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Abstract Concentration of dissolved nitrate (NO3
−) and sta-

ble nitrogen isotopic composition of nitrate in water samples
from 19 epikarst springs in the Jinfo Mountain area were
analysed in order to understand the temporal–spatial distribu-
tion of nitrate in karst spring waters and trace nitrogen sources
for the springs that have suffered from nitrate contamination.
The results show that hydrochemistry of epikarst spring water
is Ca·Mg–HCO3 facies, reflecting the control of water–car-
bonate rock interaction. NO3

− concentrations in water of
springs within the national nature reserve (NNR) in the Jinfo
Mountain area range from 0 to 8.16 mg/L, suggesting that
these springs within the NNR have good water quality.
However, most springs outside the NNR have high NO3 con-
centrations (c: 10.5–46.18 mg/L) that have exceeded the value
of Chinese national drinking water quality standard (NO3–N
≤10 mg/L), revealing that these springs have suffered from
nitrate contamination to a significant degree. δ15N–NO3

values of these contaminated springs outside the NNR range
from −1.2 ‰ to 11.27‰, higher than those of unpolluted
springs within NNR (−5.2 ‰ –8.6‰). Two main sources of
nitrate in these contaminated springs have been identified,
including animal manure/sewage and chemical nitrogen
fertilisers that are from anthropogenic activities. Our study

also shows that the nitrate fate and origin are associated with
the land use in the recharge catchment of individual epikarst
springs, and the establishment of national nature reserve can
protect the water quality of epikarst spring.

Keywords Epikarst spring . Nitrate contamination . δ15N–
NO3

− . Land use . National nature reserve . JinfoMountain
area

Introduction

Human activities have been increasingly changing the nitrogen
cycle in nature, leading to a cascade of environmental problems
on soil and water and threatening the human health (Wolfe and
Patz 2002; Galloway et al. 2008; Vitousek et al. 2009). Nitrate
per se is non-toxic (Mensinga et al. 2003), but approximately
5 % of ingested nitrate in the human body can be converted to
nitrite in the saliva and gastrointestinal tract, and the latter is
toxic (Spiegelhalder et al. 1976; Pannala et al. 2003). Hence,
nitrate are usually related to the pathogenesis of gastric cancers
and other malignancies, as it can enhance the generation of
carcinogenic N-nitrosamines (Lundberg et al. 2004). In addi-
tion, many studies found that the nitrate content in drinking
water has a positive relationship with the childhood-onset insu-
lin-dependent diabetes mellitus and methaemoglobinaemia
(Parslow et al. 1997; Gupta et al. 2000).

The European Commission’s Scientific Committee on
Food (SCF) sets an acceptable daily intake (ADI) for ni-
trate (NO3

−) of 0–3.7 mg/kg body weight (Speijers and
van den Brandt 2003; Mensinga et al. 2003). The refer-
ence dose for nitrate from the US Environmental
Protection Agency (EPA) is below 7.0 mg NO3

−/kg body
weight/day (Mensinga et al. 2003). The Ministry of
Health of the People’s Republic of China (MOH) and
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the Standardization Administration of the People’s
Republic of China (SAC) also state that nitrate concentra-
tion in drinking water must not exceed 10 mg/L (MOH
and SAC 2006).

In the recent years, the stable nitrogen isotope (δ15N) in ni-
trate has been widely used to trace the source, migration and
transformation of inorganic nitrogen. It has been considered to
be an effective way to recognise nitrate sources in waters that
have suffered from nitrate contamination to various degrees
(Kohl et al. 1971, 1972; Hauck et al. 1972; Kreitler 1975,
1979; Kreitler and Browning 1983; Mariotti and Letolle 1977;
Gormly and Spalding 1979; Heaton 1986). Previous studies
have identified three main sources of nitrate contaminants based
on their distinct δ15N values: mineralised organic nitrogen from
the soil (2–9‰), synthetic chemical fertilisers (−4–4‰) and
animal manure and sewage (4–25‰) (Kreitler 1979; Heaton
1986; Aravena et al. 1993). Other studies are focusing on refin-
ing these δ15N values and different nitrogen sources based on
conditions of individual study sites.

In many countries and regions, groundwater is the main
source of drinking and irrigation water (additional 25 % of
the population use the karst water). Generally, natural nitrate
concentrations in groundwater are very low (Debernardi
et al. 2008) but human activities have input a large amount
of excess nitrate to the groundwater via organic or inorganic
nitrogen fertilisation in agriculture land, drainage of indus-
trial and domestic sewage and disposal of garbage and other
wastes (Chen et al. 2005; Debernardi et al. 2008; Galloway
et al. 2008; Vitousek et al. 2009; Zhang et al. 2012). These
anthropogenic inputs of nitrogen to the groundwater have
resulted in the deterioration of groundwater quality, seriously
threatening drinking water security (Guo et al. 2007; Boyer
and Pasquarell 1995). Epikarst springs develop, in the
epikarst zone, an irregular karst zone occurring in surface
carbonate rocks that consists of various individual and micro
karst forms resulting from strong karstification processes.
Karst aquifer systems, with the thin and discontinuous dis-
tribution soil, have developed many sinkholes and fractures.
Contamination of agricultural irrigation, industrial waste and
domestic waste can be easily brought into karst aquifer by
rainfall. Concentrations of nitrate have shown notable in-
creases as a result of the application of large amounts of
chemical fertilisers used in agriculture (Compton and
Boone 2000; Jiang et al. 2008). Several previous studies
have examined the links between human activity and the
hydrochemistry of springs in China (Jia and Yuan 2003;
Zhang and Yuan 2004). In this paper, concentration of dis-
solved NO3

− and stable nitrogen isotopic composition of
nitrate (δ15N–NO3

−) in water samples from 19 epikarst
springs in the Jinfo Mountain area were tested and analysed,
understanding the temporal–spatial distribution of nitrate in
karst spring waters and trace nitrogen sources for the springs
that have suffered from nitrate contamination.

Site description

The Jinfo Mountain (Mt. Jinfo) area is located in Nanchuan
District, Chongqing, Southwest China (Fig. 1). This area lies
in the north-eastern Dalou Mountain ranges and is
characterised to be a typical karst area (Wang and Wang
1990). Due to its special landforms and being rich in animal
and plant species, the central parts around the main peak of the
Mt. Jinfo have been declared a national nature reserve (NNR).
The study area covers most of theMt. Jinfo area, including the
NNR (∼441 km2) and outside NNR.

The study area is affected by both south-west and south-
east Asian summer monsoon, and thus, the climate is
characterised by heavy clouds and little sunshine (Fig. 1(a)).
The mean annual temperature in the study area is ∼16.6 °C,
and its mean annual precipitation is ∼1287 mm, over 80 % of
which occurs during monsoon seasons (April to October).

The structural setting of the study area is an anticline and
includes fault structures along the NE–SW-oriented major tec-
tonic line. The exposed strata in the study area are mainly the
Cambrian dolostone and the Ordovician and Permian lime-
stone (Fig. 1(c)). In addition, the Silurian fine-grained clastic
rocks are sandwiched among the carbonate rocks (Fig. 1(c)).
This lithology setting controls the regional shallow groundwa-
ter system, with the main groundwater aquifer developed in
relation to the occurrence of carbonate rocks. The shallow
groundwater aquifer in the study area consists of numerous
fractures and caverns well-developed in the carbonate rocks.
Clastic rocks (siltstone/mudstone) become the regional
aquiclude. Being a national forest garden, the area within the
NNR is dominated by forestland (how is the percentage of
forest coverage) whereas the area investigated outside the
NNR includes cultivated lands and grassland, besides forest-
land. Small-sized industrial and mining activities are present
outside the NNR too. The source recharging the shallow
groundwater is mainly atmospheric precipitation which infil-
trates through fractures and sinkholes. The discharge of shal-
low groundwater occurs in forms of karst springs and under-
ground streams, and regional groundwater discharge level lies
close to the base of the Jinshan-Toudu valley (Fig. 1(c)).

Methods

Nineteen epikarst springs in the Mt. Jinfo area were investi-
gated on January and July 2009 (Fig. 1(c)). Nine epikarst
springs, including springs J04, J05, J08, J09, J10, J12, J13,
J14 and J17, are within the NNR, while the other 10 springs,
including springs J01, J02, J03, J06, J07, J11, J15, J16, J18
and J19, are outside the NNR. These epikarst springs outside
the NNR are important drinking water sources for the local
people. Water temperature (T), pH and electric conductivity
(EC) were measured using the Hach (USA) Portable Water
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Quality analysers with any accuracy of the following: 0.1 °C
for T, 1 μS/cm for EC and 0.01 unit of pH. HCO3

− was mea-
sured in situ using a portable kit produced by Merck
(Germany) with an accuracy of 0.1 mmol/L.

Epikarst spring water samples for cation analysis were col-
lected in 50-mL polyethylene bottles with the addition of a
small amount of nitric acid (1:1) for preservation. Samples for
anion analysis were also collected in 50-mL polyethylene bot-
tles but without acidification. All samples were stored at 4 °C
before analysis. Sample cations were determined using an

Optima 2100DVinductively coupled plasma optical emission
spectrometry (ICP-OES; Perkin Elmer, USA) and ion chro-
matography (Shimadzu, Japan).

The nitrogen isotope composition of nitrate (δ15N–NO3)
in water samples taken on January 2009 was analysed at
the Isotope Laboratory of the School of Geographical
Sciences, Southwest University, China. δ15N–NO3 values
for water samples collected on July 2007 from the same
springs were cited in Gao et al. (2008). Three-litre water
samples were collected from these 19 springs, and all the

Fig. 1 Location (a, b) and geological setting (c) of the Jinfo Mountain area
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water samples were filtered using glass fibre filters with a
pore size of 0.45 μm. The samples were then preserved at
a temperature of 4 °C until analysis. The pre-treatment for
samples was conducted using the method described in
Silva et al. (2000). The EA-Conflo-IRMS system was ap-
plied to analyse δ15N–NO3. The international standards
IAEA-N1 and IAEA-N2 were used for the calibration,
and the analytical precision is ≤±0.2‰.

Results

Hydrochemistry of epikarst springs

Table 1 shows that most of the springs in the study area
are alkaline with pH values of 7.14–8.35 in winter and
7.0–9.5 in summer. The water temperature ranges from
8.6 to 25.6 °C in winter and from 9.5 to 18.6 °C in

Table 1 Chemical and isotopic characterisation of the water samples

Date Sample T (°C) pH EC

(μS/cm)

Ca2+

(mg/L)

Mg2+

(mg/L)

Na+

(mg/L)

K+

(mg/L)

HCO3
−

(mg/L)

Cl−

(mg/L)

SO4
2-

(mg/L)

NO3
-

(mg/L)

∑Fe
(mg/L)

δ15N–NO3
−

(±0.2‰)

January

2009

J01 19.0 7.24 531 105 3.34 2.01 0.49 164.87 12.39 62.12 21.16 0.21 1.8

J02 18.87 7.25 508.4 87 5.86 1.47 0.63 175.78 5.85 42.59 6.37 <0.02 1.2

J03 18.4 7.17 540 143 5.27 1.55 0.67 220.25 7.92 45.27 3.69 0.52 1.2

J04 25.6 8.28 688 61 46.22 0.43 0.60 219.22 8.09 45.88 0.91 0.05 0.3

J05 14.6 7.78 187 43 2.87 1.97 0.73 94.78 7.57 19.30 3.21 0.08 2.9

J06 17.4 7.67 336 47 25.07 0.26 0.70 216.75 8.26 24.15 6.02 <0.02 4.5

J07 23.9 8.05 348 52 20.94 0.46 0.81 177.00 8.1 21.42 7.77 0.06 5.4

J08 21.0 7.79 406 54 27.42 0.9 0.71 222.99 7.91 31.35 2.0 0.04 2.3

J09 14.7 7.97 322 41 22.92 0.07 0.55 186.86 6.88 14.87 2.95 <0.02 1.6

J10 19.6 7.77 310 51 6.67 0.64 0.50 154.06 8.88 22.32 1.13 0.06 −1.3
J11 25.1 8.35 284 54 10.09 5.18 1.35 197.79 11.01 44.11 3.27 0.18 8.1

J12 15.6 7.63 252 32 1.97 0.22 0.09 88.75 5.68 13.31 0 0.03 −5.1
J13 9.1 7.61 123.5 34 1.00 0.58 0.31 64.10 6.19 9.20 2.08 0.02 0.8

J14 8.6 8.5 238 51 1.95 2.98 0.92 100.38 12.38 10.0 7.06 <0.02 5.2

J15 18.3 8.22 247 43 17.08 0.26 0.66 143.61 8.26 17.45 2.21 0.07 −1.2
J16 18.2 7.14 413 21 6.50 4.48 1.63 42.50 12.04 16.95 34.59 0.04 10.8

J17 9.7 8.42 247 52 3.24 0.89 0.36 101.54 7.57 35.27 4.43 0.16 3.2

J18 13.0 7.5 323 69 4.08 0.91 0.31 153.99 6.71 41.46 5.63 <0.02 4.1

J19 12.8 8.18 354 44 8.70 8.49 2.56 93.08 2.75 37.67 28.24 0.06 11.2

July 2009 J01 17.8 7.5 296 63 3.92 3.34 1.00 109.8 12.68 40.70 17.16 − 2.3a

J02 17.3 7.6 500 71 5.49 1.15 0.58 176.9 7.88 48.64 7.99 − 0.57a

J03 17.8 7.5 450 88 4.16 3.97 0.93 225.7 6.85 50.93 4.10 − 1.34a

J04 17.1 8.5 581 166 41.41 0.65 0.86 231.8 5.48 40.56 1.14 − 0.16a

J05 18.6 8.0 156 32 3.06 1.84 0.84 79.3 9.94 18.07 4.47 − 2.71a

J06 17.3 7.9 614 42 22.89 0.31 0.63 10.28 24.64 10.50 − 3.44a

J07 15.2 8.3 661 64 20.69 0.95 0.88 189.1 9.59 23.59 9.20 − 5.23a

J08 15.2 7.9 343 64 27.57 0.26 0.59 207.4 6.17 20.58 4.54 − 2.78a

J09 16.3 8.0 299 56 23.76 0.23 0.54 164.7 4.80 16.49 5.49 − 1.49a

J10 15.1 8.2 558 80 8.75 0.49 0.66 189.1 5.15 27.41 1.34 − −1.5a

J11 17.4 8.4 297 48 10.71 6.59 1.78 97.6 6.85 52.12 5.21 − −
J12 15.1 8.0 956 26 91.69 0.38 0.13 97.6 7.20 15.44 0.22 − −8.6a

J13 9.5 9.5 96.1 22 0.69 0.42 0.34 67.1 5.82 15.27 3.26 − 0.64a

J14 11.6 8.0 496 40 1.30 0.76 0.40 97.6 0.10 12.52 7.21 − 5.3a

J15 16.7 8.4 663 50 14.76 0.35 0.55 122.0 4.45 16.93 3.56 − −0.3a

J16 13.3 7.0 189 30 6.97 6.62 2.14 18.3 11.31 18.14 46.18 − 11.27a

J17 11.3 7.8 689 38 1.79 0.43 0.32 91.5 5.48 25.81 8.16 − 3.0a

J18 14.3 7.6 552 76 3.28 0.36 0.59 164.4 9.59 35.64 12.91 − 2.1a

J19 15.9 7.6 1068 50 7.56 14.92 4.98 79.3 14.39 48.61 32.78 − −

∑Fe = total ion (0.23)

EC electric conductivity
a Data obtained by Gao et al. (2008) on July 2007
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summer. The water EC ranges from 123.5 to 688 μS/cm
in winter and from 96.1 to 1068 μS/cm in summer. Ca2+

and HCO3
− are the main ions in all springs investigated

(Table 1). The concentrations of Ca2+ are 21–143 mg/L in
winter and 22–166 mg/L in summer. The concentrations
of HCO3

− are 42.50–222.99 mg/L in winter and 18.3–
231.8 mg/L in summer. The other ions present in these
water samples, including Na+, K+, Cl−, SO4

2− and NO3
−,

are commonly of low concentrations, except for SO4
2−

and NO3
− in some water samples (Table 1). The piper plot

(Piper 1944) shows that all epikarst spring samples are
Ca·Mg–HCO3 type (Fig. 2).

Nitrate concentration and stable nitrogen isotope

At present, the NO3
− concentrations in the epikarst

spring water are 0–46.18 mg/L (Table 1). The springs
within the NNR have NO3

− concentrations of 0–
7.77 mg/L in winter and 0.22–9.20 mg/L in summer,
while the springs outside the NNR have NO3

− concen-
trations of 2.21–28.24 mg/L in winter and 3.56–
46.18 mg/L in summer. All springs outside the NNR
have nitrate concentrations that exceed the national
drinking water standard (Table 1, Fig. 3).

δ15N–NO3 values in all water samples range from −5.1
‰ to 11.2‰ in winter and from −8.6 ‰ to 11.27‰ in
summer (Table 1; Gao et al. 2008), and the two main dis-
tribution intervals ranging from 0 to 5‰ and from 10 ‰ to

12.5‰ are shown in Fig. 4. δ15N–NO3 values of the water
samples collected within and outside the NNR are different.
In winter, the δ15N–NO3 values of the samples from the
NNR range from −5.1‰ to 5.2‰ and those of the samples
from the outside area of the NNR range from 1.2 ‰ to
11.2‰. In summer, however, the δ15N–NO3 values of the
samples from the NNR range from −8.6 ‰ to 5.23‰ and
those of the samples from the outside area of the NNR range
from 1.34 ‰ to 11.27‰.

Discussion

Hydrochemical characteristics and controlling factors
of epikarst springs

The hydrochemistry of groundwater significantly influ-
ences the nitrogen cycle in groundwater systems; hence,
understanding the chemical composition of waters is
helpful in studies of the fate of nitrate contaminant within
shallow karst aquifers. The hydrochemical characteristics
of epikarst springs are mainly controlled by the interac-
tion of water with soil minerals and host rock, but human
activities can also affect the hydrochemistry of epikarst
water (Zhu and Qian 2005). The hydrochemistry of these
epikarst spring waters was controlled by the interaction
of water–carbonate rock that results in high Ca2+ and
HCO3

− concentrations in waters, taking more than 50 %

Fig. 2 Piper diagram of the water
samples from epikarst springs in
the Jinfo Mountain area
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of the total dissolved ions (Yuan et al. 2002; Ford and
Williams 2007). Understanding the control mechanism of
natural chemical composition in groundwater is very im-
portant for distinction of anthropogenic contaminant. In
general, SO4

2− and HCO3
− together accounted for 80 %

to 95 % of the total anions while Ca2+ and Mg2+ domi-
nated the cation concentrations of the spring waters, ac-
counting for more than 80 % of the total cation concen-
trations (Xiao et al. 2015). Therefore, the hydrochemical
water type for these epikarst springs was Ca–HCO3, sug-
gesting that the weathering of carbonate host rocks pri-
marily controls the natural chemistry of waters. The con-
centration of Cl− is 2.75–12.39 mg/L in winter and 0.1–
14.39 mg/L in summer, which exceeds the national drink-
ing water threshold (2.5 mg/L). Otherwise, the concentra-
tion of SO4

2− is 9.2–62.2 mg/L in winter and 12.52–
52.12 mg/L in summer, which is lower than the national
drinking water threshold.

Nitrate contamination of epikarst springs

Although nitrate concentrations higher than 3 mg/L can be
assumed to be a result of anthropogenic sources (Babiker
et al. 2004), the baseline of nitrate concentration in groundwa-
ter will be different depending on geological setting and envi-
ronmental conditions. Normally, groundwater away from hu-
man influence can be used to represent the regional nitrate
baseline. In the 1970s, the nitrate concentration in most shal-
low groundwater in the study area was lower than 3 mg/L
(Xiao et al. 2015).

At present, only seven springs in winter (Nos. J04, J08,
J09, J10, J12, J13 and J15) and three springs in summer
(Nos. J4, J10 and J12) have nitrate concentrations (ca 0–
2.95 mg/L) lower than the regional baseline. This indicates
that the rapid development of local communities has signifi-
cantly increased the regional nitrate background values in the
shallow groundwater system (Fig. 3). This is supported by the

Fig. 3 Histogram showing nitrate concentrations of the water samples from epikarst springs in the Jinfo Mountain area

Fig. 4 Distribution of δ15N–NO3
− values of water samples from epikarst

springs in the Jinfo Mountain area. The shadowed and open histograms
show the frequency of δ15N–NO3

− values for springs within the NNR and
outside the NNR. Solid rectangles show the δ15N–NO3

− values of

possible nitrate sources obtained from Freyer (1978), Kreitler (1979),
Mariotti (1983), Heaton (1986), Aravena et al. (1993) and BiShlke
et al. (1997)
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fact that the water samples collected inside the NNR in theMt.
Jinfo have much lower nitrate concentrations than those col-
lected outside the NNR.

Table 2 shows the nitrate contaminant distribution status,
showing that only three water samples (J01, J16 and J19) in
winter and five water samples (J01, J06, J16, J18 and J19) in
summer have high nitrate concentrations exceeding the na-
tional drinking water threshold in winter, accounting for near-
ly half of all water samples from the outside area of the NNR.
The nitrate concentrations of springs inside the NNR are all
below the national drinking water standard, much lower than
that of springs outside the NNR. Such difference may be at-
tributed to the absence of anthropogenic activities inside the
NNR. In addition, large areas of vegetation coverage inside
the NNR may contribute to phytoremediation of nitrate con-
tamination (Cunningham and Ow 1996), uptaking the excess
nitrate and, in turn, reducing the nitrate concentration in
groundwater and soil systems. The absence of nitrate contam-
ination in springs inside the NNR also suggests that the estab-
lishment of the NNR is a useful means for protecting the
regional groundwater environment.

The origin of nitrate source

Denitrification is a common process within the soil and shal-
low aquifers. The process involves bacteria that can use the
nitrate as a terminal electron acceptor and convert it to gaseous
nitrogen (see Eq. 1).

NO3
−→NO2

−→N2O→N2 ð1Þ

Denitrification may proceed through the action of both het-
erotrophic and autotrophic bacteria. If pyrite is present in the
aquifer rock, the reaction is mediated by the autotrophic bac-
teria Thiobacillus denitrificans (see Eq. 2; Kölle et al. 1985).

5FeS2 þ 14NO3
− þ 4Hþ→7N2 þ 10SO4

2− þ 5Fe2þ þ 2H2O ð2Þ

During the processes of autotrophic denitrification (Eq. 2),
the nitrate acts as the electron acceptor while the pyrite acts as
the electron donor. Thus, the presence of Fe2+ and SO4

2− is
commonly linked to a decrease in NO3

−, suggesting that the

NO3
− reduction is related to pyrite oxidation in groundwater

(Pauwels et al. 2000, 2001). Concentrations of NO3
−, SO4

2−

and∑Fe2+ on January 2009 are shown in Fig. 5. According to
Eq. 2, NO3

− concentration should be inversely proportional to
SO4

2− and ∑Fe2+, but there is no clear increase of SO4
2− and

∑Fe2+ concentrations with the decrease in NO3
− concentration

(Fig. 5a, b). Conversely, a positive correlation between NO3
−

and SO4
2− concentrations is revealed (Fig. 5b). The reason

could be ascribed to the dilution of nitrate-contaminated water
with an unpolluted end member that has low nitrate concen-
tration. Despite these, denitrification can lead to a 15N enrich-
ment of the residual NO3

−, resulting in the increase of δ15N but
decrease of NO3

- concentration (inverse correlation between
δ15N and NO3

− concentration). For the epikarst spring water
in the Mt. Jinfo area, the δ15N–NO3

− value is positively cor-
related with the NO3

− concentration (Fig. 6). This indicates
that denitrification has no or less effects on the δ15N–NO3

−

variation in the epikarst spring water in the Mt. Jinfo area.
The previous literature has published a number of δ15N

values or ranges of major nitrogen sources, including at-
mospheric N2, rainwater, soil organic nitrogen, natural
nitrate minerals, synthetic chemical fertilisers and animal
manure. As the standard, the δ15N values of N2 are con-
sidered constantly equal to 0‰ (Mariotti 1983) and ni-
trate and ammonium in fertilisers are derived by industrial
fixation of atmospheric nitrogen and have δ15N values
closed to 0‰ (Heaton 1986). Normally, the δ15N values
of chemical fertilisers range from −4 ‰ to ±4‰, which
are very similar to those of natural nitrate minerals (−4.9
‰± 4.1‰; Heaton 1986; BiShlke et al. 1997). The typi-
cal δ15N–NO3 values of rainwater range from −12 ‰ to
±2‰ with a weighted mean value of −3‰ (Freyer 1978;
Heaton 1986), while the δ15N–NO3

− values of mineralised
soil organic nitrogen and animal manure/sewage range
from 2 ‰ to 9‰ and from 4 ‰ to 25‰, respectively
(Kreitler 1979; Heaton 1986; Aravena et al. 1993). The
δ15N–NO3 values of water from the Mt. Jinfo area have a
wide distribution interval, indicating that the nitrate in
epikarst springs may have various sources. In addition,
dilution of the polluted groundwater and natural denitrifi-
cation that happened during the infiltrating processes can

Table 2 Nitrate contaminant distribution status

Date Sampling location Samples Over-limit samples Nitrate concentration (mg/L) Over-limit ratio (%)

Maximum Minimum Average Maximum Minimum Average

January 2009 Outside NNR 9 3 34.59 2.21 12.10 245.9 111.6 180.0

Within NNR 10 0 7.77 0 2.81 – – –

July 2009 Outside NNR 9 5 46.18 3.56 15.13 361.8 5 130.6

Within NNR 10 0 9.2 0.22 3.88 – – –
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lead to an isotopic shift, which will make the tracing of
nitrate sources more difficult.

Figure 6 shows the correlation between δ15N–NO3
−

value and nitrate concentration. This correlation between
δ15N–NO3

− value and nitrate concentration demonstrates
that the regional nitrate is from three main sources: nitrogen
fertiliser which has δ15N–NO3

− values ranging from −4 ‰
to 4‰, mineralised soil organic nitrogen which has δ15N–
NO3

− values ranging from 2 ‰ to 9‰ and animal wastes/
sewage which has δ15N–NO3

− values ranging from 4 ‰ to
25‰. However, the springs with high nitrate concentra-
tions always have the δ15N–NO3

− values distributed in the
range of −4 ‰ to 4 ‰ and 4 ‰ to 25‰, indicating that
fertiliser and animal wastes/sewage are the main nitrate

contamination. This is consistent with the land use and
human activities in the catchments of individual springs.

Water sample J01 has high nitrate concentrations of
21.16 mg/L in winter and 17.16 mg/L in summer, but
low δ15N–NO3

− values of −1.8‰ in winter and 2.3‰ in
summer, falling in the δ15N–NO3

− range of synthetic
chemical fertilisers. This spring J01 is located near the
Nanchuan City, far from the NNR, and land use is domi-
nated by agricultural land (mainly planting corn) in which
chemical nitrogen fertilisers (e.g. urea) are widely used
(annually ∼48 g/m2). Therefore, the high nitrate concentra-
tion is probably related to the fertilising activities in the
agricultural land and the nitrate in spring J01 is probably
derived from the chemical nitrogen fertilisers (Fig. 6).

Fig. 5 Binary plot of ∑Fe versus
NO3

− (a) and SO4
2−–NO3

− (b)
based on the data of water
samples taken on January 2009

Fig. 6 Correlation between
δ15N–NO3

− values and NO3
−

concentrations of the water
samples from epikarst springs in
the Jinfo Mountain area
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Nitrate concentrations of sample J19 are also high
(28.24 mg/L in winter and 32.78 mg/L in summer), and the
value of δ15N–NO3

− is 11.2‰; sample J16 had the highest
nitrate concentration among all water samples (35.49 mg/L in
winter and 46.1 8 mg/L in summer, Table 1). And the value of
δ15N–NO3

− of J16 is 10.8‰ in winter and 11.27‰ in summer.
The main land use in the catchments of springs J16 and J19 is
paddy rice farming land. Also, these catchments have some
restaurants and small-scale animal husbandry and poultry farm-
ing. It is assumed that chemical nitrogen fertiliser and animal
wastes/sewage are the main sources of nitrate contaminants in
these springs. And the concentration of Cl− and SO4

2− of
springs J16 and J19 proved this consistent. The concentration
of Cl− of J16 is 12.04 mg/L in winter and 11.31 mg/L in sum-
mer, while the concentration of SO4

2− is 16.95 mg/L in winter
and 18.14 mg/L in summer. For J19, the concentration of Cl− is
2.75 mg/L in winter and 14.39 mg/L in summer and that of
SO4

2− is 37.61 mg/L in winter and 48.61 mg/L in summer.
Springs J16 and J19 are located outside the NNR, and the
dominant land use in their catchments is significantly influ-
enced by urban industrial activities, including the restaurant
industry and small-scale animal husbandry and poultry farm-
ing. These untreated animal manure and sewage were unrea-
sonably disposed directly into the catchments of springs J16
and J19, resulting in the nitrate contamination of spring water.

Nitrate concentrations of samples J06 (c:6.02mg/L in winter
and 10.50 mg/L in summer) and J18 (c: 5.63 mg/L in winter
and 12.91 mg/L in summer) also exceed the national drinking
water standards in summer. And the δ15N–NO3

− value of J06 is
4.5‰ in winter and 3.44‰ in summer, and that of J18 is 4.1‰
in winter and 2.1‰ in summer. Both of the two springs had the
higher nitrate concentration and lower δ15N–NO3

− value in
summer, combined with sample J06 and J18 plot in the mixing
of fertiliser contamination part and mineralised soil organic
nitrogen part. So, the nitrate of these springs may have a con-
tribution of chemical nitrogen fertilisers in summer.

Epikarst spring is the main source of drinking water for
local communities in the Mt. Jinfo area. Due to the intrinsic
vulnerability of karst groundwater systems, there are greater
risks to environmental and human health (Yuan et al. 1993).
The soil in the karst area is thin and has discontinuous contri-
bution and with many fractures and sinkholes. The contami-
nation produced by human activities may easily flow into the
karst aquifer through the sinkholes by rainfall or surface flow.
Nitrate concentration of epikarst springs is influenced by
many factors, such as acid rain and fertiliser. With rapid eco-
nomic growth and population increase, land use has become
one of the most important influences on nitrate concentration
of epikarst springs. Agricultural irrigation, industrial waste
and domestic waste have largely contributed to the nitrate
contamination of springs. Concentrations of nitrate have
shown notable increases as a result of the application of large
amounts of chemical fertilisers used in agriculture (Compton

and Boone 2000; Jiang et al. 2008). Waste water and waste
residues produced by the construction of factories and homes
cause an increase in nitrogen (Wakida and Lerner 2006). In the
Mt. Jinfo area, nitrate concentrations of all springs inside the
NNR and several springs (J15 and J11) outside the NNR do
not exceed the regional baseline and can be considered the
unpolluted end member. And the δ15N–NO3

− values of these
samples indicate that their nitrite source is atmospheric pre-
cipitation. Springs near the NNR have nitrate concentrations
higher compared to springs in the NNR but still below the
national limits for drinking water. The greater the distance
from the NNR, the greater the contamination by nitrates, and
three epikarst springs in winter and five epikarst springs in
summer exceeded the national limits: an over-limit ratio of
245.9 % in winter and 361.8 % in summer, which may be
attributed to changes in land use changed from forest to farm-
land or urbanisation and the increase in associated human
activity. In particular, the land use is almost forest inside the
NNR while the main land use is farmland outside the NNR,
and the ecotourism and forestry were developed inside the
NNR while the traditional agriculture and industry outside
the NNR, which are the main influences of the nitrate concen-
tration of epikarst springs of the Mt. Jinfo area.

Conclusion

The analyses of water hydrochemistry combined with the land
use type in the catchments of epikarst springs give an insight
into sources and distributions of nitrate contaminants in this
study area. According to data analyses and discussion, we
draw the following conclusions:

1. The hydrochemistry of epikarst spring waters in the Mt.
Jinfo area is controlled by the dissolution of host carbon-
ate rocks and shows a Ca·Mg–HCO3 type. Springs within
the NNR have low nitrate contamination, whereas most
springs outside the NNR have suffered from nitrate con-
tamination, suggesting that the establishment of the NNR
has prevented the epikarst groundwater from anthropo-
genic nitrate contamination.

2. Nitrogen isotope compositions of nitrate suggest that the
main sources of nitrate contaminants in epikarst springs in
areas outside the NNR are chemical nitrogen fertilisers
and animal manure/sewage. The origin of nitrate contam-
inates is associated with the land use in the recharge catch-
ment of individual epikarst springs. The influencing fac-
tors of the nitrate concentration in springs from the Mt.
Jinfo area is mainly land use and human activity. Epikarst
springs inside the NNR covered by forest have lower ni-
trate concentration, while springs outside the NNR with
the cover of farmland and traditional agriculture and in-
dustry have higher nitrate concentration.
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