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trations of ions in descend order was HCO3 − , SO4 2− , Na+ , Ca2+ , Cl− , NO3 − , Mg2+ and K+ ,
among which the NO3 − concentrations were between 0.25 and 536.73 mg/L with an av-
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erage of 29.72 mg/L. In total, 167 out of 489 samples (˜ 34%) exceeded the recommended
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concentration of 20 mg/L in Quality Standard for Groundwater of China. The high NO3 −
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concentration groundwater mainly located in the northern part and near the boundary of
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the two geomorphic units. As revealed by statistical analysis, the groundwater chemistry
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was more significantly affected by anthropogenic sources than by the geogenic sources.

Northern China

Moreover, human health risks of groundwater nitrate through oral and dermal exposure
pathways were assessed by model, the results showed that about 60%, 50%, 32% and 26%
of the area exceeded the acceptable level (total health index>1) for infants, children, adult
males and females, respectively. The health risks for different groups of people varied significantly, ranked: infants> children> adult males>adult females, suggesting that younger
people are more susceptible to nitrate contamination, while females are more resistant to
nitrate contamination than males. To ensure the drinking water safety in Zhangjiakou and
its downstream areas, proper management and treatment of groundwater will be necessary
to avoid the health risks associated with nitrate contamination.
© 2021 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.
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Introduction
Nitrate (NO3 − ) contamination in groundwater is a global issue threating human health when it is used for drinking purpose (Chen et al., 2017; Wu et al., 2020a, b). Normally, the concentration of naturally occurring NO3 –N is below 3 mg/L in
aquatic environments. High concentration of NO3 − in groundwater is mostly induced by anthropogenic activities particularly in agricultural areas, such as nitrogen fertilizers application and sewage irrigation (Carrey et al., 2021; Teng et al.,
2019; Wei et al., 2017; Zhang et al., 2020). Ingestion of high
NO3 − concentration drinking water can lead to problems such
as methemoglobinemia in infants (Cui et al., 2020; Gao et al.,
2020) and stomach cancer in adults (Ward et al., 2005).
Therefore, NO3 − concentration in drinking water is strictly
regulated. For instance, WHO suggests that the maximum
concentration of NO3 − in drinking water below 50 mg/L
(i.e., NO3 − -N of 11.3 mg/L) (WHO, 2006); while the United
States environmental protection agency (USEPA) proposes a
stricter regulation of NO3 − concentration to be lower than
10 mg/L in drinking water (USEPA, 2002). In China, according
to the Quality Standard for Groundwater of China (QSGC-2017,
GB/T14848-2017), the maximum permissible concentration of
NO3 − in groundwater is 20 mg/L. Whereas, with the development of industrialization, urbanization, and agricultural modernization in China, the nitrate contamination in groundwater becoming an urgent challenge threatening public health
(Chen et al., 2017).
For more than 30 years, China has become one of the greatest users of fertilizers, which accumulated in soil and become
a major contamination source to groundwater (Zhai et al.,
2019; Wu et al., 2020b). For groundwater nitrate contamination, it is caused by leaking of nitrogen fertilizers after precipitation or irrigation which could percolate into the aquifers
(Su et al., 2013). The leakage of sewage system may also
lead to nitrate contamination of groundwater (Zhai et al.,
2017a), which has significant adverse impacts on consumers’
health. In China, groundwater accounts for 20% of drinking
water supply, for which the weight increased to 50%−80% in
water-scarce regions (e.g., northern and northwestern China)
(Qiu, 2011). Hence, it is vital to have the human health risk assessment (HHRA) on the exposure levels and its corresponding risks associated with groundwater nitrate contamination,
which has been widely reported in US (Juntakut et al., 2019),
India (Adimalla and Qian, 2021), Korea (Kim et al., 2015) and
China (Wu et al., 2021; Yu et al., 2020).
Zhangjiakoulocates at the transition zone of the north
China plain (NCP) and the Inner Mongolia plateau (IMP)
with elevations increases from southeast to northwest,
which makes its topographical particularities significant
(Zhang et al., 2020a). As the upstream of the Guanting reservoir basin, Zhangjiakou region plays an important role in water conservation and ecological environment support to the
city of Beijing, which means the quality of both surface water and groundwater in Zhangjiakou region may directly affect
the drinking water safety in Beijing. According to its regional
hydrogeological report, the nitrate concentrations in groundwater exceeded 20 mg/L dispersedly distributed in the region.
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However, few studies focus on the spatial distribution of nitrate and its corresponding HHRA. The objectives of this study
are: (1) investigating the hydrogeochemical characteristics of
groundwater in the Zhangjiakou region; (2) identifying the nitrate contamination and tracking the nitrate source through
statistical methods; (3) evaluating the human health risk with
the HHRA model.

1. Materials and methods
1.1.

Study area

Zhangjiakou region locates at the northern of Hebei Province,
39°30 −42°10 N, 113°50 −116°30 E, containing 13 counties and
4 districts and covering an area of approximately 36,860 km2
(Fig. 1). It is also located at the junction of the NCP and
IMP. The overall terrain decreases in altitude from northwest
to southeast, which is surrounded by mountains, plateaus,
and basins. There are two neighboring sites belong to two
different geomorphic units: (1) Bashang plateau area (BSP),
located at northern part, belongs to IMP with an elevation
of 1250–2293 m; (2) Baxia intermontane basin (BXI), located
at central and southern part, belongs to the intermediate
zone between IMP and NCP with an elevation of 470–1740 m.
Yongding River (17,952 km2 ), Chaobai River (5611 km2 ), and
Daqing River (433 km2 ) are three major surface water bodies in
the BXI.

Fig. 1 – Map of Zhangjiakou region and the spatial
distribution of all sampling sites. The area above the red
line is BSP, while the area below the red line is BXI.
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1.2.
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Geology and hydrogeology

The stratigraphic distribution in the study area is complicated. Neoarchean metamorphic rocks, Proterozoic metamorphic rocks, lower Palaeozoic carbonate rocks with clastic
rocks, Mesozoic continental clastic rocks, volcanoclastic rocks
and volcanic lava, and Cainozoic fluvio-lacustrine clastic sediments, and Quaternary sediments are widely distributed
throughout the study area. The Quaternary sediments, including alluvial-diluvial, lacustrine and lacustrine-swamp sediments, which consist of clay, silt, fine sand, coarse sand and
gravel, are also widely distributed in the undulating plateau,
lake-mire (BSP), intermontane basins and alluvial-proluvial
fan (BXI).
The pore water in Quaternary sediments is widely distributed in the undulating high plains and hilly gullies (BSP),
and the alluvial-pluvial fan, river alluvial plain of intermontane basin, and intermontane valleys (BXI). Besides, carbonate
rock karst water, bedrock fissure water and clastic rock fissurepore water are also developed and dispersedly distributed in
the study area. Due to the impacts of topography and hydrogeological conditions, the thickness of the aquifers is heterogeneous which ranges from 5 to 160 m. The hydraulic conductivities of the aquifers are in the poor and/or medium
level. Precipitation, surface water and wastewater seepage
(e.g., Chaobai River and Yongding River) are the major recharge
sources for groundwater in the study area. It is therefore that
the groundwater quality is affected by hydrology, topography,
lithology, and anthropogenic activities.

1.3.

Sampling

As shown in Fig. 1, 489 unconfined groundwater samples were
collected from the study area. The sampling depths of groundwater samples were in the range of 40–50 m, where the impacts of the shallow Holocene aquifer on collected groundwater samples were minor. To obtain fresh groundwater samples,
the sampling wells were pumped for more than 5 min to eliminate the possible influences of stagnant water. Water samples
were further filtrated by 0.45 μm filters in 300 mL clean and
pre-conditioned polypropylene bottles. The samples for anion analysis were collected directly after filtration, while the
samples for cation analysis were acidified by adding reagentquality H2 SO4 to pH<2. The blanks were collected and prepared once per day during the sampling. All the samples were
stored in darkness at 4 °C before lab analysis.

1.4.

Analysis and statistics

The samples were analyzed by Hebei Water Environment
Monitoring and Experiment Center. The alkalinity was measured by the Gran titration method on the day of sampling.
SO4 2− , Cl− , F− and NO3 − were measured by ion chromatography (IC) (CIC-D160, ShengHan, Qingdao, Shandong, China).
Na+ and K+ were measured by atomic absorption spectrophotometer (AAS) (PE-PinAAcle 900T, PerkinElmer, Shelton, CT,
USA), and Ca2+ and Mg2+ were measured by Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) (PE Avio
500, PerkinElmer, Shelton, CT, USA). HCO3 − and total hardness

(TH) were measured by titration following the relative standard methods DZ/T 0064.49–1993 and GB/T5750.4–2006.7.1, respectively. The detail information for measure methods and
detection limit is shown in Appendix A Table S1. The principal
component analysis (PCA) (Teng et al., 2018) was used to reveal the relationship between hydrogeochemical parameters
and their potential source apportionment. The relationship
between principle hydrogeochemical parameters and NO3 −
concentration in groundwater was also studied. The PCA was
carried out through SPSS 23.0.

HHRA of NO3 − contamination

1.5.

Targeted on NO3 − , the HHRA model used in this study was
proposed by USEPA (USEPA, 1989; USEPA, 1997), which includes four step assessment processes: (1) hazard identification; (2) dose effect assessment; (3) exposure assessment; and
(4) risk assessment. The health risks of oral and dermal contact pathways were evaluated separately for infants, children,
and adults (males and females). The dose effect assessment
was expressed by the reference dose (RfD) with following formula (Eq. (1)):
NOAEL(LOCAEL)
UFs

RfD =

(1)

where RfD (mg/kg/day), NOAEL (mg/kg/day), LOAEL
(mg/kg/day), and UFs denote to chronic reference dose,
no-observed-adverse-effect-level, lowest-observed-adverseeffect-level, and uncertainty factors, respectively. The oral
intake reference dose of nitrate is 1.6 mg/kg/day, and the
dermal intake reference dose of nitrate is 0.8 mg/kg/day
(USEPA, 2001).
Exposure assessment of oral contact pathways was calculated by doses received through drinking water intake, which
expressed by chronic daily intake (CDI) (mg/kg/day) with the
following formula:
CDI =

Cw × IR × EF × ED
ABW × AET

(2)

where Cw (mg/L) denotes the average concentration in
groundwater; IR (L/day) is human ingestion rate of water; EF
(day/year) is the exposure frequency; ED (year) is the average
exposure duration; ABW (kg) is the average body weight, and
AET (365 × ED, day) is the average exposure time.
Exposure assessment of dermal contact pathways was calculated by doses received through dermal contact, which expressed by dermal absorbed dose (DAD) (mg/kg/day) with the
formula as following:
DAD =

Cw × Ki × SSA × EF × ED × EV × CF
ABW × AET

(3)

where Cw (mg/L) denotes the contamination concentration in
water; Ki (cm/hr) is the dermal adsorption parameters; SSA
(cm2 ) is the skin surface area for contact; EF (day/year) is the
exposure frequency; ED (year) is the average exposure duration; EV (times/day) is the bathing frequency; CF is the conversion factor; ABW (kg) is the average body weight; and AET
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Table 1 – Parameters used in the HHRA to assess the potential risk of groundwater nitrate contamination.

Parameters

Infants

Children

Adult
males

Adult
females

a

1.6
0.8
0.7
8
365 × ED
365
0.5
1
0.002
0.001
5000

1.6
0.8
1.5
22
365 × ED
365
6
1.5
0.002
0.001
12,000

1.6
0.8
3.62
69.6
365 × ED
365
30
2
0.002
0.001
17,000

1.6
0.8
2.66
59.0
365 × ED
365
30
1
0.002
0.001
16,000

RfDoral (mg/kg/day)
RfDdermal (mg/kg/day)
c
IR (L/day)
d
ABW (kg)
AET (day)
EF (day/year)
e
ED (year)
f
EV (times/day)
b
CF (L/cm2 )
b
Ki (cm/hr)
f
SSA (cm2 )
b

a

These data come from USEPA (2001).
These data come from Yang et al. (2012).
c
These data come from Zhou et al. (2020) and Li et al. (2019a).
d
These data come from National Health and Family Planning
Commission of the People’s Republic of China (2020).
e
These data come from Li et al. (2021).
f
These data come from Liu et al. (2021).
b

(365 × ED, day) is the average exposure time. The details of the
parameters used in this study are given in Table 1.
The total hazard index (HI) is the summation of hazard quotients (HQ) of oral and dermal pathways (HQoral and
HQdermal ). Thus, the equation of HI for the nitrate health risk
assessment was as following:
HQ oral =

CDI
RfDoral

HQ dermal =

DAD
RfDdermal

HI = HQ oral + HQ dermal

(4)

(5)

(6)

where HQoral and HQdermal denote to the HQ ratios of oral and
dermal contact, respectively; RfDoral and RfDdermal denote to
oral and dermal intake reference dose, respectively; and HI is
the hazard index. The HI values were used to estimate the final
health risk of NO3 − contamination, for which when HI>1, it is
considered to have a human health risk (USEPA, 2002).

2.

Results and discussion

2.1.

General hydrogeochemistry of the groundwater

Results of general hydrogeochemical analysis are given in
Fig. 2, Appendix A Fig. S3 and Table S2, including the box plots
of the principle hydrogeochemical parameters, and the maximum, minimum, average and median values of each parameter and the calculated standard deviation (SD) and coefficient
of variation (CV), while the spatial distribution of major parameters is shown in Appendix A Fig. S1. Attributed to the

Fig. 2 – Box plots of several typical hydrogeochemical
parameters.

complicated hydrogeochemical reactions and enormous discrepancy of salts distribution in the aquifers, the SD values
was ranged from 0.29 to 418.70 with large variations, which
was confirmed by the calculated CV (Appendix A Table S2).
The highest CV was found with NO3 − (188%), followed by Cl− ,
SO4 2− , Na+ , K+ , TDS, Mg2+ , salinity, Ca2+ , TH, HCO3 , and pH,
indicating that NO3 − , Cl− , SO4 2− and Na+ might be the principal controlling parameters for the groundwater chemistry in
the study area.
For TH and TDS, the average concentrations were
267.34 mg/L and 486.27 mg/L (Appendix A Fig. S3a). A high
value of TDS and/or TH would mean that the groundwater
is unsuitable for drinking (Liu et al., 2020). The pH ranged
between 5.92 and 9.56 with an average of 7.79 (Appendix
A Fig. S3b), indicating the groundwater is under neutral to
alkaline environment, which was within the permissible limit
of 6.5–8.5 for QSGC-2017. According to the QSGC-2017, 9.2%
samples for TH and 8.6% samples for TDS exceeded the Grade
III values (Appendix A Table S2).
For the cations and anions, their average concentrations
in descend order was: HCO3 − , SO4 2− , Na+ , Ca2+ , Cl− , NO3 − ,
Mg2+ and K+ , which heterogeneously distributed in the area.
For examples, the samples with high concentrations of Na+ ,
Cl− and K+ were mainly distributed in the central and eastern of BSP and southwestern of BXI (Appendix A Fig. S2). It
was observed that the spatial variance of Mg2+ and Ca2+ was
similar, indicating that the groundwater hydrogeochemistry
in the study area might be governed by the water-rock interaction, such as the silicates and carbonates weathering, dissolution of carbonates and gypsum, calcite precipitation, and
dedolomitization (Zhai et al., 2017a). As identified by piper diagrams in Fig. 3, the cation triangle showed that groundwater samples were mainly fell in zone A with calcium dominant type and zone B with no dominant type; the anion triangle demonstrated that the groundwater samples were mainly
distributed in zone E with bicarbonate type (Piper, 1944).
Therefore, the groundwater samples in this study area were
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Fig. 3 – Piper diagram of groundwater samples.

dominated by HCO3 –Ca•Mg (76.3%) and HCO3 –Na (12.3%)
type.

2.2.
Distribution of nitrate in groundwater and
contamination processes
The concentration of NO3 − in groundwater was between 0.25
and 536.73 mg/L, with an average of 29.72 mg/L (Fig. 2), which
exceeded the recommended limit of 20.00 mg/L in the QSGC2017, suggested the existence of nitrate contamination in the
study area. The number of samples that above 20.00 NO3 −
mg/L accounted for 34.2% of all samples, most of which distributed in the BSP, around the boundary of two geomorphic
units, and at the central of BXI. These samples with extremely
high NO3 − concentration (>100 mg/L) were mostly located
in the BSP and around the boundary of the two geomorphic
units, especially in the area of Shangyi and Guyuan (Fig. 4).
To identify the potential geogenic and anthropogenic
sources of nitrate contamination, the Gibbs diagrams and
typically bivariate plots were used (e.g., NO3 − VS. Cl− , K+ ,
Na+ , Ca2+ , SO4 2− ) (Appendix A Fig. S4). Most of groundwater
samples fell the rock-weathering dominance zone, indicating
that rock-weathering might govern the groundwater chemistry in the study area (Juntakut et al., 2019; Zhang et al., 2015).
More samples from BSP than from BXI fell into evaporationcrystallization zone, suggesting that the influence of evaporation and/or evaporites dissolution could be more signifi-

cant in BSP than in BXI. Besides, it is interesting to observe
that the high NO3 − concentration samples in both BSP and
BXI fell in the evaporation-crystallization zone (Appendix A
Fig. S5), which means the possible correlation between high
NO3 − concentration groundwater formation and combined
processes of minerals dissolution and evaporation or evaporites dissolution. For all other hydrogeochemical parameters
mentioned above, their correlations with NO3 − concentrations were insignificant (R2 <0.2, Appendix A Fig. S4), suggesting the possible origin of nitrate from non-point sources such
as fertilizers, sewage, and manure (Liu et al., 2020; Zhang et al.,
2013).
The Na+ normalized molar ratios analysis (NO3 − /Na+ ,
−
Cl /Na+ and SO4 2− /Na+ ) for all samples were mostly near the
1:1 line (Fig. 5a). It means agricultural activities might be the
main contributor to the NO3 − contamination in groundwater
(Liu et al., 2021). Moreover, municipal sewage and evaporites
dissolution might contributed more to the NO3 − in groundwater of BXI than those in BSP, and the industrial activities could
also contribute to the NO3 − in groundwater of the whole region (Fig. 5b).
PCA was applied to identify relationship between hydrogeochemical parameters and their potential source. In this
study, two principal components (PC1 and PC2), who’s the
eigenvalues were more than 1, were obtained from the transformation of hydrogeochemical parameters, including pH,
TDS, TH, NO3 − , Cl− , K+ , Na+ , Ca2+ , Mg2+ , SO4 2− and HCO3 −
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anthropogenic activities. Infiltration of domestic sewage, agricultural activities, livestock waste and landfill leachate could
be the major contamination sources (Adimalla and Qian, 2021;
Zhang et al., 2020b). The PC2 represents high positive loading
of pH (0.700) indicating that source of nitrate in groundwater
are most closely connected with the nature sources and rockweathering. Overall, the anthropogenic sources for high-NO3 −
groundwater formation are more significant than the geogenic
sources in the Zhangjiakou region.

2.3.

Fig. 4 – Distribution of groundwater nitrate concentration in
the study area.

after varimax orthogonal rotation and Kaiser normalization
(Fig. 6). The total variance of PC1 and PC2 were 58.27% and
13.72%, respectively, and the cumulative variance was 71.99%
(Fig. 6a). The PC1 consisting high positive loadings of salinity
(0.986), Cl− (0.910), Mg2+ (0.893), TDS (0.886), TH (0.877), SO4 2−
(0.836) and Na+ (0.830) (Fig. 6b). It indicates that the groundwater chemistry was affected by non-point source from the

Health risk assessment of NO3 − contamination

HHRA model results were given in Appendix A Table S3,
while the spatial distribution of HI for infants, children, males
and females were shown in Fig. 7. Results showed that the
HQdermal were lower than HQoral for all receptors (people).
In the BSP, the average values of HQoral were 2.74, 2.30, 1.84
and 1.56 for infants, children, males and females, respectively;
while, the average values of HQdermal were 0.08 (infants), 0.11
(children), 0.07 (males) and 0.04 (females), respectively. In the
BXI, the average values of HQoral were 1.31 (infants), 1.10 (children), 0.88 (males) and 0.75 (females); while the average values
of HQdermal were 0.04 (infants), 0.05 (children), 0.04 (males) and
0.02 (females). It is clear that the human health risk of nitrate
exposure due to directly intake is more significant than dermal/skin contacts, and the level of human health risks in BSP
is generally higher than that in BXI, which is consistent with
the spatial distribution of nitrate concentration in the region
(Fig. 4).
The HI values of groundwater for infants and children varied from 0.01 to 28.10 and 0.01 to 23.97 (Appendix A Table S3) in
BSP and BXI, respectively, among which about 33.3% of infants
and 28.6% of children samples exceeded the acceptable level
(HI>1). After spatial interpolation, the area with the HI<1 for
infants was about 40% of the region, which mostly located in
BXI, while area with HI>1 mostly located in BSP and the northern and eastern area of BXI (Fig. 7a). For children, the area with
the HI<1 was more than 50% of the region, which mostly lo-

Fig. 5 – Plots of (a) Cl− /Na+ VS. NO3 − /Na+ and (b) NO3 − /Na+ VS. SO4 2− /Na+ for groundwater samples in the study area.
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Fig. 6 – Plots of (a) overall loading factors of PCA and (b) relationship of PC1 and PC2 after varimax rotation and Kaiser
normalization.

cated at the BXI and the southern and eastern of BSP (Fig. 7b).
The discrepancy of spatial distribution of HI for infants and
children indicated the younger people might be more susceptible to human health risks of groundwater nitrate contamination, which complied with previous studies (Li et al., 2019b;
Sajedi-Hosseini et al., 2018; Ravindra et al., 2019).
For adults, the HI values of more than 68% of the region
was within the acceptable level, which mostly located at BXI
and the central and eastern of BSP (Fig. 7c and d). Specifically, the HI values for males and females varied from 0.01 to
13.68 and 0.01 to 11.47 (Appendix A Table S3), among which
16.0% male and 13.1% female’s samples exceeded the acceptable level. There was about 32% of the area (mostly in BSP)
with HI<1 for males, which was smaller than that for infants
and children (Fig. 7c). Generally, the health risk of groundwater nitrate contamination for male residents were lower
than that for infants and children. The spatial distribution
of the region with HI>1 for adult females was almost the
same as the males’, with an even smaller area (about 26%,
Fig. 7d). Both the maximum and the average HI values for females were smaller than those above-mentioned values for
males, suggesting a lower human health risk for the females
than that for the males. This finding is different from the
previous result in the study of Weining Plain in northwest
China (Li et al., 2016) and Songnen Plain in northeast China
(Zhai et al., 2017a). Actually, the discrepancies in physiology
and resistance to the interference of contaminants between
males and females are obvious (Zhai et al., 2017a). In this
study, females show a better anti-risk ability facing the same
groundwater NO3 − contamination. The parameters selection
in HHRA model is the major reason for impacting risk assessment results. The IR and ABW values for males and females
used in this study are different from the studies mentioned
above, leading to the different anti-risk ability of two genders.
Except the RfD values, the other parameters are collected from

the national values of China and articles published in recent
three years, which ensure the reliability of HHRA results in this
study.

2.4.

Practical implication

Though groundwater and artificial recharged groundwater
(e.g., riverbank filtrated water) have been widely used as
source for drinking water, as shown in the current study and
elsewhere, there might be potential contamination and corresponding risks due to either natural processes and/or anthropogenic activities (Hu et al., 2016; Zhai et al., 2017b). The wellknown examples are arsenic and fluoride problems caused
by mineralization associated with aquifer geology and geochemistry (Lacson et al., 2021; Liu et al., 2009); and the nitrate contamination results from agriculture (Kaur et al., 2020);
heavy metals and organic contamination by industrial activities (Albergamo et al., 2019; Bai et al., 2016). However, such
contamination should not stop groundwater and riverbank
filtered water from being used as drinking water source, because the contamination has been well noticed and widely
studied. There are established technologies and strategies to
treat the water and manage the risk properly and efficiently.
For example, Sanz-Prat et al. (2020) found that bank filtration
can effectively improve the quality of groundwater contaminated by 37 trace organic compounds through a 2D heat and
reactive transport modeling simulation at a managed aquifer
recharge site in Germany. Wu et al. (2013) demonstrated that
nitrate removal rate could be 95% by using polybutylene succinate as the carbon source for drinking water denitrification,
which also proved that biological denitrification was an effective method for nitrate removal during drinking water treatments. For the water to be used for drinking purpose, it is essential to evaluate the water quality and conduct necessary
treatment beforehand.
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Fig. 7 – Distributions of HI for infants, children, males, and females in the study area.

3.

Conclusion

The spatial distribution of the principle hydrogeochemical parameters was heterogeneous, the average concentrations of
these parameters in descend order were HCO3 − , SO4 2− , Na+ ,
Ca2+ , Cl− , NO3 − , Mg2+ and K+ . The groundwater samples in
the study area were consisted of HCO3 –Ca•Mg and HCO3 –Na
type, which accounted for 76.3% and 12.3% of the groundwater
samples. The groundwater chemistry was more significantly

affected by anthropogenic activities (e.g., agricultural activities) than by the geogenic sources.
High-NO3 − groundwater widely distributed in the study
area. Modeled by HHRA, the human health risks ranked in the
order of infants> children> adult males>adult females, which
means younger people are more susceptible to the health
risks of groundwater nitrate contamination than other groups;
show a better anti-risk ability than males in the regions of
NO3 − contaminated groundwater in the study area. To ensure drinking water safety and prevent possible impacts of
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the groundwater nitrate contamination on the downstream
regions, proper treatments before the water to be used for
drinking purpose and further studies on controlling strategies
might be needed.
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