0.962, 0.028-1.136 and 0.033-1.3 for 

male, female and children respectively. The dermal hazard index (HIdermal) shows range of 0.001-0.026 

for male, 0.001-0.027 for female and 0.002-0,071 for children. Sample 6 had Total hazard index (HItotal) 

greater than 1for both female adult and children as 1.163 and 1.371 respectively. All water samples on this 

study had the presence of nitrate that were positive correlated with water quality index and only one of the 

samples nitrate concentration was associated with high health non-carcinogenic risk effect especially in 

children and women. 
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1. Introduction 
  
With a lot of contaminants been released into our surrounding 
daily through anthropogenic activities, nitrate cannot be ignore 
as it is one of the most important contaminants released into the 
environment (Darvishmotevallia et al., 2019). Contamination 
of groundwater by Nitrate (NO3-) has become prevalent and 
leading to reduction in the viability and quality of groundwater 
in the universe (Adimalla et al. 2018b; Adimalla and 
Venkatayogi 2018; Chica-Olmo et al. 2017). Nitrate as a 
pollutant, is believed to be a byproduct from livestock manure 
and inorganic fertilizer used in agricultural activities. Waste 
water treatment, motor vehicles and wastewater effluents from 
industries had been identified as some of the contributors of 
nitrate as a pollutant into the environment (Alimohammadi et 
al., 2018; Asghari et al., 2018; Khosravi et al., 2018).Leaching 
and nitrogenous substances oxidation taking place in rocks and 
leguminous floras and microbes, are some natural sources 
through which groundwater could be polluted with nitrate 
(Chica-Olmo et al. 2017; Elisante and Muzuka 2017). 
Groundwater nitrate contamination and the associated health 
danger has been well noted and discuss in some studies around 
the globe (Adimalla et al.,  2018b; Chen et al., 2017; Chica-
Olmo et al., 2017; Zhang et al., 2018). 
It has been reported that groundwater has the tendency of being 
contaminated by nitrate (Wongsanit et al., 2015). Some studies 

had reported high nitrate concentration in groundwater 
(Cheong et al., 2012; Penninoet al., 2020). Groundwater 
nitrate value is positively correlated with ammonia increase 
(Shamsuddin et al., 2016). Conductivity of groundwater can be 
affected by nitrate. Nitrate as a dissolved inorganic solids has 
also be found to correlate with salinity and total dissolved solid 
(TDS) (Annapoorani et al., 2014; Igboekwe et al., 2011; Yan 
et al., 2015). 
Some adverse health conditions such as Age-related Macular 
Degeneration (AMD), diabetes, gastric and thyroid dysfunction 
had been linked to increase nitrate level in drinking water 
(Aschebrook-Kilfoy et al., 2012; Klein et al., 2013). 
Methemoglobinemia (blue baby syndrome) especially in infants 
had been documented as one of the dangerous health effect that 
results from continuous exposure to nitrate as a pollutant in 
groundwater (Jaliliet al., 2018; Radfard et al., 2018a; 
Soleimani et al., 2018).    
Therefore, assessing and consistently evaluating the 
groundwater resources and study of the potential health risk of 
groundwater contaminants can be said to be vital for health 
awareness programs. Two major routes of exposure to risk in 
the environmental water contamination are skin absorption and 
ingestion routes (Li and Zhang, 2010; Wu et al., 2009). 
Comparing the analyzed level of health impacts with the 
standard and permissible limits, is an old fashion techniques, 
which could be said not to be adequate in the provision of valid 
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apprehensive hazard levels and discovering contaminants 
(Hashmi et al., 2014). Likely health effect that could be caused 
by somecontaminants in water environment is best estimated by 
important procedures called Health risk assessment (Radfardet 
al., 2018b; Xiao et al., 2017). 
Identification of the nitrate and the factors influencing its 
concentration in the groundwater can be evaluated by risk 
assessment models and spatial analysis (Bianet al., 2016; 
Jamaludin et al., 2013; Rojas Fabro et al., 2015; Saidiet al., 
2011; Shrestha et al., 2016). 
This study set out to evaluate the concentration and health risk 
of nitrate in groundwater used by residents around a dumpsite. 
 
2. Material and methods  
 
2.1 Study Location 
 
This study covers some residential around Solous dumpsite; 
situated within the longitude 3o26 E to 3o25 E and latitude 6o56N 
to 6o57N within Ikotun/Igando Local Council Development Area 
of Alimosho Local Government in Lagos State, Nigeria 
 
2.2 Sample Collection 
 
In an effort to study the extent of the groundwater 
contamination 12 sampling sites were selected near the 
dumpsite from where the samples were taken. The samples 
were collected in 60 cl capacity polythene bottles. Prior to the 
collection, bottles were thoroughly washed and rinsed with 
sample to avoid any possible contamination in bottling and other 
precautionary measures were taken.  
 
2.3 Sample Analysis 
 
The samples were transferred to Biochemistry Drug laboratory 
and stored in cold room (4◦C). All the samples were analyzed for 
selected relevant physico-chemical parameters which include 
colour, pH, Electrical conductivity (EC), Total hardness (TH), 
nitrates and phosphates. 
 
2.4 Drinking water quality index (DWQI) 
 
In order to determine the suitability of the groundwater for 
consumption purposes, the water quality index was calculated. 
Hence, for calculating the DWQI, results of the physico-chemical 
parameters like pH, electrical conductivity, total hardness, 
nitrate and phosphate were used. The steps abduct for 
computing DWQI were  

i. Weight (wi) assignment  
ii. Calculation of relative weight (Wi)  

iii. Calculation of quality rating scale (qi), and  
iv. Calculation of sub-index (SI).  
v. Calculation of DWQI 

 
(a) Weight (wi) was assigned to each of the physico-chemical 
parameters with referenced to perceived relative influence in 
quality of groundwater for drinking generally. Nitrate was the 
highest weight of 5, pH, Electrical conductivity (EC) and 
phosphate were assigned the value of 3 and Total hardness (TH) 
was assigned the lowest value of 2 since it is believed to show 
less effect (Table 1). 
 
(b) The following equation was used in calculating the relative 
weight (wi)  

     
  Equation 1 

Wi connote the relative weight, the assigned weight of each 
parameter is wi and parameter numbers is n. 
 
(c) To calculate the quality rating (qi) for the parameters; the 
concentration (Ci) (mg/dL) of each parameters in the 
groundwater sample was divided by the permissible standard 
(Si) (WHO 2011), and multiplied by 100. The following equation 
was used in calculating qi: 
 

     
  Equation 2 
 
(d) The sub-index (SI) was computed by using  
 
SIi= Wi x qi                                               
  Equation 3 
 
. (e) DWQI was computed by using  
 

    
  Equation 4 
 
Sub-index of the ith parameter is SIi, relative weight is Wi, 
quality rating is qi, and n is the parameters number 
 
2.5 Human health risk assessment 
 
To evaluate the health risk associated with water contaminated 
four methods such as identification of hazard, evaluation of dose 
response, assessment of exposure and risk (Adimallaet al., 
2018a; Li et al., 2016; Narsimha and Rajitha 2018) were 
computed. Humans can be exposed to NO3– contaminated water 
via consumption of the water and skin popularly known dermal 
contact. Therefore, the chronic daily intake (CDI: mg/kg/day), 
and dermal absorbed dose (DAD: mg/kg day) were calculated to 
evaluate the doses gotten via the individual route. 
 
2.6 Ingestion route 
 
The amount of chemical substance consumed via drinking per 
kilogram of body weight per day (mg/kg day) can be computed 
using CDI. A Non-carcinogenic danger via drinking water route 
in terms of CDI is computed using the below Equation 5 (US EPA 
1989; 2001): 
 

 
 
Equation 5 

 
CDI- Is the chronic daily intake (mg/kg day);  
CPW- Is the concentration (mg/L) of the contaminant in view 
(which is nitrate for this study in groundwater)  
IR- Is the ingestion rate for humans (L/day: 0.78 L/day for 
children and 2.5 L/day for adults) 
ED- Is the exposure duration (years: 12, 64 and 67 for children, 
men and women respectively)  
EF- Is the exposure frequency (days/years: 365 days for both 
children and adults)  
ABW- Is the average body weight (Kg: 65, 55, and 15 for males, 
women, and children respectively)  
AET- Is the average exposure time (days: 4380, 23360 and 
24455, for children, males and women respectively). 
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2.7 Skin contact route 
 
In order to assess the health risk of exposure, skin contact route 
was calculated using the following equation: 
 
DAD= [Tc x Kp x Cw x Ev x ED x EF x SSA x CF] / ABW x AET                               
 

Equation 6 
 
DAD- Is the dermal absorbed dose (mg/kg day)  
TC- Time of contact i.e. duration (h/d: 0.4 h per day for both 
adults and children) 
Kp - Is the skin adsorption parameters (cm/h: 0.001cm/h);  
Cw- Concentration of the substance in water 
Ev- Is the frequency of bath taken (times/day: taken as 1 time in 
a day)  
SSA- Is the skin surface area for contact (cm2: 12,000 cm and 
16,600 for children and adults respectively) 
CF- Is the conversion factors (0.001 according to Li et al., 2016; 
Wu and Sun 2016)  
ED- Is the exposure duration (years: 12, 64 and 67 for children, 
men and women respectively)  
EF- Is the exposure frequency (days/years: 365 days for both 
children and adults)  
ABW- Is the average body weight (Kg: 65, 55, and 15 for males, 
women, and children respectively). 
AET- Is the average exposure time (days: 4380, 23360 and 
24455, for children, males and women, respectively) 
 
2.8 Hazard quotient for oral and skin routes 
 
Hazard quotient for oral and skin for nitrate health risk 
assessment is calculated by 
 

     
  Equation 7 
 
 

    
  

Equation 8 
 
HQoral and HQskin- Is the non-carcinogenic for oral and skin 
hazard quotient, respectively.  
DAD and CDI show the dermal absorbed dose (mg/kg/day) and 
chronic daily intake (mg/kg/day), respectively 
RfD- Is the reference dose of a particular contaminant (US EPA 
2001).  
The oral reference doses of nitrate-nitrogen is 1.6 mg/kg/day 
(Integrated Risk Information System, US Environmental 
Protection Agency 1989) and the reference dose of skin nitrate 
nitrogen intake was 0.18 mg/kg.d (Yang et al., 2012)  
 
2.9 Total hazard index (HItotal) 
 
The total hazard index (HItotal) which represents the 
cumulative non-carcinogenic risk is estimated by summing up 
hazard quotients (HQoral and HQdermal) and are calculated by 
Equations (9) and (10): 
 

   
  Equation 9 
 
 

    
  Equation 10 
 
According to Li et al., (2016); US EPA (2001) HItotal values 
lesser than one (HItotal<1), indicate no significant risk of non-
carcinogenic effects while if HItotal value exceeds one 
(HItotal>1), then there is exposure to non-carcinogenic danger. 
 

 
Figure 1 Map showing the water sample collection sites (as an 
extraction from Alimosho Local Government, Lagos where the 
Solous dumpsite is situated) 
 
2.10 Statistical Analysis 
 
The data obtain for the nitrate and other physic-chemical 
parameters were analyzed using SPSS version 22 and Graphad 
prism 8 
 
3. Results and Discussion 
 
Table 1 shows the summary of the pyshco-chemical parameter 
and DWQI values obtained in this study with the minimum, 
mean, maximum, coefficient of variation, kurtosis, skewness and 
the World Health Organization permissible limits. The pH in this 
study has minimum, mean and maximum value of 6.15, 7.53 and 
8.55 respectively. The coefficient of variation of the pH 9.0%. The 
water samples were weakly acidic to weakly alkaline.  The 
quantity of substances that dissolved in water are indicated by 
electrical conductivity (EC), in this study, the minimum, mean 
and maximum values were 78.2, 1185 and 6570 respectively, 
has indicated in Table 1. 
The nitrate across the 12 sites from which water samples were 
obtained, the nitrate (mg/L) ranged from 1.00 to 40.00 with site 
6 having the highest value as indicated in Table 1. The Nitrate 
has a coefficient of 160.6%, kurtosis vale of 9.57 and 3.01 for the 
skewness value  
The drinking water quality index (DWQI) were within the 
ranged 211.15 to 671.22. According to Adimalla (2020), quality 
of groundwater can be grouped into five (5) on the criteria of 
DWQI values as, excellent water (<50), good water (50–100), 
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poor water (100–200), very poor water (200–300), and water 
unsuitable for drinking (>300). It could be said from this study 
that 41.67% of the water samples were classified as very poor 
water, while 58.33% of the water samples fall in the category of 
unsuitable for oral consumption.  
DWQI has used in this study to evaluate the quality of the water 
samples has also been utilized in study by Adimalla and 

Venkatayogi (2018), Effendi et al., (2015), Gupta et al., 
(2017), Houatmiaet al., (2016) to assess the quality of water 
for the sole aim of drinking. 
The relationship between the nitrate in the water samples and 
the DWQI was a positive one with r= 0.21 at p=0.517 as indicated 
in Fig. 2.

 
    Table 1 Physico-chemical parameters of the water samples collected 

Sample Color  pH 
(Mean±S.D) 

E.C  
(µS/cm) 

T.H  
(ppm) 

Nitrate 
(mg/L) 

Phosphate 
(mg/L) 

DWQI 

Site 1 Colorless 6.15±0.08 83.1 17.8 2.5 1.00 211.15 
Site 2 Colorless 6.50±0.01 187.0 53.4 2.5 1.00 217.91 
Site 3 Cloudy 7.46±0.06 122.5 17.8 1.5 1.00 216.13 
Site 4 Colorless 7.18±0.03 153.5 17.8 2.5 1.00 217.42 
Site 5 Cloudy 7.83±0.04 1406.0 124.6 10 2.00 472.87 
Site 6 Colorless 8.02±0.01 1676.0 89.0 40 1.50 387.73 
Site 7 Colorless 7.89±0.02 288 35.6 5.0 1.50 410.23 
Site 8 Brownish 

yellow 
7.51±0.01 359 720 2.5 1.00 

244.80 

Site 9 Colorless 7.49±0.01 353 530 1.5 1.50 333.60 
Site 10 Colorless 7.55±0.03 78.2 17.8 1.0 1.50 307.78 
Site 11 Yellow 8.55±0.00 6570 356 2.5 1.75 671.22 
Site 12 Light yellow 8.23±0.00 2940 267 10 1.00 361.98 
Minimum  6.15 78.2 17.8 1 1 211.2 
Mean  7.53 1185 187.2 6/79 1.31 337.7 
Maximum  8.55 6570 720 40 2 671.2 
COV  9.0% 161.3% 125.3% 160.6% 27.1% 40.6% 
Kurtosis  0.52 6.11 1.14 9.57 -9.86 2.06 
Skewness  -0.75 2.41 1.44 3.01 0.61 1.39 
WHO, 2011 Colorless 6.5-8.5 400 500 50 0.1  

E.C- Electrical Conductivity, T.H- Total Hardness, COV- Coefficient of variation  
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Figure 2 Correlation heat map between Nitrate and DQWI 

 
Table 2 Nitrate health risk assessment via oral route and dermal contact for adults and children 

Sites Nitrate 
(mg/L) 

HQoral HQdermal HItotal 
Male Female  Children Male Female  children Male Female  children 

1 2.5 0.060 0.071 0.081 0.001 0.002 0.004 0.061 0.073 0.085 
2 2.5 0.060 0.071 0.081 0.001 0.002 0.004 0.061 0.073 0.085 
3 1.5 0.036 0.043 0.049 0.001 0.001 0.003 0.037 0.044 0.046 
4 2.5 0.060 0.071 0.081 0.001 0.002 0.004 0.061 0.073 0.085 
5 10 0.240 0.284 0.325 0.006 0.007 0.018 0.246 0.291 0.343 
6 40 0.962 1.136 1.3 0.023 0.027 0.071 0.985 1.163 1.371 
7 5.0 0.120 0.142 0.163 0.003 0.003 0.009 0.123 0.145 0.172 
8 2.5 0.060 0.071 0.081 0.001 0.002 0.004 0.061 0.073 0.085 
9 1.5 0.036 0.043 0.049 0.001 0..001 0.003 0.037 0.044 0.046 
10 1.0 0.024 0.028 0.033 0.001 0.001 0.002 0.025 0.029 0.062 
11 2.5 0.060 0.071 0.081 0.001 0.002 0.004 0.061 0.073 0.085 
12 10 0.240 0.284 0.325 0.006 0.007 0.018 0.246 0.291 0.343 
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It has been reported that nitrate at higher concentration in the 
body create risk to health by hindering the bond between oxygen 
and hemoglohin as a result of the nitrite produced from its 
breakdown and this lead to methemoglobinemia and this could 
kill infants and children (Huang et al., 2011). This study focus 
on non-carcinogenic health risk that can be associated from 
contamination of groundwater used by residents around a 
dumpsite.  The range for the hazard index for ingestion (oral) 
route (HIoral) was 0.024-0.962, 0.028-1.136 and 0.033-1.3 for 
male, female and children respectively. The dermal hazard index 
(HIdermal) shows from Table 2 a range of 0.001-0.026 for male 
adult, 0.001-0.027 for female adult and 0.002-0,071 for children   
According to Li et al., (2016); US EPA (2001) HItotal values 
lesser than one (HItotal<1), indicate no significant risk of non-
carcinogenic effects while if HItotal value exceeds one 
(HItotal>1), then there is exposure to non-carcinogenic danger. 
From Table 2, all other sites where water samples were taken 
except site 6 fell below 1, which indicate that they do not pose 
non-carcinogenic risk to both adults and children. But the site 6 
with HItotal for both female adult and children as 1.163 and 
1.371 respectively show significant risk of non-carcinogenic 
effects when exposed to the nitrate in the water sample from the 
site.  
In a study by Su et al., (2013), 91.4% samples had nitrate in 
them and they were about 34.3% higher than the permissible 
limit and drinking such groundwater is dangerous and pose risk 
to human health. The nitrate hazard index (HI) in groundwater 
was found to be 0.75 in South Korea (Cheong et al., 2012). 
Tenget al., (2019) in a study reported that nitrate HI for both 
adult and children in 46.4% parts of the area where the study 
was conducted in northern China were higher than 1 and 
children have a higher susceptibility of exposure to nitrate 
contaminants. Children having a higher level of susceptibility in 
terms of the health risk from the HItotal value were also 
observed in this study. 
Sadler et al., (2016) reported that the ingestion of nitrate 
contaminated water with the first trimester of pregnancy was 
associated with high risk of birth defects in susceptible populace 
in Indonesia. In rural part of China, Zhaiet al., (2017) 
discovered that groundwater nitrate concentration is higher 
than permissible limit and that in terms of exposure to risk, 
children> female> male are at higher risk of health hazards from 
oral route. This was also reported in this study as shown in Table 
2. 
 
4. Conclusion 
 
It has been proven that a dumpsite is one of the sources of 
leachate which do increase nitrate level in groundwater when it 
percolates into groundwater around the environment which a 
landfill is located. This study therefore made the following: 

 All water samples on this study had the presence of 
nitrate that were positive correlated with water quality 
index  

 Of all the water samples, 41.67% of them were 
classified as very poor water, while 58.33% of them fall 
in the category of unsuitable for oral consumption 

 Only one of the water samples nitrate concentration is 
associated with high health non-carcinogenic risk 
effect especially in children and women. 

 
Declaration of interest 
 
There is no conflict of interest in this work. 
 
 
 
 

References 
 
1. Adimalla N and Li P. (2018). Occurrence, health risks, and geochemical 

mechanisms of fluoride and nitrate in groundwater of the rock-dominant 

semi-arid region, Telangana State, India. Hum Ecol Risk Assess: Int J. 

https://doi.org/10.1080/10807039.2018.1480353 
2. Adimalla N, Li P, and Qian H. (2018a). Evaluation of groundwater 

contamination for fluoride and nitrate in semi-arid region of Nirmal 

Province, South India: a special emphasis on human health risk 
assessment (HHRA). Hum Ecol Risk Assess: Int J. 

https://doi.org/10.1080/10807039.2018.1460579 

3. Adimalla N, Li P. and Venkatayogi S. (2018b). Hydrogeochemical 
evaluation of groundwater quality for drinking and irrigation purposes 

and integrated interpretation with water quality index studies. Environ 

Process 5(2), 363–83. https://doi.org/1 0.1007/s40710-018-0297-4 
4. Adimalla, N. (2020). Spatial distribution, exposure, and potential health 

risk assessment from nitrate in drinking water from semi-arid region of 

South India. Human and ecological risk assessment 26(2), 310–334. 
https://doi.org/10.1080/10807039.2018.1508329 

5. Alimohammadi, M.,  Latifi, N., Nabizadeh, R., Yaghmaeian, K., Mahvi, 

A.H.,  Yousefi,, M. et al., (2018). Determination of nitrate concentration 
and its risk assessment in bottled water in Iran, Data Brief 19, 2133–

2138. https://doi.org/10.1016/j.dib.2018.06.110 

6. Annapoorani, A., A. Murugesan, A. R. and Renganathan, N.G. (2014). 
Hydrochemistry of groundwater in and around Chennai, India-A case 

study. Res. J. Chem. Sci., 4, 99-

106.http://www.isca.me/rjcs/Archives/v4/i4/15.ISCA-RJCS-2014-
027.pdf 

7. Aschebrook-Kilfoy, B., Heltshe, S.L., Nuckols, J.R., Sabra, M.M. and 
Shuldiner, A.R. et al., (2012). Modeled nitrate levels in well water 

supplies and prevalence of abnormal thyroid conditions among the old 

order Amish in Pennsylvania. Environ. Health. 
https://doi.org/10.1186/1476-069X-11-6 

8. Asghari, F.B., Mohammadi, A.A., Dehghani, M.H. and Yousefi, M. 

(2018). Data on assessment of groundwater quality with application of 
ArcGIS in Zanjan, Iran, Data Brief 18, 375. 

https://doi.org/10.1016/j.dib.2018.03.059 

9. Bian J, Liu C, Zhang Z, Wang R and Gao Y (2016) Hydro-geochemical 
characteristics and health risk evaluation of nitrate in groundwater. 

Polish Journal of Environmental Studies 25. 

https://doi.org/10.15244/pjoes/61113 
10. Chen J, Wu H, Qian H, and Gao Y. (|2017). Assessing nitrate and 

fluoride contaminants in drinking water and their health risk of rural 

residents living in a semiarid region of Northwest China. Expo Health 
9(3), 183–95. https://doi.org/10.1007/s12403-016-0231-9 

11. Cheong J-Y, Hamm S-Y, Lee J-H, Lee K-S. and Woo N-C (2012) 

Groundwater nitrate contamination and risk assessment in an agricultural 
area, South Korea. Environ Earth Sci 66,1127–1136. 

https://doi.org/10.1007/s12665-011-1320-5 

12. Chica-Olmo M, Peluso F, Luque-Espinar JA, et al., (2017). A 
methodology for assessing public health risk associated with 

groundwater nitrate contamination: a case study in an agricultural setting 

(southern Spain). Environ Geochem Health 39(5), 1117–32. 
https://doi.org/10.1007/s10653-016-9880-7 

13. Darvishmotevallia, M., Moradniab, M., Noorisepehrc, M., Fatehizadeha, 

A., Fadaeid, S., Mohammadie, H., Salarif, M.,Jamalig, H.A. and  Daniali, 
S.S. (2019). Evaluation of carcinogenic risks related to nitrate exposure 

in drinking water in Iran. Methods X 6, 1716–1727. 

https://doi.org/10.1016/j.mex.2019.07.008 
14. Effendi, H., Romantob and YusliWardiatno, Y (2015). Water quality 

status of Ciambulawung River, Banten Province, based on pollution 

index and NSF-WQI. Procedia Environmental Sciences 24, 228 – 237. 
https://doi.org/10.1016/j.proenv.2015.03.030 

15. Elisante E and Muzuka ANN. 2017. Occurrence of nitrate in Tanzanian 

groundwater aquifers: a review. Appl Water Sci 7(1):71–87. 
https://doi.org/10.1007/s13201-015-0269-z 

16. Gupta, N., Pandey, P. andHussain, J. (2017). Effect of physicochemical 

and biological parameters on the qualityof river water of Narmada, 
Madhya Pradesh, India. Water Science 31, 11–23. 

https://doi.org/10.1016/j.wsj.2017.03.002 

17. Hashmi, M.Z., Yu, C., Shen, H., Duan, D., Shen, C., Lou, L. and Chen, 
Y. (2014). Concentrations and human health risk assessment of selected 

heavy metals in surface water of the Siling Reservoir Watershed in 

Zhejiang Province, China. Polish J. Environ. Stud. 23.  
18. Huang, J., Xub, J., Liub, X., Liuc, J. and Wang L. (2011). Spatial 

distribution pattern analysis of groundwater nitrate nitrogen pollution in 

Shandong intensive farming regions of China using neural network 

https://doi.org/10.1080/10807039.2018.1480353
https://doi.org/10.1080/10807039.2018.1460579
https://doi.org/1%200.1007/s40710-018-0297-4
https://doi.org/10.1080/10807039.2018.1508329
https://doi.org/10.1016/j.dib.2018.06.110
https://doi.org/10.1186/1476-069X-11-6
https://doi.org/10.1016/j.dib.2018.03.059
https://doi.org/10.15244/pjoes/61113
https://doi.org/10.1007/s12403-016-0231-9
https://doi.org/10.1007/s12665-011-1320-5
https://doi.org/10.1007/s10653-016-9880-7
https://doi.org/10.1016/j.mex.2019.07.008
https://doi.org/10.1016/j.proenv.2015.03.030
https://doi.org/10.1007/s13201-015-0269-z
https://doi.org/10.1016/j.wsj.2017.03.002


Olu/Archives of Ecotoxicology (2021) 75-80 

80  

method. Math Comput Model 54, 995–1004. 
https://doi.org/10.1016/j.mcm.2010.11.027 

19. Igboekwe, M.U., A.O. Akankpo and I.E. Udoinyang, (2011). 

Hydrochemical evaluation of groundwater quality in Michael Okpara 
University of Agriculture, umudike and its environs. southeastern 

Nigeria. J. Water Resource Protect., 03, 925-929. 

https://doi.org/10.4236/jwarp.2011.312103 
20. Jalili, D., RadFard, M., Soleimani, H., Nabavi, S., Akbari, H., Akbari, H. 

et al., (2018). Data on nitrate–nitrite pollution in the groundwater 

resources a Sonqor plain in Iran, Data Brief 20, 394–401. 
https://doi.org/10.1016/j.dib.2018.08.023 

21. Jamaludin N, Sham SM, Ismail SNS (2013) Health risk assessment of 

nitrate exposure in well water of residents in intensive agriculture area. 
American Journal of Applied Sciences 10, 442. 

https://doi.org/10.3844/ajassp.2013.442.448 
22. Khosravi, R., Eslami, H., Zarei, A., Heidari, M., Baghani, A.N., Safavi, 

N. et al., (2018). Comparative evaluation of nitrate adsorption from 

aqueous solutions using green and red local montmorillonite adsorbents, 
Desalin.Water Treat. 116, 119–128. 

https://www.deswater.com/DWT_abstracts/vol_116/116_2018_119.pdf 

23. Klein, B.E.K., McElroy, J.A,.Klein, R., Howard, K.P. and Lee, K.E. 
(2013). Nitrate-nitrogen levels in rural drinking water: Is there an 

association with age-related macular degeneration? J. Environ. Sci. 

Health. Part A, Toxic Hazard. Subst. Environ. Eng., 48, 1757-1763. 
https://doi.org/10.1080/10934529.2013.823323 

24. Li P, Li X, Meng X, Li M, and Zhang Y. (2016). Appraising groundwater 

quality and health risks from contamination in a semiarid region of 
northwest China. Expo Health 8(3), 361–79.    

https://doi.org/10.1007/s12403-016-0205-y 

25. Li, S. and Zhang, Q. (2010). Spatial characterization of dissolved trace 
elements and heavy metals in the upper Han River (China) using 

multivariate statistical techniques, J. Hazard. Mater. 176, 579–588. 

https://doi.org/10.1016/j.jhazmat.2009.11.069 
26. Narsimha, A. and Rajitha, S. (2018). Spatial distribution and seasonal 

variation in fluoride enrichment in groundwater and its associated human 

health risk assessment in Telangana State, South India. Hum Ecol Risk 
Assess: Int J. https://doi.org/10.1080/10807039.2018.1438176 

27. Pennino MJ, Leibowitz SG, Compton JE, Hill RA and Sabo RD (2020) 

Patterns and predictions of drinking water nitrate violations across the 
conterminous United States. Science of The Total Environment: 137661. 

https://doi.org/10.1016/j.scitotenv.2020.137661 

28. Radfard, M. Rahmatinia, M., Tabatabaee, H. Solimani, H.,  Mahvi, A.H. 
and Azhdarpoor, A. (2018a) Data on health risk assessment to the nitrate 

in drinking water of rural areas in the Khash city, Iran, Data Brief 21, 

1918–1923. https://doi.org/10.1016/j.dib.2018.11.007 
29. Radfard, M., Yunesian, M., Nabizadeh, R.,  Biglari, H., Nazmara, S., 

Hadi, M., Yousefi, N., Yousefi, M., Abbasnia, A. and Mahvi, A.H. 

(2018b). Drinking water quality and arsenic health risk assessment in 
Sistan and Baluchestan, Southeastern Province, Iran, Hum. Ecol. Risk 

Assess. 1–17. https://doi.org/10.1080/10807039.2018.1458210 

30. Rojas Fabro AY, Pacheco Ávila JG, Alberich E, Sansores MV,C, S. A. 
and Camargo-Valero MA (2015). Spatial distribution of nitrate health 

risk associated with groundwater use as drinking water in Merida, 

Mexico. ApplGeogr 65, 49–57. 
https://dx.doi.org/10.1016/j.apgeog.2015.10.004 

31. Sadler, R., Maetam, B., Edokpolo, B., Connell, D., Yu, J., Stewart, D. 

and Laksono, B. (2016).Health risk assessment for exposure to nitrate in 
drinking water from village wells in Semarang, Indonesia. Environ. 

Pollut. 216, 738–745. https://doi.org/10.1016/j.envpol.2016.06.041 

32. Saidi S, Bouri S, Ben Dhia H. and Anselme B (2011) Assessment of 
groundwater risk using intrinsic vulnerability and hazard mapping: 

Application to Souassi aquifer, Tunisian Sahel. Agric Water Manag 98, 

1671–1682. http://dx.doi.org/10.1016/j.agwat.2011.06.005 
33. Shamsuddin, A.S., Syed Ismail, S.N. Abidin, E.Z., Bin, H.Y. and Juahir, 

H. (2016). Contamination of Nitrate in Groundwater and Evaluation of 
Health Risk in Bachok, Kelantan: A Cross-Sectional Study. American 

Journal of Applied Sciences 13(1), 80-90. 

https://doi.org/10.3844/ajassp.2016.80.90 
34. Shrestha S, Semkuyu D.J. and Pandey VP (2016) Assessment of 

groundwater vulnerability and risk to pollution in Kathmandu Valley, 

Nepal. Science of the Total Environment 556: 23–35. 
https://doi.org/10.1016/j.scitotenv.2016.03.021 

35. Soleimani, H., Nasri, O., Ojaghi,, B.,  Pasalari, H.,  Hosseini, M., 

Hashemzadeh, B. et al., (2018). Data on drinking water quality using 
water quality index (WQI) and assessment of groundwater quality for 

irrigation purposes in Qorveh and Dehgolan, Kurdistan, Iran, Data Brief 

20, 375–386. https://doi.org/10.1016/j.dib.2018.08.022 
36. Su X, Wang H, Zhang Y (2013) Health Risk Assessment of Nitrate 

Contamination in Groundwater: A Case Study of an Agricultural Area in 

Northeast China. Water Resour Manage 27:3025–3034. 
https://doi.org/10.1007/s11269-013-0330-3 

37. Teng Y, Zuo R, Xiong Y, Wu J, Zhai Y, Su J (2019) Risk assessment 

framework for nitrate contamination in groundwater for regional 
management. Science of The Total Environment 697:134102. 

https://doi.org/10.1016/j.scitotenv.2019.134102 

38. United States Environmental Protection Agency (US EPA) (1989). 
Superfund Public Health Evaluation Manual. Washington, DC. 

39. United States Environmental Protection Agency (US EPA) (2001). 

Baseline human health risk assessment Vasquez Boulevard and I-70 
superfund site, Denver CO. 

http://www.epa.gov/region8/superfund/sites/VB-170-Risk.pdf. 

40. Wongsanit J, Teartisup P, Kerdsueb P, Tharnpoophasiam P. and 
Worakhunpiset S (2015) Contamination of nitrate in groundwater and its 

potential human health: a case study of lower Mae Klong river basin, 
Thailand. Environ SciPollut Res 22, 11504–11512. 

https://doi.org/10.1007/s11356-015-4347-4 

41. World Health Organization (WHO) (2011). Guidelines for drinking-
water quality, 4th ed. World Health Organ, Geneva. 

42. Wu J and Sun Z. (2016). Evaluation of shallow groundwater 

contamination and associated human health risk in an alluvial plain 
impacted by agricultural and industrial activities, mid-west China. Expo 

Health 8(3), 311–29. https://doi.org/10.1007/s12403-015-0170-x 

43. Wu, B., Zhao, D., Jia, H., Zhang, Y., Zhang, X. and Cheng, S. (2009). 
Preliminary risk assessment of trace metal pollution in surface water 

from Yangtze River in Nanjing Section, China, Bull. Environ. Contam. 

Toxicol. 82, 405–409. https://doi.org/10.1007/s00128-008-9497-3 
44. Xiao, M., Li, F., Zhang, J., Lin, S., Zhuang, Z. and Wu, Z.  (2017). 

Investigation and health risk assessment of heavy metals in soils from 

partial areas of Daye city, China, IOP Conference Series: Earth and 
Environmental Science, IOP Publishing, pp. 012066.  

45. Yan, S., Yu, S., Wu, Y., Pan, D. and She, D. et al., (2015). Seasonal 

variation in groundwater level and salinity in coastal plain of Eastern 
China influenced by climate. J. Chem. 

https://doi.org/10.1155/2015/905190 

46. Yang, M., Fei, Y, Ju, Y., Ma, Z. and Li, H. (2012). Health risk assessment 
of groundwater pollution—a case study of typical city in North China 

plain. J. Earth Sci. 23(3), 335–348. https://doi.org/10.1007/s12583-012-

0260-7 
47. Zhai, Y., Zhao, X., Teng, Y., Li, X., Zhang, J., Wu, J. and Zuo, R. (2017). 

Groundwater nitrate pollution and human health risk assessment by using 

HHRA model in an agricultural area, NE China. Ecotoxicol. Environ. 
Saf. 137, 130–142. https://doi.org/10.1016/j.ecoenv.2016.11.010 

48. Zhang Y, Wu J, and Xu B 2018. Human health risk assessment of 

groundwater nitrogen pollution in Jinghui canal irrigation area of the 
loess region, northwest China. Environ Earth Sci 77, 273. 

https://doi.org/10.1007/s12665-018-7456-9 
 
 

https://doi.org/10.1016/j.mcm.2010.11.027
https://doi.org/10.4236/jwarp.2011.312103
https://doi.org/10.1016/j.dib.2018.08.023
https://doi.org/10.3844/ajassp.2013.442.448
https://doi.org/10.1080/10934529.2013.823323
https://doi.org/10.1007/s12403-016-0205-y
https://doi.org/10.1016/j.jhazmat.2009.11.069
https://doi.org/10.1080/10807039.2018.1438176
https://doi.org/10.1016/j.scitotenv.2020.137661
https://doi.org/10.1016/j.dib.2018.11.007
https://doi.org/10.1080/10807039.2018.1458210
https://dx.doi.org/10.1016/j.apgeog.2015.10.004
https://doi.org/10.1016/j.envpol.2016.06.041
http://dx.doi.org/10.1016/j.agwat.2011.06.005
https://doi.org/10.3844/ajassp.2016.80.90
https://doi.org/10.1016/j.scitotenv.2016.03.021
https://doi.org/10.1016/j.dib.2018.08.022
https://doi.org/10.1007/s11269-013-0330-3
https://doi.org/10.1016/j.scitotenv.2019.134102
https://doi.org/10.1007/s11356-015-4347-4
https://doi.org/10.1007/s12403-015-0170-x
https://doi.org/10.1007/s00128-008-9497-3
https://doi.org/10.1155/2015/905190
https://doi.org/10.1007/s12583-012-0260-7
https://doi.org/10.1007/s12583-012-0260-7
https://doi.org/10.1016/j.ecoenv.2016.11.010
https://doi.org/10.1007/s12665-018-7456-9

