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Abstract: Prolonged exposure to intensive and extensive agricultural and industrial activities is 
leading to an increased deterioration of groundwater quality, especially nitrogen pollution in 
shallow groundwater aquifers. This study was carried out using the fuzzy comprehensive method 
to assess the overall groundwater quality, and the noncarcinogenic risks were estimated using the 
human health risk assessment method recommended by the United States Environmental 
Protection Agency (USEPA) via drinking water intake pathways around Fuyang City, China. A total 
of 34 samples were collected from shallow groundwater private wells, and 16 parameters were 
analyzed for each groundwater sample. The evaluation results of groundwater quality show 14.7% 
of groundwater samples classified as poor and very poor quality, and NO3-N, TH, TDS, Fe3+, and 
Mn are of high potential to affect the quality of potable drinking water. These are mainly derived 
from anthropogenic pollutants, predominantly due to uncontrolled agricultural and industrial 
activities, as well as some natural processes. The noncarcinogenic risk of nitrate indicates that 8.82% 
of groundwater samples surpass the permissible limit recommended by the USEPA for both adults 
and children. This study may provide the local authority with insights into making scientific 
decisions for exploiting groundwater in a sustainable manner so as to protect public health. 

Keywords: groundwater pollution; fuzzy comprehensive method; water quality assessment; 
nitrogen; health risk assessment 

 

1. Introduction 

Groundwater plays an indispensable role in healthy human life and ecosystem sustainability. It 
is also the predominant source for different uses (e.g., domestic, agriculture, and industrial) [1]. This 
is particularly true in arid and semi-arid regions, owing to insufficient rainfall and surface water 
availability [2,3]. An overwhelming number of people depend on groundwater for drinking 
purposes, either directly or indirectly [4,5]. The majority of the rural population (exceeding 70%) in 
China rely on groundwater for domestic purposes [6]. Recently, the demand for fresh groundwater 
is enhanced more than ever. However, groundwater quality is severely deteriorating, which is greatly 
attributed to huge population growth, rapid industrialization, increasing discharge of domestic 
sewage, overexploitation of groundwater, excessive application of agrochemicals, as well as the 
geogenic process that causes groundwater pollution through water–rock interaction, strong 
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evaporation, and ion exchange in many countries and regions all over the world [7,8]. The World 
Health Organization (WHO) report states that, as significant as four-fifths of diseases are due to poor 
quality of drinking water in the world, as cited in [8,9]. Hence, the purpose of groundwater quality 
assessment is not only to rate groundwater quality, but it is also closely related to human health and 
to save a lot of people from suffering from various diseases. Therefore, it is necessary to evaluate 
groundwater quality correctly. Various scientific approaches that contributed to significant quality 
improvements in water quality have been reported [10–12]. Some of these methods include set pair 
analysis [13,14], matter element extension analysis [15,16], water quality index [17], and others that 
were mainly studied before. All these methods mentioned above have their own merits and demerits. 
For example, in groundwater quality assessment, set pair analysis and matter element extension 
analysis can be more important to deal with the uncertainties, but their calculation processes are 
complex, so they are not easy for common engineers to understand their basic principles and concepts. 
Water quality index is easy to calculate, but unable to deal with uncertainties associated with the 
water quality standards and water quality parameters [12]. Fuzzy comprehensive assessment method 
was used to overcome the shortcomings associated with the above methods in this study. Fuzzy 
comprehensive assessment method removes the influence of some uncertain factors, as compared to 
water quality indices [18,19]. Furthermore, the method treats main pollutants based on weights of 
evaluation factors in each sample site, which is another crucial reason to opt for the fuzzy 
comprehensive assessment method over other methods. Overdose and deficiency ingestion of 
hydrochemical effluents of groundwater can pose negative impacts on human health [20]. In the past 
two decades, intensive agricultural input and management have greatly increased production 
despite a high population increase [6]. However, this improvement has brought unexpected negative 
impacts on groundwater quality as well, because with the supply of rainwater or irrigation water, 
nitrogen can easily penetrate into groundwater through the soil [21]. With the continued rapid 
expansion of irrigation and intensive use of agrochemicals, groundwater nitrate pollution is 
becoming a serious problem that needs a great deal of attention [22–24]. In groundwater, Hudak 
reviewed that agricultural activities (especially fertilization) were a principal source of high nitrate 
levels throughout the country [25]. Rahmati et al. showed that the amount of applied nitrogenous 
fertilizer is closely related to high concentration nitrate in groundwater [26]. 

Owing to the rapid development of industry and the widespread use of agricultural fertilizers, 
groundwater nitrogen pollution has become more serious than ever, leading to multiple human 
health problems [27,28]. Several studies have revealed that nitrogen pollution (particularly nitrate) 
level in groundwater exceeds the standards set; this is further deteriorating water quality by creating 
eutrophication in surface water when groundwater discharges to surface water in their study areas 
[29,30]. Wu et al. [31] conducted a study on severe nitrate pollution and the health risks of a coastal 
aquifer and found that the groundwater nitrate concentrations exerted noncarcinogenic health risks 
for different age groups in the northern Shandong Peninsula of China. Furthermore, exposure to 
excessive nitrate concentration through drinking water is one of the reasons for methemoglobinemia 
in infants, miscarriage, and certain types of cancers, including gastric and stomach cancer [6,32]. 
Considering the importance of groundwater in arid and semi-arid regions, many interesting and 
comprehensive studies have been conducted on groundwater pollution and related health hazards 
around the world [33–35]. For example, in order to quantify the impact of different hazardous 
substances on human health, Batayneh [36], Chen et al. [6], and Ryu et al. [37] conducted a health risk 
assessment of hazardous substances in groundwater. All these studies indicated that the main route 
to expose carcinogenic and noncarcinogenic risks was the intake of contaminated groundwater, while 
a few also considered the dermal contact pathway [15,38]. Knowledge of human health risk 
assessments proposed by the USEPA is useful for evaluating potential health risks from water 
contaminants and provides scientific guidance for differential water supplies and cost-effective water 
treatments [5]. 

In Weining Plain, China, Li et al. reported that the pollution of nitrogen, Mn, and other pollutants 
in groundwater is predominantly due to intensive and extensive agricultural and industrial activities 
[27]. These factors help us to better understand the sources of nitrogen pollution and to investigate 
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appropriate measures to control such pollution. WHO has set a permissible limit for nitrate in 
drinking water, which is 50 mg/L; the corresponding national standard for China is 20 mg/L, as N 
[39]. So far, many scholars not only notify about human health risk assessment of groundwater 
pollution around the world, but also provide useful insights for the protection of human health. 
Batheja et al. reported that a higher concentration of nitrate was found in the groundwater wells 
around the agricultural areas [40]. Su et al. suggested that health risk from nitrate-nitrogen in 
groundwater in an agricultural area was higher than that in urban areas of northeast China [38]. The 
study of [41] points out that a comprehensive understanding of the potential health risks of nitrate in 
drinking water is essential for making proper decisions to reduce the contamination and protect 
residents from health hazards. Researchers and organizations never stop worrying about the 
deterioration of groundwater quality and its potential human health risks. 

A geographic information system (GIS) is one of the most powerful techniques commonly used 
for spatial information analysis and management. GIS can be used to delineate the spatial extent of 
contaminated sites both in natural and anthropogenic affected areas [42]. Moreover, it can be used to 
generate real-time figures of water-related problems in inaccessible areas [43]. The spatial 
distribution map of groundwater quality parameters, health risk, and water quality assessment can 
be outlined using spatial interpolation techniques in ArcGIS software. Inverse distance weight (IDW) 
is a widely used spatial interpolation method in assessing spatial distribution of groundwater quality 
[44]. Therefore, the IDW interpolation technique was used for analyzing spatial distribution of 
groundwater quality and health risk of nitrate around Fuyang City, Anhui Province, China. 

The specific aims of this study were to (i) assess shallow groundwater quality around Fuyang 
City and (ii) assess noncarcinogenic human health risks of nitrogen for adults and children through 
drinking water intakes. The findings of the study could be helpful for local authorities to make 
sustainable decisions that imply mitigation measures to protect the groundwater quality in Fuyang 
City, in specific, and in China, in general. Finally, the research approach and findings might help 
global scholars to conduct further and future research in similar case studies around the world. 

2. Description of the Study Area 

Fuyang City is located in the northwest of Anhui Province, China (Figure 1). The study area is 
located in the southern part of the Huang-Huai-Hai and western Huaibei Plain. The topography of 
the area can be divided into two types of alluvial plain and denudation-alluvial plain based on their 
genetic morphology with 26 to 36 m elevation ranges above mean sea level (a.m.s.l.). Generally, the 
average land elevation is higher in the northwest and lower in the southeast, with an average ground 
surface slope of about 1/8000. [45] 
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Figure 1. Map of the study area and location of shallow groundwater sampling sites. 

The study area belongs to a warm temperature, semi-humid, monsoon climate, which is mild 
and humid, with adequate sunshine, moderate rainfall, and four distinct seasons. According to the 
meteorological data of the Fuyang Meteorological Bureau, the average annual temperature and 
annual precipitation are 14.9 °C and 901 mm, respectively. The maximum annual precipitation 
occurred in 1956, with a value of 1618.7 mm, and the minimum occurred in 1953 with a value of 440.8 
mm. Generally, precipitation is subject to high temporal and spatial variation in the study area. The 
concentration of precipitation mostly occurs in June, July, and August in each annual flood season, 
accounting for about 48.3% of the annual precipitation. The rainfall was the highest in July, with an 
average monthly value of 217.9 mm. The annual average evaporation is 1604.2 mm. 

The rivers around Fuyang City belong to the Huaihe River system. The main rivers flowing 
through the city include the Ying River, Quanhe River, and Cihuaixinhe River. All these rivers and 
ditches converge into the Huaihe River. 
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3. Geological and Hydrogeological Settings 

The stratigraphic lithology of the study area is mainly covered by Quaternary strata, with a 
thickness of about 130–150 m [45], and it varies from one location to another, which is thin in the 
northeast and thick in the northwest. Geologically, the strata of shallow groundwater are the upper 
Pleistocene and the Holocene. The upper Pleistocene is widely outcropped on the land surface, with 
a total thickness of 27–48 m, and it consists of silty clay, silty sand, and fine sand. The Holocene is 
exposed on both sides of the Yinghe River and the Laoquanhe River, the alluvial origin with a width 
of 2.6–6.5 km and an average thickness of 14.4 m [45]. The lithologies are mainly silty sand, sand, and 
silty clay, and there are weak interlayers composed of mud clay in some parts of the study area. 

The aquifer formation in the study area is characterized by loose, sandy, and porous Cenozoic 
aquifers. Shallow groundwater occurs in shallow Holocene and late Pleistocene strata with a depth 
of about 50 m, which is closely related to atmospheric precipitation and surface water. The first 
aquifer group (shallow groundwater) is widely distributed throughout the region. The lithology of 
shallow aquifers is mainly loose structure and well-sorted silt sand. 

The terrain in the area is flat, and the lithology of unsaturated zone is dominated by clay with 
micro-fissures and sub-sandy soil with a loose structure, which easily seeps into the atmospheric 
precipitation. Under the present conditions, atmospheric precipitation is the main source for shallow 
groundwater recharge. Farmland irrigation is more common in the area, and irrigation seepage and 
lateral runoff are other sources of recharge for shallow groundwater. Evaporation, water exploitation 
by rural residents, and lateral runoff are the ways of their discharge. According to the groundwater 
monitoring data of Fuyang City in 2014, the depth to groundwater is generally within the range of 
2.5–4.7 m. The annual peak of water level occurred in the flood season from July to September, and 
the water level is lower from January to March, and the difference of water level in the other periods 
is small. The amplitude of the annual variation of the groundwater level ranges from 1 to 2 m. 
Generally, the flow of shallow groundwater in the study area is from northwest to southeast, with 
water level elevation varying from 25 to 28 m [45]. 

4. Materials and Methods 

4.1. Sampling and Analysis 

The sampling process was carried out with prescribed national technical guidelines, and 
recommended precautions were taken to avoid misinterpretation of data and induced contamination. 
Before sampling, the selected groundwater wells were pumped for ten minutes to remove the 
stagnant water stored at the well screen, and the water samples were stored in polyethylene 
containers, and each of the sampling containers was previously washed and rinsed thoroughly with 
the groundwater before sampling. In this sampling investigation, we have 10% duplicate samples, 
which were sent to another testing laboratory to test for quality control. Therefore, we had one sample 
at each of the 34 locations, in which we had one more parallel sample at each of 4 locations. Excluding 
the four parallel samples, a total of 34 samples (Figure 1) were collected from private groundwater 
wells, with depth less than 38 m, during January 2015, and their locations were obtained by using a 
portable GPS device. Part wells that are located in the urban areas and towns are not used for 
supplying drinking water now. Others are located in villages. Most of them were used for drinking 
purposes in our field investigation. All samples were sealed tightly to prevent contamination and 
timely sent to the Laboratory of Anhui Geological Environment Monitoring Station within a holding 
time of 24 h and stored in ice-box until analyzed for further processing. The samples were analyzed 
within 5 days. For this study, pH, total dissolved solids (TDS), total hardness (TH), potassium (K+), 
sodium (Na+), calcium (Ca2+), magnesium (Mg2+), chloride (Cl−), sulfate (SO42–), bicarbonate (HCO3−), 
ammonia nitrogen (NH4-N), nitrate (NO3-N), nitrite (NO2-N), chlorides (Cl−), fluoride (F−), ferric iron 
(Fe3+) and manganese (Mn), etc., were analyzed as the indicators of groundwater pollution. 
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4.2. Groundwater Quality Assessment 

For groundwater quality assessment, several scientific approaches have been proposed, in 
which fuzzy comprehensive assessment method is extensively used in appraisal water quality 
assessment [10]. In this study, the overall groundwater quality assessment was carried out using 
fuzzy comprehensive assessment method to determine the suitability for human consumption 
[10,46,47]. With respect to national groundwater quality standards [39], groundwater quality can be 
classified into five grades: excellent (grade I), good (grade II), fair (grade III), poor (grade IV), and 
very poor (grade V), as displayed in Table 1. 

Table 1. Classification of quality of groundwater according to national Chinese standard [39]. 

Variables 
Grades 

I II III IV V 
NH4-N ≤0.02 ≤0.1 ≤0.5 ≤1.5 >1.5 
NO3-N ≤2 ≤5 ≤20 ≤30 >30 
NO2-N ≤0.01 ≤0.1 ≤1 ≤4.8 >4.8 

Fe3+ ≤0.1 ≤0.2 ≤0.3 ≤2 >2 
Mn ≤0.05 ≤0.05 ≤0.1 ≤1.5 >1.5 
Cl− ≤50 ≤150 ≤250 ≤350 >350 
F− ≤0.2 ≤0.5 ≤1 ≤2 >2 

TDS ≤300 ≤500 ≤1000 ≤2000 >2000 
TH ≤150 ≤300 ≤450 ≤550 >550 

Water quality Excellent Good Fair Poor Very poor 

The principle procedure of fuzzy comprehensive assessment method is described as shown 
below. 

The membership function at the first level is expressed as: 
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The membership function at j = m is: 
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where 𝑟௜௝ is the fuzzy membership degree of parameter i (i = 1, …, n) to grade j (j = 1, …, m), 𝑥௜  is 
the measured value of concentration for ith parameter, and 𝑠௜௝ is the standard value of the given 
parameter i at grade j. The evaluation of fuzzy membership matrix R obtains the water quality 
parameters and classes for each groundwater sample (k) and is expressed as follows: 
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The weight vector of water quality indicator is defined as [10,48]: 
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where 𝑤௜௞ is the weight vector of parameter i to the kth sample, 𝑥௜  is the measured value of the ith 
parameter, and the variables of n, m, and k signify the number of parameters, water quality grades, 
and sample, respectively. Through the above Equation (5), the single weight vector can be 
constructed as 𝐴௞ = ሾ𝑤ଵ௞, 𝑤ଶ௞, … ,𝑤௡௞ሿ. 

After the fuzzy weight vector A and the fuzzy relation matrix R are obtained, the fuzzy 
membership subset B of evaluation of the groundwater quality can be obtained by the compound 
operation of A and R; finally, the comprehensive evaluation results of each sample 𝐵௞×௠ is formed 
as follows: 
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The fuzzy 𝐵௞×௠ indicates the membership degree of the water quality of the evaluated water 
body (sample) to the standard water quality at all levels, which reflects the fuzziness of the 
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determination of comprehensive water quality level based on the principle of maximum membership 
degree. 

4.3. Health Risk Assessment 

Health risk assessment is an important role to appraise the negative impacts of pollutants on 
human health. Hence, gaining a comprehensive knowledge of human health risk assessment is 
essential to protect human health hazards from various toxic chemical elements, to ascertain 
groundwater quality assessment and management [28,41]. Contaminated groundwater enters the 
human body through different pathways such as drinking water intake and dermal contact, and it 
may pose several risks to human health [15]. Numerous studies have recommended that the health 
risks of contaminated groundwater through dermal contact can be negligible as compared to 
drinking water intake [6,49,50]. Therefore, this study only focuses on the noncarcinogenicity risk 
assessment through drinking water intake on the health of local residents. The human health risk 
assessment models recommended by the Ministry of Environmental Protection of the P.R. China [51] 
are based on the model of the United States Environmental Protection Agency (USEPA) [52]. 
Considering USEPA models, many scholars broadly used these four steps including hazard 
identification, dose–response assessment, exposure assessment, and risk characterization during the 
assessment [28,53]. In the present study, nitrogen pollutants, mainly ammonia nitrogen (NH4-N), 
nitrate (NO3-N), and nitrite (NO2-N), were selected as parameters for human health risk assessment. 
The calculated health risk assessment which is greater than one is unsafe for drinking purposes. 
Therefore, the noncarcinogenic risk through drinking water intake pathways can be calculated as 
follows [28,52]: 

IR EF ED
BW AT

CE × × ×=
×

, (8) 

RfD
EHQ = , (9) 

where E indicates the average daily dose through drinking water intake per unit weight (mg/(kg·d)), 
C is the concentration of the pollutant in water (mg/L). IR indicates the water ingestion rate (L/day). 
In this study, the ingestion rate with a value of 1.5 and 0.7 L/day was used respectively for adults and 
children [15,50]. EF is the exposure frequency (365 days/year), ED is the exposure duration, with a 
suggested value of 30 years for adults and 12 years for children. BW represents the body mass of a 
person (kg), with a proposed value of 56.8 kg for adults and 15.9 kg for children in this study [50]. 
AT represents the average exposure time for noncarcinogenic effect (days), which is 10,950 days for 
adults and 4380 days for children. HQ and RfD represent the hazard quotient and reference dosage, 
respectively, for noncarcinogenic pollutants through the drinking water intake pathway (mg/(kg·d)). 
In this study, the values of RfD are 0.97, 1.6, and 0.1 mg/(kg·d) for NH4-N, NO3-N, and NO2-N, 
respectively [49,51,54]. 

To calculate the overall adverse effect of noncarcinogenic multiple pollutants through the 
drinking water intake exposure pathways on the human body, the total risk (HItotal) can be calculated 
as follows: 

1total
n

i
i

HI HQ
=

=  (10) 

where HItotal indicates hazard index; it is the sum of each of the noncarcinogenic chemical pollutants 
of hazard quotients, i refers to target pollutants in groundwater. Additionally, when the value of HQ 

exceeds 1, which is vulnerable to health risks, the HQ < 1 indicates an acceptable level of 
noncarcinogenic risk. Alike the HQ, HItotal > 1 means that the noncarcinogenic risk of contaminant is 
beyond the acceptable limit, while HItotal < 1 indicates that the risk is within the acceptable limit. 
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5. Results and Discussion 

5.1. Nitrogen Pollution in Groundwater and Other Parameters 

The groundwater samples of different physicochemical parameters were analyzed, and the 
concentration of physicochemical parameters such as pH, TDS, TH, K+, Na+, Ca2+, Mg2+, Cl−, SO42−, 
HCO3−, NH4-N, NO3-N, NO2-N, F−, Fe3+, and Mn were determined, and statistically described in terms 
of minimum (Min), maximum (Max), mean, standard deviation (SD), and coefficient of variation (CV), 
as illustrated in Table 2. The national standard prescribes that the limit for pH value of drinking water 
is 6.5–8.5, while if it is not within the acceptable limit, it causes impacts on human health. As shown 
in Table 2, the groundwater pH of the study area shows neutral to slightly alkaline ranging values 
(7.26 to 8.57, averaging at 7.99). The TDS and TH of shallow groundwater samples in the study area 
ranged between 423.77 and 1366.50 and 194.33 and 785.34 mg/L, averaging at 706.11 and 310.23 mg/L, 
respectively (see Figure 2b). The spatial distribution of TDS and TH concentration is shown in Figure 
3a,b. As shown in Figure 3a,b, both TDS and TH show some high concentration spots in the study 
area. The highest TDS concentration was observed in Chengji and the northeast part of the area 
(Figure 3a), and the highest TH was found in Chengji and Chahua (Figure 3b). TDS and TH exceeded 
recommended limits in nine sample sites and accounted for 11.8 and 14.7% of the entire samples, 
respectively. Yet, the averages of both TDS and TH were within the prescribed limit, indicating that 
mixing can effectively control their concentrations, as reported in [15]. The TDS and TH enrichment 
in groundwater may be due to soluble salts and minerals dissolving into groundwater, and human 
intervention [8,46,49,55]. As shown in Table 2, the concentrations of major cations, namely K+, Ca2+, 
and Mg2+, were in the range of 0.28 to 0.72, 44.89 to 222.70, and 17.28 to 73.31, with an average of 0.45, 
78.33, and 27.84 mg/L, respectively, signifying that all concentrations were within the acceptable limit. 
The HCO3− concentration ranged between 266.39 and 821.58 with a means of 458.59 mg/L and it 
exceeded the recommended value of drinking water quality of WHO standards. Sodium (Na) plays 
an important role in a certain amount, but the excessive use of Na concentration may lead to various 
health problems such as hypertension, vomiting, and kidney disorders [55,56]. In this study, Na 
concentration varied from 20.34 to 184.50 mg/L with an average of 70.65 mg/L and was acceptable for 
drinking purpose. The concentration of Cl− and SO42− anions ranged between 1.77 and 160.23 mg/L 
and 0.25 and 160.22 mg/L, with an average of 28.52 and 31.99 mg/L, respectively, and both were 
within the permissible limits of the Chinese standards (250 mg/L for each). 

Table 2. Statistical analysis of the physicochemical parameters of shallow groundwater samples in 
the study area. 

Variable Unit Min Max Mean SD CV Chinese Standard WHO 
pH - 7.26 8.57 7.99 0.28 0.04 6.5–8.5 6.5–8.5 
TDS mg/L 423.77 1366.50 706.11 218.31 0.31 1000 1500 
TH mg/L 194.33 785.34 310.23 142.09 0.46 450 500 
K+ mg/L 0.28 0.72 0.45 0.12 0.26 - 12 ** 

Na+ mg/L 20.34 184.50 70.65 44.04 0.62 200 200 
Ca2+ mg/L 44.89 222.70 78.33 43.48 0.56 400 *** - 
Mg2+ mg/L 17.28 73.31 27.84 12.35 0.44 - 150 ** 
Cl− mg/L 1.77 160.23 28.52 39.23 1.38 250 250 

SO42– mg/L 0.25 160.22 31.99 40.63 1.27 250 250 
HCO3− mg/L 266.39 821.57 458.89 116.13 0.25 - 600 ** 
NH4-N mg/L 0.04 0.24 0.06 0.05 0.91 0.5 0.5 
NO3-N mg/L 0.50 92.44 8.25 23.95 2.90 20 50 
NO2-N mg/L 0.004 * 0.22 0.01 0.04 3.04 1 3 

F− mg/L 0.04 * 1.20 0.69 0.33 0.48 1 1.5 
Fe3+ mg/L 0.04 * 4.02 0.30 0.68 2.31 0.3 0.3 
Mn mg/L 0.01 * 0.89 0.23 0.17 0.73 0.1 0.1 

*: limit value of detection; ** refer to [57]; *** refer to [49]. 
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Figure 2. Box plots with respect to the reference Chinese national standards values for the selective 
chemical parameters (in mg/L) of the groundwater. (a) concentrations of relatively low-content 
chemical constituents; (b) concentrations of relatively high-content chemical constituents. 

  

  

  
Figure 3. Spatial distribution of contaminants in groundwater: (a) TDS, (b) TH, (c) NO3-N, (d) F−, (e) 
Fe3+, and (f) Mn. 
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As several researchers have reported, an intensive amount of nitrogenous fertilizer utilization in 
agricultural practices is one of the most common sources of nitrogen in groundwater [6,8,56]. The 
results for NH4-N and NO2-N were found to vary from 0.04 to 0.24 and 0.004 to 0.22 mg/L, with a 
mean of 0.06 and 0.01 mg/L, respectively (see Figure 2a). The range concentration of nitrate-nitrogen 
reported in this study was varied from 0.5 to 92.44 mg/L, with an average value of 8.25 mg/L (Figure 
2b). In this study, high NO3-N pollution of groundwater may be related to extensive agricultural 
activities. The safeguard limits set for NH4-N, NO3-N, and NO2-N are 0.5, 20, and 1.0 mg/L, 
respectively, out of which only NO3-N was shown to deviate out and, in turn, can be considered as a 
major contaminant. The spatial distribution of NO3-N concentration was shown in Figure 3c. As can 
be seen from Figure 3c, NO3-N concentration is not uniformly distributed in the study region, and 
also very higher NO3-N concentration was observed in the Datian, Chahua, and Central parts of the 
area. Three samples (accounting for 8.82%) were beyond acceptable limits according to the national 
Chinese drinking water standards. 

Fluoride in drinking water within the permissible limit (1.0 mg/L) is essential to protect dental 
caries (tooth decay). However, taking too much fluoride concentration frequently can cause health 
problems such as dental and skeletal fluorosis [58–61]. The obtained fluoride water sample ranged 
between 0.04 and 1.2 mg/L, with a mean of 0.69 mg/L (Figure 2a), and the spatial distribution was 
shown in Figure 3d. Sites with high concentrations of fluoride were mainly found in the southwest, 
southeast, northwest, and northeastern parts of the study area. The high concentration of fluoride in 
groundwater mainly related to lithological reasons and related to fluoride-bearing minerals [62]. 
Seven samples (20.6% of all samples) exceeded the permissible limit according to the national Chinese 
drinking water standard in the present study. 

Measured values of Fe3+ and Mn were in the range of 0.04–4.02 and 0.01–0.89 mg/L, respectively, 
whose concentration distributions were shown as in Figure 3e,f. According to the national standard, 
this stipulates that both Fe3+ and Mn are not meeting the requirement for drinking water (Figure 2a). 
Eight samples (about 23.5% of the total samples) and thirty samples (about 88.2% of the total samples) 
for Fe3+ and Mn concentration, respectively, exceeded permissible limits. Fe3+ with high 
concentrations was mainly distributed in the southeast part of the study area, whereas Mn with high 
concentrations mainly existed in Chengji, Chahua, and southeast regions. The enrichment of Fe3+ and 
Mn trace elements in groundwater is considered through natural interactions of water with rocks and 
soils [34]. Generally, according to the Chinese standard values, pH, TDS, TH, NO3-N, F—, Fe3+, and 
Mn in this study area exceed the standard concentration for drinking purposes [39], and their spatial 
distributions are depicted in Figure 3. 

5.2. Groundwater Quality Assessment 

Fuzzy comprehensive assessment method was applied to evaluate the overall groundwater 
quality in this study. The obtained results of NH4-N, NO3-N, NO2-N, Fe3+, Mn, Cl−, F−, TDS, and TH 
were selected as parameters to investigate groundwater quality assessment in this study. This 
selection is based on regular monitoring by local environmental authorities for their critical 
importance to drinking water quality and their potential impacts on human health [11]. The 
calculated results are presented in Table 3. As shown in Table 3, the assessment results of the study 
area exhibit of groundwater samples were classified into grade II, III, IV, and V. 
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Table 3. Assessment results of shallow groundwater quality based on fuzzy comprehensive approach. 

Sample 
Membership Degree 

Grade Water Quality 
j = Ⅰ j = Ⅱ j = Ⅲ j = Ⅳ j = Ⅴ 

S01 0.169 0.461 0.365 0.005 0.000 Ⅱ good 
S02 0.160 0.630 0.170 0.040 0.000 Ⅱ good 
S03 0.075 0.031 0.118 0.162 0.614 Ⅴ very poor 
S04 0.060 0.119 0.106 0.399 0.316 Ⅳ poor 
S05 0.057 0.039 0.131 0.070 0.703 Ⅴ very poor 
S06 0.186 0.542 0.251 0.021 0.000 Ⅱ good 
S07 0.180 0.261 0.468 0.092 0.000 Ⅲ fair 
S08 0.094 0.437 0.371 0.098 0.000 Ⅱ good 
S09 0.137 0.407 0.454 0.002 0.000 Ⅲ fair 
S10 0.122 0.300 0.498 0.080 0.000 Ⅲ fair 
S11 0.224 0.377 0.382 0.017 0.000 Ⅲ fair 
S12 0.038 0.308 0.559 0.095 0.000 Ⅲ fair 
S13 0.075 0.497 0.401 0.026 0.000 Ⅱ good 
S14 0.161 0.199 0.633 0.008 0.000 Ⅲ fair 
S15 0.055 0.223 0.622 0.100 0.000 Ⅲ fair 
S16 0.027 0.079 0.202 0.123 0.570 Ⅴ very poor 
S17 0.181 0.201 0.454 0.165 0.000 Ⅲ fair 
S18 0.168 0.210 0.617 0.005 0.000 Ⅲ fair 
S19 0.230 0.229 0.448 0.092 0.000 Ⅲ fair 
S20 0.203 0.296 0.501 0.000 0.000 Ⅲ fair 
S21 0.228 0.250 0.434 0.088 0.000 Ⅲ fair 
S22 0.144 0.208 0.574 0.074 0.000 Ⅲ fair 
S23 0.026 0.153 0.097 0.057 0.667 Ⅴ very poor 
S24 0.130 0.361 0.405 0.104 0.000 Ⅲ fair 
S25 0.251 0.463 0.271 0.015 0.000 Ⅱ good 
S26 0.205 0.403 0.393 0.000 0.000 Ⅱ good 
S27 0.129 0.521 0.279 0.071 0.000 Ⅱ good 
S28 0.071 0.368 0.452 0.108 0.000 Ⅲ fair 
S29 0.174 0.335 0.469 0.022 0.000 Ⅲ fair 
S30 0.150 0.565 0.262 0.023 0.000 Ⅱ good 
S31 0.192 0.597 0.202 0.009 0.000 Ⅱ good 
S32 0.180 0.405 0.412 0.002 0.000 Ⅲ fair 
S33 0.217 0.288 0.456 0.039 0.000 Ⅲ fair 
S34 0.235 0.331 0.432 0.002 0.000 Ⅲ fair 

In the present study region, as compared with the Chinese national classification of the 
groundwater quality standards values, the observed parameters of NO3-N, TH, and Fe3+ content fall 
within very poor water quality (V) in 8.82, 5.88, and 2.94% of the groundwater samples, respectively, 
while Mn, Fe3+, F−, TDS, and TH come under poor water quality (IV) in 88.24, 20.59, 20.59, 11.76, and 
8.82% of the groundwater samples, respectively (Figure 4). 

Out of the 34 sampling sites, ten groundwater sampling sites (accounting for 29.4%) belong to 
grade II (good quality), which is suitable for various purposes. The water quality samples at nineteen 
sampling sites (about 55.9% of all samples) are classified as grade III (fair quality), which can be used 
as drinking water with precaution. Only five samples are categorized as poor and very poor quality, 
accounting for 2.9% and 11.8% of the total groundwater samples, respectively. The poor and very 
poor quality water is not suitable for drinking, but after proper treatment, it might be used for 
recreation and irrigation purposes. 
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Figure 4. Percentage of the shallow groundwater samples for drinking purposes in five water quality 
categories. 

The assessment results of groundwater quality were used for spatial interpolation. The spatial 
distribution of groundwater quality assessment was obtained as shown in Figure 5. As shown in 
Table 3 and Figure 5, the evaluated groundwater quality of more than half of the total samples, is 
dominated by fair quality water and may require some treatment measures to improve the quality of 
drinking water. The main pollutants in deterioration of groundwater quality at sampling site S04 
(poor quality) are TH, TDS, and Mn. The very poor quality (S03, S05, S16, and S23,) are severely 
polluted with NO3-N, TH, TDS, and Fe3+ (Figure 4). In recent years, with the infiltration of fertilizers, 
discharge of industrial and domestic sewage was the main reason for the increase in NO3-N 
concentration in groundwater. TH, TDS, Fe3+, and Mn could be both the geogenic process that causes 
groundwater pollution through water–rock interaction and relatively strong evaporation, and the 
area with poor and very poor quality water was mainly observed in the Chahua, Datian, Chengji, 
central and southeast areas. 

 
Figure 5. Spatial distribution of shallow groundwater quality based on fuzzy comprehensive 
assessment result. 

From the spatial distribution of groundwater quality assessment, we can easily identify the 
contaminated site and also provide an insight into potentially contaminated areas, in which serious 
efforts should be taken to mitigate or reduce the deterioration of groundwater quality and to satisfy 
the municipal groundwater demand. In addition, regular monitoring should be carried out to prevent 
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pollution and consumption by residents. That could be useful for government officials and local 
residents. 

5.3. Health Risk Assessment 

Seriously polluted groundwater by nitrogen is unsafe for drinking and poses a high risk to 
human health. In this study, the concentration of nitrate, nitrite, and ammonium was investigated. 
As mentioned above, the obtained concentrations of ammonium and nitrite in the present study were 
within acceptable limits [39,63]. According to the results, only the concentration of nitrate was higher 
than the acceptable standard values, and therefore, the noncarcinogenic risk assessment through 
drinking water intake is calculated only for it. The result of the health risk assessment was calculated 
based on the approach mentioned above. The calculated results of health risk incurred by 
noncarcinogenic nitrate pollution through drinking water intake are shown in Table 4, for adults and 
children, respectively. 

Table 4. The exposure dosage through drinking water intake (E) and the hazard quotient of nitrate-
nitrogen (mg/L) for the drinking water in Fuyang City. 

Sample Nitrate-Nitrogen RfD 
E HQ 

Adult Child Adult Child 
S01 0.5 1.6 0.013 0.022 0.008  0.014  
S02 0.5 1.6 0.013 0.022 0.008  0.014  
S03 78.66 1.6 2.077 3.463 1.298  2.164  
S04 0.56 1.6 0.015 0.025 0.009  0.015  
S05 92.44 1.6 2.441 4.070 1.526 2.544 
S06 0.5 1.6 0.013 0.022 0.008 0.014 
S07 0.5 1.6 0.013 0.022 0.008 0.014 
S08 0.5 1.6 0.013 0.022 0.008 0.014 
S09 0.5 1.6 0.013 0.022 0.008 0.014 
S10 3.17 1.6 0.084 0.140 0.052 0.087 
S11 0.5 1.6 0.013 0.022 0.008 0.014 
S12 0.5 1.6 0.013 0.022 0.008 0.014 
S13 6.94 1.6 0.183 0.306 0.115 0.191 
S14 0.5 1.6 0.013 0.022 0.008 0.014 
S15 4.73 1.6 0.125 0.208 0.078 0.130 
S16 80.18 1.6 2.117 3.530 1.323 2.206 
S17 0.5 1.6 0.013 0.022 0.008 0.014 
S18 0.5 1.6 0.013 0.022 0.008 0.014 
S19 0.5 1.6 0.013 0.022 0.008 0.014 
S20 0.5 1.6 0.013 0.022 0.008 0.014 
S21 0.5 1.6 0.013 0.022 0.008 0.014 
S22 0.5 1.6 0.013 0.022 0.008 0.014 
S23 0.5 1.6 0.013 0.022 0.008 0.014 
S24 0.52 1.6 0.014 0.023 0.009 0.014 
S25 0.5 1.6 0.013 0.022 0.008 0.014 
S26 0.5 1.6 0.013 0.022 0.008 0.014 
S27 0.5 1.6 0.013 0.022 0.008 0.014 
S28 0.5 1.6 0.013 0.022 0.008 0.014 
S29 0.5 1.6 0.013 0.022 0.008 0.014 
S30 0.5 1.6 0.013 0.022 0.008 0.014 
S31 0.69 1.6 0.018 0.030 0.011 0.019 
S32 0.65 1.6 0.017 0.029 0.011 0.018 
S33 0.5 1.6 0.013 0.022 0.008 0.014 
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S34 0.5 1.6 0.013 0.022 0.008 0.014 

As shown in Table 4, the range of HQ values of NO3-N for adults is 0.008–1.526, with means of 
0.136. For children, it varies from 0.014 to 2.544, with an average value of 0.227. The hazard quotient 
of nitrate through drinking water intake was higher than the acceptable standards [15,52]. This 
indicates that NO3-N is the most deleterious effect for high human health risk in the present study. 
The highest risks of nitrate are 1.526 and 2.544, with the means of 0.136 and 0.227 for adults and 
children, respectively, which demonstrated that children are more susceptible to groundwater 
nitrogen contamination as mentioned in Table 3, when the groundwater quality of wells S03, S05, 
and S16, and categorized as being grade V, which is classified as very poor groundwater quality, was 
also deemed to be unsuitable for drinking purposes. Also, these three sites will pose noncarcinogenic 
health risks to adults and children. This indicates that the noncarcinogenic risks of NO3-N in very 
poor groundwater quality are beyond the permissible limit. Regions of poor and very poor 
groundwater quality can be targeted for more detailed investigation and tight monitoring programs. 
On the contrary, the sample sites of S04 and S23 fall under poor and very poor groundwater quality, 
but the noncarcinogenic health risks of NO3-N were within an acceptable limit. For NO3-N, the HQ 
values of about 88.2% of all samples were less than 1 for both adults and children when groundwater 
was classified as good and fair groundwater quality in the present study. In general, compared to 
the overall groundwater quality assessment results, it can be found that some water samples which 
are classified as unsuitable water for drinking purposes are not associated with a high risk to adults 
and children, suggesting that even groundwater with unacceptable quality cannot pose acceptable 
potential health risks on humans. Therefore, health risk assessment should always be accompanied 
by overall groundwater quality assessment. 

Therefore, government officials and public health workers should pay more attention to 
groundwater polluted by nitrogen pollution, especially the noncarcinogenic risk induced by nitrate 
in the present study. Furthermore, the contaminated groundwater should be urgently treated before 
direct consumption by local residents. Similarly, several studies were conducted with regard to 
health risk assessment all over the world, which indicates that the noncarcinogenic risk of nitrate via 
drinking water should be of high concern and cannot be ignored. 

In the present study, the content of NO3-N and other chemical components in groundwater was 
analyzed. Then, the risk assessment results were obtained. Health risk assessment has some sources 
of uncertainty resulting from parameter and input data uncertainty [15], such as unevenly distributed 
sampling, sample analyses, and strong spatial variability of groundwater quality. Despite uncertainty 
in health risk assessment due to the uncertainty of parameters and input data, the research results 
are still of significance and practical value for scientific decision-making. For instance, Chen et al. 
used the USEPA human health risk assessment method to evaluate health risks of nitrate 
contamination in an agricultural area of Ningxia, northwest China, only by drinking water pathways 
to humans [6]. They found that eight and four collected samples would have unacceptable 
noncarcinogenic risks for infants and adults, respectively. Similarly, Su et al. (2018) conducted a 
detailed study on the health risk of nitrogen pollution in the Shenfu mining area. They found that 
30.3% and 40.8% of all collected samples have noncarcinogenic risk exceeding the permissible limit 
recommended by the USEPA for adults and children, respectively. The study results are valid and 
meaningful, despite these uncertain factors in the research process and results. 

6. Conclusions 

In this study, 34 groundwater samples from Fuyang City were collected and analyzed for 
physicochemical parameters based on national technical regulations. The overall groundwater 
quality assessment was conducted using fuzzy comprehensive assessment method, and the 
noncarcinogenic health risk due to groundwater pollution was assessed for adults and children 
through drinking water intake. 

The pH values of shallow groundwater in this study area are generally neutral to slightly 
alkaline in nature. The TDS and TH fall under the brackish and very-hard water category, accounting 



Water 2020, 12, 3341 16 of 20 

 

for 11.8% and 14.7% of total samples, respectively, and very-higher concentration was found in 
Chengji and the northeast part of the area. According to the national groundwater quality standards, 
the analyzed parameter of water samples of pH, TDS, TH, NO3-N, F—, Fe3+, and Mn were beyond the 
acceptable limits for drinking purposes. The results revealed that the concentrations of K+, Na+, Ca2+, 
Mg2+, Cl−, SO42−, HCO3−, NH4-N, and NO2-N of groundwater samples were within acceptable limits. 
In the study, the concentration of NO3-N ranged from 0.5 to 92.4 mg/L; 8.8% of groundwater samples 
were above the acceptable limit, which mainly results from extensive agricultural activities in the 
region. Hence, higher NO3-N concentrations were mainly distributed in the Datian, Chahua, and 
central part of the study area. 

The map of evaluated groundwater quality results was categorized into four regions, in which 
29.4%, 55.9%, 2.9%, and 11.8% of the area belong to good, fair, poor, and very poor quality water, 
respectively. The good and fair quality water can be used for drinking purposes, but poor and very 
poor quality water is unsuitable for drinking and requires deep treatment before utilization. The poor 
and very poor quality groundwater were mainly collected from the Chahua, Datian, Chengji, central 
and southeast areas, which are not recommended to be the water-source region for the study area. 
NO3-N, TH, TDS, Fe3+, and Mn are the major pollutants in the study area determined through fuzzy 
comprehensive evaluation, which mainly originates from natural and anthropogenic activities. 

Nitrogen pollution of groundwater can have a potential negative impact on the health of the 
local residents through drinking water intake, particularly nitrate-nitrogen in the present study area. 
The noncarcinogenic risk of nitrate-nitrogen ranges from 0.008 to 1.526 and from 0.014 to 2.544 with 
the means of 0.136 and 0.227 for adults and children, respectively. This indicates that children are 
more susceptible to nitrate-nitrogen pollution. In addition, nitrate-nitrogen contributes the most to 
human risk in this study, which requires more attention from authorities and decision-makers. 
Therefore, polluted groundwater should be urgently treated before direct consumption by local 
residents. 
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