
Introduction

Groundwater is one of Earth’s most precious 
natural resources [1]. It is vital to human health and 
the quality and quantity of grains because it affects 
soils, crops, and the surrounding environment [1,2]. 
However, due to environmental changes andhuman 

activities, groundwater quality is deteriorating at an 
alarming rate [3]. In recent years, the excessive use of 
chemical fertilizers and pesticides in agricultural areas 
hasbecome a major source of groundwater pollution, 
attracting considerable attention [4,5].

Since 2006, China has become the world’s largest 
producer and consumer of fertilizers. In 2016, global 
fertilizer consumption was approximately 187 million 
tons, of which China’s consumption was 59.84 million 
tons [6,7]. The large-scale use of chemical fertilizers, 
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especially the excessive use of nitrogen fertilizers, has 
led to an increase in groundwater nitrate pollution. 
According to a water resources survey conducted by 
Shenyang Geological Survey, China Geological Survey 
in the Songnen Plain, the nitrate over-standard rate was 
28% and the over-standard area was 15.7%. The average 
NO3 content in water resources reached 18.49 mg/L, and 
individual survey points reached 70 mg/L. According 
to studies, nitrate nitrogen in water has a more harmful 
effect on humans and aquatic organisms. For example, 
when water with a nitrate content of greater than  
10 mg/L is consumed over time, methemoglobinemia 
occurs. A blood methemoglobin content of 70 mg/L 
results in suffocation. According to the results of the 
geological survey of the Changji Economic Circle 
during 2016-2018, the nitrate content (N) of groundwater 
in the study area ranged from 0-73.36 mg/L. The high 
nitrate content of groundwater in this area is mainly 
caused by agricultural pollution. Groundwater nitrate 
pollution threatens human health and safety; therefore, 
it is necessary to expand the health risk assessment of 
groundwater to assess nitrate pollution, and provide a 
reference for groundwater management and pollution 
prevention [8,9].

In rural areas, local residents directly draw 
from wells for drinking and irrigation. Their long-
term exposure to groundwater with high nitrate 
concentrations has greatly increased the potential risk. 
Considering the serious impacts of groundwater nitrate 
pollution on human health, it is important to establish 
the relationship between groundwater nitrate and human 
health and to assess the degree of damage. This process 
is called the human health risk assessment (HHRA) 
model.

To characterize the current status of groundwater 
nitrate pollution in the Lianhuashan area, and 
quantitatively analyze the risk of groundwater nitrate 
pollution to human health, this study has the following 
aims. First, we determine the spatial distribution of 
major chemical parameters in the groundwater of the 
Lianhuashan area. Then, the relationship between 
groundwater chemistry and nitrate is analyzed using 
principal component analysis (PCA), and the nitrate 
contamination of groundwater is discussed. Finally, 
the HHRA model as recommended by the U.S. 
Environmental Protection Agency is used to assess 
the human health risks of nitrate contamination in 
groundwater. To reflect actual conditions, we consider 
both skin contact pathways and drinking water. 
Recipients (human) are divided into four groups (adult 
male, adult female, child, and infant). The results of 
this study will provide a basis for the management of 
groundwater resources in the government sector, and 
provide evidence for the appropriate use of nitrate 
fertilizers by the agricultural sector. In doing so, 
we hope to control groundwater nitrate pollution in 
agricultural areas, thus protecting the groundwater 
environment and human health.

Materials and Methods

Study Area

The Lianhuashan areais located in eastern 
Changchun City in northeastern China, and is attached 
to the southeastern edge of the Songnen Plains and to 
the west of the Jilin mountainous area. The study area is 
between 43°45’ and 44°57’ N, and 125°28’ and 125°50’ 
E, with an area of 417.00 square kilometers. The study 
area includes the towns of Quanyan to the northeast 
of Changchun City, Quannongshan to the southeast, 
and Sijiazi to the east (Fig. 1). The total population 
of the study area is about 0.59 million. The area is 
located in the mid-latitudes of the northern hemisphere 
and is a temperate continental semi-humid monsoon 
climate with four distinct seasons. The annual average 
temperature is 4.8ºC and precipitation is between  
522 and 615 mm, which is mostly concentrated in June-
August (61% of total annual precipitation) [10]. Annual 
average evaporation is 1239 mm and the study area is 
at an elevation of 250-350 m. Terrain slopes from the 
southeast to the northwest. The surface water system 
has developed, forming a strip-shaped valley plain 
and a junction block. The Yitong and Yinma Rivers 
flow through the area, indicating that surface water 
resources are abundant. Aquifer lithology is mainly 
medium coarse sand and gravel, with a thickness  
of 2-3 m, covered with a weakly permeable sub-clay 
[11]. The change law of aqueous medium indicates 
that thickness increases from south to north, particles 
become thicker, water richness is stronger, and the 
groundwater level changes from 5 to 10 m. The influence 
of meteorological factors and anthropogenic activities 
mean that groundwater in the region displays seasonal 
and cyclical changes. Groundwater recharge is mainly 
dependent on atmospheric precipitation and surface 
water while discharge occurs through mining and 
runoff excretion. Groundwater hydrochemical changes 
are affected by many aspects, including hydrology, 
topography, lithology, aquifer media, and human 
activities. Over the past few decades, the excessive use 
of chemical fertilizers in agricultural production has 
become an important source of groundwater pollution in 
the region.

Sampling and Measurements

Groundwater samples were taken from wells in rural 
areas mainly used for drinking. Sampling work lasted 
for two months, from June to August 2018. A total of 
73 groundwater samples were collected and analyzed 
and their distribution is shown in Fig. 1. Due to the 
consistent hydrogeological conditions in the region, the 
spatial distribution of the sampling points was relatively 
uniform, which augurs well for objective conclusions. 
To accurately reflect the current groundwater conditions 
in the local area, it was necessary to pump water for 
10 minutes at each sampling point prior to sample 
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collection. Samples were collected in bottles that were 
flushed three times with well water at the sampling 
point, filled, and sealed. The bottles were immediately 
stored in an incubator at 4ºC for subsequent analysis.

Water temperature, pH, dissolved oxygen, and 
total dissolved solids (TDS) were measured in the 
field using a calibrated multi-parameter water quality 
analyzer (HACH-HQ40D). The concentration of major 
cations (Na, K, Ca, and Mg) was determined in the 
laboratory using plasma spectroscopy (ICP-6300), and 
concentrations of major anions (Cl, SO4, and NO3) were 
determined in the laboratory using ion chromatography 
(ICS-3000). NO2 and NH4 concentrations were obtained 
using gas phase molecular absorption spectrometry 
(GMA-3376), and bicarbonate concentration was 
obtained by titration.

Human Health Risk Assessment Model 
and Parameter Acquisition

Health risk assessment describes the adverse health 
effects of human exposure to environmental hazards 
[12-18]. The human health risk assessment (HHRA) 
model is an evaluation method that assesses the risk 
of groundwater pollution to human health. It describes 
the degree of harm to the human body under various 
exposure pathways, and proposes recommendations to 
protect human health [19-26]. HHRA is based on four 
steps; hazard identification, dose-response assessment, 
exposure assessment, and risk characterization [27-35].

Hazard Identification

Hazard identification is the first step in HHRA. Its 
purpose is to identify the nature and strength of the 
source of risk. The hazard is the source of the risk and 

in this case refers to the ability of pollutants to cause 
adverse effects. This method of assessment requires the 
collection of large amounts of data, including natural 
background data from the study area, data on exposed 
populations, and contaminant data. To achieve this, 
detailed data were collected on the geography, geology, 
meteorology, hydrology, and hydrogeology of the study 
area. Through hydrogeological investigation in the study 
area and the use of groundwater dynamic monitoring 
data, the lithology, thickness, groundwater recharge, 
diameter, and drainage conditions of the aquifer were 
ascertained.

Data on exposed populations were obtained by 
collecting data on economic development, population 
size and composition, local residents’ living habits, and 
land use in the study area. The degree of harm to human 
health by pollutants is not only related to the type and 
quantity of pollutants, but also to human activities in 
the assessment area. Hazard identification also analyzes 
whether groundwater contamination has an adverse 
effect on human health and an acceptable level of 
deviation in human health [36, 37].

Prior to evaluation, the status of pollutants in 
the evaluation area should be accurately quantified; 
including the source, type, concentration, and 
distribution of the pollutants plus their various 
physical and chemical parameters. Pollutants whose 
concentration exceeds the standard should be used as 
characteristic pollutants.

Dose-Response Assessment

Dose-response assessment is the process of 
quantitatively estimating the relationship between the 
exposure levels of harmful factors and the incidence 
of health effects in exposed populations. Dose effect 

Fig. 1. Location and sampling sites of the study area.
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evaluation is key to health risk assessment, and it is the 
basis for the quantitative assessment of health risk. The 
dose-effect relationship can be expressed by using the 
reference dose (RfD) [38]. The RfD is determined as 
follows:

                  (1)

…where RfD, NOAEL, LOAEL, and UFs represents the 
chronic reference dose (mg/kg/d), no observed adverse 
affect level (mg/kg/d), lowest observed adverse affect 
level (mg/kg/d), and uncertainty factors, respectively.

In this evaluation, the standard for groundwater 
nitrate is 10 mg/L, the reference dose for oral intake of 
nitrate is 1.6 mg/kg•d [39], and the reference dose for 
nitrate skin intake is 0.8 mg / kg d [40].

Exposure Assessment

Exposure assessment is the process of measuring 
human exposure to pollutants at medium intensity, 
frequency, and time to provide a quantitative basis 
for assessment. The main assessment components 
include exposure media, exposure time, concentration 
and distribution of pollutants, the method and 
time of pollutant transport, receptor exposure, and 
environmental concentration.

Combined with the health risk assessment model, the 
ingested and inhaled exposure doses were determined 
[41]. Using a questionnaire survey during the process 
of collecting water samples, drinking water and dermal 
contact were assumed to be the two main exposure 
pathways. Thus, chronic daily intake (CDI; mg/kg/d) and 
dermal absorbed dose (DAD; mg/kg/d) were calculated. 

The intake of potentially harmful substances 
through the drinking water pathway, expressed as CDI, 
is calculated as follows [42]:

                   (2)

…where CDI is the exposure (mg/kg d), expressed as the 
mass of the substance contacted per unit time; Cw is the 
average concentration of the pollutant in water (mg/L); 
IR is the amount of water intake per day (L/d), as shown 
in Table 1; EF is the exposure frequency (d/a); ED is the 
average exposure duration, generally expressed in years 
(years); BW is the average individual weight (kg), and 
AT is the average time in days (AT = 365×ED, d).

The amount of potential toxins ingested by the 
human body through skin contact is indicated by DAD 
(mg/kg•d) as follows [44]:

              (3)

…where DAD is the dose of harmful substances absorbed 
by skin contact (mg / kg•d); CW is the concentration of 
pollutants in groundwater (mg/L); Ki is the permeability 
coefficient of dermal (cm/h) in water; EF is the 
exposure frequency (d/a); SA is the skin surface area 
(cm2) available for contact; ED is the average exposure 
duration (years); EV is the bath frequency (times/d); CF 
is the unit conversion factor (L/cm3); AT is Average time 
(days); and BW is the average body weight (kg).

Risk Characterization

Risk characterization is the process of calculating 
the magnitude of the health hazard, or the probability of 
a certain health effect under different conditions, using 
the data obtained in the previous three stages. Through 
comprehensive analysis and uncertainty analysis of data 
and parameters, the probability of occurrence of risks 
and the acceptable risk characteristics of human beings 
are determined. The potential non-carcinogenic risk of 

Table 1. Recommended drinking water volumes for different age groups.

Age Group (L/d) Average Value (L/d)
Percentage Distribution (L/d)

50th 90th 95th

1 year old 0.30 0.24 0.65 0.76

3 year old 0.61 - 1.50 -

3-5 year old 0.87 - 1.50 -

5-10 year old 0.74 0.66 1.30 1.50

11-19 year old 0.97 0.87 1.70 2.00

Youth 1.40 1.30 2.30 -

Pregnant woman 1.20 1.10 2.20 2.40

Breast Feeding Women 1.30 1.30 1.90 2.20

Young people (heat or strenuous) 0.21-0.65

Young people (activity) 0.60

These data come from Zhang et al. (2008) [43].
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nitrate was assessed by calculating the hazard quotient 
(HQ) of contaminant intake (oral and skin) and RfD 
[41]. The greater the HQ value, the greater the harm to 
human health.

Regarding the health risk assessment of nitrates, the 
oral hazard quotient can be expressed as:

           (4)

…where HQoral-water indicates a non-carcinogenic 
hazard by ingestion of water (non-dimensional); 

RfDoral-water is the reference dose of water intake  
(mg/kg•d), select 1.6; and CDI is a daily chronic intake 
(mg/kg•d).

Regarding the health risk assessment of nitrates, the 
dermal hazard quotient can be expressed as:

        (5)

…where HQderm-water is non-carcinogenic dermal 
hazard quotient through dermal absorption of water 
(non-dimensional); RfDderm-water is reference dose of 
the dermal absorption (mg/kg d), select 1.0; and DAD is 
dermal absorbed dose (mg/kg•d). 

Regarding the health risk assessment of nitrates, the 
total hazard quotient can be expressed as:

HQ = HQoral-water + HQderm-water

…where HQ is the total hazard quotient (non-
dimensional); HQderm-water is non-carcinogenic 
dermal hazard quotient (non-dimensional); and HQoral-
water is non-carcinogenic oral hazard quotient (non-
dimensional).

Table 2. Reference values for exposure duration.

Exposure Receptor Exposure 
Duration(a) Unit

Child Resident 6 U.S.EPA 1990f;1994r

Adult Resident 30 U.S.EPA 1990f;1995r

Fisher 30 U.S.EPA 1990f;1996r

Farmer 40 U.S.EPA 1990f;1997r

Farmer child 6 U.S.EPA 1990f;1998r

Table 3. Statistics on the weight of Chinese residents in 2002.

Age
Weight (kg)

Age
Weight (kg)

Rural   
Male

Rural   
Female

Urban 
Male

Urban 
Female

Rural   
Male

Rural   
Female

Urban 
Male

Urban 
Female

1 mouth 5.30 5.30 5.40 5.20 9 years 30.40 28.60 26.10 25.40 

2 mouths 6.30 6.00 6.20 5.60 10 years 33.80 32.80 28.60 28.20 

3 mouths 7.10 6.80 6.90 6.30 11 years 37.40 36.70 31.90 31.80 

4 mouths 7.60 6.80 7.50 7.30 12 years 40.50 40.50 35.40 35.80 

5 mouths 8.30 7.60 8.00 7.40 13 years 44.90 44.90 39.30 40.50 

6 mouths 8.70 8.30 8.60 8.10 14 years 49.40 49.40 45.10 44.10 

8 mouths 9.50 9.00 9.20 8.70 15 years 55.20 55.20 48.60 46.70 

10 mouths 10.20 9.10 9.50 8.90 16 years 57.20 57.20 53.00 49.20 

12 mouths 10.40 9.90 9.90 9.60 17 years 58.70 58.70 54.90 51.20 

15 mouths 10.80 10.10 10.50 9.80 18 years 60.90 60.90 56.80 51.70 

18 mouths 11.70 11.00 11.00 10.40 19 years 61.20 61.20 58.80 52.30 

21 mouths 12.40 11.60 11.70 11.10 20 years 65.70 65.70 61.80 52.70 

2 years 13.50 12.70 12.80 11.90 30 years 67.50 67.50 63.20 54.70 

3 years 16.00 15.40 14.30 13.80 40 years 67.70 67.70 62.10 56.00 

4 years 17.80 17.00 16.00 15.50 50 years 67.20 67.20 60.50 55.00 

5 years 19.70 19.00 17.70 17.10 60 years 66.60 66.60 58.20 51.40 

6 years 22.20 21.10 19.40 18.70 70 years 63.50 63.50 55.50 48.60 

7 years 24.80 23.20 21.70 20.60 80 years 59.40 59.40 53.50 46.50 

8 years 27.20 26.00 23.90 22.90 -

The data comes from the National Bureau of Statistics of the People’s Republic of China, 2003.
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Statistical Analysis

PCA (SPSS 17) was used to analyze the relationship 
between the chemical type of groundwater and N 
concentration. This approach reveals the similarities 
between the different chemical components of 
groundwater. PCA can classify complex factors 
into several principal components, and analyze the 
relationship between variables and samples [13].

The study population was divided into four 
categories: adult males, adult females, children  
(2-17 years old), and infants (less than 1 year old). 
The exposure parameter values were from the U.S. 
Environmental Protection Agency, as shown in Table 
3. The weight information of residents (Table 3) is from 
official Chinese statistics. Other parameters required for 
the evaluation are shown in Table 4.

Table 4. Statistics on the weight of Chinese residents in 2002.

Parameter Meaning
Value

Unit
Males Females Children Infants

IR Amount of drinking water - - 1.5b 0.65d L/d

EF Exposure frequency 365b d/a

ED Exposure duration 30b 30b 6b 0.5d a

BW Average body weight 69.55a 60.4a - - kg

AT Average exposure time 10950 10950 2190 182.5d d 

SA Body surface areas 1700a 1600a 9035.2 3416 cm2

EV Bathing frequency 1c time/d

CF Unit conversion facter 0.002c L/cm3

Ki Dermal adsorption 0.001c cm/h

a These data come from Ministry of Environmental Protection  of the People’s Republic of China (2013).
b These data come from Su et al. (2013)[10].
c These data come from Yang et al. (2012)[40].
d These data come from Zhang (2008)[43].

Fig. 2. Box plots of the concentration distributions of groundwater chemical indicators in the study area.



Health Risk Assessment of Nitrate Pollution... 833

applications. It also has an impact on the study 
of groundwater pollutant concentration, presence, 
migration, and transformation. Statistical information on 
the physicochemical properties of groundwater samples 
in the study area is shown in Fig. 2. The concentrations 
of the analyzed parameters are in the order of TDS> 
HCO3> Ca> Cl> SO4> Na> Mg> NO3> K> NH4> NO2.

Results and Discussion

General Characteristics of Groundwater 
Chemistry

The chemical nature of groundwater determines 
its use in either domestic, industrial, or agricultural 

Fig. 3. Spatial distributions of groundwater chemical indexes (TDS, K, Na, Ca, Mg, SO4, Cl, and HCO3).
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Their concentration differs spatially (Fig. 3), reflecting 
the degree of data distribution at the sample points. 

The pH range determines the extent to which 
groundwater is disturbed on a spatial scale. The 
maximum, minimum and mean groundwater pH values 
are 7.19, 6.25, and 6.71, respectively, indicating that 
the water environment is weakly acidic. TDS indicates 
thetotal solids dissolved in the aqueous solution.  
Fig. 4 shows that the average concentration of TDS in 
the study area is 276 mg/L. The highest concentration 
of TDS is 1169 mg/L, in Gangzi Village, Quanyan 
Town. According to QSGC, approximately 12.32% of 
TDS samples exceed Class III values (Fig. 4). Overall, 
the TDS content of groundwater in the study area is 
relatively low and suitable for consumption. The main 
components of groundwater include K, Na, Ca, Mg, 
HCO3, Cl, and SO4, which determine the chemical 
type and spatial distribution of groundwater. The 
average concentration of Na ions is 20.91 mg/L, and the 
maximum concentration is 63.69 mg/L in the Gangzi 
Village and the western part of Quanyan Town. The 
average concentration of K was 3.21 mg/L and the 

maximum concentration was 31.08 mg/L. Overall, 
the K content in most parts of the study area was 
less than 3 mg/L. The average concentration of Mg is  
16.67 mg/L, and the minimum concentration is  
4.28 mg/L. Mg concentrations in the middle of Quanyan 
Town and the northwestern part of Quannongshan 
Town were the highest, up to 58.69 mg/L. The spatial 
variability of Ca is largely consistent with Mg. Generally, 
the concentration of Ca is the highest of the cations and 
its concentration is high throughout the study area. 
The concentration values of Ca at 45% of the sampling 
sites exceeded 60 mg/L, and the highest value was  
202 mg/L. The chemical composition of groundwater in 
the study area is mainly affected by the interaction of 
water and rock, especially the dissolution of carbonate 
and gypsum, and the precipitation of calcite. Reverse 
ion exchange and mineral dissolution also impact the 
groundwater concentrations of Na, K, Ca, and Mg in the 
study area.

The concentrations of SO4 and Cl are relatively 
uniform throughout the study area. The average 
concentration of SO4 was 36.61 mg/L, and the 

Fig. 4. Bar charts of different anions in groundwater chemical indexes (the standard of classification is adopted from QSGC).
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maximum value was 155.84 mg/L in Gangzi village, 
Quanyan town. The average concentration of Cl  
was 44.17 mg/L, and the maximum value was  
202.50 mg/L in Gangzi village. HCO3 concentrations 
change markedly in Shuangshan village and Xinli 
village, and the highest value reaches 319 mg/L. Spatial 
differences in the distribution of anions are apparent; 
HCO3 are the highest in the area of the southwestern 
platform while Cl and SO4 are the highest in the 
northwestern region. According to QSGC evaluation 
criteria, approximately 4.10% of Cl and 2.74% of the 
SO4 sampling points exceeded the corresponding Class 
III values (Fig. 4).

To accurately reflect and describe groundwater 
chemistry in the study area, a Piper three-line diagram 
was drawn using MapGIS 6.7 software (Fig. 5). The 
main ions of each water sample are projected into the 
diamond-shaped area, and the results represent the type 
of groundwater. The Piper diagram shows that cations 
in the groundwater are dominated by Ca and Na, and 
HCO3 and Cl are the main anions. In short, the region’s 
water chemistry is relatively simple, and the study area 
is mainly composed of Ca•Na-HCO3•Cl-type water.

Groundwater Nitrate Pollution

Fig. 3 shows statistical data for trinitrogen. NH4 
concentrations ranged from 0.01-3.81 mg/L with an 
average of 0.16 mg/L. Concentrations in 52.05% of 
samples exceeded Grade III levels (0.2 mg/L of N; 
Fig. 4). Less than 6.85% of the NH4 concentration 
exceeds 0.2 mg/L. 97.26% of the samples have an 
NH4 concentration of less than 1.0 mg/L, reflecting 
a relatively stable spatial distribution (Fig. 3). The 
concentration of NO2 ranged from 0-0.35 mg/L with 
an average of 0.03 mg/L. Concentrations in 9.58% of 

samples exceeded the Grade III value (0.02 mg/L of 
N; Fig. 3). Less than 2.74% of samples exceeded NO2 
concentrations of 0.3 mg/L, indicating that the NO2 
content in most of the region was relatively stable  
(Fig. 3). Compared to NO2 and NH4, NO3 showed 
marked spatial variability. Concentration values ranged 
from 0.00-340.49 mg/L with an average of 70.38 mg/L 
(Fig. 6) and more than 28.76% of samples exceeded 
Grade III values (20 mg/L of N). Results suggest that 
there is a high degree of groundwater contamination in 
the study area.

The correlation matrix between various groundwater 
components was calculated using SPSS17 software 
(Table 5). According to Zakhem and Hafez [45], the 
correlation coefficient (R2) was 0.5. NO3 is positively 
correlated with Ca (R2 = 0.80) > Cl (R2 = 0.76) > SO4 
(R2 = 0.40). The positive correlation between NO3 and Ca 
suggest that the high concentration of NO3 is related to 
fertilizer and agricultural production [46], and the high 
correlation between NO3 and Cl suggests that the use 
of organic fertilizers results in a high concentration of 
NO3 [47]. The correlation between NO3 and SO4 is high 
and is related to the discharge of domestic sewage [48]. 
There is a negative correlation between NO3 and HCO3, 
indicating that denitrification of groundwater is caused 
by human disturbance, rather than the interaction of 
groundwater and protoliths [47, 49]. Based on this data, 
we conclude that the use of agricultural fertilizers and 
the discharge of domestic sewage are the main sources 
of increased NO3 in the region’s groundwater [50, 51]. 
Correlation analysis reveals that human activities are  
a key factor behind the high levels of NO3 in the study 
area. 

Health Risks of Adult Males and Females

HHRA was used to calculate the health risks of the 
region’s adult population. The spatial distribution of 
HQ values for adult males and females are shown in  
Figs 7 and 8. HQ values for adult males range 0-1.04;  

Fig. 5. Piper diagrams of the groundwater hydrochemical type 
in the study area.

Fig. 6. Distribution of nitrate concentration in the study area.
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and the health risk in 98% of the study area is at 
acceptable levels. However, a health risk from NO3 
pollution exists in a small region to the northwest 
of Quanyan town. In other words, groundwater NO3 
pollution generally does not present a hazard to adult 
males in the region. HQ values for adult women range 
0-1.19, and approximately 94% of the study area is at 
acceptable exposure levels. Hence, the region’s adult 
women are slightly more exposed to health risks from 
groundwater NO3 as compared to adult males. We 
conclude that groundwater NO3 pollution in the study 
area presents a low hazard to the adult population; 
however, approximately 6% of the study area exceeded 
acceptable values, located to the north we se of 
Quanyan. 

The adult female hazard region (HQ<1) approximately 
overlaps the male hazard region (Fig. 8). However, the 
maximum HQ for females and males is 1.19 and 1.04, 
respectively. Therefore, the risk to adult males is lower 
as compared to that of adult females, which is attributed 
to physiology. This finding corresponds to those of the 

Weining Plain in northwestern China [52] and highlight 
the importance of gender in the HHRA process.

Health Risk of Children and Infants

The health risks to minors are significantly higher as 
compared to adults and the HQ values for infants and 
children are shown in Fig. 10. For infants, 66% of the 
study area has an acceptable HQ level; distributed near 
the towns of Quannongshan, Sijiazi, and the north of 
Quanyan. However, this indicates that 34% of the region 
has an unacceptably high infant HQ; distributed to the 
most areas of Quanyanand the west of Quannongshan 
town. It is worth noting that HQ values in this area range 
from 1.25-4.15, indicating that infants in this area have 
a high potential health risk. HQ values for children are 
lower as compared to infants, with a maximum of 2.44. 
The area of unacceptable HQ is reduced (accounting for 
14% of the total area); distributed in the northwestpart 
of Quanyan and the western part of Quannongshan 
town (Fig. 9).

Table 5. Relationship between various groundwater chemical parameters in the study area.

Param-
eter TDS pH K Na Ca Mg SO4 Cl HCO3 NO3

TDS 1.00 

pH -0.59 1.00 

K -0.04 0.24 1.00 

Na 0.75 -0.44 0.11 1.00 

Ca 0.84 -0.49 0.00 0.72 1.00 

Mg 0.77 -0.40 0.18 0.73 0.93 1.00 

SO4 0.71 -0.41 -0.01 0.73 0.69 0.71 1.00 

Cl 0.79 -0.55 -0.12 0.74 0.93 0.87 0.69 1.00 

HCO3 0.28 0.06 0.61 0.39 0.32 0.38 0.26 0.14 1.00 

NO3 0.66 -0.46 -0.17 0.53 0.80 0.75 0.40 0.76 -0.19 1.00 

Fig. 7. Distributions of HQs for adult males in the study area. Fig. 8. Distributions of HQs for adult females in the study area.
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Minors in the study area were markedly more at 
risk of NO3 contamination as compared to the adult 
population. Our results correspond with those of Chen et 
al. [53], who found that infants were the most vulnerable 
to NO3 exposure via consumption. The increased hazard 
to minors can be attributed to higher gastrointestinal 
absorption rates as a result of groundwater-related 
activities, and an increased sensitivity per unit of body 
weight exposed to environmental pollutants as compared 
to adults.

In summary, low NO3 concentrations are distributed 
near the towns of Quannongshan and Sijiazi, indicating 
that regional health risks close to urban areas are 
low. Under normal circumstances, when faced with 
groundwater NO3 pollution, the health hazards of 
different populations differ markedly, in the order of 
infants>children>adult women>adult males.

Conclusions

Through the analysis of the main chemical 
components of groundwater in the Lianhuashan District 

Fig. 9. Distributions of HQs for children in the study area.

Fig. 10. Distributions of HQs for infants in the study area.

(southeast of Songnen Plain), we determined that the 
groundwater environment in the study area was weakly 
acidic (pH range of 6.25–7.19 and average of 6.67). 
Concentrations of the main groundwater components 
were in the order of TDS>HCO3>Ca>Cl>SO4>Na> Mg> 
NO3>K>NH4>NO2. Calcium was the most prolific cation 
(maximum 202 mg/L) and HCO3 was the highest anion 
(maximum 319 mg/L). According to the Piper three-
line diagram, cations in groundwater were dominated 
by Ca and Na, and anions by HCO3 and Cl, indicating 
that groundwater was of the type Ca·Na-HCO3·Cl. 
Statistical analysis of groundwater trinitrogen showed 
that NO3 had marked spatial variability (range of 
0.00-340.49 mg/L, and average of 70.38 mg/L). More 
than 28.76% of the samples exceed Class III values 
(20 mg/L N), and groundwater samples demonstrated 
higher contamination levels. PCA showed that there was 
a positive correlation between NO3 and Cl, SO4, HCO3, 
and Ca. High levels of NO3 in the study area were 
attributed to human activities, including the excessive 
use of agricultural fertilizers and the discharge of 
domestic sewage.

Groundwater NO3 data were selected for HHRA. 
Results showed that the HQ of adult males and 
females ranged from 0-1.04 and 0-1.19, respectively. 
Approximately 94% of the adults in the region have an 
acceptable health risk, while high risk areas were in 
the northwest of Quanyan town. Regional health risks 
were in the order of Quanyan>Quannongshan>Sijiazi. 
The HQ of children and infants ranged from  
0-2.44 and 0-4.15, respectively. We determined that 
86% of children in the region have an acceptable  
level of health risk while only 66% of infants do.  
Health risks close to urban areas tended to be small.  
In terms of groundwater NO3 exposure, the health 
risks of different populations differed markedly in the 
order of infant>child>adultwoman>adult male. 

It is worth noting that there are uncertainties 
inherent in HHRA, including the temporal and 
spatial distribution of nitrates, exposure pathways, 
and parameter selection. It is hoped that this research 
will attract the attention of government departments  
and facilitate the adoption of effective measures to 
reduce the excessive use of agricultural fertilizers, 
improve the quality of groundwater, and improve human 
health. 
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